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    Preface   

 Hilar cholangiocarcinoma remains one of the tumours which is dif fi cult to treat. It is situated 
in a region where the anatomy is complicated. Its proximity to the major vascular structures at 
the hilus of the liver makes resectional surgery technically challenging. It is relatively resistant 
to chemotherapy and radiotherapy, thus making resectional surgery the mainstay of curative 
treatment. 

 Recent advances in the management of hilar cholangiocarcinoma have progressed rapidly, 
and the paradigms for its treatment have changed in a major way during the past two to three 
decades. Not too long ago the treatment only aimed at palliation by establishing drainage of 
the obstructed biliary system to relieve symptoms and to prolong life. The treatment has since 
evolved from non-operative to operative treatment, and from conservative to radical resec-
tional surgery. All these changes have been brought about not only by safer liver surgery, but 
also by changes in management which now encompasses a multidisciplinary approach. What 
was previously considered unresectable and incurable has become resectable and curable. 

 This is a multi-author book on hilar cholangiocarcinoma, written by an international team 
of world-renowned expects covering topics in their respective areas of expertise. There are 
altogether 71 authors from 14 countries/regions, mainly Argentina, Australia, China (includ-
ing mainland China and Hong Kong), France, Germany, Italy, Japan, Korea, Malaysia, 
Thailand, the Netherlands, the United Kingdom and the United States of America. The transla-
tion of this book into Chinese for the Chinese edition was carried out by a team of experts 
coming from the Eastern Hepatobiliary Surgery Hospital led by Prof. Wu Meng-chao and Prof. 
Shen Feng. 

 The book aims to provide    a fully current, complete reference text that is as succinct as pos-
sible, but as comprehensive as necessary. It covers all topics in hilar cholangiocarcinoma. It 
provides the most updated knowledge in the rapidly advancing  fi eld of hilar cholangiocarci-
noma. There might be some overlap in some areas but this is unavoidable, as controversial 
areas are discussed by highly regarded authorities who look at the problem from different per-
spectives. There is a good list of references at the end of each chapter. The extensive use of 
diagrams,  fi gures and tables make the text easy to read. 

 The intended readers of this book are clinicians and researchers who are interested in hilar 
cholangiocarcinoma, including liver surgeons, hepatologists, interventional and diagnostic 
radiologists and basic researchers. General physicians, general surgeons, trainees, epidemiolo-
gists, hospital administrators, pathologists and instrument manufacturers will also  fi nd this 
book useful as a reference. The English and the Chinese editions of this book will be published 
at the same time by the same publisher. 

 Shatin, New Territories, Hong Kong W.Y. Lau 
          

  We are sad to report the death of Professor Anthony S.-Y. Leong, who passed away in June 2011. Our heartfelt 
condolences to his family.  
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          1.1   Introduction 

 A thorough knowledge of anatomy around the hepatic hilus is 
essential to carry out surgery on hilar cholangiocarcinoma. 

 The term “hepatic” means “of the liver”. It originates from 
the Greek word “hepar”, the liver. The term “hilum” means “a 
slit-like opening through which ducts, blood vessels lymphat-
ics or nerves enter or leave an organ or a gland”. Thus, the 
term “hepatic hilum” refers to the anatomical region where 
bile ducts, hepatic arterial branches, portal vein branches, 
lymphatics and nerves enter or leave the liver. The anatomy 
around this region is complicated, and is confounded by com-
mon occurrence of anomalies of bile ducts and blood vessels.  

    1.2   Surgical Anatomy of the Hepatic Hilum 

 A key point in the thorough understanding of the surgical 
anatomy of the liver and its biliary and vascular supply is to 
realize that there is a prevailing pattern of anatomy. The pre-
vailing pattern is the most common anatomical pattern, and 
it may be present almost always or in less than 50 % of 
patients. Variations from the prevailing pattern in the portal 
triad (bile duct, hepatic arterial branches and portal vein 

branches) may affect all its components. Furthermore, varia-
tion in one component is independent of variations in either 
or the other two  [  1  ] . 

 Anomalies are variations from the prevailing pattern, and 
may be common or rare. They may be anomalies of position, 
number, or size of structures. Aberrancy refers to abnormal 
position of a structure. An accessory structure is one that is in 
addition to the “normal” structure in the prevailing pattern 
and whose function can be deleted without loss of overall 
function of the organ. The term replaced is used synony-
mously with aberrant when referring to aberrant arteries in 
the liver  [  2  ] . 

 In this chapter, we shall use the Brisbane 2000 Terminology 
of Liver Anatomy and Resection as recommended by the 
International HepatoPancreatoBiliary Association  [  3  ] . 

    1.2.1   Prevailing Patterns of the Biliary System 
(Fig.  1.1 )    

 As the hepatic hilum is the region where structures of the 
intrahepatic portal triad join the extrahepatic portal triad, 
a brief overview of the whole biliary system is necessary, 
especially on the surgical anatomy, for treatment of hilar 
cholangiocarcinoma. 

    1.2.1.1   Intrahepatic Biliary Tract 
 Bile canaliculi are formed by parts of the membrane of adja-
cent liver parenchymal cells, and they are isolated from the 
perisinusoidal space by junctions. Bile  fl ows from the canali-
culi through ductules (canals of Hering) into the subsegmen-
tal and segmental bile ducts which are surrounded by the 
Glissonian sheath.  

    1.2.1.2   The Right Hepatic Duct 
 The right hepatic duct is formed by the union of the anterior 
and the posterior sectoral branches with each of these two 
sectoral branches further bifurcating into the superior and 
inferior segmental branches. Thus, the right anterior sectoral 
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branch drains liver segments 8 (right anterior superior seg-
ment) and 5 (right anterior inferior segment), while the right 
posterior sectoral branch drains liver segments 7 (right pos-
terior superior segment) and 6 (right posterior inferior seg-
ment). The right hepatic duct, having an average length of 
0.9 cm, is formed intrahepatically  [  4  ] , but it runs a short 
extrahepatic course to join the left hepatic duct at the bile 
duct con fl uence which is totally extrahepatic. 

 In the prevailing pattern, the right posterior sectoral duct 
joins the right anterior sectoral duct to form the right hepatic 
duct, which joins the left hepatic duct to form the con fl uence 
of the bile ducts. Instead of the anterior and the posterior 
sectoral ducts joining together in a Y pattern, the posterior 
sectoral duct runs superiorly, dorsally, and then inferiorly 
(Hjortsjo Crook) around the right branch of the portal vein to 
make a “north-turn” (Fig.  1.2 ).  

 Because of this prevailing pattern of the north-turning bile 
duct branch of the Hjortsjo Crook, resection of the right 

 anterior sector of the liver (segments 5 and 8) can damage the 
right posterior sectoral duct if the resection is done too close 
to the bifurcation of the right portal vein into the anterior and 
posterior sectoral branches. The correct procedure is to stay 
away from the bifurcation of the right portal vein (Fig.  1.3 ).   

    1.2.1.3   The Left Hepatic Duct 
 The biliary branches of the left medial sectional bile duct 
(draining liver segment 4) and the left lateral sectional bile 
duct (draining liver segments 2 and 3) converge to form the 
left hepatic duct. The medial and the left sectional bile ducts 
unite at the umbilical  fi ssure (or the left hepatic  fi ssure) in 
50 % of cases, to the right in 42 % or to the left in 8 %, 
according to the study by Healey and Schroy  [  5  ] . The left 
hepatic duct has an average length of 1.7 cm. Again it is 
formed intrahepatically but it runs extrahepatically to join 
the right hepatic duct at the bile duct con fl uence  [  4  ] . As the 
left hepatic duct is longer than the right hepatic duct, pallia-
tive bypass is technically easier to the left than the right 
hepatic duct.  

    1.2.1.4   Bile Ducts Draining the Caudate Lobe 
 The caudate lobe can be divided into three parts, each receiv-
ing its own vasculo-biliary pedicle: (1) Spiegelian lobe is 
located to the left of the ligamentum venosum. The prevail-
ing pattern of the vasculo-biliary supply to the Spigelian lobe 
is by one or two caudate portal triad(s) which originates from 
the left hepatic pedicle of the portal triad. (2) The paracaval 
portion lies in front of the retrohepatic portion just to the 
right of the Spigelian lobe and it is closely attached to the 
right and middle hepatic veins. It is usually supplied by one 
or two caudate portal triads which originate from the right 
posterior sectional pedicle. (3) The caudate process is a small 
projection between the inferior vena cava and the adja-
cent portal vein anteriorly. It lies just to the right of the para-
caval portion and its vasculo-biliary triad originates from the 
right hepatic pedicle or from the bifurcation of the main por-
tal triad  [  6  ] . As the bile ducts to the caudate lobe arise very 
near to the con fl uence of the hepatic ducts, hilar cholangio-
carcinoma involves the caudate lobe early. Curative resection 
of hilar cholangiocarcinoma should be combined with cau-
date lobectomy.  

    1.2.1.5   Con fl uence of Right and Left Hepatic Ducts 
 The right and left hepatic ducts emerge from the liver and 
unite at the right margin of the porta hepatis to form the com-
mon hepatic duct in a T-shaped manner. The con fl uence of 
the right and left hepatic ducts occurs anterior to the portal 
venous bifurcation and it overlies the origin of the right por-
tal vein. The right hepatic artery usually runs posterior to the 
common hepatic duct, i.e. posterior and inferior to the 
con fl uence of the right and left hepatic ducts. The extrahe-
patic segment of the right duct is short, but the left duct has a 
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  Fig. 1.1     PV  portal vein,  CHA  common hepatic artery,  CHD  common 
hepatic duct,  CBD  common bile duct,  GB  gall bladder,  2, 3, 4, 5, 6, 7, 
8 , portal triad to segments 2, 3, 4, 5, 6, 7, 8 respectively       
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much longer extrahepatic course. The biliary con fl uence is 
separated from the posterior aspect of the quadrate lobe of 
the liver (i.e. segment 4b) by the hilar plate, which is the 
fusion of connective tissues enclosing the biliary and vascu-
lar elements with Glisson’s sheath. Because of the absence of 

any vascular interposition, it is possible to open the connec-
tive tissue constituting the hilar plate at the inferior border of 
the quadrate lobe (segment 4b), and by elevating it to display 
the biliary convergence and left hepatic duct  [  7  ] . This surgi-
cal procedure is called lowering of the hepatic hilar plate.  

a b

Hjortsjo Crook

  Fig. 1.2    ( a ) Hjortsjo Crook; ( b ) magnetic resonance cholangiopancreatogram showing the Hjortsjo Crook       

a b

  Fig. 1.3    Hjortsjo Crook and its 
clinical signifi cance. ( a ) The 
north-turning right posterior 
sectoral bile duct (majority of 
people). ( b ) The south-turning 
right posterior sectoral bile duct 
(minority of people)       
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    1.2.1.6   Other Components of the Extrahepatic 
Biliary System 

 The common hepatic duct is about 4 cm long with a diameter 
of 4 mm. It lies in the free edge of the lesser omentum in 
front of the right edge of the main portal vein and with the 
hepatic artery on its left. The cystic duct usually joins the 
common hepatic duct on the right, about 1 cm above the  fi rst 
part of the duodenum to form the common bile duct. The 
common bile duct is about 8 cm long and 8 mm in diameter. 
It can be divided into the supradudodenal portion which lies 
in the free edge of the lesser omentum, the retroduodenal 
portion which runs behind the  fi rst part of the duodenum, the 
paraduodenal portion which runs in the groove between 
the back of the head of the pancreas and the second part of 
the duodenum, and the intraduodenal portion which runs 
obliquely through the wall of the duodenum. The common 
bile duct joins the pancreatic duct at an angle of about 60° at 
the ampula of Vater which opens into the posteromedial wall 
of the second part of the duodenum at the major papilla. 

 The gallbladder is a reservoir for bile and it is located on 
the undersurface of the right liver within the gallbladder fossa. 
It is separated from the liver parenchyma by the cystic plate, 
which is composed of connective tissue closely applied to the 
Glisson’s capsule and is continuous with the hilar plate.   

    1.2.2   Anomalies of the Biliary System 

 It is not the intention of the authors to discuss on all the pos-
sible anomalies of the biliary system. Our intention is to dis-
cuss on anomalies which are relevant to surgery on hilar 
cholangiocarcinoma only. As anomalies of the con fl uence of 
the right and left hepatic ducts are closely related to either 
anomalies of the right hepatic duct or the left hepatic duct, 
these anomalies will be discussed together. 

    1.2.2.1   Bile Ducts Draining the Right Hemiliver 
      “South-Turning” Hjortsjo Crook 
 Instead of making a north-turn as described previously, the 
right posterior sectoral bile duct courses ventrally and inferi-
orly around the right branch of the portal vein (the south-
turning bile duct branch). This anomaly makes resection of 
the right anterior sector of the liver (segments 5 and 8) safer 
than the prevailing pattern, and it is of little clinical 
signi fi cance to recognize.  

      Absence of Right Hepatic Duct 
 Absence of the right hepatic duct is an anatomical variation 
that results during development. 

 There are three anatomical variations in which the right 
anterior and posterior sectoral ducts do not come together to 
form the right hepatic duct, thus resulting in absence of the 
right hepatic duct (Fig.  1.4 )  [  5,   8–  10  ] .  

 The anomalies which can result in absence of the right 
hepatic ducts are:  

      Shifting of the Entry of the Right Bile Duct Inferiorly 
 This set of anomalies involves the insertion of the right bile duct, 
or one of its branches, inferiorly into the biliary tree at a lower 
point than the prevailing site of the biliary con fl uence (Fig.  1.5 ).  

 Low union may affect the main right bile duct, a right sec-
toral duct (usually the anterior one and this anomaly results in 
absence of right hepatic duct), a segmental duct, or a subseg-
mental duct. The duct unites with the common hepatic duct 
below the prevailing site of the biliary con fl uence, or in about 
2 % of patients, unites  fi rst with the cystic duct, and then the 
common hepatic duct. These anomalies place a greater risk 
of ductal injury during laparoscopic cholecystectomy.  

      Trifurcation of Bile Duct 
 When performing a right hemihepatectomy, a left hemihepa-
tectomy, an anterior right sectionectomy, a right posterior 
sectionectomy, a right trisectionectomy or a left trisectionec-
tomy, a stricture is likely to develop at the biliary trifurcation 
site if no normal biliary safety margin is left at the site of the 
transection. It is always safer to divide the biliary tree with a 
safety margin of at least 1 cm from the site of the biliary 
con fl uence (Fig.  1.6 ).   

      Anterior or Posterior Sectoral Branch Joining 
the Left Hepatic Duct 
 The right posterior sectoral duct inserts with the left hepatic 
duct in 20 % of patients and the right anterior sectoral 
bile duct does so in 6 %. In both cases, there is no right 
hepatic duct as both join the left hepatic duct, one to the left 
of the midline and the other in the midplane. A right sectoral 
bile duct inserting into the left hepatic duct to the left of the 
midplane is in danger of injury during left hepatectomy, 
therefore, in left hepatectomy, the left bile duct should be 
divided close to the umbilical  fi ssure so as to avoid injury to 
a possible right sectoral duct. If the left duct is divided at the 
normal site of con fl uence of the right and left hepatic duct, 
the right sectoral duct can be injured (Fig.  1.7 ). It is good 
practice to obtain an intraoperative cholangiogram through 
the cystic duct when performing left hepatectomy to detect 
this anomaly. Please take note that even with these anoma-
lies, a right hepatectomy is safe.    

    1.2.2.2   Anomalies of Bile Ducts Draining the Left 
Hemiliver 

 The prevailing pattern of bile duct draining from the left liver 
is shown in Fig.  1.8a , and this is present only in 30 % of 
individuals. Thus, variations are present in the majority of 
individuals.  

 The segmental ducts from segments 2 and 3 (B2 and B3 
respectively) unite to form the left lateral sectional duct. This 
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duct passes behind the umbilical portion of the portal vein 
and unites with the duct(s) from segment 4 (B4), also called 
the left medial sectional duct. The union of these ducts to 
form the left hepatic duct occurs about one third of the 

Presence of a
right hepatic duct Absence of a right hepatic duct

Prevailing
pattern

Posterior sectoral
duct joining to the
left hepatic duct 

3-branch type
Anterior sectoral

duct joining to the
left hepatic duct 

Variations in the
anatomy of the 
anterior sectoral
bile duct

Healey (1953)
(n = 96)

72.0 % 22.0 % — 6.0 %

Couinaud (1981)
(n = 102)

53.5 % 24.3 % 14.0 % 8.4 %

Kida (1987)
(n = 104)

71.2 % 8.7 % 11.5 % 8.6 %

Ishiyama (1999)
(n = 41)

58.4 % 26.9 %  7.3 % 7.3 %
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  Fig. 1.4    Variations in the anatomy of the right hepatic duct and their incidences, based on analysis of liver casts.  A  anterior sectoral branch,  P  
posterior sectoral branch,  Bc  bile duct con fl uence       

  Fig. 1.5    Shifting of entry of right bile duct (or one of its branches) 
inferiorly       
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  Fig. 1.6    Trifurcation of bile duct.  A  right anterior sectoral branch, 
 P  right posterior sectoral branch       
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 distance between the umbilical  fi ssure and the con fl uence of 
the left and right ducts. 

 The surgically important anomalies of the left ductal sys-
tem involve variations in site of insertion of B4 (Fig.  1.8b ), 
multiple ducts coming from B4 (Fig.  1.8c ) and primary union 
of B3 and B4 with subsequent union of B2 (Fig.  1.8d ). B4 
may join the left lateral sectional duct to the left or right of its 
point of union in the prevailing pattern (Fig.  1.8b ). In the 
former case, the insertion may occur at any place to the right 
of the prevailing location up to the point where the left lateral 

sectional duct unites with the right bile duct. In the latter 
instance, which according to Couinaud, is present in 8 % of 
individuals, there is no left hepatic duct, instead the common 
hepatic duct is formed by the con fl uence of three ducts—the 
right hepatic duct and two left hepatic ducts (B4 and the left 
lateral sectional duct of B3 and B2). 

 The commonest variations in the left bile duct are: Type 1 
common joining of B2 with B3, B4 then joins near to the left 
hepatic duct; Type 2 common joining of B4, B3 and B2 near 
to the same point; Type 3 common joining of B4 with B3 
before B2 joins in (Fig.  1.9 ).  

 The left hepatic duct runs at a variable angle. In some 
individuals, it is almost horizontal, but in others it runs 
sharply upwards. It is much easier to expose a long length of 
the left hepatic duct in the former type.   

    1.2.3   Prevailing Pattern of the Portal 
Venous System 

 Few variations are found in the major portal vein branches 
because the portal vein develops during the very earliest part 
of the gestational period. 

 The prevailing pattern of the portal vein and its intrahe-
patic branches are shown in Fig.  1.10 .  

 The main portal vein divides into the right and the left por-
tal vein. The right portal vein subdivides into the right anterior 
sectoral portal vein which further branches into the segment 8 
(superior) and segment 5 (inferior) branches supplying the 
corresponding liver segments. The posterior sectoral portal 
vein branches into the segment 7 (superior) and segment 6 
(inferior) branches, supplying the corresponding liver seg-
ments. The transverse portion of the left portal vein only sends 
out a few small branches to segment 4 and one or two small 
branches to segment 1. All large branches from the portal vein 
to the left liver arise exclusively beyond the attachment of the 
ligamentum venosum, i.e. from the umbilical portion of the 
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  Fig. 1.7    Separate entry of right 
anterior and right posterior 
sectoral ducts (no right hepatic 
duct)       
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  Fig. 1.8    Variations in formation of left hepatic ducts. ( a ) Prevailing 
pattern of left bile duct; ( b ) insertion of B4 shifted to right or left; ( c ) 
multiple ducts draining B4; ( d ) B3, B4 form common channel before 
insertion of B2       
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vein. There are usually more than one branch which supplies 
segment 4 of the liver coming out from the right side of the 
umbilical portion of the vein. On the left side, there is usually 
one branch which goes to segment 2, but one or more branches 
which go to segment 3. The left portal vein terminates where 
it joins the ligamentum teres at the free edge of the liver.  

    1.2.4   Anomalies of the Portal Venous System 

 Reports by three investigators revealed three principal 
 anomalies of the portal vein in the hilar region (Fig.  1.11 ) 
 [  8,   9,   11  ] .  

 Kida et al. reported that variations in the anatomy of bil-
iary tract are mostly (81 %), but not invariably, associated 
with variations in the anatomy of the portal vein. 

 In operations on patients with trifurcation of the right 

anterior sectoral vein, right posterior sectoral vein and the 
left portal vein, it is important to leave a safety margin of at 
least 1 cm on the portal vein stump to avoid subsequent stric-
ture formation in the portal vein left after liver resection. 

 In the anomaly where the anterior sectoral vein joins the 
left portal vein, an unsuspecting surgeon who carries out a 
right hemihepatectomy may divide the posterior sectoral 
vein thinking that it is the right portal vein, and will conse-
quently be confused when the anterior sector vein is come 
upon during hepatic transection. In left hemihepatectomy, 
the anterior sectoral portal vein is inadvertently damaged, 
resulting in subsequent ischemia to liver segments 5 and 8. 

 A very rare but potentially devastating anomaly is the 
absent extrahepatic left portal vein (Fig.  1.12 ). In this case, the 
apparent right portal vein is actually the main portal vein, a 
structure which enters the liver, gives off the right portal vein, 
and then loops back within the liver substance to supply the 
left liver. The vein looks like a right portal vein in position, 
although it is larger. Transection of this vein results in total 
portal vein disconnection from the liver. This anomaly should 
always be searched for in computer tomography, as right hepa-
tectomy is not possible when it is present. Identi fi cation of the 
umbilical portion of the left portal vein in the umbilical  fi ssure 
on computed tomography can preclude the presence of this 
problem. A left hepatectomy is possible with this anomaly.   

    1.2.5   Prevailing Pattern of the Arterial 
Blood Supply 

 This occurs in approximately two-third of individuals  [  1  ] . The 
common hepatic artery arises from the coeliac trunk which 
divides into the common hepatic artery, the left gastric artery 
and splenic artery. The common hepatic artery divides into the 
gastroduodenal and the proper hepatic artery (this is referred 
to in many anatomical textbooks as the common hepatic 
artery). The proper hepatic artery usually lies lateral and 
slightly posterior to the common bile duct in the portal pedicle 
and divides into its terminal branches, usually to the left and 
below the con fl uence of the right and left hepatic ducts. The 
course of the terminal branches is highly variable, they may 
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  Fig. 1.9    Common variations in 
the anatomy of the left bile duct       
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pass posterior (more commonly) or anterior to the bile ducts. 
The right hepatic artery may lie anterior and to the right of the 
main bile duct, thereby coming in close contact with the gall-
bladder where it can be damaged during cholecystectomy. 
The right hepatic artery generally supplies the right liver and 
the left hepatic artery the left liver. In 92 % of cases, segment 

4 of the liver is supplied by a branch of either the right or the 
left hepatic artery. This is called the middle hepatic artery by 
some authors. The arterial blood supply to the caudate lobe is 
usually from both the right and left hepatic arteries. 

    1.2.5.1   Variations in Hepatic Arterial Blood Supply 
 Embryologically, the hepatic artery develops late in the 
 gestational period, and thus variations are common (33–
45 %). More than ten variations in the anatomy of the hepatic 
artery, including an accessory or replaced artery, have been 
identi fi ed  [  12  ] . Fortunately some of these variations are rare. 
Figure  1.13  shows the important variations  [  13,   14  ] .  

 Analysis of the anatomy showed the hepatic artery courses 
dorsal to the hepatic duct in 76 % of the population, and ven-
trally to it in 24 % of the population. In 9 % of the popula-
tion, the right hepatic artery runs dorsal to the portal vein, 
making it necessary to pay special attention to the anatomy 
of the vessels and ducts of the hilar area during surgical dis-
section of this area.  

    1.2.5.2   Blood Supply of the Gallbladder 
 In 85 % of the population, the cystic artery arises from the 
right hepatic artery. It divides into an anterior and a poste-
rior branch close to the wall of the gallbladder. The posterior 
branch of the cystic artery may be anastomosed to the 

  Fig. 1.12    Absent exhraheptic left portal vein       
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anatomy of the
anterior sectoral 
portal vein

Anterior sectoral vein joining to
the left portal vein type

Couinaud (1981)
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Kida (1987)
(n = 104)

79.8 % 11.5 % 8.7 %
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  Fig. 1.11    Variations in the anatomy of the right portal vein and their incidences (analysis of liver cyst).  A  anterior sectoral branch,  P  posterior 
sectoral branch       
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 arterial branches supplying the hepatic parenchyma around 
the gallbladder fossa. 

 The origins of the cystic artery may be highly variable, 
arising from any part of the hepatic artery, coeliac axis, the 
superior mesenteric artery or any of its branches. If the cystic 
artery has a low origin, it may participate extensively in the 
vascularization of the main bile duct  [  1  ] .  

    1.2.5.3   Arterial Blood Supply to the Supraduodenal 
and Retroduodenal Portions of the 
Extrahepatic Bile Ducts 

 The arterial blood supply to the supraduodenal and retroduo-
denal portions of the extrahepatic bile ducts originates from 
the coeliac and the superior mesenteric arterial branches 
(Fig.  1.14 ).  

 According to the study by Chen et al.  [  15  ] , the right and 
left hepatic ducts, the common hepatic duct, and the 
supraduodenal and retroduodenal portions of the common 
bile duct are supplied by at least seven arteries which supply 
different amounts of blood to the different portions of this 
extrahepatic ductal system. These arterial branches can be 
divided into the upper and the lower groups according to 
their distributions as related to the ducts. The upper group 
includes the cystic artery, right hepatic artery, and left 
hepatic artery which are located in the region near to the 
common hepatic duct (Fig.  1.15 ). The lower group consists 
of the posterior superior pancreaticoduodenal artery, the 

gastroduodenal artery, the anterior superior pancreaticoduo-
denal artery and the retroportal artery, all of which are 
located near the retroduodenal portion of the bile duct 
(Table  1.1 ) (Fig.  1.16 ).     

    1.2.5.4   Arterial Blood Supply to the Paraduodenal 
and Intraduodenal Portions 
of the Extrahepatic Bile Ducts 

 The paraduodenal (or pancreatic) and intraduodenal portions 
of the common bile duct is supplied by arterial branches 
coming from the posterior superior pancreaticoduodenal 
artery (coming from the coeliac artery) and the posterior 
inferior pancreaticoduodenal artery (coming from the supe-
rior mesenteric artery) (Fig.  1.16 ). 

 There has been some confusion of nomenclature. The 
term posterior superior pancreaticoduodenal artery whose 
description by Shapiro  [  16  ]  in 1948, was the most exact, but 
it is called the retroduodenal artery in some publications, or 
less frequently, the right superior pancreaticoduodenal artery. 
The term posterior superior pancreaticoduodenal artery 
should be used, whereas the term retroduodenal artery indi-
cates another and quite different artery in some anatomic 
textbooks  [  17  ] . 

 The retroportal artery (R) is worth a more detailed discus-
sion (Fig.  1.15 ). It was  fi rst described by Northover and 
Terblanche  [  18  ]  in 1978 and is present in more than 90 % of 
individuals  [  15,   18  ] . It arises from the mesenteric artery in 
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Left hepatic a. from
the LGA

Common hepatic a.
from the SMA

Michels (1966)
(n = 200)

71.0 % 13.0 % 11.0 % 5.0 %

Suzuki (1982)
(n = 100)

72.0 % 14.0 % 12.0 % 2.0 %
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  Fig. 1.13    Variations in the anatomy of the main hepatic arteries exclusive of accessory hepatic arterials.  R  right hepatic artery,  M  middle hepatic 
artery,  L  left hepatic artery,  SMA  superior mesenteric artery,  LGA  left gastric artery,  SA  splenic artery       

 



10 W.Y. Lau et al.

58.3 % of individuals, and from the coeliac trunk in 41.7 % 
according to the study by Chen et al.  [  15  ] . After arising from 
close to the origins of one of these major arteries from the 
aorta, it passes to the right, posterior to the portal vein and 
the posterosuperior margin of the pancreatic head to 
reach the posterior part of the retroduodenal portion of the 
common bile duct. It then terminates either by joining the 
posterior superior pancreaticoduodenal artery to form an 

arterial circle (Type I by Chen et al.  [  15  ] ), or passing upward 
along the posterior surface of the supraduodenal part of the 
bile duct to anastomose with the descending branches of the 
cystic and the right hepatic artery via two pathways: either 
joining the right hepatic artery after passing up the posterior 
surface of the bile duct, or joining the branches of the poste-
rior superior pancreaticoduodenal artery close to the lower 
end of the common bile duct, from where branches travel 
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Stump of right gastric artery

Gastroduodenal artery

Stump of right gastroepiploc artery

Superior pancreaticoduodenal artery

Anterior superior
pancreaticoduodenal artery 

Hepatic artery proper

  Fig. 1.15    Arterial blood supply to the supraduodenal and retroduode-
nal portions of the extrahepatic bile duct (anterior view) (Photograph 
provided by Academician Zhong Shizhen whose injection cast carried 

out 20 years ago clearly shows the arterial blood supply that we now 
understand)       
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superiorly to join the descending branches  [  1  ]  (Type II by 
Chen et al.  [  15  ] ) These two components, anterior as described 
by Parke et al.  [  19  ]  in 1963 and posterior as described by 
Northover and Terblanche  [  18  ]  in 1978 are freely anastomo-
sed to each other  [  1  ] . In about a quarter of patients, the retro-
portal artery runs inferior to the pancreas  [  15  ] .  

    1.2.5.5   Arterial Network of the Extrahepatic 
Biliary System 

 Previous investigations on the arterial blood supply to the 
extrahepatic biliary system are scarce, and most were 
con fi ned to the common bile duct and/or hepatic ducts  [  15  ] . 
The results were con fl icting, and in some cases contradic-
tory  [  17  ] . These differences are partly due to the different 
techniques employed and partly due to the different ages of 
the subjects studied (adult or fetus). Shapiro and Robillard 
 [  16  ]  and Pforriager  [  20  ]  reported that the bile duct were 
supplied by end arteries, while studies by Douglas and 
Cutter  [  21  ] , Northover and Terblanche  [  18,   22  ] , Rath et al. 
 [  17  ]  and Chen et al.  [  15  ]  proposed the presence of a rich 

arterial network around the duct. It is now accepted that 
arterial anastomoses are found on the surfaces of the extra-
hepatic biliary system  [  17  ] . To understand the arterial blood 
supply better, it is necessary to divide the extrahepatic bil-
iary system into four portions as each portion has its own 
special characteristics  [  15  ] .
    First Portion : Cystic Duct and Gallbladder 

 The cystic artery has two branches, an anterior and a pos-
terior branch which pass closely along the right and left 
margins respectively (superi fi cial and deep surfaces) of 
the gallbladder. Arterial branches arborize and anasto-
mose with each other to form a rich arterial network on 
the wall of the gallbladder (Fig.  1.15 ). As mentioned pre-
viously, the posterior branch of the cystic artery may be 
anastomosed to the arterial branches supplying the hepatic 
parenchyma around the gallbladder fossa.  

   Second Portion : Right and Left Hepatic Ducts 
 These ducts have a comparatively sparse arterial network. 
The arteries here run closely along each duct. According 
to Chen et al.  [  15  ] , one branch travels on the lateral side 
of the left hepatic duct. The right hepatic artery and its 
branches travel on the latero-inferior side of the right 
hepatic duct (Fig.  1.17 ).   

   Third Portion : Common Hepatic duct, and Supra- and 
Retro-duodenal Portions of the bile duct (Fig.  1.17 ) 
 In this portion, a special and sparse longitudinal arterial 
anastomotic chain is found. This chain passes close to the 
lateral sides of the duct, where it is named the right or left 
marginal arteries, respectively (or the 9 O’clock or 3 
O’clock marginal arteries, respectively). According to 
Chen et al.  [  15  ] , the left margin artery is present in 95 % 
of individuals, and it arises from the posterior superior 
pancreaticoduodenal artery in 86 %, or gastroduodenal 
artery in 13.2 %. It runs distally to join the right hepatic 
artery (63.2 %) or the cystic artery (26.3 %) or others 
(5.3 %). The right margin artery is present in 82.5 % of 
individuals. It arises from the posterior superior pancrea-

   Table 1.1    Arterial blood supply to the supraduodenal and retroduode-
nal portions of the extrahepatic bile ducts   

 Artery 
 Percent of contribution of 
blood  fl ow (%) 

 Superior group 
  Cystic  56.4 
  Right hepatic  11.9 
  Left hepatic  0.8 
 Inferior group 
  Posterior superior pancreaticoduodenal  22.8 
  Retroportal  3.4 
  Gastroduodenal  1.5 
  Anterior superior pancreaticoduodenal  1.4 
 Others  1.8 

 100.0 

  According to Chen et al.  [  15  ]   

Stump of superior mesenteric artery (SMA)

Retroportal artery arising from SMA

Posterior superior pancreaticoduodenal artery

Posterior inferior pancreaticoduodenal artery

  Fig. 1.16    Arterial blood supply 
to the paraduodenal and 
intraduodenal portions of the 
extrahepatic bile ducts (posterior 
view) (Photograph provided by 
Academician Zhong Shizhen 
whose injection cast carried out 
20 years ago clearly shows the 
arterial blood supply that we now 
understand)       
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ticoduodenal artery (87.9 %), or gastroduodenal artery 
(12.1 %) and runs upward to join the cystic artery (66.7 %) 
or the right hepatic artery (33.3 %). 

 Rath et al.  [  17  ]  identi fi ed three types of vascular distri-
bution to this portion of the extrahepatic biliary system 
(Fig.  1.18 ): 

    1.    An axial distribution (76.7 %) 
 This is represented by a single vascular arch in 18.3 % of 
individuals in the study by Rath et al.  [  17  ] , and by two 
(right and left) arches in 58.3 % of individuals. When 
only one arch is present, it usually skirts the anterior left 
aspect of the bile duct. Only very occasionally is an arch 
formed by a right marginal artery. When two arches are 
present, they more or less follow the right and left bor-
ders of the biliary tract, corresponding to the arterials at 
3 and 9 O’clock described by Northover and Terblanche 
 [  18  ] . Anastomosis between the two arches are observed 
on the arterial aspects of the common bile duct and com-
mon hepatic duct. Occasionally there are one or more 
posterior anastomotic arches in the posterior aspects of 
these ducts. 
 The study by Northover and Terblanche  [  18  ]  also showed 

that the axial distribution is the most common.  

    2.    Ladder distribution 
 This was found to be present in 8.3 % of individuals in the 
study by Rath et al.  [  17  ] . In the majority of patients with a 
ladder distribution of arterial blood supply to the common 
ducts, the blood supply comes from both the right and the 
left sides. The arterial branches divide at the right and the 
left borders of the biliary tract into ascending and descend-
ing branches which anastomose among  themselves. In the 
minority of individuals, the arteries arise exclusively from 
the left side of the bile ducts, dividing into the ascending 
and descending branches at the left border of the biliary 
tree, and anastomosing among themselves.  

    3.    Mixed type 
 This type of arterial supply was present in 15 % of individu-
als in the study by Rath et al.  [  17  ] . It can be a  combination 

a b

c d

e f

  Fig. 1.18    The different types of vascularity of the common hepatic 
and common bile ducts according to Rath et al.  [  17  ]  ( a ) axial type with 
left arch; ( b ) axial type with right and left arches; ( c ) single ladder at 
left border; ( d ) double ladder, right and up; ( e ) mixed left: left ladder 
and right arch; ( f ) mixed type, left ladder, left arch and right arch       

  Fig. 1.17    Anterior network on extrahepatic biliary system. Please note 
the right and left marginal arteries on the right and left borders of the 
common hepatic and common bile ducts. This specimen represents an 
axial distribution with two arches in the classi fi cation by Rath    et al.  [  17  ]  
(Photograph provided by Academician Zhong Shizhen whose injection 
cast carried out 20 years ago clearly shows the arterial blood supply that 
we now understand)       
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of a right marginal arch with a left ladder arrangement, or 
a right marginal arch with a left  ladder arrangement for 
the common hepatic duct and a left arch for the common 
bile duct (Fig.  1.18a–f ). Other mixed types are possible 
but are uncommon.      

   Fourth Portion : Pancreatic and Intraduodenal 
 The arterial network to this portion of the extrahepatic bil-
iary system is comparatively abundant. It originates 
mainly from an arterial circle formed by the anastomoses 
of the retroportal artery, the posterior superior pancreati-
coduodenal artery, and the posterior inferior pancreti-
coduodenal artery located on the posterior surface of the 
pancreatic portion of the bile duct and the head of the pan-
creas in the retroportal type I as described by Chen et al. 
 [  15  ]  (Fig.  1.16 ), or from the branches of these arteries in 
the retroportal type II by Chen et al.  [  15  ] .     

    1.2.5.6   Arterial Plexuses of the Main Bile Duct Wall 
 Parkes et al.  [  19  ]  in 1963 showed that in addition to the epic-
holedochal plexus, collateral arterial circulation of the duct is 
enhanced by two intramural plexuses: an intramural plexus 
between the connective tissue sheath and the mucosa, and a 
subepithelial plexuse. The intramural, epicholedochal and 
subepithelial plexuses anastomose through penetrating 
branches (Fig.  1.19 ), thus adding to the anastomotic pathways 
in the event of compromise to the epicholedochal plexus.   

    1.2.5.7   Surgical Signi fi cance of Arrangement 
of Arterial Supply to the Major Bile Ducts 

 The arrangement of the arterial blood supply to the extrahe-
patic biliary system, especially to the common hepatic and 
common bile ducts, has considerable surgical signi fi cance. 

 Appleby  [  23  ]  in 1959 made the following importance rec-
ommendations with respect to exposure of the main bile duct 
and choledochotomy:
    1.    For exposure of the main bile duct it should never be 

stripped;  
    2.    It should be opened longitudinally through an area devoid 

of visible vessels, with its fascial envelop left intact;  
    3.    When resutured, all vessels should be avoided; and  
    4.    Ligate the cystic artery close to the gallbladder.     

 One point which is still unsettled is that of the advisable 
level for transection section of the main bile duct with a 
view to perform bilio-alimentary anastomosis after a 
Whipple’s procedure or a liver transplantation. Both 
Northover and Terblanche  [  18  ]  and Parke et al.  [  19  ]  have 
recommended transecting the main bile duct closer to the 
hilum than the duodenum, because the predominant source 
of blood supply to the main duct is from below (mainly 
from the gastroduodenal or posterior superior pancreati-
coduodenal arteries), while the vessels from above (mainly 
from the cystic artery and right heptic artery) are more deli-
cate and smaller in diameter and are thus less likely to be 
able to sustain a long length of the remnant bile duct. This 
view now seems to be adopted by most hepatobiliary sur-
geons. However Rath et al.  [  17  ]  basing on their study on the 
vascularization of the extraheptic bile duct recommended 
transection of the main bile duct around the junction of the 
inferior border of the cystic duct with the common duct in 
liver transplantation for both donor and recipient. They 
argued that this would allow simple resection of the two 
ends should the blood-supply prove unsatisfactory. In this 
way, end-to-end bilio-biliary anastomosis could be made 
without tension.  

Epicholedochal plexuses
(extrinsic)

Intramural
plexus

Subepithelial
plexus

intrinsic

Lamina propria

Penetrating branches

Fibrous connective tissue

  Fig. 1.19    The Anastomosing 
arterial plexuses of the main bile 
duct (According to Parkes et al. 
 [  19  ] )       
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    1.2.5.8   Venous Drainage of the Extrahaptic Biliary 
System: The Parabiliary Venous System 

 Couinaud  [  24  ]  in 1989 extensively studied the network of 
small veins which surrounds the main bile duct and hepatic 
artery in the portal pedicle and he described it as the parabil-
iary venous system. 

 The plexus originates from the veins draining the gastric 
pylorus, duodenum and pancreas, ascends in the portal pedi-
cle and drains into the segmental portal veins at the hilum of 
the liver (mainly those supplying liver segments 1, 4 and 5). 
This plexus is, therefore, a venous anastomosis between the 
right and the left hemilivers. 

 The veins draining the gallbladder vary considerably. 
Those from its upper surface lie in the areolar tissue 
between the gallbladder and liver and usually run directly 
into the liver through the gallbladder fossa and the cystic 
plate to join the hepatic veins. Those from other parts of the 
gallbladder join to form one or two cystic veins on the neck 
of the gallbladder, and these commonly enter the liver, either 
directly or after joining with the parabiliary venous system 
draining the hepatic ducts and the upper part of the bile duct. 
Only rarely does a single or double cystic vein drain directly 
into the right branch of the portal vein. 

 In patients with portal hypertension, the veins in the para-
biliary system may become particularly large, giving rise to 
troublesome bleeding when the portal pedicle is being dis-
sected. In the event of portal vein thrombosis, the large col-
laterals venous channel in the portal pedicle are hypertrophied 
veins of the parabiliary venous system.  

    1.2.5.9   Lymphatic Drainage of the Extrahepatic 
Biliary System 

 The lymphatic drainage of the extrahepatic biliary system 
was extensively studied and reported by Caplan  [  25  ]  in 1982 
(Fig.  1.20 ).   

    1.2.5.10   Lymphatic Drainage of the Supraduodenal 
and Retroduodenal Portions 
of the Extrahepatic Bile Ducts 

 The lymphatic drainage follows two pathways both of which 
ultimately drain into the thoracic duct:
    1.    Superior Pathway (or the left pathway by Nimura) 

 A superior pathway follows the lymphatics and lymph 
nodes along the cystic duct (inconstant), the hepatic artery, 
the anterior and medial aspects of the portal vein and the 
coeliac axis. 

 Using the lymph node station numbers used by 
the Japanese Gastric Cancer Association  [  26  ]  pub-
lished in 1998, the pathway of spread along the nodes is 
#12a → 8 → 9 → 16. 

 The pathway is a more important pathway of spread of 
malignancy from the extrahepatic bile ducts than the infe-
rior pathway.  

    2.    An inferior pathway (or the right pathway by Nimura) 
 The pathway of spread of lymphatics is from the lymph 
nodes along the cystic duct, the anterior and lateral aspects 
of the portal vein, the posterior aspect of the pancreas, 
between the aorta and the inferior vena cava, and the left 
aspect of the aorta under the left renal vein. 

 In the Japanese system, the spread is #12b → 13a → 16.      

    1.2.5.11   Lymphatic Drainage from 
the Paraduodenal and Intraduodenal 
Portions of the Extrahepatic Bile Ducts 

 The lymphatic drainage from this portion of the bile duct is 
to the adjacent lymph nodes in the portal pedicle, and then 
via either the superior (left) or the inferior (right) pathway.  

    1.2.5.12   Lymphatic Drainage from 
the Gallbaldder 

 According to the study by Caplan  [  25  ] , the lymphatic drain-
age is more complicated and there are four possible routes of 
lymphatic drainage from the gallbladder to reach the two 
pathways as described above:
    1.    Superior and external pedicle 

 Present in 6 % of individuals, draining the fundus of the 
gallbladder through the hepatic parenchyma of liver seg-
ment 5, to join the inferior (or right pathway).  

    2.    Superior and medial pedicle 
 Present in 10 % of individuals. Draining the medial aspect 
of the gallbladder to the hilum after transversing the 
hepatic parenchyma of liver segment 4 to join the left 
pathway.  

SMV
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  Fig. 1.20    Lymphatic drainage of the extrahepatic biliary system.  SMA  
Superior mesenteric artery,  SMV  Superior mesenteric vein,  CHA  
Common hepatic artery.  Numbers : lymph node station numbers used by 
the Japanese Gastric Cancer Association  [  26  ]        
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    3.    Inferior and external pedicle 
 Present in 82 % of individuals. Draining the body of the 
gallbladder to the portal pedicle,  fi nally joining the right 
pathway.  

    4.    Inferior and medial aspect of pedicle 
 This is constant. Drainage from the body of the gallblad-
der to the lymphatics along the anterior and medial aspects 
of the portal vein and the left pathway (Fig.  1.20 ).      

    1.2.5.13   Clinical Signi fi cance of Pattern 
of Lymphatic Drainage of the 
Extraheptic Biliary System 

 The signi fi cance is:
    1.    Lymphatic spread of tumours of the gallbladder and bile 

duct can be extensive, and it follows two main pathways, 
thereby making cure by radical surgery even with lym-
phatic clearance dif fi cult;  

    2.    Carcinoma of gallbladder can spread to the parenchyma 
of the liver by lymphatic spread making concomitant liver 
resection necessary for radical surgery.      

    1.2.5.14   Innervation of the Biliary Tract 
 A detailed discussion of the innervation of the biliary tract is 
beyond the scope of this chapter. Only a brief summary of 
the extrinsic innervation is presented. 

 The extrinsic nerve supply to the biliary tract is both auto-
nomic (parasympathetic and sympathetic) and sensory. The 
anterior and posterior vagus nerves carry both parasympa-
thetic motor  fi bres and sensory  fi bres. The sympathetic nerve 
supply is from both the coeliac ganglion and the superior 
mesenteric ganglion. The pain  fi bres to the target tissues are 
post-ganglionic  fi bres, explaining why sympathetectomy 
may be effective in the relief of pain. 

 The intrinsic nerve supply consists of ganglionatic plex-
uses within the wall of the gallbladder, bile ducts and sphinc-
ter of Oddi. Nerve  fi bres from the ganglia innervate the 
mucosa, blood vessels and muscle of the biliary tract. The 
nerve  fi bres from the extrinsic sources may innervate the tar-
get tissues directly, or they may provide neural inputs to the 
intrinsic ganglia. The arrangement is very complex and this 
complex neural supply is important in controlling motility of 
the gallbladder and sphincter of Oddi, blood  fl ow either to 
the whole biliary tract or to any part thereof, or may even 
facilitate changes in mucosal transport of water and electro-
lyte (e.g., in the gallbladder)  [  1  ] .  

    1.2.5.15   Hepatic Hilar Plate System 
 The fusion of Glisson’s capsule with the connective tissue 
sheaths surrounding the biliary and vascular elements at the 
inferior aspect of the liver constitute to the hepatic hilar plate 
system. This plate system contains a larger number of lym-
phatics, nerves and a small vascular network. Although most 
workers consider the portal triad to be within the plate system, 

Couinaud states that the bile duct and hepatic artery are located 
within the plate system, but the portal vein is covered with a 
separate sheath of loose connective tissues. This is the reason 
why the plate containing the extrahepatic bile duct and hepatic 
artery can be separated easily from the portal vein  [  8,   24  ] . 

 The hepatic hilar plate system includes the hilar plate 
above the biliary con fl uence, the cystic plate at the gallblad-
der fossa, the umbilical plate situated above the umbilical 
portion of the left portal vein, and the Arantian plate cover-
ing the ligamentum venosum  [  27  ]  (Fig.  1.21 ).   

    1.2.5.16   Clinical Signi fi cance of the Hepatic Hilar 
Plate System 

 The clinical signi fi cance is:
    1.    Hepp and Couinaud in 1956 described a technique where, 

by lifting the liver segment 4 upwards and incising the 
Glisson’s capsule at its base, good exposure of the hepatic 
hilar structures can be obtained  [  28  ] . This technique is 
now referred to as lowering of the hilar plate. It can be 
carried out with safety since there is only exceptionally 
(in 1 % of cases) any vascular interposition between the 
hilar plate and the inferior aspect of the liver. The manoeu-
vre is of particular value in exposing the extrahepatic seg-
ment of the left hepatic duct since it has a long courses 
beneath segment 4. This technique is important for the 
identi fi cation of the left hepatic duct during bile duct 
repair following injury, or for a palliative side-to-side left 
duct to jejunum bypass in patients with unresectable hilar 
or right ductal carcinoma.  

    2.    In treatment of hilar cholangiocarcinoma, it is important 
to resect the hilar duct con fl uence en bloc with the hilar 
plate (and in most cases, combined with liver resection 
including segment 1 of the liver) because tumour cells can 
easily invade into the adjacent plate tissues (and along the 
bile duct branches into segment 1 of the liver).            
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Hilar plate
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  Fig. 1.21    Visceral surface of liver showing the hepatic hilar plate sys-
tem. Please note that Rouviere sulcus separates the right anterior sec-
tion (segments 5, 8) and posterior section (segments 6, 7)       
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 Cholangiocarcinoma is the second most common primary 
hepatic malignancy after hepatocellular cancer. It accounts 
for approximately 10–25 % of all hepatobiliary malignan-
cies. Hilar cholangiocarcinoma is identi fi ed based on ana-
tomic location, but the epidemiology is typically aggregated 
with all cholangiocarcinomas. There are considerable geo-
graphic and demographic variations in the incidence of cho-
langiocarcinoma. These variations are related to risk factors, 
some of which are established (parasitic infections, primary 
sclerosing cholangitis, biliary-duct cysts, hepatolithiasis, 
toxins) and others that are less-established or potential risk 
factors (in fl ammatory bowel disease, hepatitis C virus, hepa-
titis B virus, cirrhosis, diabetes, obesity, alcohol, smoking, 
host genetic polymorphisms). 

    2.1   Introduction 

 Cholangiocarcinoma (CC) accounts for approximately 3 % 
of gastrointestinal tumors  [  1–  3  ] . It is the second most com-
mon primary hepatic malignancy, representing 10–25 % of 
primary hepatic malignancies worldwide  [  1,   4,   5  ] . Hilar cho-
langiocarcinoma known as Klatskin tumors, are typically 
considered extrahepatic (ECC). They are frequently reported 
to comprise 40–60 % of all CC, but this estimate is derived 

from a limited number of hospital-based studies, with other 
hospital and population-based data suggesting a lower 
 proportion of hilar cholangiocarcinomas (5–40 %)  [  2,   6–  8  ] . 

 There are no population-based studies examining the epi-
demiology of hilar CC speci fi cally. The epidemiology of 
hilar CC in terms of incidence and risk factors is aggregated 
with the epidemiology of CC overall, intrahepatic (ICC) or 
extrahepatic  [  9–  20  ] . 

 CC rarely occurs before the age of 40; the typical age at 
presentation is in the seventh decade of life  [  3,   4  ] . There is a 
higher incidence of CC in men than women, with men to 
women ratios of 1: (1.2–1.5)  [  3,   4,   21–  25  ] . The incidence of 
CC varies greatly by geographic region secondary to varia-
tions in risk factors among different regions  [  3,   5  ] . The prog-
nosis of CC is poor and, therefore, the mortality and incidence 
rates are similar. 

 Population-based CC incidence data are sparse. Most can-
cer registries tend to combine cases of CC with other liver and 
biliary malignancies, such as hepatocellular carcinoma and 
gallbladder cancer  [  22,   24  ] . Worldwide the incidence of CC 
varies greatly (Fig.  2.1 )  [  3,   24  ] . Thailand has the highest inci-
dence of CC with 113 per 100,000 in men and 50 per 100,000 
in women; while in western countries such as Australia the 
incidence is low at 0.2 per 100,000 in men and 0.1 per 100,000 
in women  [  3,   5  ] . Differing exposure to risk factors is thought 
to account for the varying geographic incidences, with para-
sitic infections and hepatolithiasis being more prevalent in 
Asia  [  3,   5  ] . Studies of temporal trends reported increased 
incidence of ICC and decreased incidence of ECC  [  22,   24  ] . 
The role of misclassi fi cation and reclassi fi cation may be sub-
stantial as recent data from the United States (US) shows that 
the incidence of ICC has declined from 0.85 per 100,000 per-
sons in 1995–1999 to 0.58 per 100,000 in 2000–2005, and 
that of ECC has increased from 0.82 per 100,000 persons in 
1998 to 0.88 per 100,000 in 2000–2005  [  21  ] .  

 Differences among studies, registries, and classi fi cation 
of ICC and ECC may account for some of the temporal vari-
ations observed in CC (ICC and ECC). For example, hilar 
cholangiocarcinoma was not given a unique code in Version 

      Epidemiology       

        G.  L.   Tyson  ,     S.   Keihanian  ,  and    H.  B.   El-Serag               

  2

    G.  L.   Tyson ,  MD   
     Section of Gastroenterology and Hepatology , 
 Baylor College of Medicine ,
  Houston ,  TX ,  USA  

      S.   Keihanian ,  MD  
     Section of Gastroenterology and Hepatology , 
 Michael E. DeBakey Veterans Affairs Medical Center, 
Baylor College of Medicine ,
  Houston ,  TX ,  USA  

      H.  B.   El-Serag ,  MD, MPH   (*)
     Gastroenterology and Hepatology Section , 
 Houston AV Medical Center and Baylor College of Medicine ,
  Houston ,  TX ,  USA    
e-mail:  hasheme@bcm.edu   



18 G.L. Tyson et al.

1 of the ICD-O (International Classi fi cation of Diseases for 
Oncology) (1973–1991); therefore, it could have been char-
acterized topographically as ICC or ECC. In Version 2 of the 
ICD-O (1992–2000), hilar CC was given a unique histology 
code that could be linked to ICC rather than ECC. In Version 
3 of the ICD-O (2001–present), the histological code for 
hilar CC could be linked to either ICC or ECC  [  26  ] .  

    2.2   Risk Factors for Cholangiocarcinoma 

 The established risk factors include parasitic infections, 
biliary-duct cysts, primary sclerosing cholangitis, hepato-
lithiasis, and toxins. However, most patients do not have 
identi fi able speci fi c risk factors  [  1,   4  ] . Other less- established, 
potential risk factors include in fl ammatory bowel disease 
(IBD), hepatitis C virus (HCV), hepatitis B virus (HBV), 
 cirrhosis, diabetes, obesity, alcohol, smoking, and host 
genetic polymorphisms (Table  2.1 ). In studies where the dis-
tinction between ICC and ECC was used, some potential risk 
factors seem to have differential effect on CC depending on 
site. It is unclear how hilar CC factors into these consider-
ations. It is therefore possible that the consistent use of a 
more re fi ned classi fi cation would allow better understanding 
of risk  factors for cholangiocarcinoma.  

    2.2.1   Established Risk Factors 
for Cholangiocarcinoma 

    2.2.1.1   Parasitic Infections 
 The hepatobiliary  fl ukes  Opisthorchis viverrini (O. viverrini)  
and  Clonorchis sinensis (C. sinensis)  are associated with the 
development of CC irrespective of site, particularly in 
Southeast Asia. They are trematodes that inhabit the bile 
ducts and, occasionally, the gallbladder and pancreatic duct 
of mammals. Eggs laid by the adult worms are passed in 
feces, which may be ingested by snails, where they hatch and 
then mature into cercariae and subsequently penetrate the 
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  Fig. 2.1    ( a ) The age-adjusted incidence rates of cholangiocarcinoma 
(CC) in men in 20 different geographic regions. CC has been calculated 
as primary liver cancer that is not HCC. The frequency of cases is 
shown to the right of each bar. ( b ) The age-adjusted incidence rates of 

CC in women in 20 different geographic regions. CC has been calcu-
lated as primary liver cancer that is not HCC. The frequency of cases is 
shown to the right of each bar (Figures obtained from the 1997 publica-
tion of the International Agency for Cancer Research)       

   Table 2.1    Risk factors for cholangiocarcinoma   

 Established  Less established  Potential a  

 Parasitic infections  In fl ammatory 
bowel disease-
likely via PSC 

 Obesity 

 Bile-duct cysts  Cirrhosis  Tobacco smoking 
 Primary sclerosing 
cholangitis (PSC) 

 Hepatitis C virus  Genetic 
polymorphisms 

 Hepatolithiasis  Hepatitis B virus 
 Thorotrast contrast agent  Diabetes 

 Heavy alcohol use 

   a Inconclusive data  
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 fl esh of freshwater  fi sh, where they develop into metacer-
cariae. Infestation in humans occurs via ingestion of raw, 
pickled or undercooked  fi sh  [  27,   28  ] . 

 Both parasites increase the susceptibility of cholangio-
cytes to endogenous and exogenous carcinogens via chronic 
irritation and increased cellular turnover. Immunopathologic 
mechanisms, including in fl ammation and periductal  fi brosis 
combined with proliferative responses, including epithelial 
hyperplasia, goblet-cell metaplasia, and adenomatous hyper-
plasia, may enhance susceptibility to carcinogens  [  27,   28  ] . 

 One of the early epidemiological studies (1987–1988) to 
show a relationship between  O. viverrini  and CC was a hospi-
tal-based, case-control study conducted in Thailand in which 
103 patients with CC were compared with an equal number of 
age- and sex-matched controls. A strong association was 
found between elevated  O. viverrini  antibody titers and 
increased risk of CC (OR 5.0; 95 % CI 2.3–11.0)  [  29  ] . A more 
recent (1999–2001) population-based, case-control study 
from Thailand compared 129 cases of CC with an equal num-
ber of age- and sex-matched controls. Elevated  O. viverrini  
antibody levels were again strongly associated with CC (OR 
27.09; CI 6.30–116.57)  [  30  ] . Based on this study, the popula-
tion attributable risk due to  O. viverrini  was as high as 88 %. 

 A case-control study from Korea compared 41 patients with 
CC with 406 controls and reported a strong association between 
the presence of  C. sinensis  in the stool and CC (RR 2.7; 95 % 
CI 1.1–6.3)  [  31  ] . A subsequent meta-analysis pooled 912 cases 
and 4,909 controls and con fi rmed the strong association 
between  C. sinensis  and CC (OR 4.7; CI 2.2–9.8). In endemic 
areas, the population attributable risk based on this study was 
as high as 27.9 % for men and 16.2 % for women  [  18  ] .  

    2.2.1.2   Biliary-Tract Disorders 
   Bile-Duct Cysts 
 Bile (choledochal)-duct cysts are rare congenital disorders 
characterized by cystic dilatation of the extrahepatic and/or 
intrahepatic bile ducts. There are several types of bile-duct 
cysts, which include the more commonly known choledo-
chocele (extrahepatic biliary cyst) and Caroli’s disease (intra-
hepatic biliary cysts)  [  32  ] . 

 Bile-duct cysts are an established risk factor for CC. It has 
been postulated that the re fl ux of pancreatic enzymes, bile 
stasis, and increased concentration of intraductal bile acids 
contribute to the formation of malignant cells in patients with 
bile-duct cysts  [  32  ] . The lifetime incidence of CC in these 
patients ranges from 6 to 30 %  [  4,   32  ] . The prevalence of 
bile-duct cysts is higher in Asian than Western countries 
 [  14,   32–  35  ] . The incidence of CC is also higher in Asians 
with bile-duct cysts, at approximately 18 %, with the US inci-
dence closer to 6 %  [  19,   33–  36  ] . Patients with bile-duct cysts 
are reported to have at least 10- to 50-fold increased risk of 
developing CC compared with the general population  [  20, 
  32,   37  ] . There is an increase in incidence of CC in patients 

with  bile-duct cysts from 0.7 % in the  fi rst decade of life to 
>14 % after the age of 20  [  38  ] . The average age at malignancy 
detection has been reported to be 32 years, which is younger 
than the age at presentation of CC in the general population 
 [  32,   36  ] . The risk of malignancy decreases in patients under-
going complete choledochal cyst excision; however, these 
patients are still at a signi fi cantly increased risk of developing 
CC compared with the general population  [  14,   19,   32–  34  ] .  

   Primary Sclerosing Cholangitis 
 Primary sclerosing cholangitis (PSC), an autoimmune dis-
ease that results in stricturing of extrahepatic and/or intrahe-
patic bile ducts, is an established risk factor for CC. Chronic 
in fl ammation, proliferation of biliary epithelium, production 
of endogenous bile mutagens, and bile stasis are postulated 
mechanisms of carcinogenesis  [  2  ] . The lifetime incidence of 
CC among PSC patients ranges from 6 to 36 %  [  39,   40  ] . 
Although PSC is known to be a strong risk factor for CC, no 
more than 10 % of CC is attributed to PSC  [  40  ] . 

 A hospital-based, retrospective cohort study from the 
Mayo Clinic followed 161 patients with PSC for a median of 
11.5 years; 11 patients (6.8 %) developed CC with an inci-
dence rate of 0.6 % per year. The median time from diagno-
sis of PSC to diagnosis of CC was 4.1 years (range 
0.8–15.0 years), and no association was found between the 
duration of PSC and the risk of CC  [  41  ] . Another hospital-
based, retrospective cohort from the Netherlands followed 
211 patients with PSC for a median of 9 years; 15 patients 
(7 %) developed CC with a 10 and 20 year incidence of 7 %. 
Again there was no association between duration of PSC and 
the risk of CC; nearly all the cases of CC presented within 
3 years of PSC diagnosis  [  39  ] . It is unclear whether duration 
of PSC or underlying IBD correlates with the risk of devel-
oping CC, in fact most cases present relatively soon after 
PSC diagnosis. Cohort studies suggest that CC develops 
within the  fi rst 1–2 years of PSC diagnosis. A European 
cohort study found that 48 of 394 (12.2 %) PSC patients 
developed CC, with 24 (50 %) of them being diagnosed 
within 1 year of the diagnosis of PSC  [  42  ] . In a Swedish 
cohort study 14 of 125 (11.2 %) PSC patients developed CC. 
Eleven of the 14 (~78 %) were diagnosed with CC within 
2 years of the diagnosis of PSC  [  43  ] . 

 Two large population-based US studies showed a strong 
positive association of CC with choledocholithiasis and cho-
langitis  [  16,   20  ] . However, these studies could not de fi nitively 
exclude PSC-associated cholangitis; therefore, it is unclear if 
choledocholithiasis and/or cholangitis are independent risk 
factors for ICC or ECC.  

   Hepatolithiasis 
 Hepatolithiasis are calculi or concretions located proximal to 
the con fl uence of the right and left hepatic ducts and/or their 
tributaries. Hepatolithiasis are found mainly in Southeast 
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Asia (e.g., up to 20 % in Taiwan) and are rare in the West 
(1–2 %). It has been postulated that prolonged irritation and 
in fl ammation of the biliary epithelium by the calculi, bile 
stasis, and bacterial infections predispose to malignancy 
 [  44,   45  ] . Additionally, infestation with parasites such as 
 Clonorchis sinensis  and  Ascaris lumbricoides  has been 
shown in up to 30 % of patients with hepatolithiasis  [  46  ] . 

 Hepatolithiasis is an established risk factor for ICC in 
Asian countries, with 2–10 % of patients with hepatolithiasis 
developing ICC  [  4,   44,   45  ] . A Korean, hospital-based, case-
control study found a strong association between hepato-
lithiasis and ICC, with an OR of 50.0 (95 % CI 21.2–117.3) 
 [  37  ] . A Chinese, hospital-based, case-control study also 
showed a signi fi cant association, with the OR at 5.8 (95 % CI 
1.97–16.9)  [  47  ] . There is less data on the relationship 
between hepatolithiasis and ICC in Western countries; but an 
Italian, hospital-based case-control study also showed a 
signi fi cant association between hepatolithiasis and ICC, with 
an OR of 6.7 (95 % CI 1.3–33.4)  [  48  ] .   

    2.2.1.3   Toxins 
 The currently banned carcinogenic agent Thorotrast, a radio-
graphic contrast agent used primarily from 1930 to 1960, has 
been strongly associated with an increased risk of develop-
ing CC. Several large studies from Japan, Germany and 
Denmark have also shown a signi fi cantly increased risk of 
CC among patients exposed to Thorotrast  [  49–  52  ] . The esti-
mated latency period between exposure and malignancy 
diagnosis ranges between 16 and 45 years; this is because the 
biological half-life of Thorotrast is 400 years  [  51  ] .   

    2.2.2   Possible Risk Factors 
for Cholangiocarcinoma 

    2.2.2.1   Chronic Viral Hepatitis and Cirrhosis 
 Hepatitis C virus (HCV), hepatitis B virus (HBV) and liver 
cirrhosis, regardless of etiology, have been postulated as risk 
factors for CC. 

   Asian Studies 
 Hospital based studies including one cohort study and sev-
eral case-control studies examined viral hepatitis in relation 
to CC. A prospective cohort study from Japan followed 600 
patients with HCV-related cirrhosis for a median of 7.2 years. 
Fourteen patients (2.3 %) developed CC during the observa-
tion period, resulting in incidence rates at 5 and 10 years of 
1.6 and 3.5 %, respectively. These rates were 1,000 times 
higher than in the general Japanese population  [  13  ] . A Korean 
case-control study compared 41 cases of CC with 406 non-
cancer controls did not  fi nd a signi fi cant association between 
HBV or HCV seropositivity and CC. However, having a his-
tory of hepatitis was associated with CC, with an RR of 22.4 

(95 % CI 3.4–146.2)  [  31  ] . In another Korean case-control 
study that compared 622 cases of ICC with 2,488 controls, 
there was a signi fi cant association between ICC and HBV 
(OR 2.3; 95 % CI 1.6–3.3) as well as cirrhosis of any etiol-
ogy (OR 13.6; 95 % CI 6.5–28.5). There was no signi fi cant 
association between HCV seropositivity and ICC  [  37  ] . A 
case-control study from China compared 312 ICC cases with 
438 controls and reported a strong association between ICC 
and HBV seropositivity, with an OR of 8.9 (95 % CI 5.97–
13.2) but no signi fi cant association with HCV seropositivity 
 [  47  ] . Lastly, a case-control study from Japan reported that 
HCV was a signi fi cant risk factor for ICC, with an OR of 
6.02 (95 % CI 1.51–24.1). The presence of cirrhosis merely 
trended towards signi fi cance, whereas HBV infection was 
not a signi fi cant risk factor for ICC  [  53  ] .  

   European Studies 
 Few Western European studies reported an association between 
CC and both HCV and cirrhosis. A large, population-based 
cohort study from Denmark examined cancer risk in 11,605 
patients with cirrhosis over a mean follow-up period of 6 years, 
and reported a tenfold increased risk of CC among patients 
with cirrhosis compared with the expected cancer cases in the 
general population (standardized incidence ratio of 21 versus 
2)  [  54  ] . A hospital-based, case-control study in Italy compared 
26 ICC cases with 824 controls. Both HCV and HBV 
 seropositivity was analyzed, but only HCV was signi fi cantly 
associated with ICC; OR 9.7 (95 % CI 1.6–58.9)  [  48  ] .  

   US Studies 
 Several US studies have shown an association between the 
presence of HCV and/or cirrhosis and increased risk of ICC. 
A hospital-based, case-control study compared 83 patients 
with ICC and 163 with ECC to 236 controls. HCV was a 
signi fi cant risk factor for ICC with an OR of 7.9 (95 % CI 
1.3–84.5). Cirrhosis was not analyzed as a separate variable, 
but 80 % of HCV-positive patients had cirrhosis. For ECC, 
neither HCV nor HBV status was a signi fi cant risk factor 
 [  17  ] . A large, population-based, case-control study compared 
625 cases of ICC with 90,834 controls. In multivariate analy-
sis, HCV was signi fi cantly associated with ICC, with an OR 
of 5.2 (95 % CI 2.1–12.8). It was unclear if patients with 
HCV also had a recorded diagnostic code for cirrhosis. 
However, nonspeci fi c cirrhosis was strongly associated with 
ICC, with an OR of 27.2 (95 % CI 19.9–37.1). In the same 
study, the prevalence of HBV infection was similar in cases 
and controls (0.2 %)  [  16  ] . A similar population-based, case-
control study examined risk factors for both ICC and ECC. 
There were 549 cases of ECC and 535 cases of ICC com-
pared with 102,782 controls. Similar to the  fi ndings of the 
previous population-based study, signi fi cant risk factors for 
ICC included HCV and nonspeci fi c cirrhosis. Regarding 
ECC, nonspeci fi c cirrhosis was also a risk factor, but HCV 
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infection was not signi fi cant  [  20  ] . A large cohort study of US 
veterans examined the association between HCV and both 
ICC and ECC in a cohort of 146,394 HCV-infected veterans 
and 572,293 uninfected controls. The risk for ICC in the 
HCV-infected cohort, though low at 4 per 100,000 person-
years, was more than double that in the controls (HR 2.55; 
95 % CI 1.31–4.95). The risk of ECC did not differ between 
the HCV-infected and uninfected veterans (4.3 vs. 4.2 per 
100,000 person-years)  [  10  ] . 

 The association of these risk factors with CC is not entirely 
clear, as studies have differing conclusions; and there is a 
paucity of population-based or prospective cohort studies. In 
countries such as Korea and Thailand where both HBV and 
CC are endemic, data show HBV but not HCV as a risk fac-
tor for ICC. On the other hand, countries such as Japan and 
Western nations, including the United States, where HCV is 
more prevalent, were more likely to show an association 
between HCV and ICC  [  37,   55  ] .   

    2.2.2.2   Diabetes and Obesity 
 Population-based case-control studies from the United States 
and United Kingdom report a signi fi cant, but modest asso-
ciation between diabetes and CC (Table  2.2 ). For example, 
two large US studies showed a signi fi cant positive associa-
tion between diabetes and CC. The  fi rst study looked 
speci fi cally at ICC and reported an OR of 2.0 (95 % CI 1.6–
2.4) with diabetes  [  16  ] . The second study found diabetes to 
be a signi fi cant risk factor for both ICC and ECC, with ORs 
of 1.8 (95 % CI 1.5–2.1) and 1.5 (95 % CI 1.3–1.8), respec-
tively  [  20  ] . Another large, population-based, case-control 
study from the United Kingdom also found a signi fi cant 
association between diabetes and CC, with an OR of 1.48 
(95 % CI 1.0–2.2)  [  57  ] . Conversely, a population-based study 
from Denmark did not  fi nd a signi fi cant association between 
diabetes and ICC  [  56  ] . Additionally, at least three hospital-
based, case-control studies failed to show a signi fi cant asso-
ciation between diabetes and CC (Table  2.2 )  [  17,   47,   53  ] . 

These associations could be confounded by the presence of 
underlying liver disease which predisposes to diabetes. Case-
control studies are typically non informative to this crucial 
temporal sequence. Given the absence of data from longitu-
dinal cohort studies, the association between diabetes and 
CC can only be regarded as preliminary.  

 Obesity was reported as a signi fi cant, but weak, risk fac-
tor for CC in two population-based, case-control studies. In 
the UK a BMI  ³  30 was signi fi cantly associated with CC, 
type not speci fi ed, with an OR of 1.52 (95 % CI 1.0–2.2) 
 [  57  ] . The US study reported a signi fi cant association between 
obesity and ICC, with an OR of 1.7 (95 % CI 1.1–2.6), but 
not between obesity and ECC  [  20  ] . However, in the Danish, 
population-based study there was no signi fi cant association 
between obesity and ICC  [  56  ] . The data available on obesity 
are too limited to make any conclusions.  

    2.2.2.3   Alcohol Drinking 
 Several cohort studies and case-control studies have reported 
a strong association between heavy alcohol use, typically 
>80 g/day, and CC (Table  2.3 ). The cohort study from 
Denmark that examined 11,605 patients with cirrhosis found 
a signi fi cantly increased CC risk, with an RR of 15.3 (95 % 
CI 8.9–24.5) in individuals with alcoholic cirrhosis  [  54  ] . The 
two US population-based case-control studies also found 
alcoholic liver disease to be signi fi cantly associated with CC. 
In the  fi rst study of ICC, the OR was 7.4 (95 % CI 4.3–12.8) 
 [  16  ] . In the second study of both ICC and ECC, there was an 
OR of 3.1 (95 % CI 1.3–7.5) and an OR of 4.5 (95 % CI 2.2–
9.1), respectively  [  20  ] . However, the UK population-based, 
case-control study did not  fi nd alcohol use to be a risk factor 
for CC  [  57  ] . Few hospital-based, case-control studies have 
shown a signi fi cant association between alcohol intake and 
CC  [  17,   31,   37  ] ; while others have not (Table  2.3 )  [  47,   48,   53  ] . 
Based on the strong magnitude of association (risk estimate 
range from 2 to 15) and studies with different designs, heavy 
alcohol use is likely to be a risk factor for CC.   

 First author 
(Country)  Study dates  CC type 

 Cases (% with 
risk factor) 

 Controls (% with 
risk factor) 

 Risk estimate 
(95 % CI) 

 Welzel  [  56  ]  
(Denmark) 

 1978–1991  ICC  764 (1.96 %)  3,056 (1.41 %)  1.43 (0.8–2.6) 

 Grainge  [  57  ]  
(United Kingdom) 

 1987–2002  NS  372 (9.4 %)  5,760 (5.9 %)  1.48 (1.0–2.2) 

 Yamamoto  [  53  ]  
(Japan) 

 1991–2002  ICC  50 (22 %)  205 (12 %)  1.95 (0.6–5.8) 

 Shaib  [  17  ]  (US)  1992–2002  ICC  83 (14.5 %)  236 (8.5 %)  Not calculated 
 ECC  163 (11.7 %)  236 (8.5 %)  Not calculated 

 Shaib  [  16  ]  (US)  1993–1999  ICC  625 (26.4 %)  90,834 (15.6 %)  2.0 (1.6–2.4) 
 Welzel  [  20  ]  (US)  1993–1999  ICC  535 (33.1 %)  102,782 (22.1 %)  1.8 (1.5–2.1) 

 ECC  549 (30.1 %)  102,782 (22.1 %)  1.5 (1.3–1.8) 
 Lee  [  37  ]  (Korea)  2000–2004  ICC  622 (15.4 %)  2,488 (5.6 %)  3.2 (2.3–4.3) 
 Zhou  [  47  ]  (China)  2004–2006  ICC  312 (4.2 %)  438 (2.5 %)  1.5 (0.6–3.8) 

   Table 2.2    Diabetes as a potential 
risk factor for cholangiocarcinoma. 
All studies shown in the table were 
case-control in design   
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    2.2.2.4   Tobacco Smoking 
 The data on a possible association between tobacco smoking 
and CC are not consistent (Table  2.3 ). Three large, popula-
tion-based case-control studies found reported history of 
tobacco smoking to be weakly associated with CC, with risk 
estimates from 1.38 to 1.80  [  16,   20,   57  ] ; the frequency and 
duration of smoking was not quanti fi ed in these studies. 
Several other hospital-based case-control studies reported no 
signi fi cant association between smoking and CC  [  17,   31,   37, 
  47,   53  ] . Smoking may be a weak risk factor for CC; but given 
the con fl icting data, a  fi rm conclusion cannot be made.  

    2.2.2.5   Genetic Factors 
 Several hospital-based, case-control studies reported that 
polymorphisms in genes coding for enzymes responsible for 
metabolism of carcinogens, DNA repair, and in fl ammation 
were associated with increased as well as decreased risk of 
developing CC  [  12,   58–  63  ] . However, given the varying study 
populations and lack of study replication in  independent 

cohorts, it is dif fi cult to draw  fi rm conclusions regarding the 
relevance of genetic polymorphisms.    

    2.3   Summary 

 There is limited information of the epidemiology of hilar CC 
speci fi cally; instead incidence and risk factors data are 
reported on CC overall or based on ICC and ECC. CC is a 
rare malignancy in Western countries, but more common in 
some parts of Asia. This difference is mostly attributed to the 
higher prevalence of established risk factors like parasitic 
infestations, bile-duct cysts and hepatolithiasis. However, 
most cases of CC especially in Western countries are not 
associated with established risk factors for CC which include 
parasitic infestations, biliary-duct cysts, primary sclerosing 
cholangitis, hepatolithiasis and toxins. Less-established risk 
factors include IBD, HCV, HBV, cirrhosis, obesity, diabetes, 
alcohol, smoking and genetic polymorphisms. There are not 

   Table 2.3    Alcohol drinking and tobacco smoking as potential risk factors for cholangiocarcinoma. All studies were case–control in design except 
for Sorensen et al. which was a retrospective cohort   

 First author 
(Country)  Study dates  Risk factor  CC type 

 Cases (% with 
risk factor) 

 Controls (% with 
risk factor) 

 Risk estimate 
(95 % CI) 

 Sorensen  [  54  ]  
(Denmark) 

 1977–1993  Alcoholic cirrhosis  NS  17  11,605  15.3 (8.9–24.5) 

 Grainge  [  57  ]  
(United Kingdom) 

 1987–2002  Smoking (current exposure)  NS  372 (27.5 %)  5,760 (20.9 %)  1.38 (1.0–1.9) 
 ̂ Alcohol    (problem drinker)  NS  372 (0.3 %)  5,760 (0.7 %)  Not calculated 

 Shin  [  31  ]  (Korea)  1990–1993  Heavy smoking (>1 pack/day, 
>10 years) 

 NS  41 (36.6 %)  406 (46.8 %)  0.8 (0.2–2.5) 

 Heavy alcohol (>80 g/day, 
>10 years) 

 NS  41 (22 %)  406 (11.1 %)  4.6 (1.4–15.2) 

 Yamamoto  [  53  ]  
(Japan) 

 1991–2002  Smoking (any previous exposure)  ICC  50 (34 %)  205 (44 %)  Not calculated 
 Heavy alcohol (>5 go sake/day, 
>10 years) 

 ICC  50 (2 %)  205 (5 %)  0.97 (0.5–1.9) 

 Shaib  [  17  ]  (US)  1992–2002  Smoking (>25 pack years)  ICC  83 (24.1 %)  236 (15.7 %)  Not calculated 
 Smoking (>25 pack years)  ECC  163 (20.9 %)  236 (15.7 %)  Not calculated 
 Heavy alcohol (>80 g/day)  ICC  83 (21.7 %)  236 (3.8 %)  5.9 (2.1–17.4) 
 Heavy alcohol (>80 g/day)  ECC  163 (17.8 %)  236 (3.8 %)  3.6 (1.5–9.4) 
 Mild/moderate alcohol (80 g/day)  ICC  83 (33.7 %)  236 (48.3 %)  Not calculated 
 Mild/moderate alcohol (80 g/day)  ECC  163 (26.9 %)  236 (48.3 %)  0.5 (0.3–0.8) 

 Shaib  [  16  ]  (US)  1993–1999  ̂ Smoking  ICC  625 (3.8 %)  90,834 (2.1 %)  1.8 (1.2–2.70) 
 ̂ Alcoholic liver disease  ICC  625 (2.2 %)  90,834 (0.3 %)  7.4 (4.3–12.8) 

 Welzel  [  20  ]  (US)  1993–1999  ̂ Smoking  ICC  535 (2.2 %)  102,782 (1.2 %)  1.8 (1.0–3.2) 
 ̂ Smoking  ECC  549 (2.2 %)  102,782 (1.2 %)  1.7 (1.0–3.0) 
 ̂ Alcoholic liver disease  ICC  535(0.9 %)  102,782 (0.3 %)  3.1 (1.3–7.5) 
 ̂ Alcoholic liver disease  ECC  549 (1.5 %)  102,782 (0.3 %)  4.5 (2.2–9.1) 

 Donato  [  48  ]  (Italy)  1995–2000  Heavy alcohol (>80 g/day)  ICC  26 (23.1 %)  824 (33 %)  0.4 (0.2–1.6) 
 Lee  [  37  ]  (Korea)  2000–2004  Smoking (any prior exposure)  ICC  622 (47.1 %)  2,488 (45.6 %)  Not calculated 

 Heavy alcohol (>80 g/day)  ICC  622 (18 %)  2,488 (3.1 %)  6.6 (4.8–9.2) 
 Zhou  [  47  ]  (China)  2004–2006  Smoking ( ³ 4 day/week, 

 ³ 6 months) 
 ICC  312 (13.8 %)  438 (15.3 %)  1.23 (0.7–2.2) 

 Alcohol ( ³ 1 drink/week,  ³  
6 months) 

 ICC  312 (12.5 %)  438 (9.4 %)  0.80 (0.5–1.3) 

   ̂ Problem drinkers were defi ned as those with a GPRD code indicating alcohol misuse at any time prior to diagnosis
 GPRD  General practice research database  
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enough consistent data to support that obesity, smoking, or 
speci fi c genetic polymorphisms confer an increased risk for 
CC. The available data suggest that diabetes and heavy alco-
hol drinking may confer an increased risk for CC. The data 
also suggest that in Western countries HCV is consistently 
associated with ICC and not ECC. In Asian countries it 
appears that HBV may be associated with ICC. Cirrhosis is 
the most consistently illustrated risk factor for ICC, but not 
ECC. In studies where the distinction between ICC and ECC 
was used, some potential risk factors seem to have differen-
tial effect on CC depending on site.      
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          3.1   Introduction    

 In 1965, Gerald Klatskin, a pathologist at Yale University, 
drew attention to an adenocarcinoma in the porta hepatis that 
had distinctive clinical and pathological features. He con-
cluded that the tumor was frequently overlooked because of 
failure to clinically probe and explore the biliary con fl uence 
and tributaries. In the 13 patients studied, death occurred 
from obstruction causing hepatocellular failure and hepato-
biliary infection, rather than massive in fi ltration of the liver 
or extrahepatic metastasis  [  1  ] . Adenocarcinoma of the bile 
duct epithelium or cholangiocarcinoma (CC) at the con fl uence 
of the right and left hepatic ducts has come to be known as 
“Klatskin tumor”. 

 Cholangiocarcinoma (CC) is conventionally divided 
into three groups, intrahepatic or peripheral CC arising in 
the liver, hilar CC that arise at the con fl uence of the right 
and left hepatic ducts (in this chapter, CC arising in the 
right and left hepatic bile ducts and the common hepatic 
bile duct are considered as hilar CC), and distal CC that 
arise between the hepatic hilum and the ampulla of Vater. 
While this anatomical division is useful and convenient 
from a clinical standpoint because of differences in epide-
miology, presentation, management and prognosis, the his-
tological appearances are very similar among tumors 
arising at any of these anatomical sites and bear a strong 
resemblance to adenocarcinoma of the pancreatic ducts. By 
convention, adenocarcinomas of the gallbladder are 

grouped separately but they are also closely related to 
 epithelial tumors of the extrahepatic bile ducts, although 
those in the gallbladder show prominent geographic, gen-
der, and racial differences not observed with extrahepatic 
bile duct carcinomas. 

 CC accounts for about 3 % of all gastrointestinal cancers 
worldwide and intrahepatic CC comprises 10–20 % of all 
primary liver cancers  [  2  ] . It is interesting that the incidence 
of intrahepatic CC is said to be rising in several parts of the 
world including Europe, Australia and Japan, whereas, extra-
hepatic CC has declined slightly  [  3–  5  ] . The same has been 
observed in North America where a three-fold increase for 
intrahepatic CC has been reported between 1975 and 1999 
 [  3,   5  ] . There are suggestions however, that this apparent 
increase has been the result of a change in classi fi cation. CC 
are topographically categorized as intrahepatic or extrahe-
patic by the International Classi fi cation of Diseases for 
Oncology (ICD-O). Hilar CC (Klatskin tumors) are extrahe-
patic CC but the second edition of the ICD-O assigned them 
a histology code 8162/3 which cross-referenced to intrahe-
patic CC. In the United States, studies that included this code 
(8162/3, Klatskin) grouped what is an extrahepatic or hilar 
CC with intrahepatic CC, perhaps accounting for an overes-
timation of intrahepatic CC incidence by 13 % and a corre-
sponding decrease in incidence of extrahepatic CC by 15 %. 
Similar results have been published from Europe  [  6  ]  where 
the same ICD-O codes are employed  [  7  ] . However, in one 
study which examined the incorrect coding of Klatskin 
tumors as intrahepatic CC, the age-adjusted annual intrahe-
patic CC incidence remained increased by about 4 %  [  8  ] . It 
has been advocated that terms such as “Klatskin tumor”, or 
“perihilar” CC not be used as they lead to confusion, further-
more, biliary tract cancers should not be “lumped” together 
in clinical trials, but rather examined and treated as individ-
ual, distinct subsets of biliary tract cancers such as intrahe-
patic and ductal CC  [  9  ] . 

 The epidemiology and risk factors for hilar CC are 
 discussed in detail in Chap.   2     and it is suf fi ce to state brie fl y 
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that carcinomas of the extrahepatic ducts are associated 
with sclerosing cholangitis, ulcerative colitis, abnormal 
 choledochopancreatic junction, choledochal cysts  [  10,   11  ]  
and infestations with the liver  fl ukes  Clonorchis sinensis  and 
 Opisthorchis viverri   [  4,   5  ] .  C. sinensis  may have been a fre-
quent association of cancer of the bile ducts in China and 
Korea with an accompanying high prevalence in the local 
population, but this association is much lower in recent times. 
Infection with  O. viverrini  in Northeast Thailand, in contrast, 
remains high and evidence supporting its role in the induc-
tion of CC is compelling. Chronic infection and other vari-
ables including the host’s immune response and the ingestion 
of dietary carcinogens such as nitrosamines may have a fur-
ther contributory role  [  12,   13  ] .  

    3.2   Clinical Presentation 

 Hilar CC usually present relatively early with obstructive 
jaundice that progresses rapidly or  fl uctuates. Because of 
their location within the duct con fl uence, obstruction and 
accompanying jaundice occurs when the tumor is rela-
tively small and before widespread dissemination or 
spread into the intrahepatic tributaries occurs. Malaise, 
weight loss, anorexia, nausea, vomiting, pruritus and right 
upper quadrant pain are other symptoms. In patients with 
hilar CC, the intrahepatic bile ducts are dilated, the gall-
bladder is not palpable and the common duct is often col-
lapsed. In contrast, those patients with carcinoma in the 
common bile duct or cystic duct have a distended gall-
bladder and marked dilatation of the proximal bile duct 
system. 

    3.2.1   Gross Appearance 

 Macroscopically, carcinomas of the extrahepatic bile ducts 
can be grouped into three types, viz, sclerosing/scirrhous, 
nodular, or papillary. Sclerosing/scirrhous tumors, the most 
common, are very  fi rm and cause an annular thickening of 
the bile duct, often with diffuse in fi ltration and  fi brosis of 
the periductal tissues. Nodular tumors are characterized by 
 fi rm, irregular nodules that project into the lumen of the 
duct. Features of both types are often combined, hence the 
frequently used descriptor “nodular-sclerosing”. The nodu-
lar-sclerosing variant is often  fi rm or hard because of the 
desmoplastic response and varies from white to tan 
(Figs.  3.1  and  3.2 ), with a propensity to show radial 
in fi ltration into surrounding tissues and is dif fi cult to resect 
(Fig.  3.3 ). They may also show diffuse spread linearly 
along the ducts distally and proximally into intrahepatic 

tributaries (Figs.  3.1  and  3.2 ). Necrosis is very uncommon. 
The papillary variant accounts for approximately 10 % of 
all CC, and while occasionally seen at the hilus, is more 
common in the distal bile duct. These tumors are soft and 
friable, and may show only early transmural invasion. 
While convenient and useful to guide the operative proce-
dure, extent of resection, and prognosis, macroscopic sepa-
ration of the variants is often not possible because of 
overlapping gross features, the exception being the papil-
lary carcinoma which, being largely exophytic is more 
readily identi fi able (Fig.  3.4 ).      

  Fig. 3.1    Nodular-sclerosing carcinoma arising in the common bile 
duct and right hepatic duct with linear extension along the two main 
intrahepatic tributaries draining the anterior and posterior segments. 
The periductal tissue is thickened by tumor in fi ltration and a desmo-
plastic response, and the proximal intrahepatic bile ducts are dilated. 
The liver shows marked cholestasis. The gall bladder was collapsed 
(not shown)       

  Fig. 3.2    Nodular-sclerosing carcinoma in the common bile duct and 
right hepatic duct. There is in fi ltration of the periductal tissues to pro-
duce an annular thickening. The segmental bile ducts are dilated and the 
liver shows marked cholestasis       
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    3.2.2   Staging 

 Several systems have been described for staging of extrahe-
patic CC. They include the Bismuth-Corlette system  [  14  ]  
employed at Memorial Sloan–Kettering Cancer Center 
(MSKCC)  [  15  ] , American Joint Committee on Cancer 
(AJCC)  [  16  ] , and Japanese Society of Biliary Surgery (JSBS) 
 [  17  ] . The College of American Pathologists staging system, 
based on the AJCC/UICC TNM staging (7th edition) is as 
follows  [  18  ] :  

  Primary tumor  ( pT ) 
  pTX   Cannot be assessed 
  pT0   No evidence of primary tumor 
  pTis   Carcinoma in situ 
  pT1   Tumor con fi ned to bile duct, with extension up to 

muscle layer or  fi brous tissue 
  pT2a   Tumor invades beyond the wall of the bile duct to 

surrounding adipose tissue 
  pT2b   Tumor invades adjacent hepatic parenchyma 
  pT3   Tumor invades unilateral branches of the portal vein 

or hepatic artery 
  pT4   Tumor invades main portal vein or its branches 

bilaterally; or unilateral second-order biliary radicals 
with contralateral portal vein or hepatic artery 
involvement 

  Regional lymph nodes  ( pN ) 
  pNX   Cannot be assessed 
  pN0   No regional lymph node metastasis 
  pN1   Regional lymph node metastasis (including nodes 

along the cystic duct, common bile duct, hepatic 
artery, and portal vein) 

  pN2   Metastasis to periaortic, pericaval, superior 
mesentery artery, and/or celiac artery lymph nodes 

  Specify   Number examined………….. 
 Number involved……………. 

  Distant metastasis  ( pM ) 
  pM0   Cannot be assessed 
  pM1   Distant metastasis, specify site(s), if 

known…………… 

 It has been argued that existing staging systems are largely 
applicable only after surgical tumor resection as with the 
AJCC system  [  19  ] , or provide little prognostic indication or 
help in the selection of patients for surgical treatment as in the 
case of the Bismuth-Corlette system  [  19–  23  ] . On the other 
hand, the modi fi ed system proposed by Burke et al.  [  24  ]  not 
only provided anatomical localization of the tumor but also 
de fi ned the local extent, allowing better strati fi cation of 
patients for surgical exploration  [  22  ]  and can be employed 
preoperatively with imaging studies  [  23  ] . Essentially, the 
modi fi ed staging system classi fi es hilar CC according the local 
extent of tumor based on the location and extent of bile duct 
involvement, the presence or absence of portal venous inva-
sion, and presence or absence of hepatic lobar atrophy  [  23  ] . 

 The T staging system for hilar CC  [  20,   21  ]  is as follows:
   T1     Tumor involving biliary con fl uence ± unilateral exten-

sion to secondary biliary radicles. No liver atrophy or 
portal vein involvement.  

   T2     Tumor involving biliary con fl uence ± unilateral exten-
sion to secondary biliary radicles with ipsilateral por-
tal vein involvement ± ipsilateral lobar atrophy. No 
main portal vein involvement.  

   T3     Tumor involving biliary con fl uence + bilateral exten-
sion to secondary biliary radicles; OR unilateral 

  Fig. 3.3    Hilar cholangiocarcinoma arising in the right hepatic duct and 
showing radial in fi ltration into the immediate surrounding tissues. 
While the intrahepatic ducts are edematous, there is no macroscopic 
involvement. Cholestasis is less pronounced than in the previously 
illustrated examples of nodular sclerosing cholangiocarcinoma       

  Fig. 3.4    Papillary cholangiocarcinoma at the hilum arising in the left 
hepatic duct. The polypoid tumor shows no apparent in fi ltration and 
appears limited to the wall of the duct. There is dilation of the intrahe-
patic bile ducts, some of which contain small pigmented calculi       
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extension to secondary biliary radicles with contral-
ateral portal vein involvement; OR unilateral exten-
sion to secondary biliary radicles with contralateral 
hepatic lobar atrophy; contralateral hepatic lobar 
atrophy; OR main or bilateral portal venous 
involvement.      

    3.2.3   Microscopic Appearances 

 A number of histological subtypes is recognized in the World 
Health Organization  [  25  ]  and Armed Forces Institute of 
Pathology  [  26  ]  classi fi cations. Histological subtypes are 
most commonly described in the gallbladder with less fre-
quent descriptions of the tumors in the extrahepatic bile 
ducts. Many of the histological subtypes described below in 
the gallbladder can be seen in the extrahepatic bile ducts but 
the spectrum of histological types in the latter is much less. 

    3.2.3.1   Adenocarcinoma 
 Adenocarcinomas are the most common, accounting for 
about 90 % malignant epithelial tumors of the extrahepatic 
bile ducts. They super fi cially resemble bile duct epithelium 
with mucin expression frequently present in the cells and 
glands and may show three primary forms of differentia-
tion, namely, pancreaticobiliary (Fig.  3.5a, b ), intestinal 
(Fig.  3.6 ), and gastric (Fig.  3.7 ). A clear distinction of these 
forms of adenocarcinoma is often dif fi cult to make as the 
features overlap. Furthermore, about one third of all such 
tumors show focal intestinal differentiation with goblet and 
neuroendocrine cells, the latter may show expression of 
peptide hormones and serotonin but their presence does not 
warrant a diagnosis of neuroendocrine carcinoma. An 
extremely well-differentiated variant may simulate ade-
noma and Paneth cells may rarely be present. Other histo-
logical variants of intestinal type adenocarcinoma can 
occur, viz, a papillary adenocarcinoma composed predomi-
nantly of papillary fronds lined by cuboidal or columnar 
cells with varying amounts of mucin and intestinal metapla-
sia with collections of Paneth cells (Fig.  3.8 ) and occasional 
neuroendocrine and goblet cells  [  25,   26  ] . Such papillary 
carcinomas may  fi ll the duct lumen before invading the wall 
(Fig.  3.4 ) and in a small percentage of cases may show skip 
lesions. Mucinous adenocarcinoma, another variant, shows 
abundant mucin secretion and is similar in appearance to 
those occurring at other sites (Fig.  3.9 ). Perineural and neu-
ral invasion is common, especially with radial spread of 
these tumors (Fig.  3.10 ).       

 Other variants of adenocarcinoma described in the gall-
bladder such as clear cell and signet ring adenocarcinomas 
(Fig.  3.6 ) are very uncommon in the extrahepatic bile ducts. 
These are generally aggressive tumors.  

    3.2.3.2   Adenosquamous Carcinoma 
 Such tumors are composed of two components; a glandular 
and a squamous component, each varying in quantity and 
extent of differentiation. Mucin secretion is often evident in 
the former and intercellular bridges in the latter (Fig.  3.11 ). 
Keratin pearls are less common.   

    3.2.3.3   Squamous Cell Carcinoma 
 This variant is uncommon and comprises sheets of squamous 
cells that vary considerably in extent of differentiation 
(Fig.  3.12 ). Keratinizing and non-keratinizing types exist and 
spindle cells may predominate. In the latter, immunohistologi-
cal stains for cytokeratin are useful to identify their nature.   

    3.2.3.4   Small Cell Carcinoma 
 These are endocrine tumors and show varying degrees of dif-
ferentiation. As such, immunohistological stains for synap-
tophysin and chromogranin are often necessary to con fi rm 
their endocrine nature and serotonin and peptide hormones 
may be expressed. The tumor is composed of small cells 
with round or fusiform nuclei with  fi nely stippled chromatin 
and is arranged in cords, ribbons, trabeculae, nests and sheets 
with very occasional rosette-like structures (Fig.  3.13 ). 
Mixed endocrine-exocrine tumors also exist. These are 
 composite tumors with areas of endocrine carcinoma and 
adenocarcinoma. Such tumors behave as adenocarcinomas 
and are clinically more aggressive tumors.   

    3.2.3.5   Rare Variants of Carcinoma 
 Other rare variants of carcinoma described in the bile ducts 
include clear cell carcinoma, hepatoid carcinoma (Fig.  3.14 ), 
and signet ring carcinoma.   

    3.2.3.6   Carcinosarcoma 
 This tumor needs to be distinguished from squamous cell 
carcinoma with spindled areas. A true carcinosarcoma, 
besides displaying the presence of malignant epithelial 
 elements commonly in the form of glands with squamous 
cell areas, also contains sarcomatous elements in the form of 
heterologous mesenchymal tissue such as chondrosarcoma, 
osteosarcoma, and rhabdosarcoma. The mesenchymal com-
ponent should be devoid of cytokeratin.   

    3.2.4   Grading 

 Adenocarcinoma is conventionally divided into three grades. 
Well differentiated adenocarcinoma requires the presence of 
glands in 95 % of the tumor, in moderately differentiated 
adenocarcinoma 40–95 % of the tumor should contain glands 
and in poorly differentiated adenocarcinoma 5–39 % of the 
tumor should contain glands  [  25  ] .  
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  Fig 3.5    ( a ) Cholangiocarcinoma 
with pancreaticobiliary type 
differentiation. Atypical glands 
in fi ltrate the periductal tissue 
associated with a densely 
desmoplastic stroma. 
( b ) There is tumor extension 
along the intrahepatic ducts with 
in fi ltration into surrounding 
hepatic parenchyma by 
similar-appearing atypical glands 
which evoke a  fi brous response       
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  Fig. 3.6    Hilar cholangiocarci-
noma with intestinal type 
differentiation. The atypical 
in fi ltrating glands contain 
cytoplasmic vacuoles of mucin 
which was also present in the 
glandular lumen. Scattered cells 
lining the glands have prominent 
cytoplasmic vacuoles that 
displace the crescentic nuclei 
peripherally to produce a signet 
cell appearance. When such cells 
predominate and in fi ltrate the 
stroma as single cells, the tumor 
is designated signet cell 
carcinoma       

  Fig. 3.7    The distinction of 
intestinal from gastric type 
differentiation is often dif fi cult as 
in this example where the tumor 
is composed of in fi ltrating 
atypical glands that also secrete 
variable amounts of mucin. 
Unless areas of differentiation 
into distinct gastric type mucosa 
such as oxyntic cells are found, 
the separation cannot be made. 
The histological distinction has 
not been shown to be of 
prognostic relevance       
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  Fig. 3.8    Foci of Paneth cell 
metaplasia are present in this 
well-differentiated variant of 
papillary adenocarcinoma. 
Occasional neuroendocrine and 
goblet cells may also be found       

  Fig. 3.9    Mucinous adenocarci-
noma is not an uncommon form 
of cholangiocarcinoma. 
Abundant mucin distends the 
glands and a mild to moderate 
in fl ammatory response is present       
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  Fig. 3.10    There is prominent 
neural in fi ltration in the 
periductal tissue in this hilar 
cholangiocarcinoma       

  Fig. 3.11    Adenosquamous 
carcinoma composed of sheets of 
squamous cells with intercellular 
bridges. There are distinct glands 
in the adjacent stroma       
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  Fig. 3.12    Squamous cells 
carcinoma composed of sheets of 
well differentiated squamous 
cells with distinct intercellular 
bridges and eosinophilic 
keratinized cytoplasm. Keratin 
pearls are not present       

  Fig. 3.13    Small cell carcinoma 
showing small cells with high 
nuclear cytoplasmic ratio and 
hyperchromatic nuclei arranged 
in sheets and nests       
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    3.2.5   Precursor Lesions 

 A number of precursor lesions arise in the extrahepatic bile 
ducts and include adenomas, biliary cystadenoma, papillo-
matosis (adenomatosis) and various grades of intraepithelial 
neoplasia (dysplasia) up to carcinoma in situ. 

    3.2.5.1   Adenoma 
 Adenomas are benign neoplasms of the biliary epithelium. 
They are commonly polypoid, single and well-demarcated 
and are more common in the gallbladder than extrahepatic 
bile ducts being seen in less than 0.5 % of gallbladders 
removed for cholelithiasis and chronic cholecystitis. A small 
proportion is known to progress to carcinoma. Biliary ade-
nomas may be tubular, papillary or tubulopapillary as in the 
colon, and can show gastric pyloric, intestinal, or biliary type 
mucosa, the gastric pyloric type adenoma being more com-
mon in the gallbladder.  

    3.2.5.2   Biliary Cystadenoma 
 These are benign cystic tumors lined by columnar epithelium 
that resembles bile duct or foveolar gastric epithelium and 
occur almost exclusively in females. Often they are multilocu-
lated and contain mucinous or serous  fl uid (Figs.  3.15  and  3.16 ) 
and are more common in extrahepatic ducts than in the gall-
bladder  [  27,   28  ] . Occasional endocrine cells may be present 

and the subepithelial stroma is of varying cellularity and resem-
bles ovarian stroma. This stroma shows immunoreactivity for 
estrogen and progesterone receptors  [  29,   30  ] . Malignant trans-
formation can occur with cystadenocarcinomas occurring 
equally in both females and males. In these tumors a large pap-
illary mass may be present with areas of grey-white tumor in a 
thickened bile duct. Adequate sampling is necessary to distin-
guish benign cystadenomas from cystadenocarcinomas and 
prognosis is good if curative removal is possible  [  27,   28  ] .    

  Fig. 3.14    Cholangiocarcinoma 
with hepatoid features. The large 
cells with vesicular nuclei and 
central nucleoli have abundant 
granular eosinophilic cytoplasm 
and resemble hepatocytes. This 
variant is very uncommon       

  Fig. 3.15    Biliary cystadenoma. The mutilocular cyst contains soft 
polypoid excrescences and mucinous  fl uid       
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    3.2.5.3   Papillomatosis 
 Multiple recurring papillary adenomas may involve large 
areas of the extrahepatic bile ducts (Figs.  3.17 ,  3.18  and  3.19 ) 
and extend into the gallbladder and intrahepatic bile ducts. 
Because of their multicentricity complete excision is dif fi cult. 
The presence of severe dysplastic change in the epithelium 
lining the papillary adenomas makes distinction from carci-
noma dif fi cult hence this lesion is sometimes regarded as a 
form of low grade carcinoma and is considered a precursor 
lesion of adenocarcinoma. The potential for malignant trans-
formation is greater compared to solitary adenomas  [  25,   26  ] .     

    3.2.5.4   Intraepithelial Neoplasia (Dysplasia) 
 Intraepithelial neoplasia or dysplastic changes are not recog-
nizable grossly as they are often associated with chronic 
in fl ammation and are dif fi cult to distinguish from such 
changes which include  fi brosis, thickening and induration of 
the mucosa. Careful examination may reveal small 
cauli fl ower-like excrescences in the mucosa or granularity 
and trabeculation. 

 Intraepithelial neoplasia can be papillary or more com-
monly  fl at. Papillary intraepithelial neoplasia is character-
ized by short stumpy  fi brovascular fronds covered by 
dysplastic epithelium which may be columnar, cuboidal, or 
elongated with varying degrees of nuclear atypia, loss of 
polarity and occasional mitosis. Pseudostrati fi cation may 

occur in later stages and papillae may form. The cytoplasm 
is usually eosinophilic and contains non-sulphated acid and 
neutral mucin. Goblet cells may be seen and an abrupt transi-
tion of dysplastic from normal-appearing epithelium is often 
seen. Distinction of intraepithelial neoplasia from the 
 epithelial atypia of repair is based on the homogeneous pop-
ulation seen in the former which is also often widespread in 
the mucosa  [  25,   26  ] . In addition, the heterogeneous cell pop-
ulation in repair which comprises columnar mucus-secreting 

  Fig. 3.16    The polypoid masses 
in biliary cystadenomas are 
composed of  fi brovascular fronds 
lined by a single layer of 
cuboidal to columnar cells. 
Variable nuclear atypia may be 
seen and focal areas of 
pseudostra fi cation may be 
present. Adequate sampling 
ensures exclusion of a low-grade 
carcinoma       

  Fig. 3.17    Multiple papillary tumors are seen extending along the 
hilum into the intrahepatic bile ducts. Focal skip lesions are present       
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cells, low cuboidal cells, atropic-appearing epithelium, and 
pencil-like cells display a gradual transition of the cellular 
abnormalities unlike the abrupt transition seen in intraepithe-
lial neoplasia (Fig.  3.20 ). Immunoreactivity for p53 also 
helps in the identi fi cation of true dysplastic changes.  

 The two morphological forms of intraepithelial neoplasia 
in the bile ducts have been named biliary intraepithelial neo-
plasia (BilIN) for the non-papillary type and biliary intraduc-
tal papillary neoplasia (biliary IPN) for the papillary type. 
BilINs are a group of  fl at, pseudopapillary, or micropapillary 

  Fig. 3.18    Low power view of a 
papillary adenoma       

  Fig. 3.19    High magni fi cation of 
papillary adenoma shows 
papillary fronds lined by a single 
layer of tall columnar mucin-
secreting cells. Nuclear atypia is 
mild to moderate and 
pseudostrati fi cation is not seen       
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lesions classi fi ed by a recent international consensus into 
three categories (grades) based on the degree of atypia: 
BilIN-1, BilIN-2, and BilIN-3, the last-mentioned also 
include carcinoma in situ (Figs.  3.20 ,  3.21  and  3.22 )  [  31,   32  ] . 
Since BilINs share morphology and expression patterns of 
mucin core proteins (MUC1 and MUC2) with pancreatic 
intraepithelial neoplasia (PanIN)  [  32  ] , it has been suggested 
that they represent the counterpart of PanIN  [  33,   34  ] . Biliary 
IPNs are grossly visible, non-invasive, intraductal papillary pro-
liferations and resemble pancreatic intraductal papillary 
mucinous neoplasms (IPMN)  [  34  ] . Biliary IPNs, including 
biliary papillomatosis, show macroscopic mucinous hyper-
secretion in about 30 % of cases and may display three 
 different forms of differentiation, namely, pancreaticobiliary, 

intestinal, and gastric. It is currently recognized that these 
two forms of intraepithelial neoplasia represent at least two 
pathways of carcinogenesis in bile duct adenocarcinoma, 
viz, a dysplasia-carcinoma sequence via BilIN and an ade-
noma-carcinoma sequence via biliary IPN  [  31  ] .      

    3.3   Immunohistochemistry 

 Immunohistology is not particularly helpful in the 
identi fi cation of biliary carcinoma. In the case of distinguish-
ing reactive atypia from intraepithelial neoplasia, as men-
tioned above, p53 immunoexpression may be useful in 
identifying the latter. 

  Fig. 3.20    Biliary dysplasia. A 
sharp transition is seen from the 
normal biliary epithelium on the 
left and dysplastic epithelium on 
the right. This transition can be 
enhanced by staining for p53 
expressed in the dysplastic cells       

  Fig. 3.21    Biliary adenoma. 
Fibrovascular fronds are lined by 
columnar cells with minimal 
atypia. There is no invasion of the 
 fi brous stalk       
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 Immunohistological studies of hilar CC are uncommon 
although several studies of intrahepatic CC are available. 
CC express CK7, CK19, BerEP4 and show cytoplasmic 
staining for CEA, unlike hepatocellular carcinoma which 
express HepPar1 and show membranous staining for poly-
clonal CEA  [  35  ] . However, the role of immunohistochemis-
try to identify possible surrogate prognostic markers suffer 
from the drawback that correlation is weak as long-term 
survival in such tumors is poor. HER2/neu overexpression 
has been shown to correlate with nodal metastasis and with 
nuclear translocation of  b -catenin, both markers showing 
signi fi cant correlation with high histological grade and high 
Ki-67 proliferation index, as well as with reduced immuno-
expression of E-cadherin and FAT, the latter a newly 
described member of the cadherin superfamily  [  36  ] . K- ras  
and  p53  correlate with the microscopic types of CC, with 
k- ras  mutations being more common in the periductal 
in fi ltrating than in mass-forming CC, whereas  p53  muta-
tions had the reverse association. CDX2 and MUC2 have 
been employed to identify tumors of the intraductal papil-
lary type of CC and over-expression of c-Met is said to be a 
feature of longer survival. Other markers studied include 
B-cell lymphoma-2 (Bcl-2), transforming growth factor  b , 
telomerase, MUC4, p27, cyclin D1 but none has proven 
reliable  [  37,   38  ] .  

    3.4   Molecular Genetics 

 Much of the published molecular genetics of CC relates to 
intrahepatic CC and carcinoma of the gallbladder and has 
been previously described  [  15,   39  ] . Mutations of the  RAS  and 
 TP53  genes are the most common abnormalities identi fi ed in 
both these conditions  [  39  ] . The molecular events associated 
with the development of CC have been investigated but are 
incompletely understood. Likewise, the changes that distin-
guish papillary from nodular-sclerosing lesions that are prog-
nostically different (see below) are unclear  [  15,   40–  42  ] . 
Abraham et al.  [  42  ] , in an analysis of 14 cases of papillary bile 
duct carcinomas, failed to identify any unifying molecular 
derangements, although the study population was heteroge-
neous and there was no direct comparison to nodular-scleros-
ing tumors. Despite gaps in our understanding of these tumors, 
it is reasonable to postulate differences in the genetic changes 
between invasive papillary tumors and purely nodular-scleros-
ing lesions. The  fi nding of highly invasive tumors with some 
residual papillary carcinoma components would suggest the 
possibility of overlap between two distinct pathogenetic 
mechanisms. Alternatively, this  fi nding may represent the 
slow evolution of noninvasive papillary carcinomas to more 
invasive and aggressive tumors, an explanation that is possible 
but would require a long symptom-free period  [  43,   44  ] .  

  Fig. 3.22    High magni fi cation of 
another adenoma which shows 
focal microinvasion of the 
in fl amed  fi brovascular stroma by 
small atypical glands that form a 
cribriform pattern in the center of 
the  fi eld       
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    3.5   Prognostic and Predictive Factors 

 The extent of the tumor largely determines prognosis with 
histological type in fl uencing prognosis to a lesser extent. 
Polypoid tumors are most often papillary carcinomas and 
have the best prognosis, and non-invasive papillary carcino-
mas have a better prognosis than other types of invasive car-
cinomas  [  44,   45  ] . In one study of 13 patients with 
extrahepatic bile duct papillary carcinomas and 174 inva-
sive papillary carcinomas complied by the Surveillance, 
Epidemiology, and End Results (SEER) program of the 
National Cancer Institute from 1981 to 1990, papillary car-
cinomas con fi ned to the ductal wall had better 10-year rela-
tive survival rates than adenocarcinoma limited to the wall 
(21 % versus 12 %). Furthermore, when there was lymph 
node metastasis, papillary carcinoma had better prognosis 
than adenocarcinoma (10-year survival rate of 12 % versus 
5 %)  [  45  ] . When invasive, papillary carcinomas may show a 
tubular or mucinous pattern and the former is said to show a 
worse prognosis  [  39  ] . The difference in outcome between 
papillary and nodular-sclerosing CC appears to be related, 
at least in part, to differences in disease biology. However, 
the data show that the favorable impact of papillary histol-
ogy on survival is most pronounced in patients with less 
invasive cancers, suggesting that once a certain critical 
degree of invasiveness is reached, the clinical behavior of 
papillary CC approaches that of nodular-sclerosing tumors 
 [  15,   36  ] . This contrasts somewhat with a recent report from 
that summarized results from the SEER database that 
showed a survival advantage of papillary CC even in patients 
with more invasive tumors and tumors associated with 
regional lymph node metastases  [  40  ] . Whether more inva-
sive CC of papillary origin are distinct from nodular-scle-
rosing cancers is thus less clear and may be clari fi ed through 
a better understanding of the pathogenesis of CC. 

 Perineural and lymphatic permeation are signi fi cant prog-
nostic factors. Perineural spread has been reported in 75 % of 
hilar CC, lymph node metastasis in 50 % and venous inva-
sion in 38 %  [  46  ] . In one study of 564 cases of CC, loco-
regional lymph node metastasis occurred more frequently in 
distal CC (60 %) compared to hilar CC (28 %) and intrahe-
patic CC (29 %)  [  47  ] . 

 Clearance of the surgical margin is an important prognos-
tic indicator for all forms of CC  [  48,   49  ] . The lowest rate of 
negative margins was found in hilar CC. However, there is no 
clear-cut de fi nition of margin clearance. Japanese authors 
require a 5 mm clearance  [  50,   51  ]  whereas this is not the case 
in Western countries  [  18  ] . Furthermore, the examination of 
surgical margins with frozen sections will reduce the accu-
racy of detection of involvement especially of dysplasia and 
carcinoma-in-situ.  

    3.6   Differential Diagnoses 

 A variety of structures and tissues occur at the porta hepatis 
and both benign and malignant tumors arising in any of these 
tissues can produce compression of the common bile duct 
resulting in a clinical presentation similar to that of bile duct 
epithelial proliferation  [  52  ] . The list of such tumors that have 
been considered in the clinical differential diagnoses include 
granular cell tumor  [  53  ] , in fl ammatory myo fi broblastic 
tumor  [  54  ] , embryonal carcinoma  [  55  ] , neurilemmoma  [  56  ] , 
malignant lymphoma  [  57  ] , and heterotopic pancreatic tissue 
 [  58  ]  as well as reactive conditions like tuberculosis  [  59  ] , 
sclerosing mesenteritis  [  60  ] , sarcoidosis  [  61  ] , and IgG4 scle-
rosing disease  [  62  ] . Metastatic tumors can produce similar 
symptoms and presentation.      
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          4.1   Introduction 

 Originally described by Altmeier  [  1  ]  and Klatskin  [  2  ] , hilar 
cholangiocarcinoma is an adenocarcinoma of the extrahe-
patic biliary tree arising from the main left or right hepatic 
ducts or their con fl uence. Along with distal bile duct cancer 
and intrahepatic cholangiocarcinoma, they comprise the 
spectrum of bile duct cancers that arise from the biliary epi-
thelium. However, unlike those tumors, which can be usually 
be removed, respectively, with pancreaticoduodenectomy or 
liver resection alone, the surgical approach to hilar cholang-
iocarcinoma often combines bile duct resection with con-
comitant hepatectomy and/or portal vein resection due to the 
in fi ltrative nature of the disease. Therefore, a complete, mar-
gin-negative resection can be dif fi cult to achieve. 

 While curative resection remains the only treatment modal-
ity associated with prolonged survival, the majority of patients 
present with disease not amenable to surgical correction. Over 
the last several decades, improvements in operative techniques 
and cross-sectional imaging, a better understanding of tumor 
biology, and the advent of perioperative interventions such as 
portal vein embolization and biliary decompression of the liver 
remnant have been adopted in order to maximize resectability 
and reduce morbidity associated with a major hepatectomy and 
bile duct resection. Furthermore, caudate resection has been 
adopted when the left hepatic duct is involved by tumor given 
it is the origin of the caudate bile ducts. Despite these advances, 
the 5-year survival rate following curative resection for hilar 
cholangiocarcinoma remains in the range of 20–40 %  [  3  ] . 

 Therefore, accurate staging of this disease to guide ther-
apy and properly select patients who would bene fi t from 

 surgical extirpation, while sparing potential morbidity in 
those patients with advanced disease is of utmost importance. 
Several systems have been developed to distinguish the 
extent of disease from an anatomic, pathologic and clinical 
perspective; however, no uniform, universally accepted stan-
dard has been embraced. The purpose of this chapter is to 
examine the historical basis and current applications of the 
available staging systems and their role in the management 
of patients with hilar cholangiocarcinoma.  

    4.2   Anatomic Staging Systems 
(Bismuth-Corlette) 

 Given the signi fi cant challenges in the surgical removal of 
hilar cholangiocarcinoma and the lack of a common termi-
nology for the description of these tumors, a preoperative 
classi fi cation system was initially described by Bismuth and 
Corlette from the Hospital Paul Brousse in Paris  [  4  ] . It is a 
simple system that attempts to stratify the location of the 
tumor and its longitudinal extent along the biliary ductal sys-
tem for the purpose of determining extent of resection. 
Originally described in 1975 and modi fi ed in 1992, it is 
depicted in Fig.  4.1  as a progression of cholangiocarcinoma 
from the distal extrahepatic portion of the duct up to the hilus 
and into the secondary biliary radicles. A type I tumor 
involves the common hepatic and/or bile duct below the 
con fl uence and is sometimes referred to as middle CBD can-
cer or perihilar cholangiocarcinoma depending on its loca-
tion with regards to the cystic duct of the gallbladder. Some 
authors argue this type of tumor can be managed with resec-
tion of the extrahepatic ductal system and regional lymph-
adenectomy without the need for hepatic resection provided 
the surgical margins are negative by frozen section. Bismuth-
Corlette type II lesions are sometimes considered the true 
Klatskin tumors as they involve the con fl uence of the right 
and left hepatic ducts without involvement of the intrahe-
patic ductal system. Depending on the tumor encroachment, 
resection of the common hepatic duct and regional lymph 
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nodes along with a right or left hepatectomy may be war-
ranted. For technical purposes, the longer extrahepatic course 
and therefore accessibility of the left hepatic duct can be 
exploited to facilitate bilioenteric reconstruction following 
resection. In this case, a right hepatectomy should be per-
formed to ensure negative margins. However, if the tumor 
extends into the left hepatic duct, then a left hepatectomy 
should be performed, along with caudate lobectomy, for the 
same reason. This is certainly the case with Bismuth-Corlette 
type III tumors whereby IIIa tumors involve the con fl uence 
along with the right secondary biliary ducts while IIIb tumors 
involve the left secondary bile ducts. Hepatectomy is univer-
sally mandated in these cases in order to achieve complete 
tumor clearance. Type IV tumors, which by de fi nition extend 
to involve the bilateral secondary biliary radicles, were tradi-
tionally considered unresectable, and patients with this extent 
of disease are typically referred for palliative treatments or 
liver transplantation. In addition, patients with multicentric 
tumors are considered Bismuth-Corlette type IV.  

 In response to the extension of tumor beyond the tradi-
tional Bismuth-Corlette borders, Starzl and others proposed 
a modi fi cation to this classi fi cation system, whereby type 
IIIa+ tumors would include tumors that penetrated both the 
anterior and posterior sectoral ducts and type IIIb+ in which 
the tumor extended into the segment 4, 3 and 2 ducts  [  5  ] . In 
addition, he proposed type IVa tumors where the right-sided 
component extended to the second bifurcation and type IVb 

which involved the segment 4, 3, 2 ducts. Lastly, type V 
would comprise the combination of type IVa and IVb. 

 Pitt and others from Johns Hopkins developed an expanded 
system that classi fi es the entire spectrum of cholangiocarci-
noma from the intrahepatic ducts down to the ampulla of 
Vater including the gallbladder using nine stages  [  6  ] . Of 196 
perihilar tumors comprising the Bismuth types in this series, 
106 were resected with a median survival of 19 months and 
5-year survival of 11 %  [  7  ] . Of note, they did not report a 
difference in survival for the 15 patients who had a hepatec-
tomy as part of their procedure. 

 The French group spearheaded by Bismuth, evaluated 
136 consecutive patients between 1960 and 1990 with hilar 
cholangiocarcinoma  [  8  ] . With the assistance of preoperative 
ultrasound, computed tomography, mesenteric angiography, 
intraoperative ultrasound and cholangiography, 23 of these 
patients were considered suitable for resection. There were 
three type I, three type II, 16 type III (9IIa, 7IIIb), and four 
type IV tumors. In this early series, only nine patients had 
negative margins with a 50 % 3-year survival. Local excision 
was performed in eight cases but only those with type I 
tumors had a margin and recurrence-free resection. In 2 of 
the 3 type II lesions, where local excision of the bile duct 
only was performed, both patients developed early recur-
rence. Conversely, 4 of 7 patients with type III lesions who 
had a concomitant hepatectomy along with bile duct resec-
tion had R0 resections and were disease-free. The authors 
concluded that some type II tumors may require caudate and/
or segment 4 resection if a signi fi cant portion of the left 
hepatic duct is involved. In addition, they also suggested that 
resection in combination with liver transplantation should be 
considered for type IV lesions. 

 A similar study over the same period examined 94 patients 
with hilar cholangiocarcinoma strati fi ed by Bismuth-Corlette 
stage  [  9  ] . Of the 40 patients that underwent resection, the 
majority presented with type III disease (62.5 %) followed 
by type IV (15 %) while type I and type II disease were seen 
in 12.5 and 10 % of patients respectively. Twenty- fi ve patients 
had a concomitant hepatectomy along with bile duct resec-
tion while 4 of them required liver transplantation (all type 
IV). The overall resectability rate was 49 % and was depen-
dent on the Bismuth-Corlette type with higher types (III, IV) 
requiring liver resection. In addition, tumors with bilateral 
vascular invasion were treated with primary hepatectomy, 
and reconstruction of contralateral vascular supply. 
Determining resectability was facilitated by the posterior 
approach to the hepatic hilus used to separate the remnant 
in fl ow structures proximal to the tumor at the biliary 
con fl uence in those tumors without hepatic parenchymal 
invasion and contained in the Glissonian sheath. The mean 
survival according to tumor location was 31 months for type 
I, 58 months for type II, 25 months for type III and 22 months 
for type IV lesions. 

 Another large report of 95 patients resected for hilar cho-
langiocarcinoma demonstrated an R0 resection rate of 43 % 

Type I

Type III

Type II

  Fig. 4.1    Bismuth-Corlette classi fi cation for carcinoma of the hilus. 
Type I, non-obstructed primary con fl uence; Type II, obstruction limited 
to primary con fl uence; Type III, primary con fl uence with extension to 
the right or left secondary con fl uence (With permission from Bismuth 
and Corlette  [  4  ] )       
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for type I/II, 63 % type IIIa, 59 % of type IIIb and 72 % of 
type IV tumors likely due to the fact that the early stage 
tumors (I, II) only had hilar bile duct resections  [  10  ] . This 
translated into no 5 year survivors in the type I, II patients, 
with 48, 40, and 34 % 5 year survivors in type IIIa, IIIb, IV 
patients. 

 More recent updates, mainly from Asia, have challenged 
the traditional paradigm of resectability in advanced hilar 
tumors. The largest series from Nagoya describes 428 
patients diagnosed between 2000 and 2008, of which 298 
were resected  [  11  ] . They comprised 15 type I tumors (5 %), 
21 type II (7 %), 120 type III (40 %), 142 type IV tumors 
(48 %). The surgical strategy was right hepatectomy for type 
I, II and IIIA lesions, standard or extended left hepatectomy 
for type IIIB lesions, and extended right or extended left 
hepatectomy or central hepatectomy for type IV lesions. 
With a majority of patients undergoing >50 % of their liver 
resected due to liberal use of portal vein embolization and 
aggressive resection of the portal vein (37 %) and hepatic 
artery (18 %), the authors achieved a 52 % 5 year survival 
rate for patients with R0, N0, M0 disease. However, there 
was no mention of whether the Bismuth-Corlette stage cor-
related with resectability or outcome. Meanwhile, other con-
temporary reports from Japan have failed to demonstrate a 
relationship between Bismuth-Corlette classi fi cation and 
survival  [  12–  14  ] . 

 Although this system simpli fi es the anatomical location 
of hilar cholangiocarcinoma, there are several considerations 
that are not evaluated. For example, the known variability of 
biliary tree can affect the Bismuth-Corlette classi fi cation. 
Some of the most common variations include a trifurcation 
at the biliary con fl uence of the right anterior and posterior 
sectoral ducts along with the left hepatic duct. Others include 
the drainage of either the right anterior or right posterior duct 
directly into the left hepatic duct. These anatomical consid-
erations must be taken into account because they may render 
type IV tumors resectable. Another potential con fl icting fac-
tor is the presence of a papillary tumor which may have a 
long intraductal mucosal component that is underestimated 
by standard imaging techniques. This is usually not the case 
with in fi ltrative tumors whose submucosal extent can be 
visualized as enhancement of the ductal wall. In summary, 
while the Bismuth-Corlette classi fi cation can be used as a 
common terminology to determine the likely extent of resec-
tion along anatomic borders of the biliary duct system, it has 
not served as a preoperative stating system in order to deter-
mine resectability or survival following resection.  

    4.3   Pathologic Staging Systems 
(AJCC, JSBS) 

 One of the major drawbacks of the Bismuth-Corlette 
classi fi cation however, is that it does not account for 
the radial extension of tumor away from the biliary ductal 

 system into adjacent hepatic parenchyma, vascular structures 
and perihilar soft tissues. The American Joint Commission 
on Cancer (AJCC) developed a pathologic staging system 
which accounts for both the lateral spread of cancer as well 
as the presence of lymph node and distant metastases 
(Fig.  4.2 ). This tumor, node, metastases model (TNM) has 
been applied to several disease sites in the hope of stratifying 
patients to different survival categories based on the inva-
siveness or biology of the tumor.  

 Prior to the current 7th edition, the AJCC system sepa-
rated the primary lesion into 4 T stages of which T1 was 
tumor con fi ned to the bile duct wall and T2 was tumor 

Anatomic stage/Prognostic groups
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Stage II
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Stage IVB
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TX Primary tumor cannot be assessed

Tumor invades main portal vein or its branches
bilaterally; or the common hepatic artery; or the
second-order biliary radicals bilaterally; or unilat–
eral second-order biliary radicals with contralat–
eral portal vein or hepatic artery involvement

Tumor invades unilateral branches of the portal
vein or hepatic artery

Tumor invades adjacent hepatic parenchyma

Tumor invades beyond the wall of the bile duct to
surrounding adipose tissue

Tumor confined to the bile duct, with extension
up to the muscle layer or fibrous tissue

Carcinoma in situ

No evidence of primary tumorT0

Tis

T1

T2a

T2b

T3
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N1

N2
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Distant metastasis

No distant metastasis

M1

NX

Regional lymph node metastasis (including nodes
along the cystic duct, common bile duct, hepatic
artery, and portal vein)

Metastasis to periaortic, pericaval, superior mes-
enteric artery, and/or celiac artery lymph nodes

No regional lymph node metastasis

Regional lymph nodes cannot be assessed

N0

Primary tumor (T)

Regional lymph nodes (N)

Distant metastasis (M)

  Fig. 4.2    American Joint Commission on Cancer 7th Edition TNM 
staging for Perihilar Bile ducts (With permission from AJCC)       
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beyond the bile duct wall  [  15  ] . This is followed by T3 
lesions that involve the liver, gallbladder or pancreas or the 
ipsilateral portal vein or hepatic artery. A T4 lesion was one 
that extended to the main portal trunk or its left and right 
branches simultaneously, the common hepatic artery or 
other adjacent structures such as the colon, stomach, duo-
denum or abdominal wall. This system created some ambi-
guity with regard to the de fi nition of “beyond” the bile duct 
wall. This was further complicated by the 5th edition, which 
had split T1 lesions into T1a (invading the subepithelial 
connective tissue) and T1b (invading the  fi bromuscular tis-
sue) from T2 lesions which were described as those within 
the peri fi bromuscular connective tissue of the bile duct 
 [  16  ] . Histologically, the outer muscular layer of the bile 
duct is variable along its length  [  17  ] . While a continuous 
layer may be found in the distal CBD, intermittent muscle 
 fi bers are found along the middle portion of the duct with 
little or no muscle seen in its proximal portion. Therefore 
the distinction between a T1 and T2 tumor may be dif fi cult 
in a densely in fl amed bile duct tumor. Furthermore, the cor-
rect identi fi cation of a T3 lesion is highly dependent on its 
longitudinal location on the bile duct. For example, a T3 
lesion in the middle duct is likely to be more advanced than 
a T3 lesion in the hilus or distal duct, which is in close 
proximity to their respective adjacent structures (i.e., the 
liver and pancreas). However, the separation of T3 lesions 
into two separate categories of visceral and vascular inva-
sion updated in the 6th edition was noted to improve sur-
vival prediction  [  18  ] . 

 A better system to separate depth of penetration between 
T1 and T2 lesions has been proposed by Hong et al.  [  19  ] . 
His group of four experienced pathologists examined 222 
bile duct specimens with the operative de fi nition of T1 as 
tumors con fi ned to the outermost layer of muscle and  fi brous 
tissue and T2 as tumors in the adipose tissue beyond the bile 
duct while preserving the T3 and T4 nomenclatures. They 
found that there was a statistically signi fi cant difference in 
survival between patients with T1 and T2 tumors; however, 
there was no difference in survival between T2 and T3 
tumors and therefore no difference between Stages Ib and 
IIa in the 6th edition. This was likely due to the discrepancy 
in T staging depending on the location of the tumor whereby 
proximal and distal tumors were overstaged while middle 
tumors were understaged. They did note however, that 
patients with papillary and nodular tumors had an improved 
outcome than those with in fi ltrative growth patterns. In an 
attempt to standardize the T staging of extrahepatic bile duct 
tumors, the same authors examined the absolute depth of 
invasion measured in centimeters in the 222 patient cohort 
and strati fi ed tumors into those with <5 mm of invasion, 
5–12 mm of invasion and >12 mm of invasion based on cen-
sored local regression and recursive partitioning  [  20  ] . Using 

this technique, they noted a statistically signi fi cant decrease 
in survival as depth of invasion increased between groups. 
This difference remained signi fi cant on multivariate 
analysis. 

 Due to these observations, the T staging criteria were 
amended for the 7th Edition so that T1 are de fi ned to be 
tumors con fi ned to the bile duct with extension to the muscle 
layer or  fi brous tissue while T2 are separated into T2a which 
are tumors that invade beyond the bile duct wall into sur-
rounding adipose tissue and T2b which are tumors that 
invade adjacent hepatic parenchyma. Another important 
change in the 7th Edition was the separation of perihilar and 
distal bile duct cancer into separate staging categories. 
Perihilar carcinomas were de fi ned as extrahepatic bile duct 
tumors arising anywhere proximal to the cystic duct up to the 
right and/or left hepatic ducts. Middle bile duct tumors, 
which are rare, are assigned depending on the type of resec-
tion needed for clearance: perihilar group if they required a 
hilar and hepatic resection or distal group if they required a 
pancreaticoduodenectomy. This separation allows for the 
proper staging with regard to invasion of adjacent structures 
such as the liver and pancreas. The other amendment to the T 
staging was the adjustment of T3 to unilateral vascular inva-
sion only as this has been demonstrated to have a worse 
prognosis than hepatic parenchymal involvement which had 
been included in T3 lesions according to the 6th edition  [  21  ] . 
Lastly, T4 lesions, which are characterized by bilateral vas-
cular invasion, bilateral secondary biliary radical involve-
ment or the combination of unilateral vascular invasion with 
contralateral secondary biliary radical involvement have 
been upstaged to Stage IVa disease and differentiated from 
Stage IVb (distal nodal or metastatic disease) re fl ecting their 
low resectability rates while preserving the possibility for 
neoadjuvant chemotherapy and liver transplantation in that 
cohort of patients  [  22  ] . 

 It is well known that the presence of lymph node metasta-
ses is directly correlated with increasing T stage. Overall, 
positive lymph nodes are found in 30–50 % of cases  [  23  ] . 
Often, the hilar and periductal nodes within the porta hepatis 
are involved primarily, but extension to periaortic, pericaval, 
celiac and superior mesenteric nodal basins can occur in 
advanced cases. In a study of 110 patients with hilar cholan-
giocarcinoma and 2,652 resected lymph nodes, 47 patients 
contained lymph node metastases (42.7 %). Out of 382 dis-
sected lymph nodes 14 % contained metastases with the per-
icholedochal nodes involved most frequently (20.1 %) 
followed by periportal (15.4 %), common hepatic (15 %), 
paraaortic (14 %) and posterior pancreaticoduodenal 
(12.5 %)  [  24  ] . The authors found that the presence of nodal 
metastases was signi fi cantly higher in patients with pT3 dis-
ease than those with pT2 disease (64.7 % vs. 33.3 %, 
 P  < 0.005) using the AJCC/UICC 5th Edition staging system. 
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Paraaortic nodal metastases translated to a worse outcome 
with 3 and 5 year survival rates of 12.3 and 12.3 % compared 
to patients with no lymph node metastases (55.4 and 30.5 %) 
or limited to regional nodal involvement (31.8 and 14.7 %). 
Of note, there were few patients who had isolated paraaortic 
lymph node involvement alone without positive regional 
nodes suggesting a progression of disease along existing 
lymphatic channels. In fact, lymphatic dye staining studies 
have demonstrated a distinct pathway from pericholedochal 
nodes to the posterior pancreatic, retroportal, common 
hepatic and paraaortic nodes  [  25,   26  ] . Therefore, in the cur-
rent 7th Edition the N category has been edited to re fl ect this 
 fi nding properly with N1 disease being regional (i.e. peripor-
tal) node involvement while presence of tumor in dis-
tant mesenteric or aortocaval nodes categorized as N2. 
Accordingly, N1 has been upstaged from Stage IIb to Stage 
IIIb while N2 disease is now considered Stage IVb even in 
the absence of widely metastatic disease re fl ecting its poor 
prognosis. 

 Much like other gastrointestinal tumors, lymph node 
involvement is also a major prognostic factor for overall and 
disease-speci fi c survival. However, unlike gastric  [  27  ] , pan-
creatic  [  28  ]  and colon  [  29  ]  carcinoma where speci fi c guide-
lines for number of harvested lymph nodes for accurate 
staging of disease have been established, there are no such 
recommendations for hilar cholangiocarcinoma. The 6th 
Edition of the AJCC staging system de fi ned the absence (N0) 
or presence (N1) of regional nodal disease based on the anal-
ysis of three lymph nodes despite minimal support from pub-
lished studies. In fact, a large epidemiological study using 
the SEER database have suggested a minimum lymph node 
harvest of ten nodes for proper stage assignment  [  30  ] . From 
their cohort of 20,068 patients with extrahepatic bile duct 
cancers including gallbladder and ampullary cancers, those 
with node-negative tumors who had >10 lymph nodes in 
their specimen had the highest median survival of 36 months. 
Although a projection model using linear regression compar-
ing the impact of increasing lymph node count on survival 
failed to show a statistically signi fi cant improvement 
( P  = 0.0742), the authors concluded that the presence of at 
least ten negative lymph nodes were predictive of improved 
survival. Interestingly, this number was consistent among N0 
and N1 disease in all anatomic sites except for ampullary 
cancers. 

 In response to this observation and the fact that the SEER 
data was contaminated with gallbladder cancer patients, our 
group embarked on a study to examine the importance of 
adequate lymph node assessment in extrahepatic bile duct 
cancers. Out of a cohort of 247 patients with cholangiocarci-
noma, 144 with hilar cholangiocarcinoma were identi fi ed 
and noted to have a median total lymph node count (TLNC) 
of 3 with a range of 0–16  [  31  ] . Multivariate analysis revealed 

that lymph node metastasis was an independent prognostic 
factor for DSS. Additionally, in patients who underwent R0, 
N0 resection, DSS was higher in those with higher TLNC. 
Using maximal chi-square analysis, the optimal lymph node 
harvest for hilar cholangiocarcinoma in our population was 
determined to be seven. In the 97 patients who had an R0 
resection (with concomitant hepatectomy) and found to be 
node-negative based on a TLNC greater than seven, the 
5 year DSS was signi fi cantly higher than those whose TLNC 
was below that number (85 % vs. 48 %). Another study from 
Japan examined the incidence of lymph node metastases in 
209 cases of extrahepatic bile duct cancers excluding intra-
hepatic and periampullary tumors. The authors found a 
signi fi cant survival cutoff point in patients with at least  fi ve 
lymph nodes examined between those with 1–4 positive 
nodes and  fi ve or greater nodes positive for metastases  [  32  ] . 
They proposed the AJCC nodal classi fi cation should be 
amended to N0 (no regional node metastases), N1 (1–4 
regional node metastases) and N2 ( fi ve or more regional 
node metastases). These observations likely re fl ect more 
accurate staging of patients with advanced disease as opposed 
to a therapeutic effect of lymphadenectomy. Although no 
randomized, controlled trials of lymphadenectomy 
speci fi cally in cholangiocarcinoma have been performed, 
data from trials including periampullary tumors do not sup-
port the role of extended lymphadenectomy in bile duct 
tumors  [  33  ] . Besides overall number and number of negative 
lymph nodes, other groups have focused on the ratio of posi-
tive lymph nodes to the total number harvested  [  34  ] . This 
lymph node ratio (LNR) has been examined in other pancre-
atobiliary malignancies and found to have prognostic capa-
bilities. Recently, Oshiro et al. found that a LNR  ³  0.2 was an 
independent predictive factor of survival in multivariate 
analysis and supported the notion of more aggressive tumor 
biology  [  35  ] . 

 Although the AJCC classi fi cation is most commonly used 
internationally, a separate pathologic staging system has 
been established by the Japanese Society of Biliary Surgery 
(JSBS) in 1981 and subsequently revised to its current 5th 
edition in 2003 (Fig.  4.3 ). In this system, the T classi fi cation 
is carefully separated into categories of invasion based on 
histologic landmarks such as mucosa, serosa and subserosa 
as well as depth of invasion into adjacent structures such as 
the liver or pancreas which strati fi ed into less than 5 mm, 
between 5 and 20 mm and greater than 20 mm. Vascular 
invasion is distinguished between portal and hepatic arterial, 
with each type having three depths (adventitial, tunica 
medial, and tunica intimal with stenosis or obstruction) num-
bered 1–3 respectively. The type of tumor growth is also 
separated into papillary, nodular,  fl at types each with their 
own subcategories of expanding and in fi ltrating patterns. 
In addition, nodal metastases are numbered according to 



48 F.G. Rocha and W.R. Jarnagin

location of the node and classi fi ed according to location the 
primary tumor (hilar, middle or distal) in order to more accu-
rately stage the extent of disease. For example, a lymph node 

at the hepatic hilus (#12 h) is considered N1 for a hilar tumor 
but N2 for a middle or distal duct tumor. Conversely, a lymph 
node along the superior mesenteric artery (#14) is considered 

PTclassification
Contents

se, hinf2, panc2 , pv1, a1

si, hinf3, panc3 , pv2, pv3, a2, a3

Middle Distal

Group

Hilar and proximal

ss, hinf1, panc1, pv0 ,a0

m, fm, hinf0, panc0, pv0, a0

pN3

pN2

pN3

pN3

pN1

pN1

pN1

pN1

pN1

pN2

pN3

pN2

pN3

pN3

pN2

pN2

pN2

pN1

pN1

pN2

pN3

pN2

pN3

pN3

pN2

pN2

pN2

pN1

pN1

pN2

pN3 pN3 pN3

pN3

pT1

pT2

pT3

pT4

m invasion limited to the mucosa, fm invasion limited to the fibromuscular layer, ss invasion limited to the subserosa, se invasion 

of serosal surface, si invasion beyond the serosa and invasion of other organs or structures, hinf0 no direct invasion of the liver, 

or direct invasion limited to the fibromuscular layer of intrahepatic bile ducts, hinf1 direct invasion of fibromuscular layer of 

intrahepatic ducts and/or liver parenchyma which invasion is not more than 5 mm in depth, hinf2 direct invasion of liver parenchyma, 

which invasion is 5 mm or more but not more than 20 mm in depth, hinf3 direct invasion of liver parenchyma, which invasion is 20 mm

or more in depth, panc0 no invasion of the fibromuscular layer of the inferior bile duct, panc1 invasion of the fibromuscular layer of the 

inferior bile duct and/or pancreatic parenchyma of which invasion is not more than 5 mm in depth, panc2 invasion of the pancreatic

parenchyma of which invasion is 5 mm or more but not more than 20 mm in depth, panc3 invasion of the pancreatic parenchyma of

which invasion is 20 mm or more in depth, pv0 no invasion of portal vein, pv1 invasion of the adventita, pv2 invasion of the media, pv3

invasion of the intima, a0 no invasion of hepatic arteries, a1 invasion of the adventita, a2 invasion of the media, a3 invasion of the

intima, LN lymph node, H(–) no liver metastasis, H(+) liver metastasis, P(–) no peritoneal metastasis, P(+) peritoneal metastasis, 

M(–) no distant metastasis, M(+) distant metastasis

I

II

III

IVa

II

III

III

IVa

III

III

IVa

IVb

IVa

IVa

IVb

IVb

IVb

IVb

IVb

IVb

pN3

pN1

pN3

pN2 pN3
H(+) and/or P(+) and/or 
M(+) and any N

H(–) and P(–) and M(–)

pN3

pN3

pN3

pN3

pN3

pN3

pN2

pN3

pN3

Infrapyloric LN (6)

LN around the common hepatic artery (8)

LN at the splenic hilum (10)

LN along the splenic artery (11)

LN at the hepatic hilum (12h)

LN along the hepatic artery (12a)

Periportal LN (12p)

Pericholedochal LN (12b)

LN around the cystic duct (12c)

Posterior superior pancreatoduodental

   LN (13a)

Posterior inferior pancreatoduodental

   LN (13b)

LN along the superior mesenteric artery (14)

Para-aortic LN (16)

Anterior superior pancreatoduodenal

   LN (17a)

Anterior inferior pancreatoduodenal

   LN (17b)

Stage grouping

Lymph node grouping

Lymph node (site number)

PT4
PT3
PT2
PT1
PT

pN0

  Fig. 4.3    Japanese Society for Biliary Surgery Classi fi cation for Cholangiocarcinoma (With permission from Langebecks Archives of Surgery)       
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N2 for a distal tumor but N3 for a hilar or middle duct tumor. 
Although the JSBS system permits a very detailed descrip-
tion of tumor extent, there are no studies that report a corre-
lation between JSBS stage assignment and either resectability 
or outcome. Recently, this system was compared to the 
AJCC/UICC TNM classi fi cation and it was found to provide 
improved survival strati fi cation of patients according to stage 
 [  36  ] . However outside of Japan, it has not been applied 
extensively due to its inherent complexity and lack of 
validation.  

 Besides depth of invasion, presence and location of nodal 
and distant metastases, the AJCC recognized that certain 
stage-independent factors contribute to survival in these 
patients. Probably, the most well-established is the ability to 
achieve an R0 resection which is the major contributor to 
outcome. Additionally, tumor grade and lobar atrophy are 
features associated with poorer survival. Recently, papillary 
morphology has been demonstrated to carry a more favor-
able prognosis than nodular sclerosing tumors  [  37  ] . The 7th 
Edition of the AJCC recommended these factors be incorpo-
rated into the reporting of staging information of patients 
with hilar cholangiocarcinoma.  

    4.4   Preoperative Clinical Staging Systems 
(Gazzaniga, Blumgart) 

 Despite the anatomic and pathologic descriptions of the 
Bismuth-Corlette and AJCC staging systems, neither 
classi fi cation is associated with ability to determine resect-
ability of the tumor which is the only proven modality for 
long-term survival. The propensity of hilar cholangiocarci-
noma to spread longitudinally along the duct up to 2 cm 
beyond the location of the primary mass may underestimate 
the extent of disease on radiographic studies. It is possible 
that complete tumor clearance may not be appreciated even 
on palpation during operation highlighting the need for fro-
zen section analysis of the margins. In addition, the presence 
of vascular invasion suggested on preoperative imaging may 
be technically dif fi cult to assess intraoperatively given the 
lateral spread of tumor away from the bile duct to the portal 
vessels directly beneath it. 

 Therefore it is important for a clinical staging system to 
accurately predict resectability, need for hepatectomy and 
survival following R0 resection. Gazzaniga and colleagues 
 fi rst proposed a system accounting for the extrabiliary 
growth of tumor into surrounding vasculature in 1985  [  38  ]  
(Fig.  4.4 ). The stages were divided into four categories 
where stage 1 was disease con fi ned to the biliary con fl uence, 
stage 2 was disease that extended from the biliary con fl uence 
to secondary biliary ducts or vascular structures in the same 
lobe, stage 3 was disease that extended from the biliary 
con fl uence to secondary biliary ducts and/or vascular 

 structures in the same lobe and in fi ltration to the contralat-
eral vascular structures while stage 4 was diffuse disease 
involving the entire porta hepatis. They proposed a treat-
ment algorithm whereby stages 1–3 could undergo poten-
tially curative resection by bile duct resection and caudate 
lobectomy for stage 1, a similar operation plus hemihepate-
ctomy for stage 2, and the operation in stage 2 in addition to 
a vascular resection and reconstruction for stage 3 while sur-
gical palliation would be reserved for stage 4. Using this 
system, the authors found a 43.5 % resectability rate for 
stage 1 tumors, 45.6 % for stage 2 tumors and 10.9 % for 
stage 3 tumors; however, the authors did not report the sur-
vival of patients according to stage  [  39  ] .  

 At Memorial Sloan-Kettering, we have developed a 
 preoperative clinical staging system for hilar cholangiocarci-
noma using factors characterizing local tumor extent 
regardless of nodal or metastatic disease. In order to evaluate 
a patient for curative resection, tumor longitudinal growth 
along the biliary tree must be taken into account in conjunc-
tion with its radial growth into adjacent vascular structures as 
the combination will in fl uence resectability. This is because 
ipsilateral involvement of vessels and bile ducts can be 
 amenable to resection, whereas contralateral involvement 

Stage 1 Stage 2

Stage 3 Stage 4

  Fig. 4.4    Gazzaniga classi fi cation. Stage 1: hilar neoplasm with no 
extrabiliary involvement. Stage 2: hilar neoplasm with extrabiliary 
development concerning structures belonging to a single hepatic lobe 
and/or endobiliary diffusion in second-order branches of a single lobe. 
Stage 3: hilar neoplasm with endobiliary and/or extrabiliary diffusion to 
a single lobe, associated with in fi ltration due to the proximity of the 
contralateral lobe vascular structures, limited to the  fi rst-order branches. 
Stage 4: hilar neoplasm with large endo- and extrabiliary diffusion       
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cannot be managed surgically. Lastly, lobar atrophy caused 
by long-standing biliary obstruction or by lack of portal 
blood  fl ow has been a crucial determinant of resectability 
and subsequent therapy. First proposed in 1998 as four 
 separate T stages, it was amended in 2001 to the current 3 T 
stages that include biliary extent, vascular involvement and 
lobar atrophy of the tumor (Table  4.1 ). These criteria are 
evaluated preoperatively using non-invasive, cross-sectional 
or ultrasound imaging with rare need for direct cholangiog-
raphy through endoscopic or percutaneous approaches or 
angiography/portography for staging.  

 Using the original classi fi cation system, 90 patients with 
hilar cholangiocarcinoma were evaluated between 1991 and 
1997 and 48 % of patients deemed T1 were resectable com-
pared to 0 of T4 patients  [  40  ] . In addition, 58 % of T1 patients 
required concomitant hepatectomy for gross tumor clearance 
compared to 100 % of T2 and T3 tumors. Although the 
T-staging system does not account for N or M status, 39 % of 
T1 had evidence of metastatic disease compared to 53 % of 
those with T3 tumors. This translated into improved median 
survival of T1 patients compared to T3 tumors and although 
there was no difference between T3 and T4 tumors, there 
were no 5 year survivors in the T4 group. 

 In an updated series of patients, this Blumgart 
classi fi cation system was used to stratify 225 patients with 
hilar cholangiocarcinoma into 3 T categories including the 
previous 90 patients that had been staged  [  41  ] . Of the 219 
that had complete staging information available, 87 were T1, 
95 were T2, and 37 were T3 tumors. On logistic regression, 
increasing T stage signi fi cantly reduced the resectability rate 
and likelihood of R0 resection. While 33 (65 %) T1 patients 
required hepatectomy with two (4 %) portal vein resections, 
all T2 patients underwent liver resection with seven (24 %) 
requiring portal vein resection. Furthermore, distal and N2 
nodal metastatic disease was signi fi cantly associated with 
increasing T-stage. Using Cox regression with T stage as a 
categorical covariate and T1 as a reference, median survival 
was reduced signi fi cantly as T stage increased (20 months 
for T1, 13 months for T2, 8 months for T3). In order to com-
pare outcome data, 187 patients were staged using the AJCC 

system. Unlike the Blumgart T staging system, AJCC tumor 
stage did not correlate with resectability, likelihood of R0 
resection and did not predict survival. In fact, 46 out of 80 
patients who underwent resection and seven out of nine 
5 year survivors were classi fi ed as AJCC Stage IV tumors. 

 The most contemporary series of 118 patients from 
Memorial Sloan-Kettering with hilar cholangiocarcinoma 
from 2001 to 2008 were staged by the updated preoperative 
classi fi cation  [  42  ] . Forty eight patients had primary tumor 
involvement of the biliary con fl uence but without unilateral 
extension into second-order biliary radicles, portal vein 
involvement or lobar atrophy and therefore T1 tumors. Forty 
one patients had T2 tumors due to ipsilateral lobar atrophy or 
portal vein involvement (n = 31 for both). There were 29 
patients with T3 tumors, 10 due to main portal vein involve-
ment, 7 due to extension to unilateral second-order biliary 
radicles and contralateral lobar atrophy, 9 due to extension to 
unilateral second-order biliary radicles and contralateral por-
tal vein involvement, 2 due to extension to bilateral second-
order biliary radicles, and 1 due to tumor encasing the 
contralateral hepatic artery. Using this system, resectability 
and feasibility of R0 resection decreased progressively with 
increasing stage (T1 to T3). Furthermore, the presence of 
metastatic disease precluding resection correlated with 
increasing T stage (T1 to T3). 

 The Blumgart system has also been evaluated by other 
groups. Hemming et al. evaluated 87 consecutive patients 
with resected hilar cholangiocarcinoma and retrospectively 
staged them simultaneously with the Bismuth-Corlette and 
Blumgart classi fi cations  [  43  ] . There was no correlation 
between resectability and Bismuth-Corlette stage while 84 % 
of Blumgart T1 lesions were resectable followed by 55 % of 
Blumgart T2 lesions and 0 of Blumgart T3 lesions. The 
authors also highlighted the importance of the lobar atrophy/
hypertrophy complex in determining survival following 
resection. However, on their univariate analysis, no staging 
system was predictive of survival due to a statistical lack of 
suf fi cient numbers for analysis. This phenomenon was sug-
gested in another single institution report of 69 patients from 
the University of Wisconsin where the correlation between 
Blumgart T stage and resectability had a p-value of 0.06  [  44  ] . 
Another underpowered study of 42 patients failed to demon-
strate prognostic capability of any staging system  [  45  ] . 

 Recently, a novel staging system has been proposed by 
Blechacz et al.  [  46  ] . Recognizing the fact that an optimal 
staging system is required in order to properly evaluate 
patients in clinical trials, they maintain that such a system 
would take into the account not only the stage of the tumor 
but also the physiological consequences of biliary and vascu-
lar obstruction as well as the performance status of the patient 
and effectiveness of available therapies. In their system, tumor 
stage would include size of the lesion, vascular encasement, 
lobar atrophy and extent of extrahepatic disease. The authors 

   Table 4.1    Blumgart preoperative T staging system   

 Stage  Criteria 

 T1  Tumor involving biliary con fl uence ± unilateral extension 
to second-order biliary radicles 

 T2  Tumor involving biliary con fl uence ± unilateral extension 
to second-order biliary radicles  and   ipsilateral  portal vein 
involvement ±  ipsilateral  hepatic atrophy 

 T3  Tumor involving biliary con fl uence + bilateral extension to 
second-order biliary radicles;  or  unilateral extension to 
second-order biliary radicles with  contralateral  portal vein 
involvement;  or  unilateral extension to second-order biliary 
radicles with  contralateral  hepatic lobar atrophy;  or  main 
or bilateral portal venous involvement 
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suggest that the primary tumors should be separated into those 
that can be visualized on imaging and those that are radio-
graphically occult. In addition, lesions should be strati fi ed 
according to size greater or less than 3 cm. They also propose 
the presence of vascular encasement and subsequent lobar 
atrophy represent long-standing events that have a high likeli-
hood of harboring regional micrometastases. Lastly, given 
recent evidence that the timing of the resolution of jaundice 
following biliary stenting leading to recovery of liver func-
tional status, this variable is included in this proposed staging 
system  [  47  ] . This system is currently being validated.  

      Conclusion 

 In summary, there are currently several staging systems 
available in the management of hilar cholangiocarcinoma. 
Unlike other disease sites, most patients with perihilar 
malignancies have locoregional and/or distant spread 
which may be radiographically occult and prevent surgi-
cal intervention. Therefore, while pathologic staging of 
the specimen can provide de fi nitive con fi rmation of extent 
of disease, decisions on therapy are often based on  clinical 
judgment and/or intraoperative evaluation in  unresectable 
cases. The Bismuth-Corlette system provides a good 
introduction to the level of biliary involvement by tumor 
and allows surgeons to standardize an operative plan. 
However, the growth pattern of hilar cholangiocarcinoma 
is such that local vascular (portal and arterial) as well as 
parenchymal atrophy from longstanding obstruction can 
adversely affect the potential for surgical resection. Given 
that long-term survival is dependent not only on tumor 
characteristics but also the ability to achieve a margin-
negative curative resection, better preoperative staging is 
needed. The Blumgart system provides a more compre-
hensive framework to base preoperative decisions by pre-
dicting not only resectability, but also the likelihood of R0 
resection and subsequent survival. However, the ideal 
system would incorporate this information along with sta-
tus of regional or distant disease so that all patients could 
be strati fi ed for clinical trials to test novel therapies for 
this aggressive malignancy.      
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          5.1   Introduction 

 Cholangiocarcinomas (CC) are relatively rare tumors, 
although their incidence is increasing worldwide  [  1  ] . 
CC is classi fi ed anatomically as intrahepatic (5–10 % of 
cases), perihilar (60–70 %), or distal (20–30 %)  [  2,   3  ] . 
Hilar cholangiocarcinoma (HCCA) originally described 
by Klatskin, is de fi ned as adenocarcinoma of the extra-
hepatic biliary tree, arising from the biliary con fl uence 
and/or the main left or right hepatic ducts, whereas intra-
hepatic CC arises from the bile ducts peripheral to the 
secondary bifurcation of the left or right hepatic duct  [  4, 
  5  ] . Cancers arising in the perihilar region have been fur-
ther classi fi ed according to the pattern of involvement of 
the hepatic ducts (the Bismuth-Corlette classi fi cation) 
(Fig.  5.1 )  [  6  ] . Despite a great increase in knowledge and 
major improvements in diagnostic methods as well as sur-
gical techniques, these tumors still are a problematic issue 
 [  7  ] . Preoperative histological con fi rmation of an HCCA 
can be dif fi cult to obtain. Percutaneous needle biopsies 
and endoscopic brush biopsies are reliable only if they 
identify a malignancy (sensitivity, 50 %), and excessive 
reliance on negative results may miss the opportunity to 
resect an early lesion  [  8,   9  ] . Whereas the vast majority 
of hilar strictures are the result of an HCCA, histological 
diagnosis is not mandatory before exploration. Accurate 
detection and differentiation from other bile duct patholo-
gies on imaging, such as in fl ammatory lesions or stone 
disease, are highly important  [  7  ] .  

 Surgical resection remains the only potentially curative 
treatment modality  [  10–  12  ] . However, HCCA is a disease 
characterized by frequent locoregional invasion into porta 
hepatis structures, and although not necessarily indicative 

of unresectability, they are associated with both locally 
advanced tumors and metastatic disease  [  12  ] . Therefore, 
the majority of patients, nearly two-thirds in some series, 
present with disease that is beyond surgical correction 
 [  13  ] . In general, operation for HCCA requires a supraduo-
denal bile duct excision, portal lymphadenectomy, chole-
cystectomy, bilioenteric reconstruction, and, in most cases, 
a partial hepatectomy, which carry signi fi cant risk of mor-
bidity  [  14–  16  ] . Therefore, accurate disease staging is 
clearly critical for identifying patients who would bene fi t 
from an operation and for avoiding a non-therapeutic lapa-
rotomy  [  12  ] . 

 Recently, cross-sectional imaging modalities such as 
multi-row detector computed tomography (MDCT) and 
magnetic resonance imaging (MRI) with magnetic reso-
nance cholangiopancreatography(MRCP) have made con-
siderable advances, and have contributed to robust biliary 
imaging with higher temporal and spatial resolution. 
Therefore, currently, those noninvasive cross sectional 
imaging modalities are more frequently used for diagnosis 
and tumor staging, whereas invasive examinations, includ-
ing diagnostic endoscopic retrograde cholangiography 
(ERC) or percutaneous cholangiography or endoscopic 
ultrasound (EUS), have become less important  [  2,   7  ] . If 
HCCAs is diagnosed on preoperative imaging study, the 
next step is to exclude the established criteria for unresect-
able tumors, and then to de fi ne the tumor spread, and to 
identify any other combined  fi ndings  [  17  ] . The diagnosis 
and staging of CC require a multimodality approach involv-
ing laboratory, radiologic, endoscopic, and pathologic anal-
ysis  [  18  ] . Despite the variety of techniques used, determining 
the extent of disease still poses a challenge and is often 
underestimated  [  19  ] . Given that these tumors are usually 
very small, although these imaging tests can suggest the 
diagnosis, the major issue of imaging with this tumor is to 
determine whether the tumor is resectable  [  4  ] . In the absence 
of clear evidence of unresectability, all suspected HCCA 
should be considered for resection  [  13  ] .  
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    5.2   Imaging Techniques 

 Imaging studies are essential in establishing the cause of 
jaundice, whether bile duct strictures are benign or malig-
nant, and planning management in patients with suspected 
CC. The appropriate selection of radiological tests necessary 
to evaluate a patient with a suspected HCCA has undergone 
signi fi cant evolution in recent years. The diagnostic proce-
dures include the traditional procedures of diagnosing bile 
duct pathologies such as transabdominal and endoscopic 
ultrasonography and ERC or percutaneous cholangiography 
as well as the modern cross-sectional imaging modalities 
such as MDCT, MRI with MR angiography (MRA) or 
MRCP, and positron emission tomography (PET)  [  7  ] . Until 
recently, invasive techniques such as transhepatic percutane-
ous cholangiography, ERC, and visceral angiography, com-
bined with CT scanning were required to establish the 
diagnosis and determine resectability. However, besides 
being invasive in nature, recent studies have found that pre-
operative biliary instrumentation, particularly when com-
bined with biliary stenting, increases perioperative infectious 
complications  [  20,   21  ] . Advances in imaging technology 
such as CT or MRI, combined with a philosophical approach 
aimed at limiting biliary instrumentation, have led us to more 
frequent use of MDCT with CT angiography, and/or MRI 
with MRCP with good determination of the disease extent 
and the potential respectability  [  22–  25  ] . 

    5.2.1   Ultrasonography 

 Ultrasound (US) is one of the  fi rst-line imaging modalities 
chosen for the evaluation of biliary disease  [  19  ] . At 
many  centers, most jaundiced patients undergo initial 

 transabdominal US to con fi rm biliary ductal dilatation, local-
ize the site of the obstruction, and exclude gallstones  [  26  ] . 
Although US can effectively demonstrate dilatation of the 
bile duct, it has only limited value in demonstrating the 
obstructing lesion in this type of tumor  [  4  ] . Most common 
 fi ndings of HCCA on US include nonspeci fi c indirect signs 
such as intrahepatic bile duct dilatation with an abrupt change 
in bile duct caliber and nonunion of the right and left ducts. 
Although perihilar cancers may not be detected, especially if 
small, indirect signs (ductal dilatation throughout the 
obstructed liver segments) may point toward the diagnosis of 
HCCA. With state-of-the-art equipment, an excellent view 
even of the central hepatic parts with high spatial resolution 
is possible  [  27  ] . With regard to detection of intrahepatic bile 
duct dilatation, ultrasound reveals up to 100 % sensitivity for 
experienced examiners  [  28  ] . Color Doppler and spectral 
Doppler are helpful tools for detecting compression and 
tumor encasement of the portal vein or hepatic artery. 
However, for direct tumor assessment and differentiation 
between benign or malignant biliary lesions in the course of 
the common bile duct, it often has only limited value because 
of the image degradation from bowel gas and dif fi cult anat-
omy  [  28  ] . In addition, US has poor sensitivity for detecting 
metastases in the lymph nodes (LN) (37 %), liver (66 %), 
and peritoneum (33 %)  [  29  ] . Overall, the sensitivity and 
speci fi city of ultrasound is poor in the diagnosis of HCCA, 
and staging generally relies on other imaging modalities 
 [  26,   30  ] . On the other hand, EUS is able to provide detailed 
information about pathologies in the hepatic porta, although 
it is invasive and its quality also depends on the experience of 
the examiner  [  28,   31,   32  ] . In addition, EUS seems to be more 
accurate at determination of regional LN and vascular 
involvement, and has the ability to perform direct-guided, 
 fi ne-needle aspiration (FNA) on primary tumors as well as 

Type I

Type IIIa Type IIIb Type IV

Type II

  Fig. 5.1    Classi fi cation 
of biliary extent of hilar 
cholangiocarcinoma according 
to Bismuth-Corlette       
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local LNs with sensitivity, speci fi city, and accuracy of 86–89, 
100, and 88–91 %, respectively  [  31,   33,   34  ] . More recently, 
intraductal US has been developed and it uses small- diameter 
probes that can be inserted over a 9-mm guide wire at the 
time of direct cholangiography, providing US views that are 
89 % accurate at determining the benign or malignant nature 
of biliary strictures and 82 % accurate at determining respect-
ability  [  31,   35  ] . As with any US procedure, the accuracy of 
IDUS is again operator dependent  [  36  ] .  

    5.2.2   Direct Cholangiography 

 Cholangiography through a retrograde endoscopic or percu-
taneous transhepatic approach may provide the most accu-
rate anatomic information pertaining to which segmental 
branches are involved  [  4,   37  ] . Preoperative cholangiography 
may be indicated either diagnostically or therapeutically for 
patients with biliary obstruction. 

 The choice between ERCP and percutaneous cholangiog-
raphy (PTC) is dictated by institutional experience and ana-
tomic characteristics of the tumor: hilar and intrahepatic 
lesions typically can be viewed better with PTC  [  36  ] . 
However, ERCP is preferred in patients with primary scle-
rosing cholangitis (PSC) since the marked stricturing of the 
intrahepatic biliary tree makes a percutaneous approach 
dif fi cult. Both modalities carry an overall sensitivity of 
75–85 %, a speci fi city of 70–75 %, and an accuracy of 95 % 
in identifying the presence and extent of CC  [  2,   28,   36  ] . 
However, the invasiveness of both procedures is a notable 
limiting factor, favoring routine use of MRCP with or with-
out EUS during the diagnostic stage of most cases unless the 
development of cholangitis demands early interventional 
therapy  [  38,   39  ] . Furthermore, direct cholangiography pro-
vides information only on the ductal system as a  fi lling defect 
in the lumen, whereas any data on extraductal extension or 
the cause of the biliary obstruction cannot be obtained 
(Fig.  5.2 )  [  7  ] . Other diseases that can cause hilar obstruction 
indistinguishable from HCCAs are metastases to periportal 
lymph nodes, gallbladder cancer invading the hepatoduode-
nal ligament, lymphadenopathy due to other in fl ammation, 
and idiopathic benign focal stricture of the bile duct  [  4  ] . 
However, direct cholangiography affords the opportunity of 
obtaining brush cytology and/or biopsy specimens, which 
can assist with making a de fi nitive diagnosis  [  36  ] . Although 
these sampling methods carry sensitivities ranging from 10 
to 80 % in the diagnosis of CC, the experience of most 
authorities has been at the lower end of this range, re fl ective 
of the substantial associated desmoplastic reaction and low 
cellularity seen in many CCs  [  32,   40  ] . This limitation has 
frequently led to the need to make de fi nitive treatment deci-
sions without the advantage of tissue diagnosis  [  36  ] .  

 Nevertheless, in some centers, particularly in Japan, direct 
cholangiography of segmental ducts and cholangioscopy are 

still used in the evaluation of respectability  [  41–  45  ] . This 
approach generally involves placement of multiple percuta-
neous biliary drainage catheters to allow complete access to 
the biliary tree. This is frequently combined with preopera-
tive portal vein embolization in an effort to lower the risk of 
postoperative hepatic failure. Such an aggressive diagnostic 
evaluation may increase resectability but requires a pro-
longed hospital stay, and its ultimate value is unclear  [  46  ] .  

    5.2.3   MDCT 

 Because of its widespread availability, CT is commonly 
obtained in patients with suspected biliary malignancy. It is 
useful for detecting biliary tumors, the level of biliary 
obstruction, and the presence of liver atrophy. In addition, 
MDCT has greatly enhanced the capabilities of CT in the 
assessment of HCCA. With state-of-the art scanners, the 
entire upper abdomen can be covered with a sub-millimeter 
collimation in one breath hold (<5 s). With these data, high-
quality multiplanar reconstructions (MPR) in sagittal, coro-
nal, oblique coronal or curved planes can be acquired, which 
are helpful for assessing the complex anatomy of the biliary 
system (Fig.  5.2 )  [  47–  49  ] . Moreover, the arterial and por-
tovenous enhancement phases are clearly separated. The 
detail representation of the hepatic artery or portal vein as 
well as possible tumor invasion of these vessels at the porta 
hepatis can be demonstrated adequately  [  7  ] . CT can image 
the primary site of HCCA in 70–90 % of cases as lesions that 
are hypo- or hyper-attenuating relative to normal hepatic 
parenchyma during arterial and portal venous phases before 
showing gradual enhancement during delayed phase images 
 [  4,   47  ] . Although HCCA sometimes is not well demonstrated 
on CT, ductal dilatation in both hepatic lobes with a con-
tracted gallbladder or nonunion of the right and left hepatic 
ducts suggest a Klatskin tumor. 

 Although previous reports have shown only a limited 
value of CT in diagnosing tumors of the biliary system with 
tumor detection rates of only 69 % and correct assessment of 
resectability in only 54 %  [  50  ] , when performed with mod-
ern technology, the detection rate of biliary tumors is much 
better, with accuracies up to 100 % in hepatic arterial domi-
nant phase scans and 86 % in portovenous phase scans  [  51  ] . 
The overall accuracy of CT for assessing resectability ranges 
between 60 and 86 % with sensitivities between 56 and 76 % 
 [  7,   47,   51–  58  ] .  

    5.2.4   MRI 

 For many years, biliary MRI was limited by poor spatial 
resolution as well as motion artifacts related with breathing. 
However, recently introduced technical improvements 
including parallel imaging and rapid sequences such as 
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 gradient echo, and half Fourier acquired single-shot turbo 
spin echo (HASTE), and respiratory independent sequences 
navigator triggering, have contributed to increasing use of 
MRI, including MRCP for evaluation of biliary tumors 
 [  7,   59  ] . Each of these techniques or in combination, have 
substantially increased the spatial and temporal resolution as 
a critical parameter in biliary imaging with reduced blurring. 

It is important to use sequences with thin-slice thickness 
(3–4 mm) that provide suf fi cient signal to obtain good qual-
ity images and are suf fi ciently thin to detect subtle abnor-
malities. For MRCP, the latest developments are 3D-triggered 
T2-weighted fast spin echo sequences with a voxel size of 
approximately 1.5 mm, by which high quality MPR images 
and maximum intensity projections (MIP) can be obtained 

  Fig. 5.2    Surgically proven periductal in fi ltrating type, hilar cholangio-
carcinoma (Bismuth-Corlette type II). ( a ) Contrast-enhanced axial CT 
scan shows a hilar cholangiocarcinoma, which is depicted as a thickened 
and strongly enhancing wall of the hilar duct ( arrow ), and dilatation of 
the intrahepatic bile duct. ( b ) Coronal multiplanar reformatted image 
better demonstrates a longitudinal extent of the hilar cholangiocarci-
noma than axial CT ( a ). Note that a hilar cholangiocarcinoma presents as 
a thickened bile duct wall with enhancement ( arrow ) during the portal 
venous phase. ( c ) On direct cholangiogram obtained by contrast injec-
tion through the percutaneous transhepatic biliary drainage, the proximal 
common bile duct is obliterated by the tumor. However, bilateral second-
ary con fl uences are intact. ( d ) MR cholangiography also demonstrates a 

stricture ( arrow ) involving hilar duct and proximal common bile duct, 
with dilatation of upstream intrahepatic bile duct. ( e  and  f ) Axial 
T2-weighted image ( e ) and T1-weighted image ( f ) show a focally thick-
ened ductal wall ( arrow ) obliterating the lumen. On both T1- and 
T2-weighted images, the tumor appears slightly hypointense to the liver. 
( g ) On contrast-enhanced axial T1-weighted image, the tumor is appreci-
ated as a thickened and strongly enhancing wall of the hilar duct ( arrow ), 
anterior to the right portal vein branch. ( h ) On coronal T1-weighted 
image, the tumor involves the hilar portion as well as the proximal com-
mon bile duct ( arrow ). ( i ) The macroscopic picture of the resected speci-
men shows an irregular mucosal lesion ( arrows ) involving the primary 
biliary con fl uence as well as right and left intrahepatic bile duct         
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(Figs.  5.2  and  5.3 ). In addition, the axial thick-slab TSE 
T2-weighted cholangiographic views obtained at the hilum 
are the most informative about the number of strictures and 
the involvement of the different liver segments, including the 
caudate lobe (Fig.  5.4 )  [  59  ] . MRCP can be very useful in 
visualization of the exact biliary tree map regarding extent of 
HCCA, in a non-invasive manner.   

 The principle sequences used for imaging the biliary 
system are T2-weighted imaging, MRCP, and pre- and 
postgadolinium-enhanced volumetric fat-suppressed gradi-
ent echo T1-weighted imaging  [  59  ] . MRI, in conjunction 
with MRCP, has proved helpful in diagnosing HCCA and 
in determining respectability  [  7,   60,   61  ] . This is due to MR 
imaging and MRCP being able to investigate all different 

g

i

h

e f

Fig. 5.2 (continued)
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  Fig. 5.3    Surgically proven periductal in fi ltrating type, hilar cholangio-
carcinoma (Bismuth-Corlette type IV). ( a ) Contrast enhanced axial CT 
scan shows a slightly hyperattenuated mass ( arrow ) with heterogeneous 
enhancement, involving both secondary biliary con fl uences ( open 
arrows ). Note that there is a dilatation of the bile duct branches of the 
caudate lobe. Thus, CT diagnosis was Bismuth-Corlette type IV. ( b ) 
Coronal multiplanar reformatted image also demonstrates an irregular 

thickening of the hilar duct with hyperenhacement ( arrows ). ( c  and  d ) 
Axial T2-weighted image ( c ) and MR cholangiography ( d ) show an 
obliteration of the hilar duct ( arrow ) by the tumor with a hypointensity 
compared with adjacent liver parenchyma. ( e ) Contrast-enhanced axial 
T1-weighted image demonstrates an irregular shaped tumor ( arrow ) 
with hyperenhancement and upstream ductal dilatation, near the lobar 
branches of the portal vein       
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components: bile ducts, vessels, and invasion of adjacent 
liver parenchyma  [  17  ] . The morphology of bile duct stric-
ture detectable on MRCP closely re fl ects the gross morpho-
logic changes occurring along the biliary ductal walls 
 [  4,   62,   63  ] . In addition, combined use of MRCP and 
dynamic MRI can display the overall extent of biliary tree 
involvement and the correct diagnosis of biliary malignan-
cies (Fig.  5.3 )  [  4,   17,   61,   64  ] . This capability of obtaining 
both cross sectional MRI and MRCP results in nearly 
100 % sensitivity in diagnosing biliary obstruction, 98 % 
accuracy in identifying the level of obstruction, and an 
88–95 % accurate assessment of the cause of obstruction; 
performance equivalent to that of direct cholangiogra-
phy  [  28,   36,   60,   61,   65  ] . Given this cholangiographic 
 performance, the ability to concurrently evaluate for intra- 

abdominal local or distant metastasis and its noninvasive 
nature, MRCP has become the imaging modality of choice 
in evaluation of biliary strictures and CC  [  15,   36,   60,   61  ] . 
Until now, the place of MRCP in the preoperative evalua-
tion of suspected CC is evolving and somewhat center-
dependent  [  66  ] . Some consider that the combination of 
MRCP and spiral CT have largely supplanted invasive cho-
langiography in patients with obstructive jaundice thought 
to be due to a proximal lesion. However, one of the disad-
vantages of MRCP is that current technology does not allow 
any intervention to be performed, such as stent insertion, or 
biopsy  [  28  ] . An accurate assessment of resectability of CC 
is rendered by MRI with MRCP in 70–80 % of cases, a rate 
equivalent to that provided by the combination of CT and 
direct cholangiography in prospective comparison  [  67  ] . 

a

c d

b

  Fig. 5.4    Histolgically proven intraductal polypoid hilar cholangiocar-
cinoma (Bismuth-Corlette type IV). ( a ) Portal venous phase CT scan 
shows an intraductal mass ( arrow ) with slight hypoattenuation as com-
pared with the adjacent hepatic parenchyma. ( b ) Coronal multiplanar 
reformatted image demonstrates multiple intraluminal  fi lling defects 
( arrows ) in the left and right intrahepatic ducts, hilar duct, and the com-
mon bile duct. ( c ) Axial slab MRCP also demonstrates a long stricture 
involving hilar duct and bilateral secondary biliary con fl uences ( open 

arrows ), and dilatation of intrahepatic bile duct in caudate lobe ( arrow ). 
Note that axial slab MR cholangiography con provide the most infor-
mative about the number of strictures and the involvement of the differ-
ent liver segments, including caudate lobe. ( d ) Coronal multiplanar 
reformatted image of 3D-T2-weighted MRC shows irregular narrowing 
of both intrahepatic bile ducts and hilar duct, caused by multiple poly-
poid intraductal lesions ( arrows )       

 



60 B.I. Choi and J.M. Lee

 From a strategic standpoint, it is important to recognize 
that stenting and percutaneous drainage procedures cause 
mild bile duct wall in fl ammation that is indistinguishable on 
MRI from CC spread  [  17  ] . Consequently, MRCP should be 
performed before interventional procedures whenever pos-
sible  [  17,   36  ] . For preoperative assessment of resectability of 
HCCA, however, several types of invasive imaging such as 
cholangiography and angiography are sometimes required, 
when the tumor size is too small to demonstrate its extent 
clearly on MRI with MRCP  [  4  ] .  

    5.2.5   FDG-PET 

 Evaluation of metastatic disease from several neoplasms has 
recently been aided with the development of positron emis-
sion tomography (PET) scanning, particularly when fused 
with CT  [  36  ] . FDG-PET scan permits visualization of CCs 
because of the high glucose uptake of bile duct epithelium 
 [  68  ] . PET scans can detect nodular CCs as small as 1 cm but 
is less helpful for in fi ltrating tumors  [  68,   69  ] . However, the 
role of FDG-PET in the management of HCCA is yet less 
clear  [  70  ] . Most studies addressing the use of FDG-PET have 
included few patients and have combined CC with other bil-
iary cancers, making interpretation of these studies dif fi cult. 
Nonetheless, these studies suggest a potential bene fi t of 
FDG-PET; it can be helpful when there is a question of pos-
sible metastatic disease  [  32,   36,   71,   72  ] . In a study of 62 
patients with CC who underwent preoperative PET staging 
at the Memorial Sloan-Kettering Cancer Center, 78 % of the 
tumors were PET-avid, and PET identi fi ed occult metastatic 
disease that altered management in 24 % of patients  [  71  ] . 
However, pending further data, PET does not currently have 
a routine role in preoperative evaluation of HCCA.   

    5.3   Imaging Findings 

 HCCAs can be classi fi ed as exophytic, in fi ltrative, polypoid, 
or a combination of these based on their typical growth pat-
tern  [  73–  75  ] . At the hilar portion, CCs are most commonly 
of the in fi ltrative type (>70 %) and less frequently they mani-
fest as exophytic or polypoid lesions  [  59,   74  ] . Radiologic 
studies can show different imaging features of HCCAs based 
on their growth pattern  [  63,   76,   77  ] . Those of unusual histo-
logic type (e.g., mucin-hypersecreting CC, squamous adeno-
carcinoma, biliary cystadenocarcinoma, and mucinous 
carcinoma) show a different growth pattern compared with 
that of the typical ones (i.e., ductal), and also may show dif-
ferent imaging features  [  78  ] . For example, mucin-producing 
intraductal papillary neoplasm (adenocarcinoma/adenoma) 
in the bile duct bears a striking similarity to intraductal papil-
lary mucinous neoplasms of the pancreas with regard to its 
histopathologic features and is becoming recognized as a 

speci fi c type of neoplasm  [  79  ] . CCs frequently develop in 
patients with any of a variety of preexisting bile duct dis-
eases, some of which are considered precursors of CC (e.g., 
biliary lithiasis, clonorchiasis, recurrent pyogenic cholangi-
tis, and primary sclerosing cholangitis)  [  75  ] . Although imag-
ing tests can suggest the diagnosis of a HCCA, in some 
patients with those precursors, early diagnosis of a HCCA 
can be dif fi cult  [  74  ] . In patients with primary sclerosing cho-
langitis, early diagnosis of a CC can be challenging, because 
CCs or signi fi cant intrahepatic biliary dilatation are infre-
quently identi fi ed on imaging. Similarly, in patients with 
recurrent pyogenic cholangitis in whom severe periductal 
 fi brosis and hepatolithiasis have developed, diagnosis of a 
CC can be very dif fi cult, due to the presence of severe biliary 
stricture and ductal wall thickening  [  80  ] . Therefore, a high 
index of suspicion and multidisciplinary investigative proce-
dures are needed in those patients. 

    5.3.1   Periductal-In fi ltrating Hilar 
Cholangiocarcinoma 

 Periductal in fi ltrating CA is the most common type of 
HCCA (70 % of cases). At pathologic analysis, in fi ltrating 
HCCA manifests as a sclerotic lesion with abundant  fi brous 
tissue  [  74,   80  ] . US shows dilatation of the intrahepatic bile 
duct and normal-size extrahepatic bile ducts, as well as non-
union of the right and left ducts. This association suggests 
the diagnosis of HCCA. Although the tumor can appear as a 
mural thickening or an encircling mass along the bile duct 
wall, a de fi nite mass is rarely seen on sonograms  [  81  ] . On 
CT and MRI, the key diagnostic features of periductal 
in fi ltrating hype HCCA include a long segment stricture 
with an irregular margin, asymmetric narrowing and periph-
eral ductal dilatation, ductal enhancement, and periductal 
soft tissue lesion (Figs.  5.2  and  5.3 )  [  59  ] . Benign stenoses 
usually appear as regular, symmetric, and smooth-shaped 
narrowing of the lumen  [  82  ] . Although it is not a sensitive 
feature, thickening of the ductal wall more than 5 mm is 
suggestive of CCs  [  61  ] . Nonunion of the right and left 
hepatic ducts with or without a visibly thickened wall is a 
typical  fi nding of in fi ltrating HCCA  [  83  ] . On contrast-
enhanced CT, in fi ltrating tumors are seen as an asymetri-
cally thickened ductal wall obliterating the lumen, and 
approximately 80 % of these tumors are hyperattenuating 
relative to the liver on arterial or portal phase or both 
(Fig.  5.2 )  [  77,   84  ] . On either direct cholangiography or 
MRCP, HCCA frequently shows a long segment stricture 
with an irregular margin, asymmetric narrowing and periph-
eral ductal dilatation (Fig.  5.3 ). The involved bile duct lumen 
may be completely obstructed or markedly narrowed. On 
cross-sectional MR images, the lesion appears hypointense 
to the liver on T1-weighted images and slightly or moder-
ately hyperintense on T2-weighted images.  
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    5.3.2   Mass-Forming Exophytic Hilar 
Cholangiocarcinoma 

 Mass-forming exophytic HCCA manifests as hilar ductal 
stricture and a parenchymal mass with connection to the hilar 
duct. The parenchymal mass frequently present as a low- 
attenuation mass with peripheral rim enhancement during the 
arterial dominant phase, and homogeneous hypoattenuation in 
the portal dominant phase,  fi ndings that are similar to those for 
peripheral intrahepatic CC  [  47,   63,   75,   83  ] . It can be dif fi cult 
or even impossible to ascertain whether the carcinoma arises 
at the main hepatic juncture or represents a peripheral CC that 
secondarily obliterates the hilar area  [  4,   86  ] .  

    5.3.3   Intraductal Polypoid Hilar 
Cholangiocarcinoma 

 On pathology, intraductal papillary CCs can present as an 
polypoid mass or cast-like intraductal growth, super fi cial 
spreading growth or cyst-forming bile duct dilatation 
 [  73,   76,   78  ] . Variable degrees of bile duct dilatations may be 
observed. On CT or MRI with MRCP, intraductal HCCAs 
manifest as single or multiple intraductal soft tissue masses 
that are hypoattenuating or hypointense relative to the hepatic 
parenchyma or cast-like  fi lling defects in bile duct on either 
CT or dynamic MRI (Fig.  5.4 )  [  63,   77,   86  ] . On cross-sec-
tional MR images, the lesion appears hypointense to the liver 
on T1-weighted images and moderately hyperintense with a 
high signal on T2-weighted images  [  59,   63  ] . The tumors are 
frequently multiple or disseminated within the biliary system 
and involve the intrahepatic and extrahepatic bile ducts 
 [  67,   84,   87  ] . A subtype of intraductal papillary CCs is intraduc-
tal papillary mucin producing neoplasm of the bile duct, which 
can secrete mucin. This tumor often demonstrates dilatation of 
the upstream bile duct as well as the downstream bile duct, or 
entire biliary tree because of excessive mucin discharge or 
compression by the primary tumor  [  79  ] . When bile duct dilata-
tion is prominent and associated aneurismal dilatation occurs, 
mucin production and consequent bile  fl ow obstruction should 
be suspected  [  59  ] . At MR imaging, mucin may have the same 
signal intensity as bile or manifest as multiple cordlike  fi lling 
defects that are better diagnosed at ERCP.   

    5.4   Preoperative Evaluation and Staging 

 The surgical management of HCCA and the indications for 
operative exploration are complex. Precise preoperative stag-
ing is necessary to determine whether the patient’s disease is 
potentially resectable and warrants operative exploration and 
to guide the surgeon in planning the operation  [  46  ] . 
Comprehensive preoperative imaging of biliary tumors 
should: (1) show the size and location of a primary lesion 

and assess the longitudinal and radial extent of bile duct 
involvement; (2) show involvement of the hepatic artery 
(main and lobar branches) and portal vein (main and lobar 
branches) with the tumor, for the purpose of surgical plan-
ning; (3) Depict the presence and extent of liver invasion and 
lobar atrophy or hypertrophy; and (4) enable the detection of 
regional lymph nodes and metastases  [  59,   62  ] . Despite that 
several staging systems for CC have been proposed based on 
pathologic evaluation of the surgical specimen, for surgical 
planning, preoperative staging based on the information that 
is garnered from imaging of patients with HCCA is neces-
sary. The two most commonly used are the tumor, node, 
metastasis staging system, devised by the American Joint 
Committee on Cancer (AJCC), and the modi fi ed Bismuth-
Corlette classi fi cation for HCCA (Fig.  5.1 )  [  88–  91  ] . Both 
systems are based mainly on the extent of primary tumor 
involvement within the hepatic ductal system. In an attempt 
to improve the preoperative clinical and prognostic useful-
ness of the AJCC tumor, node, metastasis system, modi fi ed 
T-stage criteria for HCCA have been proposed by Memorial 
Sloan-Kettering Cancer Center  [  14,   92  ] . This modi fi ed T 
staging that takes into consideration of both vascular involve-
ment by local tumor extension and the presence or absence 
of liver atrophy. This proposed T staging system is predictive 
of resectability, the likelihood of nodal or distant metastases, 
and overall survival  [  92  ] . 

 The major determinants of resectability are the extent of 
tumor within the biliary tree, the amount of hepatic paren-
chyma involved, vascular invasion, hepatic lobar atrophy, 
and metastatic disease. The in fi ltrative growth pattern and 
the close proximity to the portal vein and the hepatic artery 
of HCCA result in a low resectability rate, ranging between 
20 and 40 %  [  18,   40,   93  ] . Although there is some disagree-
ment about the criteria for resectability among surgeons, 
unsectability of HCCA is suggested by (a) cholangiographic 
evidence of severe bilateral involvement of the secondary 
con fl uence, (b) involvement of the main trunk of the portal 
vein, (c) involvement of both branches of the portal vein or 
bilateral involvement of the hepatic artery and portal vein, or 
(d) vascular involvement on one side of the liver and exten-
sive bile duct involvement on the other side  [  4,   13,   62  ] . 

 Understaging of CCs on preoperative imaging may fre-
quently occur due to a lack of recognition of submucosal 
spread in involved bile ducts on imaging or limitation of 
imaging for detection of metastases  [  32,   94–  96  ] . Even multi-
phasic CT is limited in its ability to establish the extent of 
intraductal tumor spread and resectability. In one report of 29 
patients with histologically-proven HCCA, all of whom 
underwent multiphasic CT (arterial and portal venous phase), 
resectability was correctly predicted in only 60 %  [  51  ] . In the 
study by Park and colleagues, overall accuracy rates for pre-
dicting involvement of the bilateral secondary biliary 
con fl uences were 90.7 and 85.1 %, respectively, for MR 
imaging with MRCP and MDCT compared with direct 
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 cholangiography  [  67  ] . However, in general, the relationship 
of the tumor to the vessels and surrounding organs is regarded 
as being more easily evaluated on CT as opposed to MRI 
 [  97  ] . However, precise preoperative evaluation of tumor 
extent often requires several imaging or combined use of 
imaging with endoscopy such as cholangioscopy or laparos-
copy  [  2,   46,   98  ] . Despite the enhanced diagnostic capability 
of newer radiologic studies such as MRI with MRCP and 
dynamic CT, unless there is clear evidence of metastatic dis-
ease, true resectability can be determined only by operative 
evaluation  [  96,   99  ] .      
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          6.1   Introduction 

 Since its introduction to hepatobiliary surgery, three-dimen-
sional (3D) imaging has assumed a growing importance for 
the visualization of abdominal diseases. The main clinical 
applications include preoperative simulation for oncologic 
liver resection  [  1,   2  ] , and living-donor liver transplantation 
 [  3,   4  ] . The advantages of 3D imaging are the exact visualiza-
tion of vessels in areas with complex and variable vascular 
anatomy, determining possible resection margins, and pre-
dicting operative risks. Although hepatectomy is increas-
ingly carried out, it is still one of the most dif fi cult operative 
procedures because of the anatomical complexity and hepatic 
vascular variability  [  5  ] . Moreover, patients with hilar cholan-
giocarcinoma often have obstructive jaundice, and the 
impaired hepatic function restricts the volume of liver resec-
tion. In addition, a positive resection margin should be 
avoided in order to achieve a potential cure of the disease. 
Thus, exact preoperative information on the detailed topog-
raphy and precise liver resection volume should be obtained 
for curative and harmless hepatectomy. Concerning hilar 
cholangiocarcinoma, a successful management requires the 
following three steps: accurate preoperative estimation of 
both the tumor extent and anatomical variations, appropriate 
planning and simulation of the operative procedures, and 
implementing the planned procedures securely  [  6–  8  ] .  

    6.2   Advances in the Imaging Tools 
for Assessing Tumor Extent 
in Hilar Cholangiocarcinoma 

 Currently, direct cholangiography has been used as the refer-
ence standard for the diagnosis of the longitudinal ductal 
in fi ltration by the tumor  [  9–  12  ] . MRCP and 3D cholangiog-
raphy are relatively new techniques that offer improved 
accuracy for imaging in hilar cholangiocarcinoma  [  9,   13–  16  ] . 
Kim et al.  [  14  ]  correctly determined the tumor extent in 10 of 
11 patients with 3D cholangiography. Considering that the 
accuracy rate of determining the longitudinal extension by 
direct cholangiography varies from 53 to 90 %  [  11,   17,   18  ] , 
these new imaging modalities are at least as good as conven-
tional cholangiography in determining the extent of ductal 
invasion. A further advantage of 3D cholangiography is that 
it allows 360° imaging of the biliary tree. This function facil-
itates accurate assignment of each bile duct branches. The 
90° cranial view is particularly useful to resolve overlapping 
bile ducts on conventional cholangiograms. 

 MRI has been established as the standard imaging modal-
ity for the evaluation of the extent of cholangiocarcinoma 
because it has several advantages over conventional cholan-
giographic techniques. It provides an accurate map of the 
biliary tree even in the undrained segments, and demonstrates 
extraductal tumors directly and non-invasively. Furthermore, 
it has the capability of 3-dimensional visualization. 
Concerning the diagnostic ability of MRCP, Schwartz et al. 
 [  19  ]  reported that the level of malignant pancreaticobiliary 
obstruction was correctly identi fi ed in about 80 % of cases 
using breath-hold MRCP. Hanninen et al.  [  20  ]  also reported 
that the tumor status according to the Bismuth-Corlette 
classi fi cation was determined correctly in 27 of 30 patients 
by MRCP. 

 When the patient has not received any biliary decompres-
sion, multiplanar reconstructed images (MPR) were thought 
to have a superior ability to reveal tumor extensions, both 
longitudinally and vertically. In an undrained dilated bile 
duct, the tumor extension clearly depicts as a thickened duct 
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wall with tapering (Fig.  6.1 ). In a tumor which is adjacent to 
surrounding vessels such as the hepatic artery or the portal 
vein, direct invasion is suspected when there is an absence of 
a thin, low density layer on MPR images. In such instances, 
these vessels should be subjected to a combined resection.   

    6.3   Image Processing 

 The number of software used to create 3D images and pre-
operative hepatectomy simulation is increasing in recent 
years. We use the Liver Explorer 2 software for image anal-
ysis  [  8  ] . Our routine procedures for CT images are obtained 
with a 16-detector row CT scanner (Somatom Sensation 16; 
Siemens, Forchheim, Germany). With the patient supine, a 
1:5 dilution of nonionic contrast material (meglumine 
sodium amidotrizoate, Urogra fi n 60 %; Schering, Berlin, 
Germany) mixed with normal saline is injected gently 
through the PTBD or ENBD tube, with the volume based on 
the results from antecedent cholangiography, and the biliary 
drainage tube is clamped. A scout image is obtained to iden-
tify the bile duct before full-scale CT scanning. Patients 
who do not have external biliary drainage tubes receive drip 
cholangiography. One hundred millilitre of meglumine 
iotroxate (Biliscopin, Schering, Berlin, Germany) are 
administered by intravenous drip infusion. Infusion takes 
30 min. The MDCT scan is started 30 min after the infusion 
is completed. 

 The multi-detector row CT protocol creates four-image 
sets (choledochal, arterial, portal venous, and hepatic venous 
phases) of the liver that are collected in succession using the 
following variables: 140 kV; 150 mA s; section thickness/
collimation, 5/0.75 mm; feed/rotation, 12 mm; rotation time, 
0.5 s; reconstruction increment, 1 mm for the arterial scan 
and 2 mm for the venous scans. Subsequently, 120 ml of the 

nonionic contrast material iohexol (Omnipaque 300; Daiichi 
Pharmaceutical Co., LTD., Tokyo, Japan) are infused at a 
rate of 3.5 m/s with power injector. To display portal and 
hepatic venous anatomy, the second and third CT-image sets 
are acquired 10 and 40 s after the arterial phase.  

    6.4   Preoperative Evaluation 
for Anatomical Variations 

 Advances in radiological techniques has allowed three-
dimensional (3D) hepatic modeling from CT images, 
which provides detailed hepatic vascular anatomy  [  21–
  23  ] . 3D imaging is thought to be useful in the determina-
tion of vascular anatomy and the decision on the line of 
transection in donor hepatectomy  [  2  ] . The surgeon can 
perform selective control of sectoral liver vascular 
branches to prevent bleeding as well as to delineate the 
extent of resection  [  24–  26  ] . The virtual reality allows the 
surgeon to con fi rm preoperatively the anatomical distribu-
tion of arteries and portal branches and resect the hepatic 
lobe. Kanazawa et al.  [  2  ]  stated that 3D images is helpful 
to avoid intraoperative injuries to the hepatic vasculature 
because it can accurately demonstrate anatomical varia-
tions preoperatively. In hilar cholangiocarcinoma, ana-
tomical variation is especially important. It helps the 
decision-making in operative procedures. Since the hepatic 
artery runs through the hilar region close to the tumor, it is 
often involved by hilar tumors. If the hepatic artery is 
involved by tumor, the surgeon has to make a decision on 
how to reconstruct the arterial  fl ow to the remnant liver, 
although the signi fi cance of a combined resection of the 
hepatic artery is still controversial  [  27–  29  ] . 

 It is well known that there is a great deal of variations in 
the arterial supply to the liver. The hepatic artery arises from 

a b
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  Fig. 6.1    ( a ) Multiplanar reconstructive image. Undrained dilated right 
hepatic duct ( RHD ) clearly depicts tumor extension as a thickened duct 
wall with tapering ( arrow ). ( b ) The tumor adjacent to the left portal 

vein which does not have a wall with a thin, low density layer. Direct 
invasion is suspected       
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the celiac axis, but it may be entirely replaced by a common 
hepatic artery which takes origin from the superior mesen-
teric artery in one-fourth of patients. It is widely accepted 
that a replaced hepatic artery is susceptible to operative 
injury if it is not recognized. While the relatively proximal 
branches are important, the more distal branches such as the 
segmental branches originating from the left, middle or right 
hepatic artery are also important (Fig.  6.2 ). These arterial 

variations can sometimes preclude surgical resection. If such 
variations are not noticed before laparotomy, it can seriously 
mislead the surgeon. It is nearly impossible to visualize in 
the surgeon’s mind the branching patterns of the hepatic 
arteries at the segmental branch levels by 2D-CT alone. 
Angiography was routinely used for hilar cholangiocarci-
noma. However, 3D reconstructive image almost completely 
replaces angiography because of its less invasive nature.  
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  Fig. 6.2    ( a ) Branching patterns of the left and middle hepatic artery 
based on 3D images of 97 patients. As can be seen on the  lower row , 
two hepatic arteries enter the left liver in around 60 % of cases. In such 
instances, the middle hepatic artery can be resected with the tumor if it 
is involved. On the other hand, as can be seen on the  upper row , a single 
hepatic artery should be preserved, or otherwise reconstructed. There 
were nine patients with aberrant left hepatic artery arising from the left 
gastric artery. ( b ) 3D reconstructive image shows the subtle narrowing 
of the left hepatic artery ( arrow ). Since intraoperative  fi ndings also sug-
gested that the left hepatic artery was involved by tumor, in concomitant 
with a right hemihepatectomy, the artery was resected and recon-
structed. The patient is alive and without tumor recurrence 4 years after 
the operation. ( c ) Branching patterns of the right hepatic artery based on 
3D images from 67 patients. There were ten patients with a replaced 
right hepatic artery arising from the superior mesenteric artery. While 

the branch to the posterior sector passes across in front of the right 
portal vein in around 90 % of the patients, it goes around the right portal 
vein in 10 % of patients as can be seen on the  right column . In such 
instances, the posterior branch runs behind the right hepatic duct. Thus, 
it can be involved by the tumor. For left hemihepatectomy with caudate 
lobectomy, the surgeon should pay attention to the artery when the right 
hepatic duct is dissected. It seems almost impossible to visualize this 
kind of variation of the hepatic artery without the assistance of a 3D 
reconstructive image. ( d ) A rare case with an independent A7 arising 
from the middle hepatic artery. There was a replaced right hepatic artery 
which included A6 arising from the superior mesenteric artery. The 
middle hepatic artery seems to be involved by the tumor. Since it looks 
dif fi cult to reconstruct the middle hepatic artery, right hemihepatec-
tomy with caudate lobectomy was carried out       
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 Anatomical variations of the biliary ducts is another 
important issue for the hepatobiliary surgeons. Most seg-
mental bile ducts bifurcates within the hilar plate (Fig.  6.3 ). 
Thus, multiple bile duct ori fi ces emerge at the transection 
plane at the hilar plate  [  30  ] . Usually, the number of these 
sectoral or segmental branches are three to four. Some inves-
tigators emphasize the usefulness of 3D cholangiography 
 [  13,   14  ] . It is more than just simple visualization of the bil-
iary tract alone which is important for the surgeon. When an 
operative procedure is planned by 3D imaging, the planned 
transection line of the bile duct can be planned in relation-
ship to the Umbilical or Posterior point (U or P-point) of the 
portal vein. Cho et al. stated that discrepancies between 

 anatomic and radiologic study  fi ndings can exist with respect 
to the relationship between the left biliary duct system and 
the umbilical portion of the portal vein  [  31  ] . Thus, it is 
important to perceive the correct relative positions between 
the portal branches and biliary branches in the future rem-
nant liver. The surgeon can  fi gure out the number of bile duct 
ori fi ces on the transection plane, the segment each bile duct 
is draining and he can be free from the anxiety that small bile 
duct ori fi ces are overlooked. These overlooked bile duct 
ori fi ces in the remnant liver can cause persistent biliary 
 fi stula which may need to further interventions, the worst 
scenario of which is a re-laparotomy.   

    6.5   Evaluation of the Remnant Liver 
Volume by 3D Images 

 Patients with hilar cholangiocarcinoma often have obstruc-
tive jaundice, and impaired hepatic function which restricts 
the volume of liver resection. Thus, estimation of the volume 
of liver resection and the volume and function of the residual 
liver have become a fundamental part of assessment in liver 
surgery  [  32,   33  ] . Conventional volumetry using planimetry 
introduces considerable error because the presumed linear 
borders between the liver segments are established along 
with the hepatic veins, which are shown on axial slices of 
computed tomography (CT) scans  [  34–  36  ] . Recently, some 
studies of an operation planning system for liver surgery 
have been proposed  [  2,   37  ] . Lamade et al.  [  37  ]  reported that 
the 3D reconstruction system was useful to understand tumor 
localization and to make a proposal for resection. 

 A variety of software is used for these analyses. In most 
applications, it allows an accurate evaluation of liver volume 
as well as identi fi cation of the vascular branches of the liver. 
The software is based on an algorithm to de fi ne the vascular 
perfusion area according to the direction and diameter of the 
portal veins. The algorithm includes major portal veins down 
to the peripheral portal branches; therefore, the whole liver 
can be examined along each portal tract. This virtual hepate-
ctomy simulation is programmed to recognize a tumor-bear-
ing portal branch and to quantify the perfusion area by 
clipping the corresponding branch. Thus, this software can 
be applied to any type of liver resection, which varies from 
lobectomy to partial resection. 

 We have expanded the software to analyze the drainage 
areas of the hepatic veins to determine the possibility of liver 
injury due to congestion by dividing the hepatic veins. 
Estimation of the hepatic venous drainage is essential to 
avoid liver graft and residual donor liver congestion  [  38  ] . 

 The need for hepatic vein branch reconstruction or preser-
vation should be assessed preoperatively (Fig.  6.4 ). The sur-
geon can modify the operative procedure in accordance to 
the individual’s anatomy and liver function. Consequently, it 
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  Fig. 6.3    ( a ) The dorsal aspect of the liver which demonstrates the sym-
metric structure of the liver  [  51  ] . The Umbilical-point ( U ) is de fi ned as 
the bend between the transverse portion and the umbilical portion of the 
left portal vein, i.e. bifurcation of the left lateral sectoral branch ( B2 ) 
and the left paramedian sectoral branch ( B3 + 4 ). The Posterior-point 
( P ) is de fi ned as the bifurcation of the anterior branch and the posterior 
branch of the right portal vein, i.e. the bifurcation of the right lateral 
sectoral branch ( B6 + 7 ) and the right paramedian sectoral branch 
( B5 + 8 ). U and P-points can be identi fi able both on preoperative 3D 
reconstructive images and intraoperative inspection. ( b ) A schematic 
 fi gure demonstrates both the symmetry of the liver and the relative posi-
tions of the bile duct and  U  and  P -point. It gives a concrete and readily 
understandable picture       
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  Fig. 6.4    ( a ) Intrahepatic cholangiocarcinoma invading the hilar region. 
The right hepatic duct is dilated. T: tumor. ( b ) Cranio-dorsal view of the 
liver. Each portal segment is colored except the anterior segment 
( arrow ). A thick anterior  fi ssural vein ( AFV ) passes through the center 
of the anerior segment. Right hepatic vein ( RHV ) is placed at the  left 
edge  of the portal segmentation of the posterior segment. ( c ) The 
drained area of the RHV is overlaid on Fig.  6.5b . More than 70 % of the 
anterior segment drains into the  AFV  and the middle hepatic vein 
( MHV ). This area may be congested if the MHV is resected at its root. 
( d ) Based on these  fi ndings, we decided on the line of transection 

(  dotted line ) of the MHV resection and preserved the branch from seg-
ment 8 ( AFV ). AFV can be preserved because it runs away from the 
tumor ( white short arrow ). This kind of modi fi cation might improve the 
short-term results of the operation such as blood loss, postoperative 
complications, and hospital stay. ( e ) Left hemihepatectomy    with cau-
date lobectomy was carried out.  AFV  is preserved. No obvious con-
gested area is observed on the surface of the remnant liver. The patient 
was discharged 10 days after the operation. The ( arrow ) points to the 
anteior fi ssural vein ( AFV ) which was preserved       
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improves safety in operative procedures even in patients with 
impaired liver function.   

    6.6   Operative Planning and Simulation 

 Based on the location of the tumor, left or right hemihepate-
ctomy concomitant with caudate lobe resection should usu-
ally be selected. Knowing the anatomic relationships between 
the tumor and the surrounding vessels, particularly the portal 
vein and hepatic artery, is essential  [  39  ] . Liver resection is 
planned preoperatively based on the longitudinal tumor 
spread and vertical invasion of the adjacent major vessels. 
Longitudinal spread is determined by MPR or direct cholan-
giography. Vertical invasion is determined by MPR. This can 
be interpreted on the 3D images interactively (Fig.  6.5 ). A 
preoperative assessment of the tumor extent should be per-
formed based on the landmarks which can be recognizable 
on both the preoperative imaging study and on intraoperative 
visual inspection. Then, an appropriate operative planning 
becomes possible.  

 In the left liver, the Umbilical-point is de fi ned as the point 
at the turn bend from the transverse portion to the umbilical 
portion of the left portal vein, and the line of transection of 
the left hepatic duct in right hepatic lobectomy is restricted 
by the right border of the umbilical portion of the left portal 
vein. 

 For right-sided hepatectomy, when the longitudinal spread 
is limited to the right side of the U-point, the left hepatic duct 
is planned to be excised just to the right of the U-point. The 
planned transection line of the liver parenchyma is made 
along the Cantlie line to the right of the MHV. After ducking 
under the MHV, the line of transection is angled to the 
U-point through the Alantian duct (Fig.  6.6 ).  

 When the longitudinal invasion extends beyond the right 
border of the U-point, a right trisectionectomy is 
considered. 

 In the right liver, the Posterior-point is de fi ned as the 
bifurcation of the anterior branch and the posterior branch of 
the right portal vein, and the line of transection of the right 
hepatic duct in left hemihepatectomy is restricted by the left 
border of the anterior branch of the right portal vein. Also, 
the left border of the posterior branch corresponds with the 
border between the caudate lobe and the posterior segment. 

 For left-sided hepatectomy, when the longitudinal spread 
is limited to the left of the P-point, the right hepatic duct is 
planned to be excised just to the left of the P-point. The 
planned line of transection of the liver parenchyma begins 
along the Cantlie line to the left of the MHV. After ducking 
under the MHV, the line of transection is angled to the P-point 
and then through to the right border of the IVC (Fig.  6.6 ). 
When the longitudinal invasion extends to the left of the 
P-point, a left trisectionectomy is considered. When the 

tumor extends beyond both the left border of the U-point and 
the right border of the P-point, it is deemed unresectable.  

    6.7   Operative Curatibility 

 Results of surgical treatment of hilar cholangiocarcinoma 
have improved during the recent two decades, in parallel 
with developments in surgical techniques, better knowledge 
of surgical anatomy and advances in radiologic imaging. 
Several authors have emphasized that curative resection 
remains the most important prognostic factor. Apart from a 
few exceptions, the curative resection rates remain unsatis-
factory  [  40–  43  ] . 

 Recent progress in imaging of hepatobiliary pancreatic 
disease has led to the development of multi-detector row 
computed tomography (MDCT)  [  44  ]  with 3-dimensional 
(3D) imaging. 

 Although 3D cholangiography provides superior images 
of intraluminal tumor spread, it has a  fl aw in relationship to 
extraluminal in fi ltration to the surrounding tissues. On the 
other hand, multiplanar reconstructed images have better 
diagnostic power for extraluminal, i.e., vertical invasion of 
the tumor, than 3D images and conventional axial 2D images 
alone. Thus, 3D imaging with a complimentary use of MPR 
have led to a better topologic understanding of the relation-
ship of the tumor to the vascular system in an individual 
patient. It is expected that the introduction of 3D reconstruc-
tive imaging together with MPR will lead to an increase in 
the rate of resection with negative tumor margin.  

    6.8   Mortality and Morbidity 

 Complex biliary and hepatic resections are required to 
achieve a complete resection, the perioperative morbidity 
and mortality are signi fi cant  [  45  ] . Although recent reports 
have suggested a decrease in morbidity and mortality with 
the use of preoperative portal vein embolization, in major 
liver resections including extended right/left hepatectomy, 
the morbidity and mortality rates still ranges 14–76 % and 
0–19 %, respectively. 

 Several authors reported that 3D images help to reduce 
postoperative complications in living-donor liver transplan-
tation  [  3,   4  ] . Hiroshige et al. reported that 3D images reduced 
blood loss during donor operation due to lowered risk in 
blood vessel injury  [  35  ] . Preoperative 3D-CT has also been 
found to be useful for the determination of vascular anatomi-
cal variations and the decision on the line of transection in 
donor hepatectomy  [  3  ] . 

 Extrapolating these studies on donor hepatectomy, 3D 
imaging may be useful in the reduction of intraoperative 
blood loss in surgery for hilar cholangiocarcinoma. 
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  Fig. 6.5    Linkage of 2D multiplanar reconstructive images and 3D 
images. ( a ) The surgeon puts a marker on the site to where the tumor 
extended on a 2D multiplanar image. Simultaneously, a marker appears 
on the 3D reconstructive image ( b ). Thus, the  fi ndings on 2D images 
can be re fl ected on the 3D images. ( b ) When the hilar plate is dissected 
at the right border of the U-point ( dotted line ), three bile duct ori fi ces 
should appear on the transection line of the hilar plate. The surgeon can 
estimate the segment to which each bile duct is draining. In this case 
B4, B3, and B2 ori fi ces should appear on the transection plane on the 

ventral side. ( c ) When the surgeon puts a marker on the site where the 
tumor is adjacent to the left portal vein on a 2D multiplanar image, 
simultaneously a marker appears on the 3D reconstructive image ( d) . 
( e ) When the surgeon puts a marker on the site to where the tumor is 
adjacent to the main portal vein on a 2D multiplanar image, simultane-
ously a marker appears on the 3D reconstructive image ( f ). ( f ) From 
these results, portal vein resection can be planned from the solid line on 
the main portal vein to the  dotted line  on the left portal vein       
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 Our preliminary data demonstrated that intraoperative 
blood loss in patients evaluated by 2D-CT only and those 
evaluated by 3D-CT and MPR were 2,949 ± 2,306 ml and 
1,454 ± 988 ml ( P  = 0.0001), respectively. 

 Biliary  fi stula is the most frequent morbidity after liver 
resection with biliary reconstruction. 3D images help to 
avoid injury of the biliary branch during parenchymal 
transection of the liver. Thus, it may decrease the incidence 
of postoperative morbidity. Postoperative morbidity is known 
to affect long-term outcomes after hepatic resection  [  45  ] . 
Several studies suggested that perioperative blood loss or 
transfusions have a negative impact on postoperative out-
comes  [  46,   47  ] . 

 If 3D imaging can reduce blood loss during surgery and 
postoperative complications, the long-term results of hilar 

cholangiocarcinoma are expected to improve in the near 
future.  

    6.9   Navigation Surgery for Hilar 
Cholangiocarcinoma 

 Computer-assisted navigation systems for rigid anatomical 
regions have been highly developed and used clinically. The 
obstacle that stands in the way of introducing 3D navigation 
surgery in HPB surgery is visceral plasticity. The shape of 
the liver and biliary tract can easily be changed during lapa-
rotomy. Beller et al.  [  48  ]  demonstrated the feasibility of 
navigated resection using intraoperative 3-dimensional ultra-
sonography. They used a Polaris optical tracking system for 
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  Fig. 6.6    U and P-point oriented hepatectomy by 3D reconstructive 
imaging. ( a ) Usually, making a virtual transection line on the 3D 
images, there are three landmarks, the middle hepatic vein, umbilical 
point, and posterior point. For right hemihepatectomy with caudate 
lobectomy, the planned transection line of liver parenchyma begins 
along with the Cantlie line to the right of the MHV. After ducking under 
the MHV, the transection line is angled to the U-point through the 
Arantian duct. ( b ) For left hemihepatectomy with caudate lobectomy, 
the planned transection line of liver parenchyma begins along with the 
Cantlie line to the left of the MHV. After ducking under the MHV, the 
transection line is angled to the P-point, and then to the right border of 

the IVC. ( c ) When longitudinal invasion extends to the left border of the 
P-point, left trisectionectomy should be considered. The liver paren-
chyma is transected along the portal segmentation of the anterior sector 
and the posterior sector toward the right hepatic vein. After passing 
through the RHV, the transection line is angled to the right border of the 
P-point, and then to the right border of the IVC. ( d ) When longitudinal 
tumor invasion extends to the right border of the U-point, right trisec-
tionectomy should be considered. The liver parenchyma is transected 
just to the left of the umbilical portion of the left portal vein. When the 
tumor extends beyond both the left border of the U-point and the right 
border of the P-point, it is deemed unresectable       
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position measurement. A tracker was attached to both the 
ultrasound probe and surgical instruments. After calibration 
and registration of the surgical instruments on the operative 
table, they can be visualized on the monitor with virtual envi-
ronment of the registered 3D images. New direction in this 
 fi eld is the introduction of 3D imaging into laparoscopic sur-
gery  [  49,   50  ] . Distortion of the liver is relatively less than 
under laparotomy. Mutter et al. stated that this facilitated the 
intraoperative identi fi cation of vascular anatomy and control 
of the left lateral sectional arteries and veins, thus preventing 
intraoperative bleeding  [  49  ] . With more advanced surgical 
simulators, surgeons may be able to work out the best opera-
tive procedure for each patient and to learn to use each indi-
vidual step to improve the technique. 3D virtual reality can 
also be applied in robotic surgery. In the near future, intraop-
erative 3D navigation surgery may be used in hilar cholang-
iocarcinoma surgery as well.  

      Conclusions 

 3D images can estimate the extent of ductal in fi ltration of 
the tumor and anatomical variations of the hilar structures 
in an individual patient. These 3D images help to corre-
late the preoperative and intraoperative  fi ndings by identi-
fying reliable anatomic landmarks, such as the U and P 
points, and thus allowing preoperative simulation. 
Consequently, the preoperative and intraoperative use of 
three-dimensional images may increase the proportion of 
potentially curable resection and also make the operative 
procedures less-invasive. In the future, 3D planning and 
simulation of operative procedures will become standard 
procedures for hilar cholangiocarcinoma.      
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          7.1   Introduction 

 The selection and timing of management options for cholan-
giocarcinoma must necessarily be informed by the function 
of the liver. The consideration of major resectional hepatic 
surgery is predicated on the ability of that organ to sustain 
and recover adequate hepatocyte function and mass, whereas 
individuals presenting with biliary obstruction may bene fi t 
from axial or segmental restoration of bile egress prior to 
planned therapy. Assessment of liver physiological status 
therefore guides treatment options for cholangiocarcinoma 
whether arising in the extrahepatic or intrahepatic compo-
nents of the biliary system. Ideally, an evaluation of liver 
function should assess not only ambient homeostatic perfor-
mance but also the recuperative and regenerative capacity of 
that organ (the functional reserve) since these restorative pro-
cesses are less ef fi cient in the severely parenchymal-depleted, 
diseased or cholestatic state  [  1,   2  ] . It should be appreciated 
however, that when the malignant process is con fi ned to one 
hemi-liver (or segmental components) there may be no mea-
surable disturbance in serum biochemistry or test-substance 
handling due to compensation by the unaffected liver, and in 
this situation techniques that assess hepatocyte status per se 
may be more informative. In addition to those estimations 
used for initial evaluation prior to planned therapy, serial or 
longitudinal studies can be used to monitor hepatic status 
after intervention and to detect deviation from expected pat-
terns of recovery before these become clinically manifest. 

 The term liver function encompasses a whole host of the 
biologic roles of that organ including not only diverse meta-
bolic tasks, but also the physiological response to injury 
(acute phase reaction) and capability for restoration of lost 
liver mass (regeneration). Although many of the commonly 
used traditional peripheral blood “liver function tests” do not 

directly measure actual function, and changes in most are 
not speci fi c to that organ, these analyses (particularly in 
 combination) have generally proven robust in the prediction 
of outcomes following hepatectomy  [  3  ] . Estimations of liver 
volume are often used to predict physiological capacity and 
reserve. However, parenchymal mass and function may be 
dissociated in the diseased or regenerating condition and 
therefore probing of some other dimension of hepatic perfor-
mance may be desirable for more complete representation. 

 The assessment of liver physiology can be considered 
according to the following conceptual framework of four 
main types of test (Table  7.1 ): 
    1.    Homeostatic: traditional “liver function tests”; biochemi-

cal analyses of blood re fl ecting the balance between pro-
duction and disappearance of bile metabolites, hepatic 
enzymes and plasma proteins. These may be combined 
with clinical evaluations to produce composite clinico-
biochemical scoring systems (e.g., Child-Pugh grading)  

    2.    Radiological: image based assessments of liver parenchy-
mal volume and quality;  

      Assessment of Liver Function       

        D.  V.   Mann         

  7

    D.  V.   Mann ,  MS, FRCS   
      8/F Hang Wai Building, 231 Queens Road East , 
 Wanchai ,  Hong Kong    
e-mail:  darrenmann@biznetvigator.com   

   Table 7.1    Taxonomy of liver function tests   

 Type  Examples 

 Homeostatic  Bilirubin 
 Transaminases 
 Alkaline phosphatase 
 Albumin 
 Prothrombin time 
 Clinico-laboratory scoring (e.g., Child-Pugh score) 

 Radiological  Computer tomography volumetry 
 Hepatic steatosis measurement 

 Bioenergetic  Redox state 
 Adenine nucleotide/mitochondrial analysis 
 Magnetic resonance spectroscopy 

 Dynamic  Clearance tests e.g., indocyanine green, 
 aminopyrine, MEGX 
 Hexose sugar handling capacity 
 Hepatic scintigraphy 
 Portal vein embolization 
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    3.    Bioenergetic: measures of hepatic energy state (in plasma 
and at tissue level);  

    4.    Dynamic tests: in which some aspect of liver physiol-
ogy is assessed in a time dependent manner (e.g., tracer 
excretion) or repeated measures of any of the above 
tests used to assess the longitudinal response to a 
 provocation such as metabolic stress or portal vein 
embolization.     
 This chapter will describe these tests, with greatest empha-

sis on those that have become clinically established in the 
management of patients with cholangiocarcinoma. Emerging 
technologies poised to contribute to clinical advancements in 
the future or that provide new insights with which to interpret 
currently used tests will also be discussed.  

    7.2   Homeostasis 

 The term liver function is used to describe the diverse bio-
logical duties of that organ, which include intermediary 
metabolism of carbohydrates, protein and fat, production of 
bile, synthesis of plasma proteins and clotting factors, meta-
bolic handling and excretion of endo- and xenobiotics and 
urea synthesis. In addition, the cellular integrity of hepato-
cytes and bile canaliculi can be inferred from circulating lev-
els of enzymes normally con fi ned to the intracellular domain. 
A common biochemical panel of “liver function tests” com-
prises estimation of the serum level of bilirubin, transami-
nases, alkaline phosphatase, albumin level and clotting factor 
analysis. Each of these elements is re fl ective of a different 
element of liver physiology and its disorder. 

    7.2.1   Bilirubin 

 The plasma concentration of the chemical tetrapyrrole biliru-
bin, the main degradation product of heme-protein metabo-
lism, re fl ects the aggregate processes of production by the 
reticulo-endothelial system, and subsequent hepatic extrac-
tion, conjugation and excretion by an active anionic transport 
mechanism. When rate of generation is constant, the circu-
lating level is taken to represent overall bile pigment “han-
dling” by the liver. However, bilirubin levels may be 
in fl uenced by non-hepatic factors, for example increased 
production by haemolysis and sepsis, and decreased clear-
ance due to mechanical obstruction to bile  fl ow, and there-
fore may not re fl ect hepatocyte function per se in these 
instances. Although independently predictive of morbidity 
following hepatic resection  [  4  ] , plasma bilirubin concentra-
tion is most commonly combined with other laboratory and 
clinical factors such as Child-Pugh scoring system or Model 
for End-stage Liver Disease (MELD) (see below). A pattern 
of progressive increase in bilirubin after liver resection may 

herald the onset of organ dysfunction, although sepsis, drug 
reaction, biliary obstruction and portal vein thrombosis may 
also present in this way.  

    7.2.2   Transaminases 

 Serum activities of amino-transferase enzymes are re fl ective 
of hepatic cellular integrity, although speci fi city may be 
reduced by contributions from other organs, particularly stri-
ated muscle. Alanine transferase (ALT) is purely cytosolic in 
origin (and more speci fi c), whilst aspartate transferase (AST) 
is of mixed mitochondrial and cytosolic provenance (and 
more sensitive). Elevated preoperative transaminase levels 
have been found to be associated with increased risk of com-
plications and death after liver resection in cirrhotic patients 
 [  5  ] . A markedly elevated transaminase level is suggestive of 
ongoing hepatic necrosis, for example active viral or alco-
holic hepatitis, ischemia or sepsis (particularly of biliary 
tract). The relative weighting of these enzymes for risk is 
comparatively weak, and they do not routinely feature in 
composite preoperative scores.  

    7.2.3   Alkaline Phosphatase 

 Alkaline phosphatases are a group of hydrolase enzymes 
responsible for removing phosphate groups in the 5- and 
3-positions from many types of molecules, including nucle-
otides, proteins, and alkaloids. They are distributed in liver, 
bile ducts, bone, kidney and placenta. Hepatic-origin alka-
line phosphatase levels are elevated in the presence of liver 
disease with hepatic cell injury or biliary obstruction, mech-
anistically due to increased enzyme synthesis as well as 
plasma spill-over. Preoperative serum activity of alkaline 
phosphatase may be predictive of risk of hepatic failure fol-
lowing hepatectomy  [  6  ] . Liver regeneration following hepa-
tectomy is associated with an elevation of alkaline 
phosphatase levels, and failure of regeneration may be pre-
saged when levels of this enzyme do not increase in the post-
hepatectomy period.  

    7.2.4   Albumin 

 This plasma protein is synthesized exclusively by the liver. 
The circulating half-life is 20 days, and assay can be used to 
interpret steady state synthetic function (although starvation 
and protein losing conditions also in fl uence levels). An acute 
reduction in plasma concentration more likely re fl ects change 
in volume of distribution due to capillary leakage rather than 
diminished synthesis. Albumin has prognostic value for risk 
of liver surgery as part of the Child-Pugh score.  
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    7.2.5   Prothrombin Time 

 The liver is the predominant site for the manufacture of blood 
clotting cascade proteins. Derangements in liver function may 
therefore be detected by disturbed laboratory measures of 
clotting times, or reduced amounts of individually assayed 
clotting factors. The commonest measurement is that of pro-
thrombin time, which is indicative of the extrinsic pathway of 
coagulation involving factors II, V, VII, X and  fi brinogen. The 
prothrombin time is predominantly affected by factor VII 
which has the shortest half life (4–6 h) and is vitamin K depen-
dent (so abnormalities may arise from vitamin K insuf fi ciency 
states such as biliary obstruction as well as protein-synthetic 
de fi cits). Prothrombin time is a component of the Child-Pugh 
score.  

    7.2.6   Prognostic Clinico-Laboratory Scoring 

 A common method for evaluation of hepatic function is the 
use of a composite prognostication system based on labora-
tory measures and selected clinical criteria. These compo-
nents re fl ect different core aspects of liver physiology 
including endobiotic handling and excretion, protein synthe-
sis and clinical estimates of degree of established portal 
hypertension, which can be combined into an overall score. 
In general the scores are formulated by multivariate logistic 
regression methods, and the advantage is that a greater degree 
of overall liver function is represented (parallel testing 
enhances sensitivity) and the predictive power goes beyond 
that of any individual component test. Although initially 
devised for risk assessment in the setting of liver cirrhosis, 
the use of scoring systems is often extended in clinical prac-
tice to evaluate suitability for liver surgery in general. Such 
scores are predictive of natural history of liver disease, and 
may stratify risk of therapeutic interventions and prioritise 
selection for transplantation. 

    7.2.6.1   The Child-Pugh Score 
 The Child score (Pugh modi fi cation) is the most widely 
used system and is composed of bilirubin (excretion), albu-
min (synthetic function), prothrombin time (synthesis), 
ascites (portal hypertension) and encephalopathy (porto- 
systemic shunting)  [  7  ] . Components of the system and point 

allocation for scoring are shown in Table  7.2 . Individuals are 
grouped onto Classes according to the number of points, as 
follows: Class A 5–6; Class B 7–9 and Class C 10–15 (there 
is some variation in the literature between authors on Class 
allocation). Since cholangiocarcinoma (and mixed cholang-
io-hepatocellular carcinoma) may occasionally arise in the 
setting of pre-existing liver disease, the Child-Pugh score is 
commonly used to evaluate operative risk. In particular, the 
outcomes of liver resectional surgery are numerically related 
to Child-Pugh score, with mortality rates being lower and 
survival rates higher in Child-Pugh Class A compared to 
Class B and C  [  8,   9  ] . Child-Pugh Class A, well-compensated 
cirrhosis, does not negatively impact on survival after hepa-
tectomy  [  10  ] .   

    7.2.6.2   Model for End-Stage Liver Disease (MELD) 
 The MELD score is a commonly used to rank patients for 
liver transplantation, and is mentioned here because this is a 
therapeutic option that can be selectively considered in 
the management of cholangiocarcinoma  [  11  ] . Scores are 
 calculated according to the formula: MELD = 0.957 × log e 
(creatinine mg/dl) + 0.378 × log e (bilirubin mg/dl) + 1.120 
log e (INR) + 0.643. 

 MELD has been examined as an alternative to Child-Pugh 
score for prediction of liver failure post hepatectomy. 
Although MELD score is correlated with risk of liver failure 
after resection, it is unclear whether the discriminant func-
tion is superior to Child-Pugh Class  [  3,   12  ] .    

    7.3   Radiological Imaging and Qualitative 
Assessments 

 Volumetric analysis of the liver parenchyma forms an inte-
gral component of the assessment of functioning liver cell 
mass, and by extension predicted physiological reserve. 
Computed tomography liver volumetry can be used to assess 
the respective volumes of liver and tumour, and to estimate 
the parenchymal resection rate and so judge the suitability 
for resectional surgery  [  13,   14  ] . Estimates of postoperative 
liver volume can be used to guide selection of therapies for 
cholangiocarcinoma, in the context of the condition of the 
underlying liver  [  15  ] . For example, when inadequate post-
operative parenchymal volume is anticipated, measures to 

   Table 7.2    Child-Pugh score   

 Measure  1 point  2 points  3 points  Units 

 Bilirubin (total)  <34 (<2)  34–50 (2–3)  >50 (>3)  umol/l (mg/dL) 
 Serum albumin  >35  28–35  <28  g/L 
 INR  <1.7  1.71–2.20  >2.20  No unit 
 Ascites  None  Suppressed with medication  Refractory  No unit 
 Hepatic encephalopathy  None  Grade I–II (or suppressed with medication)  Grade III–IV (or refractory)  No unit 
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increase hepatic cell mass such as portal vein embolization 
may be indicated, or non-resectional alternatives (transplan-
tation, chemo-irradiation, local ablation, etc.) considered. 

 Volumetric estimations can be combined with functional 
analyses such as indocyanine green retention (see below) to 
provide composite scores of high accuracy for predicting 
complications and outcomes of liver surgery  [  16  ] . 

 Hepatic steatosis (fatty liver) is a risk factor for complica-
tions and death after liver resection, and some authors advo-
cate pre-operative identi fi cation prior to major hepatic 
resection: the fat content of the liver can be assessed by 
 ultrasound, computed tomography or magnetic resonance 
 imaging  [  17  ] .  

    7.4   Bioenergetic Tests 

 The traditional liver function tests outlined above are used to 
identify disturbance in several of the possible biologic roles 
of the liver. However, results may be in fl uenced by diverse 
non-hepatic factors and there is often variation in the degree 
of perturbation of different tests. A limitation common to 
these evaluations is that they are indirectly re fl ective of 
underlying liver physiology. Although these tests can be aug-
mented by liver volumetry, it should be appreciated that in 
the diseased state there may be a dissociation between hepa-
tocyte mass and performance, and therefore volumetric indi-
ces may not accurately re fl ect functional reserve. Conversely, 
serum biochemistry may be misleadingly normal in certain 
disease states, for example a biliary obstructed hemi-liver, 
due to compensatory processes. Because of these limitations, 
estimations of organ energy balance have intrinsic appeal 
since they may more reliably re fl ect the condition of 
hepatocytes. 

 Fundamentally, the key determinant of hepatic functional 
status and reserve is the energy state of the organ, which in 

turn is determined by the aggregate energy balance of indi-
vidual hepatocytes. Energy transduction for maintenance of 
cellular integrity and function is achieved through the adeny-
late high-energy phosphate system, the principal mediator 
being adenosine triphosphate (ATP). In the liver, each indi-
vidual hepatocyte may be considered as a self-recharging 
battery in which energy status is controlled according to 
energy charge      ( ) ( )ATP 1 / 2ADP / ATP ADP AMP+ + +    or 
phosphorylation potential      ( )ATP / ADP Pi´    [  18  ] . These key 
metabolic parameters govern the balance between energy-
producing (exergonic) and energy-consuming (endergonic) 
processes, thereby maintaining the biochemical poise of the 
system. 

 A fall in energy state induces a curtailment of synthetic, 
secretory and storage reactions, while favouring energy-
producing ones (and vice versa) thereby tending to restore 
equipoise when energy demands and supply (temporarily) 
dissociate (Fig.  7.1 ). When net energy consumption exceeds 
supply, whether due to increased physiologic demands or to 
limitations of ATP-generating ability secondary to disease 
(or some combination of the two) then a fall in energy state 
is produced. By the action of feedback modi fi cation, a com-
pensatory suppression of ATP-consuming processes will 
result. This has widespread and varied consequences for 
liver function, but not all aspects of hepatocyte biology will 
necessarily be affected to the same degree for any given 
magnitude of energy state depression (Fig.  7.2  shows sche-
matically the physiologic consequences of energy balance 
de fi cit after liver resection). Active anionic transport and 
protein synthesis are typical of energy-consuming processes 
that are curtailed during conditions of energy state depres-
sion, hence plasma bilirubin levels tend to rise and pro-
thrombin and albumin levels fall. Other important 
energy-dependent processes such as nucleic acid synthesis 
may also be suppressed with important implications for 
mitotic capacity and regeneration. More extreme deviations 

Reaction rate

Depletion Balance point

Energy charge

Energy-consuming reactions

Energy-producing reactions

  Fig. 7.1    Energy charge and 
metabolic control. The graph shows 
how a reduction in energy state at 
‘depletion’ results in a decrease in 
energy-consuming reaction rates 
(secretion, synthesis, storage) and 
increase in energy-producing 
reaction rates, thereby restoring the 
system to the energy “balance point”       
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from energy balance may result in metabolic decompensa-
tion and organ failure.   

 A variety of different methods are available with which to 
gauge hepatic energy balance, and determinations may be 
performed on peripheral blood or alternatively on the liver 
itself (by invasive and non-invasive means). 

    7.4.1   Peripheral Blood Redox State 

 Hepatic mitochondrial redox state can be estimated by mea-
surement of the relative abundance of ketone bodies in 
peripheral blood. The ratio of acetoacetate to hydroxybu-
tyrate (the arterial ketone body ratio, AKBR) is in equilib-
rium with that of oxidized to reduced nicotinamide-adenine 
dinucleotide (NAD + /NADH) in mitochondria  [  19  ] :

     Acetoacetate NADH H 3 hydroxybutyrate NAD+ ++ + ® - +    

 The balance between these states of NAD re fl ects the ATP 
synthesizing potential of the mitochondria. When electron 
acceptor (oxygen) availability is limited the ratio of NAD + /
NADH falls, ATP generation is reduced and energy state 
declines: these changes are also re fl ected in a decrease ace-
toacetate/hydroxybutyrate ratio (and for biochemically anal-
ogous reasoning a decrease in the pyruvate to lactate ratio). 

 In the liver, acetoacetate is produced via the formation of 
3-hydroxy-3-methylglutaryl-CoA (HMGCoA) and also by 
the deacylase reaction from acetoacetyl-CoA; when condi-
tions leading to accumulation of reducing equivalents pre-
vail, conversion to hydroxybutyrate increases. 

 The liver is the predominant source of ketone bodies, 
although other tissues are involved in their subsequent 
metabolism. The ratio of acetoacetate to hydroxybutyrate 
in arterial blood has been shown to be related to hepatic 

mitochondrial redox state  [  20  ] . A fall in arterial ketone body 
ratio can be taken to represent a decline in hepatic mito-
chondrial redox (phosphorylating) potential, and hence 
attenuation of those aspects of liver function that are depen-
dent on energy supply. Single pre-operative measures of 
arterial ketone body ratio are of limited use in predicting 
outcomes, although re fi nements based on dynamic response 
to glucose loading have been described (see below)  [  21  ] . 
Serial post-operative estimates of arterial ketone body ratio 
can identify individuals most likely to develop hepatic fail-
ure after liver resection  [  22  ] .  

    7.4.2   Tissue Adenine Nucleotide 
and Mitochondrial Analysis 

 Because of the requirement for tissue biopsy these measure-
ments have principally been used in a research setting. 
Nevertheless, the information has proved valuable for proof 
of concept of novel, non-invasive methods for estimating 
energy state (see below). Assays of tissue-level metabolism 
are often based on chemical analysis of biopsy specimens 
for high-energy phosphate compounds. The relative concen-
trations of adenosine mono-phosphate (AMP), adenosine 
di-phosphate (ADP) and adenosine tri-phosphate (ATP) are 
used to determine the cellular energy charge (or equivalently 
the phosphorylation potential). As discussed earlier, these 
parameters are central to regulation of metabolism by con-
straining the balance between energy-producing and energy-
consuming reactions. Alternative techniques involve 
analysis of mitochondrial phosphorylative activity and 
 cytochrome chain component redox state. In general, the 
 diseased liver (whether by dint of biliary obstruction 
or parenchymal pathology) displays altered energy-
chain activity with  negative in fl uence on ATP-synthesizing 
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ability: these  fi ndings are predictive of complications after 
liver resection as a consequence of decreased functional 
reserve  [  23–  25  ] .  

    7.4.3   Magnetic Resonance Spectroscopy 

 Spectroscopy describes the interaction of electromagnetic 
radiation with matter, and in this context the resonant 
exchange of energy by nuclei in a magnetic  fi eld. This is an 
emerging technique which allows non-invasive assay of 
hepatic intracellular metabolism in vivo. The measurements 
can be performed on standard magnetic resonance imaging 
(MRI) systems after suitable adaptation, and are increasingly 
being used in the modern clinical arena. The basis of the 
technique is similar to that of the more familiar magnetic 
resonance (hydrogen nucleus) imaging except that the infor-
mation is obtained from a different chemical nucleus (usu-
ally 31-phosphorus, but also 13-carbon and 23-sodium 
amongst others). The principle of the measurement is that 
atomic nuclei have electrical charge and spin, and hence a 
magnetic moment (by Faraday’s laws). If a sample of the tis-
sue to be studied (or indeed a whole organ in vivo) is placed 
within an external magnetic  fi eld, nuclei with odd-quantum 
spin numbers will align themselves in one of a number of 
possible quantum states with a slight preponderance of nuclei 
aligned along the  fi eld (low-energy state) according to the 
Boltzman constant. Within this  fi eld, the nuclei precess at a 
speci fi c rotational rate, the Larmor frequency (analogous to 
the way in which a spinning gyroscope precesses in the 
earth’s magnetic  fi eld). When a radiowave pulse oscillating 
at the same (Larmor) frequency is applied perpendicular to 
the original  fi eld, the nuclei will absorb energy (the reso-
nance condition) and change their quantum state: a greater 
proportion are now in the higher energy condition, which can 
be measured by electromagnetic induction of current in a 
detector. Different nuclei can be assayed by varying the fre-
quency of the radiowave probing pulse. The signal obtained 
is mathematically treated (Fourier transformation) to pro-
duce a spectrum of concentration against frequency, with 
nuclei of the same type but within different chemical species, 
being resolved. 

 A typical liver spectrum obtained by resonating on the 
31-phosphorus nucleus (31-phosphorus magnetic resonance 
spectroscopy, 31P-MRS) using a 1.5 T clinical MRI system 
is shown in Fig.  7.3  31-phopshorus magnetic resonance 
spectroscopy is particularly appealing for the study of liver 
metabolism in vivo, because this naturally occurring phos-
phorus isotope is central to biological energy transduction 
and ubiquitous in cell membrane phospholipids. Using 
31-phosphorus magnetic resonance spectroscopy it is possi-
ble to measure the energy state of the liver and to appreciate 
changes in cell membrane composition.  

 With respect to hepatic energy balance, two relevant 
phosphate-compounds are assayed: ATP and it’s hydrolytic 
breakdown product inorganic phosphate (Pi)

      ATP ADP Pi.« +     

 The ratio of ATP/Pi is an estimate of energy state, analo-
gous to cellular energy charge or phosphorylation potential 
 [  26  ] . Clinical 31P-MRS studies have shown, in general, that 
in the steady state condition, liver energy balance is often 
preserved in compensated parenchymal disease  [  27  ] . 
However, under conditions of changing metabolic stress, 
 fl uctuations in energy state can be detected. For example, 
serial measurements of ATP/Pi in the regenerating human 
liver after partial hepatectomy have revealed patterns of 
high-energy phosphate depletion and recovery  [  28  ] . In the 
clinical setting of obstructive jaundice, biliary decompres-
sion has been shown to enhance liver energy status as mea-
sured by this technique, a  fi nding which may guide the 
selection and optimum timing of therapy  [  29  ] . This is impor-
tant because the risks of liver resection are greater when bil-
iary obstruction is present since this is associated with 
de fi cient regeneration  [  2  ] . 

 The relative proportions of phospholipid compounds 
detectable by 31-phosphorus magnetic resonance 
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  Fig. 7.3    31-phosphorus magnetic resonance spectrum of human liver. 
Peak area is proportional to amount of metabolite. Peaks labeled on 
scan:  PME  phosphomonoesters (mainly phospholipids precursors and 
sugar phosphates),  Pi  inorganic phosphate (product of adenosine 
triphosphate hydrolysis, which yields adenosine diphosphate and inor-
ganic phosphate: ATP ↔ ADP + Pi),  PDE  phosphodiesters (principally 
phospholipid catabolites with some contribution from cell membranes), 
and  g -,  a -,  b -phosphates of nucleotide triphosphates,  NTP  (high-energy 
phosphate compounds). By convention, the [ b -P] NTP peak is taken 
practically to represent adenosine triphosphate, ATP. Unlabeled peak at 
zero parts per million (ppm), is phosphocreatine contamination from 
muscle. Data are conventionally presented as ratios of peak areas, com-
prising energy status (ATP/Pi) and phosphoester metabolites (PME/
PDE) respectively. Alternatively, individual peak areas may be expressed 
as a function of total visible phosphate (TP). These measures are inde-
pendent of the volume of liver from which the signals are obtained       
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 spectroscopy are re fl ective of hepatocyte membrane phos-
pholipid composition and metabolism. Two broad peaks rep-
resenting phospholipids metabolites are generally observed. 
The phosphomonoester (PME) peak mainly consists of phos-
pholipids precursors, while the phosphodiester peak (PDE) 
comprises phospholipid catabolites. Changes in the relative 
abundance of these compounds characterized by a relative 
excess of phospholipid precursors with respect to catabolites 
have been interpreted to re fl ect redirection of phospholipid 
turnover with generation of secondary messengers and some-
times true ampli fi cation of membrane synthesis. In the 
human liver this pattern of change has been observed in neo-
plasia, in the maturing neonatal organ, in benign parenchy-
mal disease (including cirrhosis and hepatitis) and in biliary 
obstruction  [  27,   29–  31  ] . Figure  7.4  shows a clinical 31-P 
magnetic resonance spectrum illustrating membrane phos-
pholipid alterations in a patient with obstructive jaundice 
due to hilar cholangiocarcinoma. In general, disturbance of 
 phospholipid balance correlates with grade of parenchymal 

disease in hepatic  fi brosis and cirrhosis and it is likely that 
such measurements will  fi nd a role in the assessment of 
hepatic status in the future  [  32  ] . Changes in hepatic mem-
brane phospholipid composition can also be detected after 
non-hepatic surgery, and in this context the changes appear 
to represent biochemical alterations during hepatocyte acti-
vation and acute phase physiology  [  28  ] .  

 An appealing feature of magnetic resonance spectroscopy 
is that it can be used serially in the clinical setting to monitor 
in vivo liver function non-invasively, in addition to providing 
conventional imaging information on hepatic volume recov-
ery, vessel patency and biliary tract morphology (see Sect. 
 7.6  Longitudinal Evaluation After Hepatectomy).   

    7.5   Dynamic Tests 

 These tests generally examine one or more aspects of liver 
physiology in a time dependent manner or in response to 
some provocation such a metabolic stress. The advantage of 
these assessments is that they can quantify hepatic function 
and when repeated can be used to assess changes in func-
tional status over time. Traditionally, the commonest tech-
niques are tracer excretion studies (clearance tests), although 
metabolic and bioenergetic measurements and sophisticated 
nuclear medicine studies are also available to the clinician. 
The response to portal vein embolization may be considered 
as a special case of dynamic testing of hepatic functional 
reserve. 

    7.5.1   Clearance Tests 

 These estimate hepatic extraction, handling and excretion of 
test substances. Depending on the compound selected, the 
process examined is variably speci fi c but generally re fl ects 
the number of hepatocytes (liver cell mass), the functional 
ability of those hepatocytes and, for very high ef fi ciency 
elimination, some dependence on hepatic blood  fl ow. The 
most commonly used are the indocyanine green (ICG) test 
which measures an energy-dependent transport mechanism, 
and the aminopyrine test which is re fl ective of microsomal 
function. Some tests of metabolic function consequent upon 
sugar handling, such as galactose elimination capacity, are of 
practical and theoretical interest. 

    7.5.1.1   Indocyanine Green Test 
 This is probably the commonest quantitative liver function 
test in clinical use. Indocyanine green (ICG) is a tricarbocya-
nic green coloured dye, which when administered into the 
circulation rapidly combines with plasma proteins (albumin, 
lipo-proteins, etc.) and the volume of distribution is therefore 
the blood volume. ICG is taken up selectively by the liver, 
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  Fig. 7.4    MRI of liver from a patient with obstructive jaundice due to 
hilar cholangiocarcinoma showing grossly dilated intrahepatic biliary 
system. The corresponding 31 phosphorus magnetic resonance spec-
trum is shown. There are readily visible differences in the relative 
amounts of phospholipids in the PME (phospholipid precursor) and 
PDE (phospholipid catabolite) peaks when compared to the spectrum 
from normal liver shown in Fig.  7.3        
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and is excreted unaltered into the bile by an energy (ATP) 
dependent carrier mediated mechanism. The carrier is a 
member of the canalicular multiple organic anion transporter 
(cMOAT) group, which is also responsible for the excretion 
of bilirubin. The disappearance of ICG from the blood is 
therefore a measure of an energy-dependant process. ICG 
exhibits a maximum absorbance at wavelength of 805 nm 
(near infrared region of the electromagnetic spectrum) and 
the principle of the measurement is one of photoabsorbance, 
using pulse densitometry based on pulse oximetry. The test 
is usually performed by administering ICG intravenously in 
a dose of 0.5 ml per kg, and monitoring the blood concentra-
tion by means of a non-invasive transcutaneous probe (with 
diodes emitting in the near infrared 805 and 905 nm wave-
length) and photocell sensor. Since 805 nm also comprises 
an isobestic point at which absorption of oxyhaemoglobin 
intersects with that of deoxyhaemoglobin, the measurement 
of ICG is independent of oxygen saturation of the blood. 
ICG distributes uniformly in the blood within 2–3 min after 
intravascular injection, and the blood level then falls expo-
nentially for about 20 min thereafter, by which time about 
97 % is excreted. Because the physical nature of clearance is 
a natural exponential function, the measurements can be 
mathematically interpreted to produce values for: plasma 
half-life (T1/2), decay and time constants, and hence plasma 
disappearance rate and derived retention rate. 

 The exponential decay function of ICG concentration is 
converted by logarithmic transformation into a straight line to 
derive a half-life and decay constant (or its inverse, 
the time constant). The plasma disappearance rate 
(PDR, which equates to the decay constant of units 1/time) 
of the dye in the plasma is calculated from: 
     PDR ln 2 / T1 / 2*100 0.693 / T1 / 2*100= =    and expressed 
as %/min with normal range between 18 and 25. ICG  retention 
value is conventionally measured after 15 min (ICGR15) 
and is calculated by measurement of the plasma concentra-
tion after 15 min expressed as a ratio of that at time zero 
 (calculated by backwards extrapolation of the trans-
formed decay curve) according to the formula: 
     [ ] [ ] ( )ICGR15 ICG t 15min / ICG t 0 *100 %= = =   , with 
nor mal range of the order of 0–10 %. An example of a typical 
ICG clearance test elimination curve is shown in Fig.  7.5 .  

 The ICG test has been shown to be of value in predicting 
the risk of liver failure and death after hepatic resectional 
surgery, and is of particular value in patients with liver dis-
ease  [  33,   34  ] . Discriminant function analysis has shown that 
an ICG 15 min retention value of 14 % to be a useful predic-
tor of risk, conferring a relative risk of three fold for mortal-
ity  [  35  ] . Re fi nements in the estimation of the extent of 
tolerable parenchymal resection can be made on the basis of 
ICG testing  [  36  ] . ICG testing can be combined with volu-
metric assessment of parenchymal hepatic resection rate 
(PHRR, given by Okamoto’s formula: PHRR = resected 

 volume – tumor volume / liver volume – tumor volume), and 
patient age, to produce a predictive score for the likelihood 
of developing liver failure after hepatectomy  [  13,   16  ] . ICG 
clearance estimation of the future liver remnant has been 
validated in predicting outcome after resection for biliary 
cancer  [  37  ] . Combined volumetric and functional evalua-
tions of this type have the potential to reduce deaths related 
to excessive resection in individuals with impaired liver 
function. Postoperative (remnant liver) recovery of ICG 
elimination has also been shown to be predictive of the devel-
opment of complications  [  38  ] . 

 It is relevant to the management of patients with cholang-
iocarcinoma that plasma clearance of ICG is diminished in 
obstructive jaundice, and in this context it is preferable to 
measure plasma ICG after the relief of biliary obstruction 
 [  37,   39  ] . Alternatively, when external biliary drainage has 
been employed, measurement of ICG excretion in bile may 
more accurately re fl ect underlying liver energy state, and has 
been shown to correlate more closely with hepatic ATP lev-
els than plasma ICG clearance  [  40  ] . An interesting area of 
ongoing research is in the use of near infrared spectroscopy 
for direct measurement of ICG clearance from hepatic paren-
chyma  [  41  ] .   

    7.5.2   Microsomal Capacity Tests 

 These evaluations probe the capacity of the micro-
somal cytochrome P450 system, and are in essence an 
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assessment of liver cell mass. This system of monooxyge-
nases is responsible for the metabolism of a wide range of 
xenobiotic (and endobiotic) compounds using enzymatic 
hydroxylation. For any given compound, R, the reaction 
catalysed is:

     2 2R 0 NADPH H R-OH H 0 NADP++ + + ® + +    

 A number of test substances can be used for the pur-
poses of testing liver microsomal function, including amin-
opyrine, caffeine, lidocaine and the lidocaine metabolite 
monoethylglycinexylidide (MEGX). A signi fi cant limita-
tion of these tests is that the enzyme system is inducible 
by ethanol and in fl uenced by many commonly used drugs, 
e.g. phenytoin (inductive potentiation) and omeprazole 
(inhibition). 

    7.5.2.1   Aminopyrine 
 The aminopyrine (dimethyl aminoantipyrine) test is the 
most commonly used, since the progress of metabolic 
conversion (N-demethylation) can be measured after oral 
administration by a breath test. The principle of the assay is 
that a dose of aminopyrine with radioactive (14C) or stable 
heavy isotope (13C) labelled methyl groups is given. The 
labelled methyl groups are cleaved by the hydrolytic action 
of microsomal P450, and subsequently converted to labelled 
carbon dioxide which is exhaled. The breath may then be 
analysed by radiation counter or isotope ratio mass spec-
trometry accordingly, and the result is expressed as percent-
age of the dose expired in a given time. Despite the potential 
for confounding outlined above, the aminopyrine breath test 
has been shown to be a sensitive and quantitative indicator 
of liver dysfunction, with the ability to stratify surgical risk 
in patients with liver disease  [  42  ] . A composite score, the 
Liver Resection Index (LRI), has been devised which com-
bines aminopyrine breath test (ABT) with volumetric mea-
sures of parenchymal hepatic resection rate (PHRR) and 
tumor to liver volume ratio to  formulate a preoperative risk 
assessment for fatal post-hepatectomy complications LRI 
= ABT(%)*100 / PHRR*age(years)*tumour / liver volume 
ratio which has a reported sensitivity of 75 %, speci fi city 
of 83 %  [  43  ] .  

    7.5.2.2   Lidocaine and MEGX 
 Lidocaine is a commonly used local anaesthetic and antiar-
rythmic agent. Lidocaine is metabolised in the liver by the 
cytochrome P450 pathway, with formation of monoethylg-
lycinexylidide (MEGX). In the setting of chronic liver dis-
ease, the hepatic clearance of lidocaine is reduced with 
prolongation of its half-life. The generation of MEGX (a 
build-up or positive exponential process) is consequently 
reduced and it is the determination of this metabolite that 
forms the quantitative basis of the liver function test. Clinical 

studies indicate that this test is of value in assessing the like-
lihood of development of complications for cirrhotic patients 
undergoing liver resection  [  44  ] .   

    7.5.3   Hexose Sugar Metabolic Capacity 

 Handling and metabolism of hexose sugars (glucose, galac-
tose and fructose) by the liver involves energy dependent 
processes. Dynamic liver function tests using galactose and 
fructose have been described, together with the effect of glu-
cose loading on ketone body ratio. 

    7.5.3.1   Galactose Elimination Capacity 
 The rate-limiting step in the metabolism of galactose within 
the liver is that catalysed by galactokinase which phospho-
rylates galactose to galactose-1-phosphate. The reaction is 
an energy dependent one, consuming ATP, and the phospho-
rylated galactose is then converted to glucose which is then 
oxidised in the standard way. The test is performed by 
administering galactose and then monitoring serial blood 
levels, or alternatively by a breath test which measures con-
version of either radioactive 14C or mass spectrometric 
detection of 13C, in expired carbon dioxide. The test has 
been shown to predict complications and survival after 
hepatic resection  [  45  ] .  

    7.5.3.2   Glucose Load: Redox Tolerance Test 
 The redox tolerance test quanti fi es the potentiation of hepatic 
mitochondrial energy metabolism (measured by arterial 
ketone body ratio, AKBR) in response to an oral glucose 
loading. The redox tolerance index is derived from the 
change in ketone body ratio as a function of change in blood 
glucose level: the lower the index the higher postoperative 
morbidity and mortality associated with major hepatic resec-
tions  [  21  ] .  

    7.5.3.3   Fructose Tolerance Test 
 Fructose is phosphorylated in the liver by fructokinase, a 
reaction which consumes ATP. A bolus dose of fructose can 
deplete the liver of inorganic phosphate by trapping within 
fructose-1-phopshate and thereby limiting the regeneration 
of ATP from ADP within the cell. These changes can be 
followed by 31-phosphorus magnetic resonance spectros-
copy which can measure the accumulation of fructose-1-
phosphate, depletion of inorganic phosphate and decline in 
ATP levels  [  46  ] . When the liver is diseased, a reduced rate 
of fructose-1-phosphate formation is found following fruc-
tose loading, which may be explained by impaired fructose 
delivery to, transport into and handling by hepatocytes. 
These  fi ndings are of interest in view of the non-invasive 
way in which detailed bioenergetic information is obtained. 
However, the theoretical risk of precipitating lactic acidosis 
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warrants caution in the application of such tests outside of 
carefully controlled environments.   

    7.5.4   Hepatobiliary Uptake and Excretion 
Scintigraphy 

    7.5.4.1   Iminodiacetic Acid 
 Isotope-labelled organic anions such as 99m technetium-imi-
nodiacetic acid (IDA) permit simultaneous evaluation of total 
and regional hepatocyte uptake (cell mass estimate) as well as 
excretory kinetics (functional evaluation). The biliary excre-
tion mechanism is common to that of the energy-dependent 
organic anion transporter system, and hence the  fi ndings of 
dynamic testing correlate with those of indocyanine green 
clearance studies  [  47  ] .  

    7.5.4.2   Asialoglycoprotein Receptor Scintigraphy 
 Naturally occurring asialoglycoproteins (ASGP), for exam-
ple ceruloplasmin, are removed from the circulation by a 
mechanism that involves adherence to speci fi c receptors in 
the sinusoidal membrane of hepatocytes (asialoglycoprotein 
receptor, ASGPR). When the liver is diseased the number of 
such receptors is reduced which is associated with accumu-
lation of the glycoprotein in the blood. A manufactured 
scintigraphy agent which binds to ASGPR on hepatocytes, 
technetium-99m-galactosyl-human serum albumin (99mTc-
GSA) can be used to probe the dynamics of clearance from 
blood, hepatic uptake and overall receptor complement. 
Schematic scintigraphs are shown in Fig.  7.6 . Using a radio-
pharmacokinetic model, hepatic uptake and blood disap-
pearance rates can be measured, and a quantitative index for 
receptor binding (typically indexed at 15 min) obtained 
 [  48,   49  ] . This value has been shown to be useful for the 
prediction of liver failure in high-risk patients. The tech-
nique is of interest because it is mechanistically distinct 
from other measures of liver function such as organic anion, 

hexose-sugar or microsomal-based clearance tests, and 
appears to more accurately re fl ect histological  fi ndings. 
Preoperative regional maximal removal rate of 99mTc-GSA 
in the predicted residual liver after hepatectomy has been 
proposed as a useful test for judging the safety and extent of 
liver resection  [  50  ] .    

    7.5.5   Regenerative Capacity: Portal Vein 
Embolization 

 When a tumour is technically suitable for resection but there 
are concerns about the adequacy of residual hepatic paren-
chyma (and its functional reserve), one possibility that may 
be considered is portal vein embolization. Typical indica-
tions for portal vein embolization are when predicted rem-
nant liver volume is 25 % or less of total liver volume for 
normal liver, and 40 % or less when liver function is compro-
mised  [  51  ] . The principle of the technique is that when one 
lobe of the liver is deprived of portal blood  fl ow it undergoes 
relative atrophy, and a hypertrophic (regenerative) compen-
satory response is induced within the contra-lateral lobe. In 
essence this represents a therapeutic trial of regenerative 
potential: if the hypertrophic response is adequate then for-
mal resectional surgery may be entertained. However if the 
augmentation of hepatic cell mass is de fi cient, surgery would 
likely result in decompensation of an inadequate liver rem-
nant with failure of regeneration. In this sense, the response 
to portal vein embolization can be considered as a dynamic 
test of liver function. 

 The growth of the non-embolized lobe is usually moni-
tored by serial computed tomographic volumetry. In the 
commonest application, a right portal vein will be embolized 
to produce left lobe hypertrophy. The average growth of non-
embolized tissue that can be anticipated is of the order of 
30 %, with mean increase of the order of 10–15 % in total 
liver volume. 
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 In addition to volumetric measurement (which is a surro-
gate for liver cell mass), the functional response of the non-
embolized lobe can also be assessed. After a successful 
regenerative response, biliary excretion of indocyanine green 
by the non-embolized lobe is increased and energy charge is 
maintained within normal limits  [  52,   53  ] . Compensatory 
accrual of asialoglycoprotein receptor complement can also 
be monitored in the non-embolized regenerative lobe  [  54  ] .   

    7.6   Longitudinal Evaluation 
After Hepatectomy 

 An accurate appraisal of liver status is important for the 
identi fi cation of individuals most at risk of developing liver 
failure after resectional surgery. Recovery from hepatectomy 
requires a metabolic compromise between differentiated 
function and parenchymal regrowth, and the likelihood of 
liver failure ensuing is determined by complex interplay 
involving liver-speci fi c and general clinical parameters. 
Liver-speci fi c factors include the current state of liver physi-
ology and reserve, the presence and degree of underlying 
liver disease (and inherent regenerative potential), the mag-
nitude of parenchymal resection and the size of the remnant 
liver (and its viability)  [  1  ] . 

 Post-operative liver failure has not been uniformly de fi ned, 
but clinical features include jaundice, ascites, hepatorenal 
syndrome and onset of encephalopathy. Derangements in 
commonly used biochemical tests, plasma proteins and 
coagulation pro fi les are characteristic, but there is no con-
sensus on when these constitute liver failure, and moreover 
similar patterns (albeit with less extreme deviations) are 
noted after liver resection when the recovery proves to be 
uneventful. Clinical and laboratory experience has shown 
that events pivoting around the  fi fth post-operative day are of 
predictive value for eventual outcome  [  55,   56  ] . It is apposite 
to question what is happening to hepatocytes at this critical 
time after liver resection, and what types of measurement 
can inform interpretations and therapeutic decision making. 

 Preservation of liver function after resection requires that 
the remaining hepatocytes meet the inherited demands of 
baseline-differentiated activity. The average cellular work-
load will however be increased in direct proportion to the 
number of liver cells lost. Moreover, the remnant liver is also 
required to host an acute phase reaction characterized by a 
major redirection of protein synthesis designed to restore 
bodily equilibrium. The metabolic burden on hepatocytes is 
increased further by widespread mitosis to replenish lost cell 
mass. Indirect measures of cell cycling in humans have 
con fi rmed the regenerative process to be maximal 4–5 days 
after hepatectomy  [  57  ] . 

 At the hepatocyte level, the metabolic kinetics underlying 
these events can be studied in a number of direct and indirect 

ways according to the techniques discussed earlier. Liver 
regeneration following hepatic resection is associated with a 
decline in cellular energy charge (with a compensatory 
increase in net hepatocyte ATP production) which produces 
a fall in both ketone body ratio and ICG clearance, and these 
changes normalise when volume recovery is complete  [  20, 
  58–  61  ] . Figure  7.7  illustrates the time course of these events. 
Development of liver failure is re fl ected in increasing 
derangements of metabolic indices and can be shown by 
serial measurement of ketone body ratio and ICG elimina-
tion rates  [  22,   63  ] .  

 In the modern clinical arena, 31-P MRS can be used for 
the non-invasive study of hepatic metabolism and regenera-
tion after liver resection  [  28  ] . In one such study, the Fig.  7.8  
shows that in the remnant normal liver, metabolic balance 
appears to be initially achieved by diverting energy away 
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from quiescent hepatic functions (such as bilirubin excre-
tion) whilst also rechanneling resources for acute phase 
requirements. During the maximal growth phase between the 
fourth and sixth days after hepatectomy, energy expenditure 
exceeds ATP availability, inducing a decline in energy state. 
Accordingly, derangements in differentiated function tend to 
reach their extremes at this time when energy charge is at its 
nadir, around the fourth post-operative day. As organ regrowth 
progresses, the distribution of cellular metabolic load 
becomes more equitable so that energy balance and organ 
function are restored. This pattern of recovery is disturbed 
when the liver is diseased. In the cirrhotic liver the early 
demands of inherited workload and stress reaction are not 
matched by compensatory changes in energy usage and sup-
ply, and a sustained fall in energy state occurs, evident in 
greater degree of dysfunction. The regenerative response is 

retarded (most volume regain occurring between the sixth 
and fourteenth days) and incomplete, because the depressed 
energy state restricts protein and nucleic acid synthesis.  

 How can these  fi ndings explain the mechanisms of meta-
bolic control and maintenance of hepatic function during 
liver regeneration, and can they be used to predict the devel-
opment of post-resectional liver failure? A useful analogy 
here is the concept of a liver energy economy, which is com-
prised of the sum and distribution of reactions for energy-
generation and energy-consumption. The metabolic demands 
on the remaining hepatocytes after liver resection can be 
apportioned into three vectors: (a) maintenance of differenti-
ated function; (b) acute phase reaction and (c) cellular regen-
eration. These synchronous competing factors can be 
combined to produce a representation of hepatic energy 
economy after partial hepatectomy (Fig.  7.9 ). Successful 
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regeneration of human liver after partial hepatectomy 
involves modulation of hepatic energy economy in response 
to changing work demands. The ef fi ciency of this process is 
in fl uenced by the histopathologic state of the organ, and in 
turn governs physiologic reserve. Functional derangements 
after hepatectomy can therefore be regarded as adjustments 
according to energy status: these may occur within permitted 
limits, but if energy de fi cit is excessive then progression to 
liver failure ensues. The mechanism and timing of post-
hepatectomy liver failure can be conceptually explained by 
an inability to maintain organ energy balance during recov-
ery. This concept can also account for the well known clini-
cal phenomenon of post-operative sepsis precipitating liver 
failure after hepatectomy  [  16  ] . In this instance, the infection 
induces a second-hit acute phase stress on the liver, which if 
it occurs at or around the critical regenerative growth spurt 
may be suf fi cient to induce metabolic decompensation. This 
framework can also be used to interpret the therapeutic role 
of portal vein embolization: in this case, the metabolic bur-
den of regeneration is selectively dissociated from the 
demands of acute phase reaction, allowing a temporal sepa-
ration (staging) of the metabolic load such that a critical 
threshold of energy-balance is not exceeded, and thereby 
stewarding successful recovery  [  64  ] . Pre-growing the rem-
nant liver levers bioenergetic advantage over postoperative 

regrowth. With these insights in mind, organ monitoring 
based on intracellular metabolism after hepatectomy has the 
potential to provide for the early detection of impending liver 
failure, and has potential to guide the development and appli-
cation of novel hepatic support strategies  [  65  ] .   

    7.7   Summary and Synthesis 

 In general, clinical evaluation and standard liver blood tests, 
combined in a clinico-laboratory scoring system (usually 
Child-Pugh), provide a reliable means of gauging hepatic 
function and its reserve. Despite the biologic complexity of 
liver function, clinicians are able to identify healthy status 
and to discriminate between well-, moderately- and poorly-
compensated liver disease with considerable accuracy using 
this assessment. Additional testing is usually performed 
when liver function is judged borderline (or potentially so), 
or when a major resection is under consideration in an other-
wise apparently normal liver. The most useful supportive 
information is derived from computed tomography volumet-
ric estimation of the anticipated magnitude of loss of hepato-
cyte cell mass and the size of the liver remnant. Dynamic 
testing of some component of performance such as sub-
stance-clearance (most popularly ICG) or receptor uptake 
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  Fig. 7.9    Hepatic energy economy after partial hepatectomy. Three 
dimensional plot for patients undergoing hepatectomy with normal and 
cirrhotic livers.  A  Starting conditions.  B  Resection: liver cell mass is 
lost and acute phase reaction (x-axis) is initiated; DNA synthesis in 
preparation for mitosis follows. This condition is associated with a fall 
in energy state (z-axis) and compensatory adjustment (permissible 
derangement) in differentiated function (which for example could be 
prothrombin time prolongation on the y-axis).  C  Regeneration: recov-
ery of liver cell mass and restitution of energy balance and functional 

status occurs within the framework of the integrated response loop 
shown here for survivors. The trajectory coordinates for cirrhotic liver 
( darker shading ) are more extreme, indicating greater departure from 
equilibrium and strain on homeostatic recovery mechanisms when the 
organ is diseased.  D  Departure of an individual from these physiologic 
boundaries, as a result of inadequate energy production, will result in 
decompensation of liver function and failure of the organ. This is evi-
dent from the coordinates of a patient who died of post-operative liver 
failure       
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(commonly by asialoglycoprotein scintigraphy) can augment 
the volumetric analysis by adding a quantitative functional 
dimension. In this way the strati fi cation of risk and selection 
and timing of therapeutic options can be increasingly re fi ned. 
When functional reserve is judged insuf fi cient to permit liver 
resection, and this would otherwise be the preferred course 
of action, then in suitable instances a therapeutic trial of por-
tal vein embolization may be performed. Emerging technol-
ogies that measure organ-speci fi c metabolism non-invasively 
such as magnetic resonance spectroscopy are poised to play 
an increasingly important role in the evaluation of liver func-
tion in the future.      
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 The diagnosis of hilar cholangiocarcinoma is suspected clin-
ically, but it is usually made with serum tumor markers and 
on medical imaging. Cytological and molecular techniques 
help in the diagnosis of dif fi cult cases. 

    8.1   Clinical Manifestations 

 Hilar cholangiocarcinoma is usually asymptomatic, or occa-
sionally associated with non-speci fi c symptoms such as 
abdominal discomfort, anorexia and even weight loss in the 
early stage  [  1  ] . These symptoms are often vague and 
neglected, hence it is rarely detected at this stage. As the 
tumor grows and obstructs the common hepatic duct and/or 
biliary con fl uence, jaundice gradually develops. Most 
patients with hilar cholangiocarcinoma seek medical advice 
because of jaundice, which is commonly painless, progres-
sive, and is accompanied by pruritus, clay-colored stool and 
dark urine  [  2  ] . Fever is uncommon and is due to acute cho-
langitis which happens in about 10 % of patients with hilar 
cholangiocarcinoma  [  3  ] . Patients then present with fever, 
chills and abdominal pain, in addition to jaundice. 

 Physical examination often reveals hepatomegaly with a 
 fi rm consistency, but the gallbladder is usually impalpable. 
An enlarged gallbladder suggests a more distal biliary 
obstruction rather than at the hepatic hilum. In patients with 
pruritus, multiple excoriations of skin are frequently 
found. 

 In liver function tests, a markedly elevation of serum total 
bilirubin is usually shown, with the conjugated bilirubin 
being predominant. Simultaneous elevations of alkaline 
phosphatase (ALP) and gamma glutamyltransferase (GGT) 
are frequent  [  4  ] . 

 These clinical manifestations suggest obstructive jaun-
dice. The differential diagnosis for obstructive jaundice is 
broad, and it includes a long list of hilar cholangiocarcinoma, 
ampullary carcinoma, duodenal carcinoma, pancreatic carci-
noma, gallbladder carcinoma, choledocholithiasis, benign 
biliary stricture, etc. The presumptive diagnosis of hilar cho-
langiocarcinoma is usually based on serum tumor markers 
and medical imaging investigations. Brush cytology or for-
ceps biopsy can offer a de fi nite diagnosis. Its low sensitivity, 
however, limits its clinical role. Currently, a de fi nitive diag-
nosis of hilar cholangiocarcinoma before an operation still 
remains a major challenge. 

    8.1.1   Serum Tumor Markers 

 Some serum tumor markers may be helpful in the diagnosis 
of hilar cholangiocarcinoma. Carbohydrate antigen 19-9 
(CA19-9) and carcinoembryonic antigen (CEA) are the most 
widely used markers. They may be elevated in hilar cholan-
giocarcinoma, but they are non-speci fi c and inadequately 
sensitive. CA19-9 and CEA can also be raised in many other 
malignancies, including gastric carcinoma, colorectal carci-
noma, pancreatic carcinoma and gynecological carcinomas. 
In addition, CA19-9 can be elevated in some benign condi-
tions, like cholangitis, choledocholithiasis and benign biliary 
stricture  [  5  ] . 

 Patel et al.  [  6  ]  compared the levels of CA19-9 in 36 cho-
langiocarcinomas without primary sclerosing cholangitis 
(PSC), 41 non-malignant liver diseases and 26 benign biliary 
strictures and found that a cutoff value of CA19-9 >100 U/ml 
had a sensitivity of 53 % for the diagnosis of cholangiocarci-
noma, and a true negative rate of 76 % for non-malignant 
liver diseases and 92 % for benign biliary stricture. Other 
studies show in patients with PSC, CA19-9 at a cutoff value 
of >100 U/ml has a sensitivity of 75–89 % and a speci fi city 
of 80–86 % for the detection of cholangiocarcinoma  [  7–  9  ] . 
A higher cutoff value improves its speci fi city  [  10  ] , 
but impairs its sensitivity. Recently, Juntermanns et al.  [  11  ]  
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analyzed  retrospectively the CA19-9 level in 136 patients 
with hilar cholangiocarcinoma, and found that it was closely 
related to the tumor staging, being 253 ± 561 U/ml for UICC 
stage I, 742 ± 1,572 U/ml for stage II, 906 ± 1,708 U/ml for 
stage III and 1,707 ± 3,053 U/ml for stage IV. 

 CEA alone has an unsatisfactorily low sensitivity and 
speci fi city for the diagnosis of cholangiocarcinoma  [  12  ] . 
Koea et al.  [  5  ]  reported that CEA was elevated in only 2 out 
of 28 patients with hilar cholangiocarcinoma. Juntermanns 
et al.  [  11  ]  found that the CEA level in patients with hilar 
cholangiocarcinma was related to the tumor staging, being 
2.9 ± 3.8 U/ml for UICC stage I, 4.6 ± 6.5 U/ml for stage II, 
18.1 ± 29.6 U/ml for stage III and 22.7 ± 53.9 U/ml for stage 
IV. A combination of CEA and CA19-9 improves the capa-
bility to detect cholangiocarcinoma. Siqueira and his associ-
ates reported that CEA > 5.2 ng/mL in combination with 
CA19-9 > 180 U/ml had a sensitivity of 100 % and a 
speci fi city of 78.4 % for the detection of cholangiocarcinoma 
in patients with PSC  [  13  ] . 

 New markers, such as the human mucin subtypes A and C 
(mucin-5AC), trypsinogen and soluble fragment of cytokera-
tin 19, are now being investigated  [  14  ] . Bamrungphon et al. 
reported that mucin-5AC at a cutoff value of 0.074 had a 
sensitivity of 71 % and a speci fi city of 90 % for the diagnosis 
of cholangiocarcinoma  [  15  ] . The diagnostic values of these 
new markers still need to wait for large-scale clinical trials to 
assess.  

    8.1.2   Imaging Investigations 

 Imaging investigations play an essential role in the diagnosis 
and management of hilar cholangiocarcinoma. The com-
monly used imaging modalities include ultrasound, com-
puted tomography (CT), magnetic resonance imaging (MRI)/
magnetic resonance cholangiopancreatography (MRCP), 
direct cholangiographies and positron emission tomography 
(PET).  

    8.1.3   Ultrasound 

 The widespread availability, convenience and low cost have 
made duplex ultrasound (DUS) of liver, biliary system and 
pancreas to be the most common  fi rst-step imaging study for 
patients with jaundice. DUS provides valuable diagnostic 
clues for hilar cholangiocarcinoma:  fi rstly, DUS is sensitive 
and accurate in identifying biliary dilatation. Based on the 
distribution of biliary dilatation, the location of biliary 
obstruction can be precisely de fi ned. Dilatation of intrahe-
patic bile ducts alone indicates a proximal biliary obstruc-
tion, and dilatation of both intra-hepatic and extra-hepatic 
bile ducts indicates a distal biliary obstruction. In a series of 
429 patients with obstructive jaundice, the sensitivity and 

speci fi city of DUS in de fi ning the location of biliary obstruc-
tion were 94 and 96 %, respectively  [  16  ] . 

 In the identi fi cation of etiology of the obstructive jaun-
dice, DUS may directly show the bile duct tumor and its 
extention (Fig.  8.1 ). Hann et al.  [  17  ]  reported in 39 patients 
with hilar cholangiocarcinoma, DUS detected bile duct 
tumors in 87 % of patients: as intra-ductal polypoid masses 
in 18 %, in fi ltrative lesions in 26 % and nodular mural 
thickening in 56 %. At the same time, it correctly evaluated 
the tumor extension in the bile duct in 87 %. Recently, con-
trast-enhanced ultrasound (CEUS) has been used in the 
diagnosis of hilar cholangiocarcinoma. The enhancement 
patterns of lesions are useful for the diagnosis and differen-
tial diagnosis of cholangiocarcinoma. In 30 patients with 
hilar cholangiocarcinoma, CEUS made a correct diagnosis 
in 93.8 %  [  18  ] . More large-scale clinical trials are still 
needed to assess its true role in the diagnosis of hilar 
cholangiocarcinoma.  

 Furthermore, DUS can accurately assess the status of the 
portal vein. In the study by Hann et al.  [  17  ] , DUS correctly 
predicted the involvement of portal veins in 86 % of the 21 
portal veins which were invaded by tumor in 16 patients. 
In another study, Bach et al. compared the accuracy of DUS 
and angiography combined with CT during arterial portogra-
phy (CTAP) for the evaluation of portal vein involvement 
by tumor. The results showed that DUS detected 38 of 
41 involved portal veins in 63 patients who received 
 hepatectomy, with a sensitivity of 93 %, speci fi city of 99 %, 
positive predictive value of 97 % and negative predictive 

IBD

LHD

RHD

PV

  Fig. 8.1    A 49-year-old male with a hilar cholangiocarcinoma. 
Ultrasound examination reveals a mass inside the hepatic duct con fl uence 
(T) with dilatation    of the intrahepatic bile ducts ( IBD ). Both the right 
hepatic duct ( RHD ) and the left hepatic duct ( LHD ) are not involved 
by the tumor, and the portal vein ( PV ) has an intact wall. The imaging 
features suggest a Bismuth-Corlett type II hilar cholangiocarcinoma       
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value of 98 %. The results were similar to those obtained by 
angiography combined with CTAP  [  19  ] . 

 The role of DUS in the diagnosis of hilar cholangiocarci-
noma has been well established. However, its sensitivity, 
speci fi city and accuracy are operator-dependent. Hence, 
other imaging investigations are usually needed following 
ultrasound examination.  

    8.1.4   Computed Tomography (CT) 

 Triple-phase CT scanning plays an important role in the 
diagnosis and staging of hilar cholangiocarcinoma, since it 
can provide information regarding to the location of the bil-
iary obstruction, tumor extension along the bile duct axis, 

vascular invasion, hepatic lobar atrophy, lymph node involve-
ment and distant metastases. Its accuracy has been remark-
ably improved with the application of high-resolution 
multidetector-row CT scanners. 

 On Triple-phase CT scanning, hilar cholangiocarcinoma 
appears as an hyperattenuating intra-ductal mass, focal mural 
thickening or lumen obliteration at the hilar bile duct with 
dilatation of the intra-hepatic bile ducts (Fig.  8.2 ). The sensi-
tivity of triple-phase CT for the diagnosis of hilar cholangio-
carcinoma reaches up to 90–100 %  [  4  ] , with an accuracy of 
92.3–95 %  [  20,   21  ] . However, it has a tendency to underesti-
mate the horizontal extension of tumor along the bile duct 
axis, with an accuracy of 77–80.9 %  [  21,   22  ] .  

 CT is accurate in assessing the status of the portal vein 
and hepatic artery (Fig.  8.2 ). In 18 patients with hilar 
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  Fig. 8.2    A 56-year-old female 
with hilar cholangiocarcinoma. 
Triple-phase CT scanning shows a 
contrast-enhanced mass ( T ) inside 
the hepatic duct con fl uence at the 
arterial phase ( a ). The tumor 
presents with washout at the portal 
phase ( b ). The right hepatic    duct is 
invaded by the tumor up to the 
con fl uence of the right anterior 
sectoral duct ( RAHD ) and right 
posterior sectoral duct ( RPHD ), 
and the left hepatic duct ( LHD ) 
remains intact ( a  and  b ). Part of 
the wall of the right hepatic artery 
( RHA ) is not clear (as shown by an 
 arrow  in  a ), and the right portal 
vein ( RPV ) is markedly stenotic 
(as shown by an  arrow  in  b ), 
suggesting that both of these 
vessels have been invaded by the 
tumor.  PV  portal vein       
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 cholangiocarcinoma, it correctly detected portal vein involve-
ment in 47 of 51 invaded portal veins, with a sensitivity of 
92.3 % and a speci fi city of 90.2 %. Its sensitivity and 
speci fi city for the detection of hepatic artery involvement 
were 100 and 90 %, respectively  [  23  ] . In another study 
involving 55 patients with hilar cholangiocarcinoma, CT had 
an accuracy of 85.5 % in detecting portal vein invasion and 
92.7 % in detecting hepatic artery invasion  [  24  ] . 

 Additionally, CT is useful in detecting hepatic lobar atro-
phy, lymph node involvement and distant metastases. 
Atrophy of one liver lobe is usually accompanied with hyper-
trophy of the contra-lateral lobe. This condition presents in 
hilar cholangiocarcinoma when the tumor invades one portal 
branch and causes atrophy of the ipsilateral liver lobe. 
Compensatory hypertrophy causes the contra-lateral liver 
lobe to enlarge. In the detection of lymph node involvement, 
CT has a sensitivity of 35–63 %  [  21,   25  ]  and a speci fi city of 
75–95 %  [  21,   24  ] . CT is also useful in detecting distant 
metastases, such as liver metastases and peritoneal metasta-
ses, but it is not sensitive enough to detect sub-centimeter 
metastatic lesions. 

 Overall, the resectability of hilar cholangiocarcinoma as 
assessed by preoperative CT has a sensitivity of 94–100 %, a 
speci fi city of 48–79 %, and an accuracy of 60–88 %  [  26  ] .  

    8.1.5   Magnetic Resonance Imaging 
(MRI)/Magnetic Resonance 
Cholangiopancreatography (MRCP) 

 MRI combined with MRCP is another excellent imaging 
modality for the diagnosis and staging of hilar cholangiocar-
cinoma. Like CT scanning, MRI/MRCP provides reliable 
information regarding the level of biliary obstruction, 
extent of biliary ductal involvement, vascular invasion, 
hepatic lobar atrophy, lymph node involvement and distant 
metastases. 

 MRI has an accuracy of 66 % for the detection of lymph 
node involvement  [  27  ] , a sensitivity of 78 % and a speci fi city 
of 91 % for portal vein involvement, a sensitivity of 58–73 % 
 [  28  ]  and a speci fi city of 93 % for hepatic arterial involve-
ment  [  29  ] . In addition, MRCP offers a two-dimensional or 
three-dimensional reconstruction of the entire biliary tree, 
which is valuable for precisely de fi ning the longitudinal 
tumor extension within the bile duct (Fig.  8.3 ). The accuracy 
of MRCP in de fi ning the extent of biliary ductal involvement 
in hilar cholangiocarcinoma reaches 71–96 %  [  25  ] . Compared 
with direct cholangiographies, including percutaneous tran-
shepatic cholangiography (PTC) and endoscopic retrograde 
cholangiopancreatography (ERCP), MRCP has a similar 
diagnostic accuracy in hilar cholangiocarcinoma but with the 
advantages of non-invasiveness, convenience and no risk of 
procedure-related cholangitis  [  4  ] .  

 Park et al.  [  30  ]  compared MRI/MRCP versus CT with 
direct cholangiographies in the evaluation of 27 patients 
with bile duct cancer. The accuracies of MRI/MRCP or CT 
with direct cholangiography were 90.7 % vs. 85.1 % in 
de fi ning the involvement of bilateral secondary biliary 
con fl uence, and 87 % vs. 87 % in de fi ning the involvement 
of intra-pancreatic common bile duct. Both had a similar 
accuracy in assessing vascular invasion and lymph node 
metastases. 

 Overall, MRI/MRCP has been extensively used in the 
diagnosis and staging of hilar cholangiocarcinoma, with an 
accuracy of 72–83 % in predicting its resectability  [  26  ] .  

    8.1.6   Direct Cholangiographies 

 PTC and ERCP are the two commonly used direct cholang-
iographies carried out by direct injection of contrast media 
into the biliary system. Both provide a clear delineation of 
the biliary tree and demonstrate precisely the location and 
extent of biliary obstruction. An abrupt, irregular and 
 eccentric biliary stenosis with proportional dilatation of the 
proximal biliary tree usually implies malignancy (Fig.  8.4 ). 
The sensitivity, speci fi city and accuracy of ERCP/PTC for 
the diagnosis of malignant biliary obstruction are 58–85 % 
 [  31–  33  ] , 70–75 % and 72–81 %  [  32,   33  ] , respectively. 
Compared with ERCP, PTC is more reliable to demonstrate 
the complex intrahepatic biliary tree in patients with hilar 

LHD

T

RHD

  Fig. 8.3    A 50-year-old female with a hilar cholangiocarcinoma. 
MRCP shows a complete biliary obstruction at the con fl uence of the 
hepatic ducts ( T ), but both the right hepatic duct ( RHD ) and the left 
hepatic duct ( LHD ) are intact. The features suggest a Bismuth-Corlett 
type II hilar cholangiocarcinoma       
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cholangiocarcinoma, which is a pivotal factor for surgical 
planning. Hence, PTC is preferred than ERCP in most cen-
ters  [  34  ] .  

 One limitation of ERCP/PTC is their failure to display the 
full biliary tree in some patients with complete biliary 
obstruction. In such cases, PTC can only display the proxi-
mal intrahepatic biliary tree but not the distal biliary system. 
On the contrary, ERCP can only depict the distal biliary sys-
tem but not the proximal intraheptic biliary tree. Neither can 
accurately assess the full extent of biliary involvement under 
such circumstances. 

 Another limitation is that they are invasive procedures 
and have their risks of associated complications, which 
include bile leakage, cholangitis, bleeding, pancreatitis and 
duodenal perforation  [  4,   12  ] . The PTC-related mortality 
ranges between 0.6 and 5.6 %  [  12  ] . 

 Because of these limitations, ERCP/PTC has largely been 
replaced by MRCP in many centers  [  1  ] . However, ERCP/
PTC has potential advantages. They can be used therapeuti-
cally for biliary drainage as well as for the collection of bile 
for cytological and molecular analysis.  

    8.1.7   Positron Emission Tomography (PET) 

 Positron emission tomography, using the radionucleotide 
tracer 18- fl uorodeoxyglucose (FDG-PET), has been evalu-
ated for the diagnosis and staging of hilar cholangiocarci-
noma. An intensive focal accumulation of FDG at the 

hepatic hilum suggests hilar cholangiocarcinoma, but 
 sometimes it is dif fi cult to distinguish between malignancy 
from chronic biliary in fl ammation. 

 Preliminary studies show that the sensitivity of FDG-PET 
in the detection of hilar cholangiocarcinoma ranges between 
59 and 100 %  [  35–  38  ] , with an accuracy of 67–100 % 
 [  35,   38  ] . FDG-PET shows no superiority to conventional 
triple-phase CT scanning in the detection of primary lesion 
of hilar cholangiocarcinoma  [  36  ] . FDG-PET is disappoint-
ing in identifying lymph node metastases, with a sensitivity 
between 13 and 42 %  [  36,   39,   40  ] . However, FDG-PET has 
been shown to be a promising modality to detect occult dis-
tant metastases. It is more accurate than conventional CT to 
identify distant metastases, with a sensitivity between 56 and 
100 %  [  36,   40  ] , and a speci fi city of 88 %  [  36  ] . FDG-PET 
leads to a change in the management in 17–24 % patients 
with cholangiocarcinoma  [  35,   40,   41  ] . More large-scale clin-
ical trials are needed to evaluate the role of FDG-PET in the 
diagnosis and staging of hilar cholangiocarcinoma.   

    8.2   Cytological and Molecular Diagnosis 

    8.2.1   Brush Cytology and Forceps Biopsy 

 Currently the diagnosis of hilar cholangiocarcinoma is 
 primarily based on imagings. The imaging-orientated 
diagnosis for hilar cholangiocarcinoma has some limita-
tions. Sometimes it is dif fi cult for imagings to discriminate 
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  Fig. 8.4    A 60-year-old male with a hilar cholangiocarcinoma. Right 
PTC only delineated dilatation of the right anterior sectoral ducts 
( RAHD ) and the right posterior sectoral duct ( RPHD ) with no visualiza-
tion of the right hepatic duct ( a ). Subsequent left PTC shows dilatation 

of the left intrahepatic bile ducts with visualization of part of the left 
hepatic duct ( LHD ) and the common bile duct ( CBD ) ( b ). The features 
suggest the biliary obstruction ( T ) to involve the right hepatic duct, the 
hepatic con fl uence and part of the LHD ( b )       
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a  malignant biliary stricture from a benign one when the 
imaging features are not characteristic. Moreover, even in 
patients with characteristic imaging features the diagnosis is 
only presumptive and not always correct  [  5,   42  ] . Hence, the 
imaging-based diagnosis for hilar cholangiocarcinoma is not 
adequate. To achieve a de fi nite diagnosis of hilar cholangio-
carcinoma, although clinically important, remains a major 
challenge. 

 Brush cytology and forceps biopsy via ERCP or PTC are 
the two most commonly used techniques to provide a de fi nite 
diagnosis of hilar cholangiocarcinoma. Compared with for-
ceps biopsy, brush cytology is less technically-demanding, 
less time-consuming and safer, and hence it is applied more 
widely. The detection of malignant cells in tissue specimens 
is diagnostic for malignancy. However, both brush cytology 
and forceps biopsy have a low sensitivity for diagnosing hilar 
cholangiocarcinoma since the tumor is usually abundant in 
 fi brous stroma with only few cancerous cells  [  43  ] . The sensi-
tivity of brush cytology and forceps biopsy for cancer detec-
tion in malignant biliary strictures ranges from 9 to 60 %, 
and 43 to 81 %, respectively  [  12,   44  ] . For hilar cholangiocar-
cinoma, the diagnostic sensitivity is between 41 and 50 % for 
brush cytology  [  42,   45  ] , and 53 % for forceps biopsy  [  45  ] . 
A combination of brush cytology and forceps biopsy 
improves the diagnostic sensitivity to 60 %  [  45  ] .  

    8.2.2   Endoscopic Ultrasonography-Guided 
Fine Needle Aspiration (EUS-Guided FNA) 

 In patients with a negative brush cytology and forceps biopsy, 
EUS-guided FNA is an alternative technique to provide a 
de fi nite diagnosis of hilar cholangiocarcinoma. Good results 
have been reported in two small series of proximal biliary 
stricture, with a sensitivity of 77–89 % and a speci fi city of 
100 %, for the detection of hilar cholangiocarcinoma  [  46, 
  47  ] . However, its negative predictive value was only 29 % 
 [  47  ] . This implies that a negative EUS-FNA does not neces-
sarily exclude the possibility of hilar cholangiocarcinoma. 
EUS-guided FNA has other limitations that are technically 
demanding, and it is only feasible in patients with a focal 
mass or else its sensitivity sharply declines.  

    8.2.3   Fluorescence In Situ Hybridization (FISH) 
and Digitized Image Analysis (DIA) 

 Recently, sophisticated cytological techniques, including 
FISH and DIA, have been used to improve the sensitivity of 
brush cytology in cancer detection for malignant biliary 
strictures. FISH assay detects malignant cells by using 
 fl uorescent probes to identify chromosomal polysomy, and 
DIA detects malignant cells by using special stains to 

 quantitate nuclear DNA and to identify aneuploidy  [  4  ] . Kipp 
et al.  [  48  ]  compared the sensitivity and speci fi city of FISH 
and routine brush cytology for the detection of malignancy 
in 131 patients with biliary strictures, including 66 malignant 
and 65 benign biliary strictures. Compared with routine 
brush cytology, FISH markedly improved the sensitivity 
from 15 to 34 %. There was no signi fi cant difference in the 
speci fi city between FISH and routine brush cytology, being 
91 % vs. 98 %, respectively. In another prospective study 
consisting of 100 patients with biliary stirctures, including 
56 malignant and 44 benign biliary strictures, the sensitivity 
and speci fi city of DIA and routine brush cytology for the 
detection of malignancy were compared. DIA signi fi cantly 
improved the sensitivity from 18 to 39 %, but it simultane-
ously impaired the speci fi city from 98 to 77 % when com-
pared with routine brush cytology  [  49  ] . However, these two 
studies were conducted on heterogeneous bilio-pancreatic 
carcinomas. The usefulness of FISH and DIA for the detec-
tion of hilar cholangiocarcinoma still awaits further 
evaluation.  

    8.2.4   DNA Hypermethylation 

 DNA hypermethylation of genes, such as the tumor sup-
pressor genes and cell cycle regulation genes, is a common 
epigenetic change in malignancies, including cholangiocar-
cinomas. Hence, analysis the DNA methylation status of 
some important genes in the exfoliated cells of the bile pro-
vides diagnostic evidences for malignancy in patients with 
biliary strictures. We prospectively analyzed the methylation 
status of P16 and APC gene promoters of the exfoliated cells 
in the bile aspirates from 70 patients with biliary obstruc-
tion using methylation-speci fi c PCR. Forty-eight of these 
patients were diagnosed to have malignant biliary obstruction 
(bile duct carcinomas in 36, pancreatic carcinoma in 8 and 
duodenal carcinoma in 4) by pathological examination, and 
22 had benign biliary obstruction caused by cholelithiasis. 
Hypermethylation of P16 promoter was present in 72.9 % 
(35/48) of patients with malignant biliary obstruction, and 
in 9 % (2/22) of patients with benign obstruction ( P  < 0.05). 
Hypermethylation of APC promoter was present in 56.2 % 
(27/48) of patients with malignant biliary obstruction, and in 
9 % (2/22) of patients with benign obstruction ( P  < 0.05). For 
malignant biliary obstruction, the sensitivity, speci fi city, pos-
itive predictivity and negative predictivity for the P16 gene 
were 72.9, 90.9, 94.6 and 60.6 %, respectively, and they were 
56.2, 90.9, 93.1, 48.8 %, respectively, for the APC gene. Our 
results suggested that the methylation status of the P16 and 
APC gene promoters in the bile aspirate was valuable in the 
diagnosis of malignant biliary obstruction. The speci fi city 
was excellent. The P16 gene had a higher sensitivity than 
the APC gene  [  50  ] . The role of the DNA methylation status 
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in the diagnosis of hilar cholangiocarcinoma needs to be fur-
ther assessed in large-scale clinical trials.   

    8.3   Summary 

 Despite improvements in diagnostic modalities in the past 
decade, differentiation between malignant and benign 
hilar biliary obstruction still remains a challenge. An accu-
rate preoperative diagnosis is important for hilar biliary 
stricture to avoid inappropriately extensive resection. 
Although brush cytology and forceps biopsy are able to 
make a de fi nite diagnosis, their sensitivity is low. EUS-
guided FNA has a greater sensitivity for cancer detection, 
but it is only feasible for patients with a focal mass and it is 
technically demanding. Identi fi cation of molecular changes 
of the exfoliated cells in the bile, such as DNA methylation, 
may represent a novel approach for the diagnosis of hilar 
cholangiocarcinoma.      
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          9.1   Introduction 

 The differential diagnosis of hilar cholangiocarcinoma 
(HCCA) that include primary malignancies, metastatic dis-
ease and benign lesions is challenging and presents a diag-
nostic dilemma in surgery. Generally, biliary tumors are 
accompanied by painless jaundice with evidence of biliary 
obstruction  [  1,   2  ] . Currently, this presentation by itself is 
usually enough to raise a strong suspicion of neoplastic bil-
iary obstruction. The clinical  fi ndings and laboratory val-
ues including tumor markers are non-speci fi c and cannot 
correctly identify the exact cause of the stricture. Thus, 
preoperative differential diagnosis, which is desirable to 
con fi rm surgical indication and to advise patients about the 
disease and their respective prognosis, is extremely dif fi cult. 
Although the assessment of patients with obstructive jaun-
dice has greatly improved by the currently available nonin-
vasive, and invasive imaging modalities, all these techniques 
cannot always be relied upon to provide a de fi nitive diag-
nosis, in particular in the absence of a visible tumor mass 
 [  3  ] . In addition, it is well known that not all hilar obstruc-
tions are due to HCCA and alternative diagnosis that mimic 
HCCA may count for up to 25 % of all hilar obstructions 
 [  4–  7  ] . Benign strictures for example, occasionally manifest 
as focal areas of wall thickening that obstruct the lumen 
and, thus, mimic malignant strictures. Approximately 16 % 

(range, 3.4–58.6 %) of patients initially diagnosed with 
hilar cholangiocarcinoma proved to have a benign stricture 
 [  3–  20  ] . Biopsy is so often nondiagnostic that decisions 
about therapy are usually made on the basis of the imaging 
tests and lack of evidence for some other disease  [  3,   4,   21–
  26  ] . Although speci fi c radiographic features, such as 
absence of tumor mass, smooth concentric pattern or taper-
ing of the bile duct, can be associated with benign lesions, 
none can unequivocally exclude the presence of malig-
nancy  [  6  ] . As a result, differentiating HCCA related biliary 
obstructions (Fig.  9.1 ) from obstructions caused by other 
malignant (Figs.  9.2  and  9.3 ) and benign (Figs.  9.4  and  9.5 ) 
lesions remains a challenge. Because the majority of bil-
iary strictures at the liver hilum in the absence of previous 
surgery are usually malignant in nature and presumed to be 
due to HCCA, a reasonable approach is to assume the pres-
ence of HCCA until proved otherwise  [  15,   27–  29  ] . 
However, surgeons should always be aware of the possibil-
ity of other disease particularly a benign disease and advise 
their patients appropriately. The diagnosis is much less 
speci fi c than is generally thought, so there is considerable 
opportunity for mismanaging such patients. Although it 
has always been clear that basing the diagnosis on indirect 
evidence would occasionally be incorrect, a 25 % rate of 
false diagnosis by a team of highly specialized clinicians 
who encounter many such complicated cases is higher than 
most would have expected. Alternative diagnosis with 
proximal biliary obstruction mimicking HCCA is present 
in such a proportion of patients that it really deserves a 
place in the differential diagnosis of biliary obstruction. 
Differentiating HCCA from other causes of obstructive 
jaundice is important because of the differences in treat-
ment. Curative surgical therapy for HCCA requires bile 
duct resection with concomitant major hepatectomy and 
caudate lobe resection or neoadjuvant chemoradiation, fol-
lowed by liver transplantation in highly selected patients 
 [  30,   31  ] . This type of surgery is generally not necessary for 
benign conditions and generally not warranted for  metastatic 
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or other non-HCCA malignancies. Thus, preoperative pre-
cise characterization of obstructive jaundice due to hilar 
obstruction has important clinical implications. It would 

potentially improve planning for surgery and may prevent 
subjecting some patients to major and risky surgical inter-
ventions unnecessarily.       

a b

  Fig. 9.1    ( a ) ERCP image from a patient with obstructive jaundice 
caused by histologic proved HCCA demonstrating complete obstruc-
tion at the hilar con fl uence level ( arrow ) with upstream ductal dilata-

tion; ( b ) multiplanar reconstructed CT image of the same patient 
demonstrating intrahepatic biliary dilatation with a mass-forming lesion 
( arrow ) at the con fl uence and stent placed across the lesion       

a b

  Fig. 9.2    Computed tomographic (CT) scans in the axial ( a ) and multiplanar reconstruction in the coronal plane ( b ) from a patient with carcinoma 
of the gallbladder ( arrow )  fi lling the entire gallbladder and invading the liver hilum and adjoining right lobe       
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    9.2   Type of Malignant Lesions Mimicking 
Hilar Cholangiocarcinoma (HCCA) 

    9.2.1   Carcinoma of the Gallbladder 

 Because of the intimate anatomic relationship of the biliary 
con fl uence to the gallbladder, carcinoma of the gallbladder 
in some cases involves the hepatic hilum, either through 
direct extension or from metastatic spread. In some studies it 
was the most common non-HCCA malignancy involving the 
biliary con fl uence, accounting for more than 50 % of alterna-
tive diagnosis  [  15  ] . While 45 % of patients with carcinoma 
of the gallbladder present with jaundice as a marker of 
advanced disease  [  32  ] , the number of patients with HCCA 
that develop jaundice exceeds 90 %  [  33  ] . Normally, the pres-
ence of a mass on imaging originating from the gallbladder 
wall and invading the liver with or without involvement of 
the biliary tree indicates toward gallbladder cancer. In addi-
tion, gallbladder cancer-related stricture of the biliary tree is 
localized mostly at a more distal location below the biliary 
con fl uence. Unfortunately, such clear-cut diagnostic  fi ndings 
are not uniformly present. Thus, clinical features, laboratory 
values and imaging studies including ERCP are helpful in 
only a small proportion of patients differentiating advanced 
stage gallbladder cancer from HCCA.  

    9.2.2   Malignant Melanoma of the Biliary Tract 

 Malignant melanoma of the biliary tract is a rare entity aris-
ing primarily from the biliary epithelium  [  34  ] . It can also 
result from systemic dissemination of a primary location 
elsewhere as it exhibits a remarkable ability to metastasize to 
diverse locations  [  35  ] . When it does occur as a primary or 
metastatic disease, it usually presents with obstructive jaun-
dice and an intraluminal polypoid soft tissue mass on imag-
ing, thus simulating and further complicating the diagnosis 
of HCCA  [  36  ] . Features at multiple, complimentary imaging 
techniques such as ultrasonography, CT, MRI and ERCP are 
nonspeci fi c. Thus, accurate differentiation of obstructive 
jaundice related to melanoma from that of HCCA is almost 
impossible.  

    9.2.3   Neuroendocrine Neoplasia 
of the Bile Ducts 

 Neuroendocrine neoplasia of the biliary tract are extremely 
rare with only few cases being reported to date  [  34  ] . These 
tumors may arise anywhere along the intrahepatic or extrahe-
patic biliary tree. Approximately 50–60 % of neuroendocrine 
neoplasia of the biliary tree occur at the common bile duct, 
and the remainder occur in the perihilar region (28 %), cystic 

  Fig. 9.3    ERCP of the same patient shows intrahepatic ductal dilatation 
indicating invasion of the common bile duct und thus resembles HCCA. 
An ERCP stent is placed across the lesion in to the left duct as this 
provides drainage of the future remnant liver following resection       

  Fig. 9.4    Coronal image from color-coded 3D T2-weighted MRCP 
image from a 22-year-old patient with progressive jaundice demonstrat-
ing complete obstruction at the hilar con fl uence ( arrow ) with intrahe-
patic biliary dilatation in both the left and right lobes of the liver. Hilar 
cholangiocarcinoma was suspected. The patient was treated with 
extended right hepatic lobectomy with removal of the biliary con fl uence. 
Histology revealed a chronic in fl ammatory stricture of the Con fl uence 
including the right duct with no evidence of malignancy       
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duct (11 %) or the hepatic duct bifurcation (3 %)  [  37  ] . Patients 
are usually young and present with painless jaundice from 
biliary obstruction and related symptoms including clay- 
colored stools and dark urine. Although radiologic  fi ndings 
of these tumors are diverse and nonspeci fi c, they may appear 
as long segment biliary stricture with wall thickening with or 
without mass formation, thus simulating HCCA.  

    9.2.4   Lymph Node Metastases 

 Metastatic processes in the liver including the liver hilum, in 
particular from cancers of the gastrointestinal tract, are 
responsible for most cancer related deaths in the world  [  38, 
  39  ] . The liver is the most common site of colorectal cancer 
metastases and frequently the only affected organ. Up to 
35 % of patients with colorectal cancer will have hepatic 
metastases at the time of surgery for the primary lesion, 
and further, 8–25 % will develop metachronous hepatic 
metastases after primary resection  [  40  ] . Furthermore, 

 colorectal adenocarcinoma, on account of its proclivity to 
spread along epithelial surfaces, shows an increased predi-
lection to involve the biliary ducts and cause obstructive 
jaundice as well  [  41  ] . Lymph node bearing metastatic depos-
its at the liver hilum may be enlarged to many times their 
normal size, often exceeding even the diameter of the pri-
mary lesion and causing obstructive jaundice. Therefore, a 
history of malignancy, cholestasis and a mass lesion at the 
hepatic hilum should also raise the suspicion of metastatic 
lymphadenopathy as differential diagnosis of HCCA.  

    9.2.5   Primary Hematolymphoid Malignancies 
Involving the Hepatic Hilum 

 Obstructive jaundice is a common consequence of malig-
nancy but only rarely has been reported as a presenting mani-
festation of primary hematolymphoid malignancies  [  42,   43  ] . 
The majority of cases involve secondary in fi ltration of the 
biliary tree including the hepatic hilum from systemic 

a b

  Fig. 9.5    ( a ) Coronal image from color-coded 3D T2-weighted MRCP 
in a patient with primary sclerosing cholangitis showing segmental 
strictures ( thin arrows ) and dilatation ( thick arrow ) of the bile ducts as a 

classic imaging  fi nding; ( b ) ERCP image reveals bile duct strictures with 
upstream ductal dilatation simulating in fi ltrating cholangiocarcinoma       
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 dissemination of extrahepatic wide spread disease  [  44  ] . 
However, the existence of primary hematolymphoid malig-
nancies of the biliary tract characterized by obstructive jaun-
dice has been recognized for many years  [  45,   46  ] . It includes 
non-Hodgkin lymphomas, plasmocytomas, non-leukemic 
granulocytic sarcomas and others. These malignancies of the 
bile duct are extremely rare and ill de fi ned. Clinical symp-
toms and signs such as abdominal pain, fever and weight loss 
are common in those patients. However, these symptoms are 
nonspeci fi c and patients with HCCA can also present with 
such symptoms too. In addition, there are no laboratory and 
radiologic  fi ndings that help differentiate these malignancies 
of the bile duct accurately from HCCA. As a result their 
exact diagnosis as a cause of cholestasis could only be estab-
lished with certainty retrospectively. Owing to the above 
mentioned diagnostic dif fi culties, and in particular their rar-
ity, this kind of malignancies of the bile duct causing obstruc-
tive jaundice often are not included in the differential 
diagnosis of HCCA and rather mistakenly being attributed to 
it. On the other hand, differentiating HCCA from primary 
hematolymphoid malignancies causing obstructive jaundice 
is important because of the differences in treatment. Extensive 
surgery, which is the main stay of therapy in HCCA, is rarely 
indicated in primary hematolymphoid malignancies. Most of 
these malignancies can be treated safely and effectively with 
multiple agent chemotherapy alone without the need for 
extensive and risky surgical procedures  [  47  ] . Surgery is indi-
cated only when lesions produce complications, that are not 
amenable to non-surgical treatment, or chemotherapy fails to 
eradicate localized disease  [  43  ] .   

    9.3   Type of Benign Lesions Mimicking 
Hilar Cholangiocarcinoma (HCCA) 

    9.3.1   Primary Sclerosing Cholangitis (PSC) 

 PSC is an idiopathic, chronic cholestatic disease of possible 
autoimmune origin characterized by periductal in fl ammation, 
resulting in multifocal strictures of the intrahepatic and 
extrahepatic bile ducts  [  48,   49  ] . This disorder is the com-
monest known predisposing condition for cholangiocarci-
noma in the west  [  50,   51  ] . Cholangiocarcinoma rates of 
8–40 % (follow-up studies, autopsy and explant specimens) 
have been reported in patients with PSC, making cholangio-
carcinoma the most dreaded complication of PSC  [  50–  53  ] . 
Cholangiocarcinoma in such patients tends to present earlier, 
in the fourth or  fi fth decade, than in sporadic cases  [  50,   54  ] . 
Its natural history is variable, and the true incidence of cho-
langiocarcinoma is unclear. However, the highest incidence 
of developing cholangiocarcinoma is reported in the  fi rst 
2 years of diagnosis of PSC and the risk of cholangiocarcino-
genesis seems unrelated to the duration of the in fl ammatory 

disease  [  50,   55  ] . Distinguishing benign from malignant stric-
tures is challenging in the setting of PSC particularly in the 
presence of localized bile duct stricture. Pool data composed 
of 190 patients with obstructing benign lesions of the com-
mon bile duct whose initial clinical and imaging diagnosis 
was hilar cholangiocarcinoma showed 1.6 % PSC at  fi nal 
histology  [  4–  15,   18  ] .  

    9.3.2   Secondary Sclerosing 
Cholangitis Syndromes (SSCS) 

 Secondary sclerosing cholangitis syndromes are a heteroge-
neous group of chronic cholestatic disorders that are mor-
phologically similar to PSC but differ in pathological 
processes  [  56,   57  ] . The clinical and cholangiographic fea-
tures of these disorders may mimic PSC and HCC, yet its 
natural history may be more favourable if recognition is 
prompt and appropriate treatment is introduced. The wide 
spectrum of these entities includes in fl ammatory pseudotu-
mor (IPT), autoimmune pancreatocholangitis (AIP), recur-
rent pyogenic cholangitis (RPC), portal biliopathy, AIDS 
cholangiopathy, eosinophilic cholangitis, mast cell cholangi-
tis, ischemic cholangitis and other conditions.  

    9.3.3   In fl ammatory Pseudotumor (IPT) 

 In fl ammatory pseudotumor is an idiopathic entity that 
regroups benign lesions of the extrahepatic bile duct with 
in fl ammatory components  [  56,   57  ] . At histologic analysis, 
a heterogeneous population of in fl ammatory cells- 
predominantly plasma cells, eosinophils, macrophags, and 
 fi broblasts-as well as areas of  fi brosis and/or necrosis charac-
terizes this disorder  [  4–  7,   11,   13,   15,   58,   59  ] . Associations 
with PSC, Crohn’s disease and phlebitis have been described 
 [  60–  62  ] . Next to the lungs of young adults the hepatobiliary 
system is the second most common target location of IPT 
 [  34,   63  ] . Its aetiology remains obscure and there are neither 
speci fi c signs on imaging, nor conclusive diagnostic bio-
chemical tests. Although its incidence is not exactly known, 
about 4–20 % of bile duct strictures mimicking hilar cholan-
giocarcinoma are IPT  [  4–  11,   13  ] . These lesions appear on 
imaging as masses that may show delayed and persistent 
enhancement due to the  fi brous content; and biliary strictures 
of intra- or extrahepatic ducts on cholangiography,  fi ndings 
remarkably similar to those of cholangiocarcinoma  [  64,   65  ] . 
Furthermore, associations between IPT and RPC that leads 
to biliary stricture formation and thus mimic HCCA have 
been described  [  60  ] . There is also evidence that its histologic 
 fi ndings are quite similar to autoimmune pancreatocholangi-
tis (AIP) and feature many IgG4-positive plasma cells, 
thereby suggesting a shared pathogenic mechanism  [  66  ] .  
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    9.3.4   Recurrent Pyogenic Cholangitis 

 Recurrent pyogenic cholangitis (RPC) also known as Hong 
Kong disease and oriental cholangiohepatitis, is a condition 
that most commonly affects patients with East Asian descent 
 [  67  ] . Although most prevalent in the East, it is seen increas-
ing in the West mainly owing to immigration  [  68  ] . This dis-
order is characterized by recurrent episodes of bacterial 
cholangitis that occur in association with biliary obstruction 
from strictures and pigmented stones  [  69,   70  ] . RPC peaks in 
the third and  fi fth decades of life with no speci fi c sex predi-
lection. Patients most often present with abdominal pain, 
fever and jaundice  [  71  ] . It is thought to occur in patients suf-
fering from chronic infestation of the biliary tree by Ascaris 
lumbricoides, Clonorchis sinensis, Opisthorchis viverrini, 
Fasciola hepatica and Opisthorchis felineus that may obstruct 
the biliary tract with resultant bile stasis, pigment stone for-
mation and bacterial super infection  [  69,   72  ] . Although sep-
sis is the major threat to life in these patients, approximately 
10 % will develop cholangiocarcinoma  [  73,   74  ] . Imaging 
may identify biliary strictures, ductal wall thickening sec-
ondary to  fi brosis, and hepatolithiasis  [  75,   76  ] . The ductal 
wall thickening and enhancement may not be distinguished 
from cholangiocarcinoma with imaging studies alone  [  34  ] .  

    9.3.5   AIDS Cholangiopathy 

 AIDS cholangiopathy is a syndrome of biliary duct obstruc-
tion caused by infection-related strictures  [  77–  79  ] . The 
clinical spectrum of disease includes papillary stenosis, 
sclerosing cholangitis, combined sclerosis of the duct and 
papillary stenosis, and long strictures of the extrahepatic bile 
ducts  [  56,   80  ] . The large intrahepatic ducts are preferentially 
affected  [  56  ] . It typically manifests as biliary strictures asso-
ciated with wall thickening and mural stenosis  [  81  ] . Among 
those four distinct cholangiographic abnormalities, which 
have been demonstrated by endoscopic retrograde cholan-
giopancreatography (ERCP), the combination of sclerosing 
cholangitis and papillary stenosis is the most common and 
occurs in 50 % of patients  [  82  ] . This disorder, once consid-
ered to have extremely poor prognosis, is now rarely fatal, 
in part due to the wide spread use of antiretroviral drugs. 
The current incidence is not known but remains signi fi cant 
in areas where access to retroviral drugs is limited. Its aeti-
ology is multifactorial. Opportunistic infections such as 
Cryptosporidium and Cytomegalovirus are the most common 
causes of AIDS cholangiopathy  [  83  ] . However, no de fi nite 
organism is identi fi ed in up to 50 % of patients  [  34  ] . Patients 
typically present in the advanced stage of the HIV spectrum, 
when their CD4 counts are below 135/mm 3   [  84  ] . The pre-
sentation of AIDS cholangiopathy varies from features of 
cholangitis to isolated right upper quadrant abdominal pain. 

Sometimes the only abnormality is an elevated serum alka-
line phosphatase, generally  fi ve to seven times above the nor-
mal limit  [  80,   83  ] .  

    9.3.6   Autoimmune Sclerosing 
Pancreatocholangitis 

 Autoimmune pancreatitis (AIP) is a type of chronic pancrea-
titis characterized by an autoimmune in fl ammatory process 
in which prominent lymphocyte in fi ltration with associated 
 fi brosis of the pancreas causes organ dysfunction  [  85  ] . In 
addition to  fi ndings speci fi c to the pancreas, about 49 % of 
patients with this disorder can have extrapancreatic manifes-
tations including sclerosing in fl ammation of the intrahepatic 
or extrahepatic bile duct system or the gallbladder  [  86  ] . It 
can mimic malignancy and is commonly named autoim-
mune pancreatocholangitis  [  87  ] . The pathogenesis of AIP 
is uncertain, and no gold standard exists for its diagnosis. 
The estimated prevalence of AIP is 5–11 % of all patients 
with chronic pancreatitis  [  88,   89  ] . It is twice as com-
mon in men as in women, and most patients are older than 
50 years, an age at which pancreatic carcinoma occurs  [  88, 
  90  ] . Immunohistochemical studies demonstrate prominent 
lymphocyte and Immunglobulin G4-positive plasma cell 
in fi ltration and  fi brosis  [  91  ] . Imaging studies show diffuse 
or homogeneous enlargement of the pancreas with a mod-
erate enhancement, and a peripheral rim of hypoattenua-
tion  [  85  ] . Regarding ductal structures, it is characterized by 
focal or diffuse strictures of the pancreatic and bile ducts. 
Narrowing of the intrahepatic bile duct and bile duct stric-
tures with upstream ductal dilatation can also be seen, which 
may mimic the periductal in fi ltrating type of cholangiocar-
cinoma  [  85  ] .  

    9.3.7   Portal Biliopathy 

 The term portal biliopathy (PB) refers to the morphologic 
abnormalities of the entire biliary tract including extrahe-
patic and intrahepatic bile ducts in patients with portal hyper-
tension  [  92  ] . Chronic thrombotic obstruction of the 
extrahepatic portal vein is usually followed by the formation 
of bridging hepatopetal collaterals which drain splanchnic 
venous blood from the splenic, superior mesenteric and cor-
onary veins to the porta hepatis in an attempt to bypass the 
obstruction. This results in the formation of a venous net-
work known as portal cavernoma or cavernous transforma-
tion  [  93,   94  ] . Although extrahepatic portal vein thrombosis 
is the most common cause of PB, liver cirrhosis, portal vein 
 fi brosis without cirrhosis and congenital hepatic  fi brosis can 
also cause the disorder  [  92  ] . Mechanical protrusion of the 
paracholedochal veins in the lumen of the bile duct and a 
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secondary ischemic vascular bile duct injury with or without 
cholangitis is believed to lead to the development of 
signi fi cant strictures. It may lead to asymptomatic cholesta-
sis in more than 50 % of patients; and rarely, it can cause 
symptomatic biliary obstruction  [  95  ] . Symptomatic patients 
are usually adults, indicating that PB is a slowly progressive 
disease, because most are thought to have acquired their por-
tal vein thrombosis in early childhood  [  56  ] . Direct cholang-
iographic  fi ndings include segmental upstream dilation, 
calibre irregularity,  fi lling defects that may be interpreted as 
common bile duct calculi, stricture and extrinsic impression 
on the bile duct due to collaterals  [  96  ] . These cholangio-
graphic appearances may mimic bile duct cancer, with the 
cavernoma appearing as a solid tumor, the so-called “pseudo-
cholangiocarcinoma sign”  [  97  ] .  

    9.3.8   Mirizzi Syndrome 

 Mirizzi described in 1948 a functional hepatic syndrome that 
consisted of a common hepatic duct obstruction secondary to 
compression by a gallstone impacted at the gallbladder neck 
or cystic duct  [  98  ] . The current de fi nition of this syndrome 
that now bears his name includes four components  [  99–  101  ] : 
anatomic arrangement of the cystic duct at the gallbladder 
neck such that it runs parallel to the common hepatic duct; 
impaction of a stone in the cystic duct or neck of the gall-
bladder; mechanical obstruction of the common hepatic duct 
by a stone itself or by secondary in fl ammation; and intermit-
tent or constant jaundice causing possible recurrent cholan-
gitis and, if long-standing, secondary biliary cirrhosis. Based 
on the severity of the disease Csendes et al. classi fi ed this 
syndrome into four types  [  99  ] . Type I lesion is a simple pres-
sure on the common hepatic duct due to an extrinsic stone 
impacted at the neck of the gallbladder or at the cystic duct. 
Type II lesion is a more severe disease with cholecystobiliary 
 fi stula that involves less than one-third of the circumference 
of the common bile duct. Type III lesion is a cholecystobil-
iary  fi stula with erosion of the wall of the common duct that 
involves two-thirds of the ductal wall. Type IV lesion is a 
more severe disease with cholecystobiliary  fi stula, which 
involves the entire circumference of the ductal wall. This 
syndrome is rare and occurs in 0.3–3 % of all cholecystecto-
mies performed  [  100–  102  ] . 

 Recently, a number of methods for the diagnosis of biliary 
tract disease have been introduced. Ultrasound, endoscopic 
retrograde cholangiopancreatography (ERCP), percutaneous 
transhepatic cholangiography (PTC), magnetic resonance 
cholangiopancreatography (MRCP), magnetic resonance 
imaging (MRI), and computed tomography (CT) are all 
 useful. Despite these advances in medical technology the 
diagnosis of Mirizzi’s syndrome is still dif fi cult. The imag-
ing  fi ndings are not always speci fi c  [  103  ] . For example, 

 gallstones are not always visible at CT, thereby making con-
clusive diagnosis dif fi cult. Obstruction of the common bile 
duct leads to chronic, recurrent episodes of cholangitis and 
stricture formation which may resemble the periductal-
in fi ltrating type of cholangiocarcinoma.  

    9.3.9   Biliary Adenomas 

 These are rare benign epithelial tumors, with few cases 
reported in the literature. About 90 % of all patients with 
symptomatic biliary adenomas present with obstructive jaun-
dice as a cardinal presenting sign  [  104  ] . Less common symp-
toms include right upper quadrant abdominal pain, weight 
loss, fever, and nausea  [  105  ] . Most lesions are localized in 
the common bile duct, particularly in the distal common duct 
and ampulla of Vater  [  105  ] . However, biliary adenomas 
within the cystic duct have also been described  [  106  ] . 
Although it has been suggested that adenomas of the biliary 
tract may result from a focal, reactive process to injury, pos-
sibly post-in fl ammatory or post-traumatic, the cause of these 
lesions in the majority of patients appears to be idiopathic 
 [  107  ] . The radiographic features of these lesions are often 
dif fi cult to distinguish from cholangiocarcinoma. Small or 
solitary lesions are usually dif fi cult to detect by CT scan 
 [  108  ] . Sonography indicates a non-shadowing intraluminal 
mass, occasionally with a pedicle  [  109  ] . The occasionally 
correct preoperative diagnosis of biliary adenomas may be 
provided by ERCP, cholangiography or cholangioscopy 
 [  109,   110  ] . In addition to mimicking cholangiocarcinoma, 
these lesions are considered premalignant with a de fi nite risk 
of recurrence and progression to cholangioncarcinoma if left 
untreated  [  111  ] .  

    9.3.10   Hepatobiliary Sarcoidosis 

 Sarcoidosis is a chronic, multisystem granulomatous disor-
der of unknown cause that is pathologically characterized by 
noncaseating granulomas  [  112  ] . It present most frequently in 
young adults with bilateral hilar adenopathy and pulmonary 
in fi ltrates. More than 50 % of patients with sarcoidosis have 
hepatobiliary involvement, varying from asymptomatic 
granulomatosis to portal hypertension and severe liver dis-
eases  [  113  ] . Most patients with hepatobiliary sarcoidosis are 
asymptomatic. Although 50–65 % of patients with sarcoido-
sis show hepatobiliary involvement at liver biopsy, only 
5–15 % of patients show signs and symptoms of the disease 
 [  113  ] . The clinical manifestations of hepatobiliary sarcoido-
sis are protean and include multifocal micronodular granulo-
mas, macronodular granulomas, liver cirrhosis, portal 
hypertension and granulomatous cholangitis. Granulomatous 
cholangitis is an extremely rare disease characterized by 
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insidious onset and chronic progression to biliary cirrhosis 
 [  34  ] . The formation of granulomas in bile ducts in this disor-
der leads to strictures and ductopenia  [  114  ] . This seems to be 
the underlying mechanism of chronic cholestasis syndrome 
featuring jaundice, pruritus, hepatomegaly, and marked ele-
vation in serum alkaline phosphatise  [  115  ] . In patients with 
hepatobiliary sarcoidosis featuring biliary strictures and hilar 
lymphadenopathy, it can be very dif fi cult to exclude a diag-
nosis of hilar cholangiocarcinoma. The imaging  fi ndings are 
sometimes indistinguishable from those of cholangiocarci-
noma  [  116  ] .  

    9.3.11   Xanthogranulomatous Cholecystitis 
and Cholangitis 

 Xanthogranulomatous cholecystits (XGC) is an unusual and 
destructive form of severe, chronic cholecystitis character-
ized by multiple, yellow-brown, intramural nodular forma-
tions, proliferative  fi brosis, and foamy histiocytes  [  117,   118  ] . 
The incidence of this disease have been reported to range 
from 1 to 13 %, with a slight predominance in women and 
almost all patients presenting with gallstones  [  117–  119  ] . 
Although the exact pathogenesis of XGC is unknown, study 
results suggest that XGC may begin as an acute in fl ammation 
of the gallbladder and obstruction  [  118,   120  ] . Pathologic 
changes occur primarily in the gallbladder wall and can 
extend into the surrounding structures. Imaging studies show 
gallbladder wall thickening associated with extra gallbladder 
changes such as pericholecystic in fi ltration, hepatic involve-
ment, biliary obstruction with in fl ammatory strictures and 
hilar lymphadenopathy. Thus, there is much overlap between 
adenocarcinoma of the gallbladder and XGC to reliably dif-
ferentiate between the two entities  [  121  ] . Moreover, xan-
thogranulomatous cholangitis may occur in isolation or 
association with XGC  [  122  ] . It appears as a biliary stricture 
with wall thickening and may simulate hilar cholangiocarci-
noma  [  123  ] .  

    9.3.12   Chemotherapy-Induced Sclerosing 
Cholangitis 

 Unlike hepatic parenchyma, which depends on a dual blood 
supply from the portal vein and hepatic artery, the biliary 
system drives its vascular supply almost exclusively from 
branches of the hepatic arteries and is more susceptible to 
injury if arterial  fl ow is reduced  [  124  ] . Arterial occlusion 
may result in bile duct ischemia and  fi brosis without caus-
ing signi fi cant parenchymal infarction. Possible mecha-
nisms include toxic vasculitis and drug-induced intravascular 
thrombosis leading to ischemic insult and stricture forma-
tion  [  56  ] . Chemotherapy-induced sclerosing cholangitis 

results as a complication of hepatic arterial infusion of 
 chemotherapeutic agents, particularly  fl oxuridine and 
 fl uorouracil  [  56,   125  ] , widely used chemotherapeutic agents 
for the treatment of liver metastases from colorectal cancer. 
It has a reported incidence of 8–55 %  [  126–  128  ] . Floxuridine, 
 fl uorouracil and other agents have been used in the last 
decades as intravenous or intraarterial infusion for both 
resectable and unresectable disease  [  129,   130  ] . It has been 
suggested that intraarterial application of these agents 
causes ischemic cholangitis ultimately leading to biliary 
stricture formation. Ischemic cholangitis is not known to 
occur from intravenous systemic chemotherapy indicating 
local vascular in fl ammation from hepatic arterial chemo-
therapy but not hepatocellular toxicity of the drug that leads 
to biliary injury  [  131  ] .       
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          10.1   Introduction    

 Bile is a  fl uid that helps us to digest food and its main func-
tion is to break down fats in food. Bile is made by the liver 
and stored in the gall bladder. Bile ducts are tubes that carry 
bile and they connect the liver and the gall bladder to the 
duodenum and the small intestine. In people who have had 
their gall bladders removed, bile  fl ows directly from the liver 
into the duodenum and the small intestine. The bile ducts and 
gall bladder are known as the biliary system (Fig.  10.1 ). 
Cholangiocarcinoma (CC) is a malignant tumor arising from 
the bile duct epithelium. They start in mucus glands that line 
the bile ducts. If cancer starts in the part of the bile ducts 
within the liver it is known as intra-hepatic. If it starts in bile 
ducts outside the liver it is known as extra-hepatic. It may 
arise from the right and left hepatic ducts at or near their 
junction (hilar cholangiocarcinoma) which are considered as 
carcinoma of the extrahepatic bile ducts (for a review, please 
see Refs.  [  1–  8  ] ). Cancers of the biliary system are almost 
always adenocarcinomas. The incidence of cholangiocarci-
noma reveals wide geographic variations: the highest inci-
dence is reported in areas suffering from endemic infestation 
with liver  fl uke. The liver  fl ukes,  Opisthorchis viverrini  and 
 Clonorchis sinensis , which induce cholangiocarcinomas, are 
common in Africa and Asia, especially in Thailand and 

Laos in Southeast Asia, and in some parts of China. 
Intrahepatic cholangiocarcinoma is the second most preva-
lent intrahepatic primary cancer. Hilar cholangiocarcinoma 
is the fourth most common gastrointestinal malignancy.   

    10.2   Molecular Carcinogenesis 
of Cholangiocarcinoma 

 The development of cholangiocarcinoma, similar to other 
types of cancer, can be divided into at least three stages, 
namely, Initiation, Promotion and Progression  [  9,   10  ] . 
A molecular scheme of cholangiocarcinoma development, 
and the various factors that affect the development of cholan-
giocarcinoma are shown in Fig.  10.2 . The etiological factors 
of cholangiocarcinoma can be broadly divided into genetic/
epigenetic factors and environmental factors. The Initiation 
stage of carcinogenesis involves damages and genetic/epige-
netic alterations of the genome. Increased carcinogenic 
nitroso-compounds as a result of regional dietary factors or 
environmental contaminants, are thought to produce genetic 
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changes including mutations in DNA of the normal biliary 
epithelial cells. The mutations are “ fi xed” in the genome by 
subsequent rounds of DNA replication or repair, which can 
occur as the bile duct cells are stimulated to divide and pro-
liferate. This becomes the second step of the carcinogenic 
process, the Promotion stage, which may proceed further as 
a result of chronic in fl ammation of the tissues. At this stage, 
dysplastic/hyperplastic biliary epithelium may develop from 
normal epithelial cells. Liver  fl uke infestation causes chronic 
in fl ammation and enhances susceptibility of the bile duct 
epithelium to carcinogens/free radicals, leading to genetic 
and epigenetic changes in cells.  

 Hepatolithiasis, the presence of stones in the bile ducts of 
the liver, is associated with a high-risk for intrahepatic cho-
langiocarcinoma because of recurrent bacterial infections 
and bile stasis. It is more frequently seen in East Asian than 
in Western countries. Hepatitis virus infection has also been 
reported as a risk factor for cholangiocarcinoma. Infection 
by hepatitis virus may contribute to the stage of promotion 
by inducing chronic in fl ammation, cell-death and cell- 
proliferation. However, the relationship between HBV/HCV 
and cholangiocarcinoma formation is not unequivocally 
established. Recent reports indicated that hepatitis C and 
hepatitis B nucleic acids as well as viral proteins are present 
in intrahepatic cholangiocarcinomas  [  11–  13  ] . 

 In addition, primary sclerosing cholangitis (PSC), 
another risk factor, is a chronic liver condition producing 
progressive in fl ammation and scarring of the bile ducts of 
the liver  [  6  ] . The in fl ammation impedes  fl ow of bile to the 
gut, which can ultimately lead to liver cirrhosis, liver failure 
and liver cancer. The underlying cause of in fl ammation is 
believed to be due to autoimmunity. Patients with primary 
sclerosing cholangitis have a tendency to develop bile duct 
carcinoma. Moreover, in fl ammatory bowel disease (IBD), 
such as ulcerative colitis, is a chronic in fl ammatory bowel 
condition. People with this disease are also at an increased 

risk of developing cholangiocarcinoma. It is of interest to 
note that patients with congenital abnormal bile duct dis-
eases, such as choledochal cysts, Caroli’s disease and con-
genital hepatic  fi brosis, are more at risk of developing 
cholangiocarcinoma. Other genetic/epigenetic defects that 
may contribute to the development of cholangiocarcinoma 
include drug detoxi fi cation defect (MGMT), DNA repair 
defect (hMLH1) and excessive production of pro-
in fl ammatory cytokines. 

 The third stage of development of cholangiocarcinoma 
is the Progression stage, which involves the transition of 
dysplastic/hyperplastic biliary epithelium to become carci-
noma of the bile-duct. At this stage, many critical genes that 
have been altered can be detected, especially the proto-
oncogenes and tumor suppressor genes, for example, p53 
 [  14–  16  ] , p16 INK4A   [  17–  22  ] , ErbB-1, erbB-2, VEGF  [  23–  27  ] , 
K-ras  [  28–  31  ] , cMet, p120, Cadherin and many Cell-cycle 
genes. Induced serum markers such as ALP, GTT, biliru-
bin, Ca19-9, CA125, CEA, MUC5AC are found. 
Cholangiocarcinomas can arise in the absence of any known 
etiological factors.  

    10.3   “Yin-Yang” Negative- 
and Positive-Control Hypothesis of 
Cholangiocarcinoma Cell Development 

 Similar to other kinds of cancer including hepatocellular car-
cinoma  [  9  ] , the development of cancer cells of the bile-duct 
epithelium may be considered as Yin-Yang or negative-posi-
tive control of cell-growth and cell-death. As shown in 
Fig.  10.3 , the “Yang” factors usually refer to the growth fac-
tors, receptors, cellular signal transducers and nuclear tran-
scriptional factors which are mostly proto-oncogenes that 
promote cellular proliferation and survival. On the other hand 
the “Yin” factors are molecules that suppress  cell-growth 

Molecular scheme of cholangiocarcinoma development
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  Fig. 10.2    A molecular scheme 
of cholangiocarcinoma 
development. The various factors 
that affect the development of 
cholangiocarcinoma are presented. 
The etiological factors 
of cholangiocarcinoma 
can be divided broadly as 
genetic/epigenetic factors and 
environmental factors. The 
developmental process can be 
divided into three stages, namely 
1st stage: Initiation, 2nd stage: 
Promotion, and 3rd stage: 
Progression       
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and facilitate cell-death including apoptosis. It is the delicate 
interplay and regulation of expression and action of these 
positive and negative modulators that result in the control-
growth of a normal cell. Mutations and/or altered expression 
in proto-oncogenes and suppressor genes lead to aberrant 
functions of proteins, which in turn may induce abnormal 
growth and differentiation of the cells.   

    10.4   Molecular Markers 
of Cholangiocarcinoma 

 The histology of cholangiocarcinoma with H and E staining 
is shown in Fig.  10.4a, b . Figure  10.4a  shows a typical cho-
langiocarcinoma (glandular type with numerous  fi brous 
stromal-regions), and Fig.  10.4b  shows a papillary type with 
mucous and intraluminal papillary masses. The expressions 
of several important molecular markers such as K-ras 
(Fig.  10.4c ), CK19 (Fig.  10.4d, e ), and tumor suppressor 
p16INK4A (Fig.  10.4f ), are also shown  [  21  ] .   

    10.5   Tumor Suppressor Gene P53 Mutation 

 The wild-type p53 plays an important role in the regulation 
of the cell cycle process, cell growth, and apoptosis in the 
event of DNA damage. It is also known as the gate-keeper 
for these important cellular events. P53 encodes a phospho-
rylated protein with a molecular weight of 53 kD. It is the 
most commonly mutated tumor suppressor gene associated 
with human cancer, being abnormal in over 50 % of known 
human cancers  [  14–  16  ) . The suppressor p53 protein is 
involved in many pathways by interacting with many gene 
products including transcription, DNA repair, cell cycling 
and genomic stability. DNA damages stabilize p53 which 
binds to p53 control elements in genes and activate transcrip-
tion. These p53 modulating genes include cell-cycle genes 
such as p21CIP/WAF1, a cyclin kinase inhibitor, BAX and 
Fas for apoptosis, and GADD45 for DNA repair. Alternatively, 
p53 may form protein-protein complexes with proteins of 
DNA synthesis and repair such as RPA, topoisomerase I and 
XPD helicase. Mutated p53 is also more stable and render 
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  Fig. 10.3    “Yin-Yang” Negative- and positive-control hypothesis of cholangiocarcinoma cell development. The development of cancer cells of the 
bile-duct epithelium may be considered as Yin-Yang or negative-positive control of cell-growth and cell-death       
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cells to escape from cell-cycle arrest, delay in S-phase syn-
thesis, and apoptosis. 

 The p53 gene is resided on the short arm of chromosome 
17 (17p13.1). Inactivation of the p53 gene by missense or 
nonsense mutations and by loss of chromosome 17p, induces 
disruption of critical growth-regulating mechanisms and 
may have a crucial role in carcinogenesis. The reported inci-
dence of p53 mutation is 11–37 % in intrahepatic cholang-
iocarcinomas  [  14  ] . It has been reported that loss of 

chromosome 17p was present in 38 % of intrahepatic cho-
langiocarcinomas  [  9  ] . It has also been documented that 
there are over 90 different types of p53 mutations found in 
cholangiocarcinoma p53 database, by the International 
Agency for Research on Cancer (IARC). The codon 
 distribution and mutation pattern is described in Figs.  10.5  
and  10.6 . The spectrum of mutations for p53 apparently is 
speci fi c for the populations in different regions and presum-
ably for the carcinogens. Over 50 % of mutated p53 in 

a

d

e f
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c

  Fig. 10.4    The histology and molecular markers of cholangiocarci-
noma H and E staining and markers of cholangiocarcinoma are shown. 
Cholangiocarcionoma ( a ,  b : H&E), ( a ) is an adenocarcinoma with 
numerous  fi brous stromal regions, and ( b ) is a papillary cholangiocarci-

noma with intraluminal papillary masses. The expressions (immunohis-
tochemical stainings) of K-ras ( c ), CK19 ( d ,  e ), and p16 ( f ) are also 
shown  [  21  ]        
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Thailand were G:C to A:T transitions at CpG sites, while in 
Korea, it was only 17 %  [  14  ] . Alkylating agents such as 
N-nitroso compounds, tend to induce G:C to A:T transitions 
in genes via the formation of O-6-methylguanine. Mutation 
in p53 is apparently dependent on environmental factors and 
carcinogens exposed, which may vary in different popula-
tions and locations. Figure  10.5  shows the mutation distri-
bution of p53 in cholangiocarcinoma. The codon distribution 
of p53 single base substitutions in cholangiocarcinoma 
 indicates that the mutation hotspots are at codons 175, 179, 
245, 248, 273 and 282 respectively  [  14  ] . In Fig.  10.6 , the 
mutation pattern of the 92 reported p53 mutations in cholan-
giocarcinoma is shown. This is the proportion of the differ-
ent types of p53 mutations as reported, which is the number 
of mutations of each type divided by the total number of 

mutations  [  14  ] . The most commonly reported type of muta-
tion is at CpG sites (29.3 %), which was found in over 50 % 
of p53 mutations in Thai patients. Alkylating agents such as 
N-nitroso compounds tend to induce G:C-A:T transitions in 
p53 via the formation of O-6-methylguanine  [  14  ] . It is 
apparently dependent on environmental factors including 
differences in nature or dose of exposure, which vary in dif-
ferent populations.    

    10.6   Tumor Suppressor P16 INK4A  
Alteration and Methylation 

 p16 INK4A  is a regulatory protein in the cell cycle and a 
cyclin-dependent kinase (cdk4/cdk6) inhibitor. The tumor 
suppressor gene p16 is commonly inactivated in many 
neoplasms. Three distinct mechanisms of p16 inactivation 
have been reported in biliary neoplasms: deletion and 
point mutations of the p16 gene, and hypermethylation of 
5 ¢  regulatory regions of p16  [  17–  22  ] . As shown in 
Fig.  10.7 , the  methylation pattern of the promoter region 
of p16 shows increased methylation in the tumor tissues 
as compared to the non- tumor tissues. The increased 
methylation is a mechanism for down-regulating the 
expression of the gene. A study of intrahepatic cholangio-
carcinomas reports that no p16 gene mutations are present 
but alterations of p16 gene are frequent: methylation of 
CpG island is present in the 5 ¢  region of the gene (54 %), 
allelic loss at the p16 locus on chromosome 9p21 (20 %), 
and homozygous deletion (5 %). Therefore, the p16 gene 
may possibly be crucial for intrahepatic biliary carcino-
genesis and progression. This is somewhat similar to 
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  Fig. 10.5    Tumor suppressor gene P53 mutation distribution in cholan-
giocarcinoma. Codon distribution of p53 single base substitutions in 
cholangiocarcinoma. The bar chart shows the proportion of all reported 

single base substitutions at each codon of p53 in cholangiocarcinoma 
which is the number of single base substitutions at each codon divided 
by the total number of single base substitutions  [  14  ]        
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  Fig. 10.6    Tumor suppressor gene P53 mutation pattern in cholangio-
carcinoma. Mutation pattern of the 92 reported p53 mutations in cho-
langiocarcinoma. The pie chart is a representation of the proportion of 
the different types of p53 mutations as reported, which is the number of 
mutations of each type divided by the total number of mutations  [  14  ]        
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HCCs as we had reported which contain multiple p16 
alternations including deletions and methylations  [  22  ] .   

    10.7   Epidermal Growth Factor Receptor 
(EGFR) Family ErbB-1 and ErbB-2 

 This is the family of the avian erythroblastic leukemia viral 
(v-erb-b) oncogene homolog. They are members of the 
Epidermal growth factor receptor subfamily (EGFR), which 
are typeItyrosine kinase receptors, and can bind EGF and 
TGF- a . ErbB-1 (HER1) and ErbB-2 (HER2) share approxi-
mately 40 % homology in their extracellular binding domains. 
On the other hand, ErbB-2 has no ligand binding domain of 
its own and therefore cannot bind growth factors. However, 
it does bind tightly to other ligand-bound EGF receptor fam-
ily members to form a heterodimer, stabilizing ligand bind-
ing and enhancing kinase-mediated activation of downstream 
signalling pathways. Ampli fi cation and overexpression of 
c-erbB-2 are frequently seen in cancers of the biliary tract 
 [  23–  26  ] . It has been reported that a high incidence of cholan-
giocarcinomas (intrahepatic and extrahepatic) and gallblad-
der cancers developed in transgenic mice overexpressing 
ErbB-2. Reported values of the frequency of tumors overex-
pressing ErbB-2 varies from 0 to 73 %. 

 In another report, 44 % of intrahepatic cholangio-
carcinoma are ErbB-1-positive and that ErbB-1 expres-
sion is correlated with grade and proliferative index  [  26  ] . 
Immunohistochemical expression of these molecules was 
assessed retrospectively in 236 cases of cholangiocarci-
noma, as well as the associations between the expression of 
these molecules and clinicopathological factors or clinical 
outcome. The proportions of positive cases for EGFR and 
HER2 overexpression were 27.4, and 0.9 % in intrahepatic 
cholangiocarcinoma (IHCC), and 19.2 and 8.5 % in extra-
hepatic cholangiocarcinoma (EHCC), respectively. EGFR 
overexpression was associated with macroscopic type 
( P  = 0.0120), lymph node metastasis ( P  = 0.0006), tumor 
stage ( P  = 0.0424), lymphatic vessel invasion ( P  = 0.0371), 

and perineural invasion ( P  = 0.0459) in EHCC, and 
 multivariate analysis showed that EGFR expression was a 
signi fi cant prognostic factor [hazard ratio (HR), 2.67; 95 % 
con fi dence interval (CI), 1.52–4.69;  P  = 0.0006] and also a 
risk factor for tumor recurrence (HR, 1.89; 95 % CI, 1.05–
3.39,  P  = 0.0335) in IHCC. These results strongly indicate 
that EGFR expression is associated with tumor progression 
in cholangiocarcinoma. The immunohistochemical staining 
of EGFR family members in cholangiocarcinoma is shown 
in Fig.  10.8 . Figure  10.8a  is EGFR, Fig.  10.8b  is HER2, 
and Fig.  10.8c  is VEGF. In addition, Fig.  10.8d  shows 
Epidermal growth factor receptor tends to be expressed in 
the poorly differentiated component while Fig.  10.8e  shows 
Human epidermal growth factor receptor 2, which is prefer-
entially expressed in more differentiated areas such as the 
glandular or papillary component  [  26  ] . Figure  10.9  shows 
the EGFR expression and survival in cholangiocarcinoma. 
Survival curves of EGFR-positive and -negative expression 
in (Fig.  10.9a ), IHCC and (Fig.  10.9b ), EHCC. The outcome 
of EGFR-positive cases was signi fi cantly worse than that of 
EGFR-negative cases in both IHCC and EHCC  [  26  ] .    

    10.8   Vascular Endothelial Growth 
Factor (VEGF) 

 This gene is a member of the PDGF/VEGF growth factor 
family and encodes a protein that is often found as a disul fi de 
linked homodimer. This protein is a glycosylated mitogen 
that speci fi cally acts on endothelial cells and has various 
effects, including mediating increased vascular permeability, 
inducing angiogenesis, vasculogenesis and endothelial cell 
growth, promoting cell migration, and inhibiting apoptosis. 
VEGF plays an important role in inducing endothelial cell 
growth and in promoting angiogenesis. 

 VEGF which has been considered as potential thera-
peutic targets in cholangiocarcinoma and immunohis-
tochemical expression was assessed retrospectively in 236 
cases of cholangiocarcinoma, and the associations between 
clinicopathological factors or clinical outcome were deter-
mined  [  26  ] . The proportions of positive cases for VEGF 
were 53.8 % overexpression in intrahepatic cholangiocar-
cinoma (IHCC), and 59.2 % in extrahepatic cholangio-
carcinoma (EHCC), respectively. Clinicopathologically, 
VEGF  overexpression was related to intrahepatic metasta-
sis ( P  = 0.0224) in IHCC. These results suggest that VEGF 
expression may be involved in haematogenic metastasis in 
cholangiocarcinoma. Another report showed that VEGF A 
expression was more frequently encountered in peripheral 
cholangiocarcinoma (69 % vs. 25 %,  P  < 0.0001) and cor-
related with increased vascular density  [  27  ] . Thus, VEGF 
is a potentially useful marker in predicting metastasis and 
angiogenesis in cholangiocarcinoma.  
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  Fig. 10.7    Tumor suppressor p16 INK4A  methylation in cholangiocarci-
noma. Methylation analysis of p16 promoter region in normal, non cho-
langiocarcinoma. Methylation speci fi c PCR results are expressed as 
unmethylated p16 speci fi c bands ( U ) and methylated bands ( M )  [  21  ]        
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  Fig. 10.8    EGFR immunohistochemical staining in cholangiocarci-
noma. Immunohistochemical staining of ( a ) EGFR, ( b ) HER2, and ( c ) 
VEGF in cholangiocarcinoma. ( d ) Epidermal growth factor receptor 

tends to be expressed in the poorly differentiated component. ( e ) Human 
epidermal growth factor receptor 2 is preferentially expressed in more 
differentiated areas such as the glandular or papillary component  [  26  ]        
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    10.9   Proto-Oncogene K-ras Mutation 

 K-ras is a proto-oncogene of GTP-GDP binding protein fam-
ily with GTPase activity. The K-ras proto-oncogene is 
thought to exert control over the mechanisms of cell growth 
and differentiation. This gene is converted to an active onco-
gene by point mutations, signi fi cantly concentrated in codons 
12, 13 or 61, similar to the H-ras mutations in other tumors. 
The reported rates of K-ras mutations in intrahepatic cholan-
giocarcinomas vary widely  (  28–  32  ] . Variations are caused 
by racial and geographic variations, and the use of different 
assay techniques, for example, a mutation rate of 50–56 % 
was found in Japanese patients versus 0–8 % in Thai patients. 
It has been reported that mutation rates are higher in periduc-
tal and spicular-forming tumors than mass-forming ones. 
The expression of K-ras in cholangiocarcinoma is shown in 
Fig.  10.4c .  

    10.10   Reduced Expression of P120 Catenin 
and Cadherin 

 P120-catenin is a member of the Armadillo (ARM)/ b -catenin 
gene family and is essential for mesenchymal cadherin- 
mediated regulation of cell motility and invasiveness. Altered 
expression of beta-catenin was reported in intrahepatic cho-
langiocarcinoma  [  32  ] . On the other hand, Cadherin, one of 
the transmembrane cell-cell adhesion receptors involved in 
development, and morphogenesis of intrahepatic cholangio-
carcinoma (ICC), is necessary and suf fi cient for P120 target-
ing cell-cell junctions. P120 is to stabilize cadherins at the 
cell membrane by regulating cadherin turnover and degrada-
tion. P120 may stabilize cell junctions or regulate membrane 
traf fi cking machinery. Down-regulated expression of 
E-cadherin and P120 occurs frequently in ICC which may 
contribute to the progression and development of tumor  [  33  ] . 
Both of them may be valuable biologic markers for predicting 
tumor invasion, metastasis and patients’ survival, and P120 is 
an independent prognostic factor for ICC  [  34  ] . In Fig.  10.10 , 
reduced E cadherin (A–C) and p120 catenin (D–F) expres-
sion by immunohistochemistry in cholangiocarcinoma is 
shown. Figure.  10.10a, d  are the preserved type, while 
Fig.  10.10b, e  are the reduced type, and Fig.  10.10c, f  are the 
complete absent type  [  33  ] . Figure  10.11  shows the correlation 
of survival of patients against the expression of p120 catenin 
(Fig.  10.11a ) and E-cadherin (Fig.  10.11b ). Increased surviv-
als were found in the positive cases, vs. the negative cases.    

    10.11   Up-Regulated Expression 
of the Multi-Functional 
Receptor Annexin A2 (ANXA2) 
and its Ligand Tenascin 

 In one recent study, membrane protein was extracted from 
four cholangiocarcinoma (CC) cell lines with different 
tumor forming capabilities  [  35  ] . Two-dimensional-PAGE 
followed by MALDI-TOF-MS was used to identify differ-
entially expressed proteins. Among 20 up-regulated mem-
brane proteins identi fi ed in the CC cell lines was ANXA2, a 
participant in tumor invasion and metastasis in other can-
cers. ANXA2 expression was veri fi ed in human subjects by 
probing, using monoclonal antibody and a tissue microarray 
of CC (301 diagnosed cases), where it was found to associ-
ate with one of several tumor progression stages as re fl ected 
by lymphatic invasion ( P  = 0.014) and metastasis ( P  = 0.026). 
Patients with high expressions of ANXA2 had a signi fi cantly 
shorter survival time ( P  = 0.011). ANXA2 expression in 
tumors may be useful for predicting the poor outcome of 
CC patients. We also had found that the expression of 
ANXA2 was up-regulated in hepatocellular carcinoma 
(Chan et al., unpublished data). These results indicated that 
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  Fig. 10.9    EGFR expression and survival in cholangiocarcinoma. 
Survival curves of EGFR-positive and -negative expression in ( a ), 
IHCC and ( b ), EHCC. The outcome of EGFR-positive cases was 
signi fi cantly worse than that of EGFR-negative cases in both IHCC and 
EHCC  (  26  ]        

 



11910 Molecular Markers of Cholangiocarcinoma

a

d

e f

b

c

  Fig. 10.10    Reduced p120 and cacherin expression in cholangiocarcinoma. Immunostaining of E-cadherin and p120 catenin in intrahepatic cho-
langiocarcinoma. ( a ,  d ) Preserved type, ( b ,  e ) reduced type, and ( c ,  f ) completely absent type  [  33  ]        
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ANXA2 could be a useful biomarker for different kinds of 
hepatic malignancies. In addition, one of the ligands of 
ANXA2, Tenascin, has been shown to express strongly at 
the invasive front of IHCC which was associated with 
poor prognosis in intrahepatic cholangiocarcinoma  [  36  ] . 
Figure  10.12  shows the enhanced ANXA2 expression in 
cholangiocarcinoma. The immunohistochemical staining of 
Annexin A2 (ANXA2) in normal liver tissue is shown in 
(Fig.  10.12A ), in bile duct hyperplasia tissue (Fig.  10.12B ), 
and in cholangiocarcinoma (CCA) tissues (Fig.  10.12C, D ). 
Annexin A2-positive cells were clustered within bile duct 
hyperplasia (B) and CCA tissues (C and D), but not detected 
or expressed at very low levels in stroma, normal liver and 
bile duct cells (A). Annexin A2 was preferably membranous 
(D) in location of CCA tissues, although some cytoplasmic 
staining (C) was observed  [  35  ] .   

    10.12   Cytokeratin 19 (CK19) 

 The keratins are intermediate  fi lament proteins responsible 
for the structural integrity of epithelial cells. CK19 is also 
involved in the organization of myo fi bers and together with 
KRT8, it helps to link the contractile apparatus to dystrophin 

at the costameres of striated muscle  [  37,   38  ] . Cytokeratin 
immunostaining forms the bedrock of the immunohis-
tochemical evaluation of tumors. CK19 belongs to a family 
of keratins, which are normally expressed in the lining of the 
gastroenteropancreatic and hepatobiliary tracts  [  37  ] . CK19 
has been shown to be an independent prognostic factor for 
pancreatic neuroendocrine tumors, especially the insulin-
negative tumors. CK19 positive tumors are associated with 
poor outcomes irrespective of the established pathologic 
parameters such as size, mitoses, lymphovascular invasion, 
and necrosis. CK19 is useful in the work-up of pancreatic 
endocrine tumors. CK19 is also positive in most neuroendo-
crine tumors occurring in the rest of the GIT, except rectal 
tumors, which are negative. 

 In the liver, CK19 is of prognostic value in hepatocellular 
carcinomas and is of use in distinguishing cholangiocarci-
noma from hepatocellular carcinomas. It can also be used to 
highlight native ductules in the liver and helps separate con-
ditions such as focal nodular hyperplasia from hepatic ade-
noma. The vast majority of adenocarcinomas in the GIT and 
pancreas are CK19 positive. In a study of the differences 
between hepatocellular carcinoma (HCC) and peripheral 
type of cholangiocarcinoma (CC) using cytokeratin (CK) 
and carcinoembryonic antigen (CEA) expressions, 50 % of 
HCCs were positive for CEA, presenting a canalicular stain-
ing pattern  [  38  ] . For CK7, all but one (which was focally 
positive), or 80 % of CHCs were diffusely positive, whereas 
only two HCCs were positive. For CK19, 80 % of CCs were 
diffusely positive, while all but two HCCs (a moderately and 
a poorly differentiated tumor) were negative. For CK, 8/18, 
or 70 % of HCCs were diffusely positive, whereas only 20 % 
of CHCs were positive. For CK17, 60 % of CHCs were posi-
tive, while all HCCs were negative. 80 % of CHCs were 
positive for AB1 anti-CKs complex, whereas only 50 % of 
HCCs were positive. Thus, CKs and CEA might be consid-
ered helpful, in addition to other diagnostic criteria, for the 
differential diagnosis of primary carcinomas of the liver, 
especially in dif fi cult cases.  

    10.13   Other Molecular Markers 

 Other markers for cholangiocarcinoma that showed altera-
tions are DNA repair proteins and repair defects such as 
Methyguanine methyl transferase  [  39  ] , mismatch repair pro-
teins MSH2, MLH1  [  40,   41  ] , and RAD51 associating pro-
tein-1  [  42  ] , oxo-dihydro-dG  [  43  ] , nitrative and oxidative 
DNA damage  [  44  ] , hTERT mRNA  [  45  ] , microsatellite insta-
bility, stem cell factor and c-Kit  [  46  ] , Cox-2 and PE2  [  47  ] , 
other epigenetic alteration  [  48  ] , hedgehog ligand  [  49  ] , 
Galectin-3  [  50  ] , Maspin and Bax  [  51  ] , p27  [  52  ] , TGF-beta 
type II receptor  [  40  ] , angiogenesis and lymphangiogenesis 
 [  5  ] . However, Glycine-N-methyltransferase was shown to be 
a favorable factor for cholangiocarcinoma  [  53  ] .  

1.2
P120 expression

E-cadherin expression

P  = 0.024

P  = 0.0041.0

0.8

0.6

S
ur

vi
va

l
S

ur
vi

va
l

0.4

0.2

0.0

–0.2

1.2

1.0

0.8

0.6

0.4

0.2

0.0

–0.2

10 20 30 40 50 60 70

10 20 30 40 50 60 70

(–)

(+)

(–)

(+)

a

b

  Fig. 10.11    Correlation of p120 cadherin expression and survival in 
cholangiocarcinoma. ( a ) Survival curve of p120-catenin positive and 
negative cholangiocarcinoma. ( b ) Survival curve of E-cadherin positive 
and negative cholangiocarcinoma  [  33  ]        
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    10.14   Chromosomal Alteration 

 In intrahepatic cholangiocarcinoma, losses of heterozygosity 
at chromosomal loci 3p13-p21, 5q35-qter, 8p22, 17p13, and 
18q have been reported  [  8  ] . These chromosomal alterations 
may contain other unidenti fi ed proto-oncogenes or tumor 
suppressor genes.  

    10.15   Serum Tumor Markers 

 For non-invasive diagnostic tests of cholangiocarcinoma, 
blood tests are probably the best at this juncture in time 
 [  54–  56  ] . Serum biochemical tests usually support the clini-
cal suspicion of CC but they are rarely diagnostic. Jaundice 
occurs if there is obstruction of the right and left hepatic 

ducts or the common bile duct. In these circumstances, ele-
vation of serum levels of bilirubin and markers of biliary epi-
thelial injury, such as alkaline phosphatase (ALP) and gamma 
glutamyltransferase (GTT) are common  [  56,   57  ] . However, 
in the presence of unilateral intrahepatic biliary obstruction, 
elevation of ALP or GTT may be present without any increase 
in the serum bilirubin level. Other abnormal laboratory 
 fi ndings include hypo-albuminemia and prolonged pro-
thrombin time, which re fl ect the combination of diminished 
hepatic synthetic function, cachexia and malabsorption of 
vitamin. 

 Other tumor markers may support the diagnosis of CC, 
although none of them is sensitive enough to be used for 
screening purposes. The commonly used markers are car-
bohydrate antigen (CA19-9), carcinoembryonic antigen 
(CEA) and CA-125. CA19-9 is the most useful of these 
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  Fig. 10.12    Enhanced ANXA2 expression in cholangiocarcinoma. 
Immunohistochemical staining of Annexin A2 (ANXA2) in normal 
liver tissue ( a ), bile duct hyperplasia tissue ( b ) and cholangiocarcinoma 
(CCA) tissues ( c ,  d ). Annexin A2-positive cells were clustered within 

bile duct hyperplasia ( b ) and CCA tissues ( c ,  d ), but not detected or 
expressed at very low levels in stroma, normal liver and bile duct cells 
( a ). Annexin A2 was preferably membranous ( d ) in location of CCA 
tissues, although some cytoplasmic staining ( c ) was observed  [  35  ]        
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three  [  57–  61  ] . CA19-9 is frequently upregulated in pancre-
atobiliary neoplasia. However, it may also be elevated in 
patients with jaundice due to biliary obstruction, but in the 
absence of a tumor, and in other non-hepato-pancreatico-
biliary conditions. Thus, these tumor markers are not very 
speci fi c as they can be elevated in the presence of other 
malignancies (e.g. pancreas and stomach) and with benign 
conditions such as cholangitis and hepatolithiasis. Serum 
CA19-9 levels above 100 U/ml in patients without PSC 
have a sensitivity of 53 % and a speci fi city of 75–90 % for 
the diagnosis of CC. In patients with PSC, serum CA19-9 
levels above 100 U/ml have a sensitivity of 75–89 % and a 
speci fi city of 80–86 % for the diagnosis of CC. In a recent 
study the optimal cutoff value for serum CA19-9 in patients 
with PSC was 20 U/ml which provided a sensitivity of 
78 %, a speci fi city of 67 %, a positive predictive value of 
23 % and a negative predictive value of 96 %  [  60  ] . 
Nevertheless, serum CA19-9 combined with either ultra-
sonography, computed tomography, or magnetic resonance 
imaging provided a sensitivity of 91, 100 and 96 % respec-
tively for CC diagnosis. The levels of CA19-9 appear to 
correlate with the stage of the disease. It was reported that 
the sensitivity of CA19-9 above 100 U/ml for the diagnosis 
of CC in patients with resectable tumors was 33 % com-
pared to 72 % in patients with unresectable tumors  [  58  ] . 
Using more than one tumor marker for patients with PSC 
may improve the detection rate of CC. Thus, CA19-9 and 
CEA are helpful devices in the management of gastrointes-
tinal malignancies and belong to clinical routine in surgical 
oncology. The validity of these parameters in terms of 
tumor extension and prognosis of bile duct malignancies 
still remains unclear. From 1998 to 2008, preoperative 
CA19-9 and CEA serum levels in 136 patients with hilar 
cholangiocarcinoma were obtained. In another correlative 
study, the tumor stage, resectability rate and survival were 
correlated with preoperative CA19-9 and CEA serum lev-
els. CA19-9 and CEA levels increased signi fi cantly with 
rising tumor stages. Patients with pre-operative serum lev-
els of CA19-9 (>1,000 U/ml) and CEA (>14.4 ng/ml) 
showed a signi fi cant poorer resectability rate and survival 
than patients with lower CA19-9 and CEA serum levels 
respectively. CA19-9 and CEA serum levels were associ-
ated with the tumor stage. If preoperatively obtained 
CA19-9 and CEA serum levels were highly elevated 
patients had an even worse survival and the frequency of 
irresectability was signi fi cantly higher. Several new mark-
ers are currently being investigated. The human mucin  fi ve, 
subtypes A and C (MUC5AC) are the most promising for 
future clinical use with a sensitivity and speci fi city of 71 
and 90 %, respectively  [  62–  64  ] . MMPs are also potentially 
useful serum makers for CC  [  65  ] . Alpha-fetal-protein is 
known to be a useful serum marker for HCC, but it can be 
expressed in intrahepatic cholangiocarcinoma as well 

 [  66,   67  ] , which suggests probable cancer stem cell origin 
 [  67  ] . Figure  10.13  shows the correlation of CA19-9 with 
bilirubin and the sensitivity and speci fi city. Figure  10.13a  
is a plot of total bilirubin versus CA19-9 for benign dis-
eases, while Fig.  10.13b  is a plot of total bilirubin versus 
CA19-9 for malignant diseases. Figure  10.13c  is a plot of 
sensitivity versus 1-Speci fi city for CA19-9  [  60  ] . These data 
indicate that CA19-9 is positively correlated with bilirubin 
in benign diseases while it is randomly distributed in malig-
nant diseases.   

    10.16   Molecular Markers 
as Target of Therapy 

 For therapy of cholangiocarcinoma, complete surgical resec-
tion is the only curative approach. This can be accomplished 
only in a minority of patients, since most of them present 
with an advanced disease. In addition, those patients who 
have undergone complete surgical resection experience a 
high tumor recurrence rate. Non-resectable biliary tract can-
cer is associated with a poor prognosis due to resistance of 
the tumor to chemotherapy agents and radiotherapy. It is 
essential to search for new therapeutical approaches. Clinical 
study data with molecular therapy are now starting to be 
available for this tumor  [  68–  73  ] . Inhibitors of the epidermal 
growth factor receptor (EGFR) family, such as erlotinib, 
cetuximab, and lapatinib were recently investigated  [  68  ] . 
Furthermore, bortezomib, an inhibitor of proteasome, ima-
tinib mesylate, an inhibitor of c-kit-R, bevacizumab, an 
inhibitor of vascular endothelial growth factor (VEGF), and 
sorafenib (BAY 43-9006), a multiple kinase inhibitor that 
blocks not only receptor tyrosine kinases but also serine/
threonine kinases along the RAS/RAF/MEK/ERK pathway, 
have been tried. Although early evidence of antitumor activ-
ity was seen, the results are still too early and require further 
investigations. Another report indicated that biliary cancers 
overexpress epidermal growth factor receptor (EGFR), and 
angiogenesis has been correlated with a poor outcome. 
Erlotinib, an EGFR tyrosine kinase inhibitor, and bevaci-
zumab, a vascular endothelial growth factor (VEGF) inhibi-
tor have been shown to have activity in biliary cancer. 
Patients with advanced cholangiocarcinoma or gallbladder 
cancer were treated with bevacizumab (5 mg/kg) and erlo-
tinib (150 mg). In 53 eligible patients, 6 had a con fi rmed par-
tial response while stable disease was documented in another 
25 patients (51 %)  [  69  ] . The median overall survival (OS) 
was 9.9 months, and the time to progression (TTP) was 
4.4 months. Combination chemotherapy with bevacizumab 
and erlotinib showed clinical activity with infrequent adverse 
effects. Thus, the combination of bevacizumab and erlotinib 
may be a therapeutic alternative in patients with advanced 
biliary cancer.  
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      Conclusion 

 Cholangiocarcinomas are epithelial neoplasms that origi-
nate from cholangiocytes. They can occur at any level of 
the biliary tree and they are classi fi ed into intrahepatic 
tumors, (extrahepatic) hilar tumors and (extrahepatic) dis-
tal bile duct tumors. A better understanding of the predis-
positions, risk factors and the molecular pathways for 
cholangiocarcinoma development will provide new insights 
in the management of this cancer. The environmental fac-
tors and genetic/epigenetic factors can be eliminated, neu-
tralized or avoided. The diagnosis can be established much 
earlier and accurately with new molecular markers and 
improved non-invasive imaging. Advanced cytological and 
chromosomal analysis may aid early diagnosis. Biological 
therapy basing on the molecular markers discovered 
(including proto-oncogenes and tumor suppressor genes) 
may be very useful for patients with unresectable cholang-
iocarcinoma. These, together with neoadjuvant chemo-
irradiation, can be used as therapeutic alternatives in 
patients with advanced or recurrent biliary cancers.      
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          11.1   Introduction 

 Hilar cholangiocarcinoma usually presents late with a poor 
prognosis that results in diagnostic and therapeutic challenges 
for the clinician. For individuals diagnosed with cholangiocar-
cinoma, surgery currently offers the only potential curative 
option, however a laparotomy and surgical resection of local-
ized disease is itself associated with signi fi cant morbidity and 
mortality  [  1–  3  ] . For patients diagnosed with advanced disease, 
life expectancy is short and survival in those who have incom-
plete tumour resection is identical to patients who receive pal-
liative therapy alone for non resectable illness  [  1  ] . The bene fi ts 
of avoiding laparotomy can therefore not be overemphasized 
and include less pain and morbidity, decreased hospital stay, 
decreased overall cost and earlier initiation of palliative ther-
apy  [  2,   3  ] . Consequently, adequate staging is of utmost impor-
tance to prevent unnecessary laparotomy in those with 
advanced illness not suitable for potentially curative surgery. 
Whenever surgical palliation is preferred, laparotomy is indi-
cated, regardless of tumour resectability. Nevertheless, despite 
improvements in imaging, the incidence of non therapeutic 
laparotomies remains high, up to 46 % in some studies  [  1  ] . 

 Laparoscopy has been used as a diagnostic staging tool 
for some years in hepato-pancreato-biliary tumours. Its main 
function is to further stage those patients deemed suitable for 
surgical resection after undergoing conventional radiological 
assessment. Hilar cholangiocarcinomas are often small and 
tend not to form a bulky mass. For this reason they are 
dif fi cult to visualise and therefore stage accurately on any 

standard imaging modality  [  4  ] . CT and MRI imaging are 
usually accurate in identifying portal vein occlusion, how-
ever, more discrete tumour invasion is often missed  [  4  ] . Even 
with the most sophisticated radiological imaging, the false-
negative rate for identifying small liver (Fig.  11.1 ), omental 
or peritoneal (Fig.  11.2 ) deposits is approximately 10–30 % 
 [  5  ] . Hilar cholangiocarcinoma in particular tends to be 
 unresectable and the surgeon is often faced with major 
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 discrepancies between staging performed by radiological 
imaging alone, and actual  fi ndings at laparotomy  [  4  ] . 
Therefore, the main bene fi ts of laparoscopy include the 
increased likelihood of visualizing small metastatic tumour 
deposits on the surface of the liver and peritoneum which 
would otherwise go undetected by conventional radiological 
techniques alone.   

 There are limited studies on the added bene fi ts of incor-
porating this modality into the staging of hilar cholangiocar-
cinoma and the outcomes appear to be in fl uenced by a 
multitude of factors including the quality of the conventional 
radiological imaging, the timing of the laparoscopy in the 
staging process and the expertise of the surgeon performing 
the procedure  [  4–  7  ] . Adding laparoscopic ultrasound (LUS) 
may further aid staging and increase the yield of laparoscopy 
by highlighting radiologically undetectable intrahepatic 
metastases and localized vascular invasion  [  4,   7  ] . Again the 
chief limitation of LUS is that it is highly operator dependent 
and, even in the hands of the most experienced of operator, 
biopsies are dif fi cult to obtain  [  8  ] . 

 The low yield of laparoscopy in identifying patients 
unsuitable for laparotomy is the primary reason that it has 
not been accepted as universal practice in all centres 
  [  3–  7,   9,   10  ] . It is also likely that as non-invasive radiological 
imaging techniques improve, the yield of staging laparos-
copy will decrease. Furthermore, it has been postulated that 
laparoscopy could be useful in guiding palliative treatment 
by identifying patients with locally advanced disease suit-
able for chemoradiation from those with metastatic disease 
suitable for chemotherapy alone  [  4  ] .  

    11.2   Indications 

 Staging laparoscopy is recommended for patients who have 
been diagnosed with cholangiocarcinoma that has been dem-
onstrated to be potentially curable by surgical excision after 

a full battery of radiological investigations. A second indica-
tion to perform a laparoscopy would be to con fi rm the pres-
ence of locally advanced disease as opposed to metastatic, in 
order to guide neo-adjuvant palliative treatment although 
evidence for this is less robust  [  11  ] . Contra-indications to 
laparoscopy are signs of duodenal obstruction as the patient 
will require de fi nitive surgery to relieve the obstruction.  

    11.3   Technique 

 In our institution, staging laparoscopy and laparoscopic 
ultrasound are generally performed separately to subsequent 
laparotomy. This is mainly due to logistical reasons relating 
to anaesthetic planning and patient preference but in some 
centres both procedures are performed at a single sitting. 
Although this may present challenges with effective theatre 
time management, carrying out staging laparoscopy and lap-
arotomy in a single session may be more bene fi cial to the 
individual patient as it would prevent two procedures and 
two hospital visits. 

 Staging laparoscopy is performed under general anaes-
thetic with the patient placed supine and the principle operat-
ing surgeon positioned on the left side of the patient. 
Pneumoperitoneum is established in the standard fashion, 
gaining access using an open “Hassan” technique and 
insuf fl ating with CO 

2
  at a pressure of 12–15 mmHg through 

a 12 mm infra-umbilical port  [  12  ] . A second 12 mm port is 
placed in the right mid quadrant. 

 A 30° scope is inserted through the infra-umbilical port 
and the abdominal cavity is visualized. A careful inspection 
of the peritoneum is undertaken to identify any tumour 
deposits. Intraabdominal organs are inspected in turn, the 
visceral peritoneum, the liver including the undersurface, the 
anterior aspect of the stomach, the lesser and greater omen-
tum, the diaphragm and porta are inspected. By retracting the 
greater omentum superiorly, the small bowel and root of the 
mesentery can be identi fi ed  [  12  ] . Suspicious lesions should 
be biopsied at the end of the procedure using a biopsy forcep 
or a biopsy needle  [  4  ] . The biopsies should be taken under 
direct laparoscopic vision or by laparoscopic ultrasound 
guidance  [  4,   12  ] . 

 Laparoscopic ultrasound is best performed using a high-
resolution  fl exible tip linear array transducer  [  12  ] . Isotonic 
saline can be introduced to the peritoneal cavity if required to 
provide an acoustic window, and decreasing the abdominal 
pressure to 7–8 mmHg has been shown to improve contact 
with the liver surface  [  4,   12  ] . The ultrasound probe should be 
inserted through both ports to allow imaging in two planes. 
The probe is normally sterilized or can be wrapped in a ster-
ile cover sheet,  fi lled with sterile ultrasonic gel. A systematic 
approach should be taken to examine the liver starting with 
the identi fi cation of standard landmarks. The liver paren-
chyma should be investigated for signs of intrahepatic meta-
static lesions, which can appear as hyper-, iso-, or hypo-echoic 

  Fig. 11.2    Peritoneal dissemination of cholangiocarcinoma       
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 [  12  ] . Furthermore, the portal triad should be examined and 
its relationship to the primary tumour should be considered 
 [  12  ] . The portal structures are viewed by inserting the probe 
through the sub umbilical port and placing it on the hepa-
toduodenal ligament  [  12  ] . This allows the surgeon to view 
the inferior vena cava posteriorly  [  12  ] . If the probe is then 
rotated clockwise, the portal vein, bile duct, and hepatic 
artery may be inspected  [  12  ] . 

 Withdrawing the probe allows the portal vein to be fol-
lowed to the spleno-portal con fl uence and continues down 
the SMV  [  12  ] . A loss of tissue planes between the primary 
tumour and the surrounding vessels suggests vascular inva-
sion  [  12  ] . This part of the procedure is particularly operator 
dependent as placing too much pressure on the probe can 
create images consistent with that of vascular involvement. 
A further indication of vascular involvement that can be 
demonstrated by laparoscopic ultrasound is a  fi xed stenosis 
of the vessel in more than one plane  [  4  ] . For hilar cholangio-
carcinoma in particular it is important to assess the primary 
lesion in order to determine its proximal and distal extent, 
radial extension and lymph node metastases  [  12  ] . Involved 
lymph nodes appear as hyper-echoic, less well circumscribed 
nodes. Suspicious nodes should be con fi rmed by biopsy  [  12  ] . 
After biopsies have been taken, the wounds are inspected for 
excess bleeding, the ports are removed and the wounds are 
closed in the usual fashion.  

    11.4   Safety and Complications 
of Staging Laparoscopy 

 Staging laparoscopy is an established safe procedure. It has a 
low morbidity with complications reported in 0.15–3 % of 
cases, and the mortality is negligible (0.05 %)  [  4,   13  ] . 

 The introduction of the infra umbilical trocar is the most 
hazardous part of any laparoscopic procedure. This is due to 
the risk of injury to the abdominal aorta or other vulnerable 
parts of the vascular tree and the risk of injury to the bowel. 
Penetrating vascular injuries can be catastrophic and mortal-
ity in these patients have been reported to be up to 17 % how-
ever the incidence of such events remains low (0.001–0.005 %) 
 [  14  ] . Similarly, the mortality associated with a bowel injury 
during staging laparoscopy has been reported in some stud-
ies to be 3.6 % although the incidence is low at 0.13 %  [  15  ] . 
Obviously, if a patient has undergone previous abdominal 
surgery then the incidence of complications rises. In our unit, 
a Hasson open technique is used to gain access to the perito-
neum. Using this technique does not remove the risk of 
delayed injury to the bowel from injury by diathermy, how-
ever, we believe that it does reduce the risk of penetrating 
injury to the bowel and vasculature and increases the chance 
of any injury being directly visualized and therefore identi fi ed 
early. 

 van Dijkum and colleagues studied prospectively a series 
of 420 patients undergoing staging laparoscopy for upper 

gastrointestinal cancers  [  16  ] . Following the procedure, 1 % 
of patients had major complications which included anaphy-
lactic shock, small bowel injury and bile leakage following a 
liver biopsy  [  16  ] . A further 3 % of patients suffered minor 
complications such as wound infections, wound haemato-
mas, post operative pain, aspiration pneumonia, post opera-
tive urinary retention and incisional hernia  [  16  ] . All patients 
survived the procedure and the mean discharge time was 
1.5 days  [  16  ] . Shoup and his colleagues in New York cor-
roborated these  fi ndings in a similar study with a comparable 
group of patients  [  17  ] . 

 Port site metastases are often sited as a major complica-
tion of staging laparoscopy and are much feared as the con-
sequences for the patient may be devastating. The expected 
risk, however, is probably overestimated and is not supported 
by present evidence  [  4  ] . In the study of van Dijkum, port site 
metastasis occurred in 2 % of patients all of whom had meta-
static disease at the time of staging laparoscopy and had evi-
dence of very advanced disease when the port site lesions 
were identi fi ed  [  16  ] . Shoup et al. reported an even lower 
incidence (0.8 %). However, although small, the risk of port 
site metastasis should still be respected and it is recom-
mended that attempts at biopsy of hilar cholangiocarcinoma 
should be restricted to suspected metastases at staging lap-
aroscopy to pathologically con fi rm a diagnosis  [  4  ] . The risk 
of unnecessary laparotomy signi fi cantly outweighs that of 
port site metastasis which does not in fl uence the outcome for 
the patient if metastatic disease is already present  [  4  ] .  

    11.5   Peritoneal Washings 

 Cytological analysis of peritoneal washings, obtained during 
staging laparoscopy has been established as a means of 
increasing laparoscopic yield in many solid organ malignan-
cies  [  18–  22  ] . Peritoneal lavage has been shown to identify 
occult disease in both gastric and pancreatic cancers that 
were otherwise deemed resectable  [  18  ] . Burke and col-
leagues demonstrated that patients with seemingly resectable 
gastric cancer but positive peritoneal cytology had a similar 
prognosis to patients diagnosed with metastatic disease  [  18  ] . 
Similarly, for pancreatic cancer, patients found to have 
malignant cells in peritoneal lavage  fl uid despite having no 
overt signs of metastatic deposits have a similar prognosis to 
those diagnosed with disseminated disease  [  20,   21  ] . 

 On the basis of this knowledge, Martin and colleagues 
examined peritoneal washings of 26 patients with con fi rmed 
hilar cholangiocarcinoma that were deemed suitable for 
resection by radiological staging  [  22  ] . Malignant cells were 
identi fi ed in only two of the patients who were also found to 
have gross peritoneal deposits at laparoscopy. Interestingly 
nine other patients were found to have metastatic disease 
present at laparoscopy but had negative washings. It would 
therefore seem that unlike pancreatic and gastric cancers, 
peritoneal lavage does not provide any useful additional 
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information in the staging of hilar cholangiocarcinoma and 
should not be routinely practiced.  

    11.6   Literature Review 

 There have been a small number of studies in recent years 
that have examined the bene fi ts of staging laparoscopy and 
laparoscopic ultrasound in patients with hilar cholangiocar-
cinoma. At the Memorial Sloan-Kettering Cancer Centre, 
Weber et al. conducted a large study to investigate the use of 
staging laparoscopy in patients with both gallbladder cancer 
and hilar cholangiocarcinoma  [  2  ] . Fifty-six patients who 
were diagnosed with potentially resectable hilar cholangio-
carcinoma were included, 14 (25 %) of whom were identi fi ed 
as having metastatic disease at staging laparoscopy. Forty-
two patients therefore proceeded to open laparotomy, but 19 
were shown to have unresectable cancer at surgery. In this 
study, laparoscopy detected the majority (83 %) of patients 
with peritoneal or liver metastasis but failed to identify those 
with locally advanced tumours and most with nodal metasta-
sis  [  23  ] . The yield of laparoscopy (i.e. the number of patients 
who were identi fi ed as unsuitable for resection) in the New 
York experience was 25 %, therefore the majority of patients 
did not bene fi t from the procedure. Weber and his colleagues 
attempted to identify patients most at risk of occult meta-
static disease to target the use of staging laparoscopy more 
effectively. They analysed the yield of laparoscopy with 
respect to the MSKCC T staging system (Table  11.1 ) that 
assesses local tumour-related factors present on preoperative 
imaging  [  24  ] . This staging system has previously been shown 
to predict survival, resectability, and the likelihood of meta-
static disease  [  24  ] . They found that as T stage advanced so 
too did laparoscopic yield. The yield increased from 9 % in 
patients with T1 tumours to 36 % in those with T2/T3 
tumours. The authors concluded that staging laparoscopy 
should be targeted at those diagnosed with T2/T3 tumours as 
this group had the greatest yield. It is unclear however if T 
staging was based on preoperative imaging alone or was 
modi fi ed after intra operative  fi ndings. Laparoscopic ultra-
sound was carried out in 23 patients as part of their staging 
assessment. No additional patients with unresectable disease 
were identi fi ed solely using this investigation, it is uncertain 
therefore if the laparoscopic yield would have been increased 
had all 56 patients been investigated with laparoscopic 
ultrasound.  

 Our own group studied patients with suspected hilar cho-
langiocarcinoma over 11 years (1992–2003)  [  8,   23  ] . Eighty-
four patients deemed potentially suitable for resection after 
standard radiological investigations underwent staging by 
laparoscopy and laparoscopic ultrasound. Twenty of the 84 
patients (24 % yield) were felt to be unresectable after 

 staging laparoscopy alone as 15 patients were found to have 
metastatic peritoneal or liver deposits and 5 had histologi-
cally con fi rmed nodal disease outside the resection  fi eld. 
The yield was increased to 42 % after laparoscopic ultra-
sound was added and identi fi ed a further 14 patients, 1 of 
whom had an intra hepatic metastasis and 13 who were 
found to have locally advanced disease. Despite the addi-
tion of laparoscopic ultrasound and its apparent ability to 
detect locally advanced disease, 10 of the 19 patients under-
going resection were found to have positive resection 
 margins, indicating that in practice, identifying patients 
with local invasion continues to represent a signi fi cant 
challenge. 

 The patients in the Edinburgh study were again graded 
according to the MSKCC T staging system. As in Weber and 
colleagues’ study, it was also noted that laparoscopic yield 
increased with T stage. The yield for T1, T2, and T3 tumours 
was 26, 37 and 69 % respectively. Fourteen, 25 and 5 patients 
in the T1, T2 and T3 groups respectively were found to have 
resectable disease after staging however, at laparotomy, only 
eight, 11 and one patient in each T stage group did indeed 
have cancer that was potentially curable be surgery. 
Interestingly, the reasons for this differed between T stage 
groups. In the T1/T2 groups, metastatic disease was most 
likely to be the culprit, however in the T3 group local inva-
sion was the primary reason for unresectability. This sug-
gests that a different biological process is taking place in the 
T3 group. 

 The yield from staging laparoscopy and laparoscopic 
ultrasound in this study was 42 % with an overall accuracy of 
53 %. These  fi gures are higher than that of Weber et al. The 
Edinburgh study was conducted over a longer time period 
during which the quality of radiological imaging has undoubt-
edly varied and the selective approach to employing 

   Table 11.1    MSKCC revised preoperative staging system for patients 
with hilar cholangiocarcinoma   

 T Stage  Description 

 1  Tumour involving biliary con fl uence ± unilateral extension 
to 2° biliary radicles 
 No liver atrophy or portal vein involvement 

 2  Tumour involving biliary con fl uence ± unilateral 
 extension to 2° biliary radicles with ipsilateral portal 
vein involvement ± ipsilateral hepatic lobar atrophy 
 No main portal vein involvement 

 3  Tumour involving biliary con fl uence + bilateral extension 
to 2° biliary radicles 
 OR unilateral extension to 2° biliary radicles with 
contralateral portal vein involvement 
 OR unilateral extension to 2° biliary radicles with 
contralateral hepatic lobar atrophy 
 OR main or bilateral portal venous involvement 

  Adapted from Weber et al.  [  23  ]   
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 laparoscopic ultrasound as a staging modality by the MSKCC 
team may have decreased their overall yield. 

 In a larger study carried out by Tilleman and colleagues in 
the Netherlands  [  25  ] , 110 patients with cholangiocarcinoma 
were investigated between 1993 and 2000, for tumour that 
was deemed potentially resectable by standard radiological 
imaging  [  25  ] . In these patients who were staged using lap-
aroscopy without laparoscopic ultrasound, the results were 
similar to that of the Edinburgh group. Laparoscopy revealed 
histologically proven incurable disease in 41 % of patients 
with an accuracy of 56 %. Again, the authors comment that 
radiological staging has substantially improved in recent 
years both with the introduction of spiral CT with 3 mm slides 
and with the improvements in endoscopic ultrasonography 
 [  25  ] , thereby accounting for the high yield in this study. The 
 fi ndings of all three studies are summarised in Table  11.2 .   

      Conclusion 

 Patients with hilar cholangiocarcinoma often have unre-
sectable disease that is not evident on pre-operative radio-
logical imaging. Laparoscopic staging can prevent 
unnecessary laparotomies in around 30 % of patients. It 
would appear that the addition of laparoscopic ultrasound, 
is useful, and signi fi cantly improves the yield. Although 
the yield of laparoscopic staging is reasonable, the accu-
racy remains poor and unfortunately the majority of 
patients who undergo laparoscopic staging do not bene fi t 
from it. Unresectable disease in patients that is not 
detected at laparoscopy is most often due to locally 
advanced disease. Detecting this remains the biggest chal-
lenge in improving the yield and accuracy of laparoscopic 
staging. It is likely, as radiological technology improves, 
that the yield of laparoscopic staging may decrease as the 
majority of patients with non resectable disease will be 
identi fi ed pre-operatively, but until then many centres will 
continue to include this modality in its investigative and 
staging algorithm.      
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          12.1   Introduction 

 Hilar cholangiocarcinoma (HCCC) usually presents with 
jaundice, indicating involvement of the right and/or left bile 
ducts at their con fl uence. Even when the tumor is small, it is 
often in fi ltrative and is dif fi cult to be managed surgically. Its 
unique location frequently results in involvement of the por-
tal vein, the hepatic artery and/or the parenchyma of the liver 
around the hepatic hilum. Long-term survival rates depend 
on complete tumor clearance with extensive hepatic resec-
tion, which is risky in jaundiced patients; several large series 
reported mortality rates up to 20 % and morbidity rates of up 
to 67 %  [  1–  14  ] . Parenchymal transection in the cholestatic 
liver is associated with more bleeding and a high risk of bil-
iary  fi stula, sepsis, and also results in impaired liver regen-
eration  [  3  ] . Therefore, preoperative preparation is necessary 
for a major hepatectomy in jaundiced patients  [  15  ] . In an 
attempt to improve perioperative outcomes, many centers 
have advocated preoperative biliary drainage (BD) and ipsi-
lateral portal vein embolization (PVE) of the hemi-liver to be 
resected to improve the functions of the future liver remnant 
(FLR)  [  4,   7,   11,   12,   14  ] . In addition, early assessment to look 
for distant metastases or peritoneal involvement is worth-
while. Laparoscopic staging avoids extensive preparation for 
inoperable patients. In this chapter, we describe the surgical 
planning and preparation for major hepatectomy for HCCC, 
focusing on preoperative treatment such as BD, PVE and 
laparoscopic staging.  

    12.2   Preoperative Biliary Drainage 

 Liver resection in patients with obstructive jaundice is asso-
ciated with increased risks of intraoperative bleeding, post-
operative biliary  fi stula and liver failure. The aims of BD are: 
(a) to decrease bilirubin level, (b) to treat biliary infection, 
(c) to assess the intraductal extent of carcinoma and (d) to 
optimize hypertrophy of the liver if PVE is performed. The 
major risks of BD include: (a) tumor seeding which occurs in 
about 5 % of cases after percutaneous BD; (b) infection; and 
(c) bleeding. The risk of cholangitis caused by BD can be 
minimized by avoiding preoperative cholangiography  [  16  ] . 
As there have been no prospective randomized studies to 
evaluate the role of preoperative BD prior to extend liver 
resection, this practice is widely variable  [  17–  19  ] . However, 
most centers would use BD under the following three situa-
tions: (a) when the FLR is less than 40 % of the total liver 
volume and when PVE is used; (b) when cholangitis caused 
by endoscopic injection of contrast media fails to respond to 
antibiotics; and (c) in the presence of malnutrition, renal fail-
ure or hypoalbuminemia. In principle, unilateral drainage of 
the future remnant lobe is suf fi cient  [  18  ] . 

 The bene fi cial effects of BD should, however, be balanced 
with the prolongation of hospital stay and increase in cost 
 [  17  ] . Rarely, patients with HCCC with short duration of 
jaundice are directly referred to specialized surgical units for 
management. These patients can be subjected to curative sur-
gical exploration without any preoperative optimization. In 
our experience, these patients have a good tolerance to major 
hepatectomy  [  15  ] . In a recent French nationwide study 
(2009) which included 595 HCCC patients, serum bilirubin 
level (SBL) was found to be correlated with the mortality 
which ranged from 9 % when the SBL was <50 U to 27 % 
when the SBL was >300 U. The mortality was higher in 
patients who had preoperative BD, particularly when the 
SBL was higher than 100 U. The mortality rate after extended 

      Preoperative Optimization of the Liver 
for Resection       

        J.   Belghiti and        D.   Fuks         

  12

    J.   Belghiti ,  MD   (*)
     Department of Surgery ,  Hospital Beaujon ,
  100 Boulevard du Général Leclerc ,  92110   Clichy ,  France    
e-mail:  jacques.belghiti@bjn.aphp.fr  

     D.   Fuks ,  MD  
     Department of Digestive Surgery , 
 Hospital Beaujon ,   Clichy ,  France    



134 J. Belghiti and D. Fuks

right hepatectomy was signi fi cantly lower in patients who 
had preoperative BD. The mortality in patients without BD 
increased exponentially with the SBL. However, the preop-
erative SBL was not related to the mortality in left hepatec-
tomy. These unpublished results suggest that BD prior to 
surgery is useful only for right hepatectomy. 

 The choice of the route for preoperative BD has been 
debated controversial. A successful endoscopic retrograde 
biliary drainage (ERBD) using a plastic stent achieves an 
ef fi cient drainage with a low morbidity and short hospital 
stay  [  20  ] , and avoids the risk of tumor cell implantation in 
the percutaneous catheter tract  [  21  ] . However, the endo-
scopic approach is often technically dif fi cult in patients with 
complete obstruction, especially when the left duct requires 
drainage. Regardless of the location of the biliary obstruc-
tion, either percutaneous transhepatic or endoscopic BD can 
be used and the choice depends on the availability of the 
local expertise. Cholestatic jaundice induces an increase in 
gut permeability due to altered villous morphology,  activation 

of the gut components of the gut-associated lymphoid tissue 
and enterocytes, and a heightened acute phase response when 
exposed to endotoxin  [  22  ] . It has been shown that internal 
drainage is superior to external drainage by preventing bile 
loss from the gastrointestinal tract  [  23  ] . 

 PTBD can be unilateral or bilateral, but most centers pre-
fer a unilateral PTBD on the side of the FLR. If segmental 
cholangitis is not controlled after a technically successful 
hemi-hepatic BD, additional percutaneous BD can be used 
to drain the septic territory  [  9,   13,   16  ] . The duration of BD 
is not standardized but surgery is usually scheduled when 
the SBL is less than two or three times the upper limit of 
normal value (after 4–6 weeks) to restore the disturbances 
induced by jaundice. MRI permits excellent visualization of 
the hepatic parenchymal abnormalities, as well as the biliary 
tree and the vascular structures (Fig.  12.1 )  [  24  ] . As MRI is 
non-invasive and it does not involve any radiation exposure, 
it may replace CT, angiography and cholangiography via 
PTBD.   

  Fig. 12.1    CT and MRI reconstruction permits excellent visualization of hepatic parenchymal abnormalities, as well as visualization of the biliary 
tree and vascular structures       
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    12.3   Preoperative Portal Vein 
Embolization (PVE) 

 Extensive liver resection increases the chance of negative 
surgical resection margins  [  13  ] . However, chronic biliary 
obstruction restricts the tolerance of patients with HCCC to 
major parenchymal resection  [  11,   17  ] . Resection of more 
than 60 % of the total liver volume is associated with 
increased risks of major complications, postoperative liver 
failure, and mortality  [  25  ] . The aim of preoperative PVE is to 
initiate a compensatory hypertrophy of the FLR and thus 
minimizes postoperative liver dysfunction and liver failure 
 [  4,   11,   12,   26  ] . Although there has been no randomized con-
trolled series to show the bene fi cial role of PVE in extended 
hepatectomy for HCCC, there are several arguments in favor 
of PVE before right extended resection, especially when vas-
cular reconstruction is anticipated  [  26  ] . It has been shown 
that the mortality after liver resection for HCCC was 
signi fi cantly lower in patients with good hypertrophy of the 
FLR compared to patients without hypertrophy (3 % vs. 
21 %)  [  1  ] . Also, hypertrophy of the FLR was more rapid 
when the SBL was lower than twofold of the normal value. 
Thus, for ef fi cient hypertrophy of the FLR, PVE should be 
performed following BD and when the SBL has decreased to 
50 IU. Liver resection can be performed between 2 and 
3 weeks after PVE, although this wait is usually longer in 
Western countries  [  3–  5,   15,   25  ] . Often, the FLR volume is 
overestimated due to the increase in volume of the biliary 
dilatation. Thus, the FLR volume should be measured only 
after suf fi cient biliary decompression. 

 The potential disadvantages of PVE are the risk of cho-
langitis in patients with extensive portal thrombosis, and 
sometimes the dif fi culty in determining the side of resection 
in patients with centrally placed tumor at the hilum. In 
extended right hepatectomy, supplemental embolization of 
segment 4 is not mandatory because the high part of segment 
4 can be preserved. In addition, embolization of segment 4 is 
technically dif fi cult and can result in migration of the throm-
bosis to the portal branches of the FLR. There have been 
some series which reported the experience of additional arte-
rial embolization to improve the results of PVE  [  27  ] . This 
arterial embolization is performed 3–6 weeks after PVE and 
is more risky (infection) than PVE because the arterial 
branches are larger after PVE. Additional embolization of 
the hepatic vein was reported in very few series but it would 
increase the hypertrophy of the FLR  [  28  ] . 

 In the French survey, about 33 % of right hepatectomy 
and 3 % of left hepatectomy received preoperative PVE. The 
mortality was lower in patients who underwent four or  fi ve 
segments of liver resection after PVE. Interestingly, in 
patients who underwent left hepatectomy after PVE, none 
died postoperatively suggesting that even in extended left 
hepatectomy, the risk of liver failure is very low.  

    12.4   Preoperative Staging Laparoscopy 

 It usually takes over 4 weeks for jaundice to resolve after 
BD, and suf fi cient hypertrophy of the FLR after PVE takes 
an additional 2 weeks. Unresectable HCCC can be formed at 
surgical exploration despite extensive preoperative evalua-
tion including CT scan, ultrasonography, cholangio-MRI 
and cholangiography via PTBD. Peritoneal carcinomatosis 
and/or small intrahepatic metastases are not detectable by 
conventional preoperative investigations  [  29  ] . Of the patients 
who are surgically explored with a curative intent, only 
40–50 % are ultimately resected. This has motivated the use 
of staging laparoscopy for patients with HCCC. The yield 
and accuracy of staging laparoscopy for patients with HCCC 
are between 25 and 42 %, and 42 and 53 %, respectively 
 [  30  ] . We perform staging laparoscopy before the above- 
mentioned preoperative preparation. Staging laparoscopy on 
patients who are initially assessed by conventional investiga-
tions to be resectable allowed us to discover peritoneal and 
distant metastasis in up to 20 % of patients. This policy of 
routine staging laparoscopy led to a shorter hospital stay and 
a more rapid and ef fi cient treatment of these patients with 
metallic stents. 

 Recently, an innovative strategy has been described by 
German authors. The treatment involves a two-step proce-
dure: transection of the liver parenchyma along with ligation 
of the biliary and portal branches while leaving the hepatic 
artery and vein intact. Liver resection is completed 1 week 
after regeneration of the FLR  [  31  ] . This novel technique dra-
matically shortened the long preparation of HCCC patients. 

 In conclusion, the resectability and the results of resection 
of HCCC can be improved with proper preoperative optimi-
zation of patients. Biliary drainage is indicated in patients 
with severe and prolonged jaundice. PVE improves resect-
ability in patients with a marginal FLR and preoperative 
staging laparoscopy excludes patients who are not suitable 
for preoperative optimization (Fig.  12.2 ).       
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    13.1   Effects of Biliary Drainage 

    13.1.1   Introduction 

 Obstructive jaundice, clinically evident by jaundiced skin, 
nausea, pruritus, dark urine and discoloration of stool, is the 
most prevalent presenting symptom of hilar cholangiocarci-
noma (HCCA). Obstructive jaundice is associated with a 
proin fl ammatory state, resulting from portal and systemic 
endotoxemia, increased permeability of the intestinal 
mucosal barrier, an altered reticuloendothelial system func-
tion of Kupffer cells in the liver, and increased concentra-
tions of proin fl ammatory cytokines  [  1–  3  ] . The exact link 
between jaundice and the development of infectious compli-
cations remains yet to be elucidated, but jaundice has been 
largely recognized as a major risk factor for performing pan-
creatic and liver surgery  [  4–  6  ] . The presence of toxic sub-
stances such as bilirubin and bile salts, impaired liver 
function, and altered nutritional status have been proposed as 
responsible factors for increased infectious complications.  

    13.1.2   History 

 Already in 1935, the increased risk of surgery in jaundiced 
patients was acknowledged by Dr. Whipple  [  7  ] . He was the 
 fi rst to introduce the concept of preoperative biliary drainage 

(PBD) by performing a staged pancreatoduodenectomy. 
After a cholecystogastrostomy to reduce jaundice, a resec-
tion was performed at a later stage. In the mid 1960s, a pre-
operative less invasive biliary drainage method was 
developed, namely percutaneous transhepatic cholangiogra-
phy (PTC)  [  8  ] . This was followed by the introduction of 
endoscopic retrograde cholangiopancreatography (ERCP) in 
the 70s of the previous century, which allowed endoscopists 
to leave a stent in the bile duct via the duodenum  [  9  ] . A varia-
tion of this endoscopic approach—the endoscopic nasobil-
iary drainage (ENBD)—was introduced in the beginning of 
the 80s  [  10  ] . With this technique, instead of leaving a stent 
through the stenosis, a tube is retracted from beyond the 
stenosis to the nose, where it is taped to the patient’s cheek 
and attached to a drainage bag. The indication of biliary 
drainage, either by ERCP or PTC for pancreatic and liver 
surgery and the preferred method has been a matter of debate 
since the introduction of these techniques.  

    13.1.3   Differences in Drainage of Distal 
and Proximal Bile Duct Tumours 

 Since its introduction, ERCP has been widely used in patients 
with obstructive jaundice due to a tumour in the pancreatic 
head region, as a diagnostic tool as well as to drain the 
obstructed bile duct. However, the indispensability of a pre-
operative ERCP has slowly vanished over the years. Firstly, 
because today, state of- the-art radiological techniques offer 
a higher diagnostic accuracy than ERCP, are noninvasive, 
and have the advantage of assessing local tumour extension, 
as well as distant metastases. Therefore, nowadays ERCP is 
considered obsolete as a diagnostic tool. Secondly, compli-
cations of ERCP have been better assessed over the years, 
and consequently, the net bene fi t of the procedure is ques-
tioned. A large RCT in the USA concluded that PBD does 
not reduce operative risk, and does increase hospital cost 
and, therefore, should not be performed routinely  [  11  ] . 
In addition, a systematic review from our department 
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 summarized all retrospective and prospective studies until 
2001, comparing PBD in jaundiced patients with patients 
that underwent direct surgical treatment  [  12  ] . Meta-analysis 
of both level I and level II studies showed no differences in 
mortality between patients who had PBD and those who had 
surgery without PBD. However, overall complication rate 
was signi fi cantly adversely affected by PBD compared with 
surgery without PBD. Furthermore, overall hospital stay was 
prolonged after PBD. The conclusion was that the potential 
bene fi t of PBD, in terms of postoperative rates of death and 
complications, does not outweigh the disadvantage of the 
drainage procedure and therefore should not be performed 
routinely, unless further improved PBD techniques would 
become available  [  12  ] . Finally, we conducted a large RCT in 
the Netherlands, in which patients were randomized between 
preoperative drainage and direct surgery  [  13  ] . A higher rate 
of serious complications was found in the drainage group, 
while mortality and hospital stay did not differ between the 
groups. Based on these  fi ndings, we concluded that routine 
PBD increases the rate of complications and thus should not 
be routinely performed. However, there remains an indica-
tion for PBD, when early surgery is not possible, due to 
logistics in terms of (local) referral patterns, waiting lists, 
extended diagnostic workup with laparoscopy (on indica-
tion), or scheduled neo-adjuvant chemotherapy. 

 While there is now evidence showing that PBD for distal 
(peripancreatic) tumours should not be routinely performed, 
this is not the case for the more proximal cholangiocarcino-
mas, i.e. HCCA. An important difference between distal 
tumours as compared with hilar tumours lies in the need for 
an (extended) liver resection in most patients with HCCA. 
Liver resections in jaundiced patients are associated with 
signi fi cantly increased rates of mortality and morbidity, 
resulting mainly from the development of postoperative 
complications such as sepsis, bleeding, and most  importantly, 

liver failure  [  5  ] . Another important difference lies in the 
complexity of the procedure required to relieve jaundice. In 
distal tumours involving the common bile duct, complete 
drainage of the entire biliary tree can usually be accom-
plished by a single, well-placed catheter or stent because the 
obstruction is below the con fl uence of right and left bile 
ducts. In HCCA however, several segmental bile ducts are 
usually affected, rendering a single drainage catheter ineffec-
tive to completely drain the biliary tree.   

    13.2   Methods of Biliary Drainage 

    13.2.1   Endoscopic Biliary Drainage (ERCP) 

    13.2.1.1   Technique 
 Prior to stent insertion, crossectional studies such as CT or 
MRI, or ultrasound examinations are performed to assess 
biliary anatomy and to plan the most appropriate approach 
for intervention. In view of the high incidence of bacterial 
colonization of the obstructed biliary tree, broad-spectrum 
antibiotics are administered intravenously prior to the proce-
dure to minimize the incidence of cholangitis. After a retro-
grade cholangiography is performed to localize the site of 
obstruction, the guidewire is maneuvered through and above 
the biliary stenosis followed by a catheter. The endoprosthe-
sis is then pushed in position over the catheter (Fig.  13.1 ). It 
is important to reduce the risks of cholangitis by minimizing 
the amount of contrast injected and always draining ducts 
that have been opaci fi ed with signi fi cant amounts of 
contrast.  

 In addition to achieving imaging of the biliary system and 
adequate biliary drainage, ERCP is also used for tissue diag-
nosis. Tissue sampling during ERCP is however dif fi cult and 
in case of using brush cytology,  fi ne needle aspiration (FNA), 

a b

  Fig. 13.1    ERCP in a patient with 
a Bismuth-Corlette type IIIa 
HCCA planned for hilar resection 
in combination with extended 
right hemihepatectomy. 
Cholangiography shows the 
anterior and posterior sectional 
obstruction on the  right side  and 
obstruction of the left hepatic duct 
( a ); Stents are inserted in the right 
and left biliary systems ( b )       
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 fl uoroscopically directed biopsy, or a combination of the 
above, a de fi nitive diagnosis is only made in approximately 
50 % of cases in most series  [  14,   15  ] . In a large study, ERCP 
brushings in 498 consecutive patients with pancreaticobil-
iary strictures were evaluated and compared with regard to 
diagnostic yield of routine cytology, addition of digital image 
analysis (DIA), and  fl uorescence in situ hybridization (FISH). 
None of the evaluated tests achieved a sensitivity above 43 % 
for detecting malignancy. Hence, clinical presentation and 
imaging studies (CT, PET-CT, MRCP, or ultrasound) 
remained the mainstay of diagnosis of HCCA. 

 Little evidence exists regarding the use of ERCP in preop-
erative drainage in potentially resectable patients with 
HCCA, while much more has been published about the 
results of ERCP in a palliative setting. Although in palliative 
drainage, different aspects are important as compared to the 
preoperative setting, several conclusions from studies in 
unresectable patients may also apply in resectable patients. 

 The major debate when using stent-directed biliary 
decompression has been the need for unilateral or bilateral 
drainage for anything more advanced than a Bismuth type II 
HCCA  [  16  ] . Bilateral stenting is technically challenging. 
The left system should be drained preferentially as a stent 
placed into the left main duct will usually produce more 
effective drainage than a stent in the right system. This is due 
to the longer length of the left main duct before branching 
leading to a larger volume of the liver being drained. The 
right system is more variable with earlier branching of the 
right hepatic duct; multiple segmental obstruction is more 
likely on the right side while a right sided stent more likely 
drains only a limited portion of the right system. Drainage of 
25 % of the liver volume can achieve adequate palliation 
with improvement in biochemical parameters and relief of 
symptoms, with consequently improved quality of life  [  17  ] . 
No study comparing bilateral versus unilateral stenting for 
patients with resectable HCCA has been published. One 
RCT in unresectable patients showed a higher technical suc-
cess rate of stent insertion and a signi fi cantly lower incidence 
of complications in patients who underwent unilateral drain-
age  [  18  ] . However, another study showed that mean survival, 
30-day mortality, and deaths from sepsis were all signi fi cantly 
less with bilateral versus unilateral drainage  [  19  ] . In addi-
tion, a different group also found a better survival in patients 
who were drained bilaterally  [  20  ] . How this data should be 
extrapolated to the preoperative setting with curative intent 
remains to be determined. One additional factor should be 
acknowledged in the preoperative setting. Biliary drainage of 
the future remnant liver (FRL) promoted hypertrophy of the 
FRL after portal vein embolization, by which extended hemi-
hepatectomy could be performed more safely  [  21  ] . 

 Several studies have compared plastic with metal stents 
 [  22–  24  ] , and concluded that the patency rate of metal stents 
is superior. In order to further improve patency rates of the 

metal stents, covered metal stents were introduced. In con-
trast to patients with distal obstructions, patency rates did not 
improve with the use of covered stents in patients with proxi-
mal obstruction  [  25–  27  ] . Due to the relatively short time to 
surgery, long patency is not essential for resectable patients, 
and metal stents may hamper hilar dissection and resection. 
Hence, although metal stents have advantages over plastic 
stents, this is not the case for resectable patients, and plastic 
stents are recommended in the preoperative work-up of 
patients with HCCA. 

 Finally, considering the dif fi culties in endoscopic man-
agement encountered in patients with HCCA, ERCP for hilar 
obstruction should only be undertaken in specialized centres 
with high success rates for endoscopic drainage of hilar 
obstruction. This is also supported by a study that evaluated 
5,264 ERCP’s in 66 centers, concluding that careful patient 
selection combined with skilled cannulation minimizes com-
plications, while higher risk procedures should be performed 
in specialist centers  [  28  ] .  

    13.2.1.2   Advantages and Complication 
 A major disadvantage of an endoscopic approach is contami-
nation of the sterile environment of the biliary tree. This can 
lead to severe cholangitis, biliary sepsis, and even mortality 
of the procedure has been described. Several other complica-
tions of ERCP that have been reported include: cholangitis, 
acute cholecystitis, pancreatitis, duodenal perforation, post-
papillotomy bleeding, biliary perforation, tube occlusion 
requiring re-intervention. A technical success rate of 81 % 
was found in a study including 90 patients who underwent 
ERCP for HCCA. The ERCP was accompanied by infectious 
complications in 43 patients, dislocation of the stent in 21 
patients, pancreatitis in seven patients, duodenal perforation 
in one patient, and biliary perforation in another patient. 
Hence, complications or unsuccessful drainage attempts are 
encountered in the majority of patients. 

 Another disadvantage is that ERCP usually does not offer 
the possibility to perform selective biliary drainage, and typi-
cally, only part of the biliary system can be drained ade-
quately. Lastly, ERCP is not feasible, or eventually not 
successful in a substantial part of patients with HCCA. 
Conversion of ERCP to PTBD or ENBD has been reported 
in 30–95 % of patients undergoing biliary drainage  [  29–  32  ] .   

    13.2.2   Percutaneous Transhepatic Biliary 
Drainage (PTBD) 

    13.2.2.1   Technique 
 Pre-procedural, broad spectrum antibiotic prophylaxis is 
given to all patients undergoing biliary drainage because 
transient bacteremia commonly occurs during the procedure, 
even in the absence of signs of infection. Biliary drainage is 
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performed with conscious sedation, often with short-acting 
benzodiazepines and narcotics. As with an endoscopic 
approach, PTCD is more challenging for a HCCA than for a 
distal bile duct tumour. Pre-procedural planning should 
involve evaluation of the exact level and extension of the 
stenosis or stenoses, selection of the most appropriate liver 
segments for drainage, and assessment of an appropriate 
access route, mostly by ultrasound guidance. This is particu-
larly important when segmental bile duct obstruction is sus-
pected, and every attempt should be made to avoid 
contaminating regions of the biliary tree that will not be 
drained. 

 Biliary drainage is most often performed using  fl uoroscopic 
guidance as shown in Fig.  13.2 , after initial puncture of a bile 
duct using ultrasound guidance. Adequate drainage and 
stenting of one complete liver lobe is usually suf fi cient to 
relief the jaundice, but drainage of only one or two segments 
within one lobe is usually not enough. There is no consensus 
as to whether stents should be placed from the hilum all the 
way down the common bile duct through the papilla of Vater 
into the duodenum. Theoretically, preservation of function of 
the sphincter should lower the chance of developing ascend-
ing cholangitis. Although many authors advocate to stent 
through the papilla in distal obstructions, there is no evidence 
that this improves patency in proximal bile duct strictures. 
When one lobe is severely atrophied as a result of longstand-
ing occlusion of the ipsilateral portal vein, it is usually not 

useful to stent the atrophied lobe, unless cholangitis is sus-
pected to originate from this lobe. As hilar cholangiocarcino-
mas are often very rigid, it may in some cases be useful to 
pre-dilate the stricture to facilitate insertion of a stent. 
Dilating a self-expanding stent after insertion may also be 
required in selected cases.   

    13.2.2.2   Advantages, and Complications of PTBD 
 As for ERCP, most evidence regarding PTBD is available for 
application in a palliative setting, and large series reporting 
success rates and complications predominately deal with 
unresectable patients. PTBD has a distinct advantage over 
ERCP in that with ultrasound guidance one or more appro-
priate segments for drainage can be chosen and injection of 
contrast medium in segments that are too small to be drained 
can be prevented. Ultrasound guidance during PTBD is 
extremely useful in such patients. Furthermore, assessing 
hilar strictures and draining the appropriate segments can be 
very dif fi cult with ERCP. Also, the extent of tumour 
in fi ltration into the proximal bile duct proximal to the 
obstruction is hardly assessable by ERCP, whereas proximal 
ductal extent can usually be precisely determined by PTCD. 

 Several complications after PTCD have been reported, 
including: occlusion, cholangitis, contralateral segmental 
cholangitis, portal vein injury and thrombosis, tube disloca-
tion, cholecystitis, biliovenous  fi stula, biloma, hemobilia, 
and cancer dissemination. 

Obstruction in
right bile ducts

Obstruction in
left hepatic duct

B8

B2

B3

Drain in left system

End of stent
in duodenum

B7Drains in
right bile duct

B6

a b

  Fig. 13.2    Percutaneous cholangiogram of patient with a Bismuth-
Corlette type IV tumour, in whom the right as well as the left bile duct 
system were drained separately. There is an obstruction of the  fi rst seg-
mental bile ducts of the right system (B6, B7 and B8; B5 is not  fi lled 
with contrast, due to obstruction), and an obstruction of the left hepatic 

duct, in which the segmental ducts (B2, B3, and B4) end. The B4 seg-
mental duct has no connection with B2 and B3, and is therefore not 
 fi lled with contrast. This patient underwent hilar resection in combina-
tion with extended right hemihepatectomy and resection of segment 1       
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 Metastatic tumour seeding along the transhepatic biliary 
catheter was considered a very rare complication with only a 
few reported cases. But, recently several large series were 
reported on the incidence of catheter tract recurrence  [  30,   33  ] . 
The largest series containing 445 patients detected 23 patients 
(5 %) with catheter tract recurrence, and concluded that 
therefore, PTCD should no longer be performed in resect-
able patients. We use preoperative low dose radiation 
(3 × 3.5 Gy) to prevent this troublesome complication, and 
did not detect any recurrence after introduction of preopera-
tive radiation  [  34  ] . In our department, standard preoperative 
low dose radiotherapy is instituted in all patients with HCCA 
planned for resection  [  34  ] . 

 An additional advantage of the percutaneous route of bil-
iary drainage is that the biliary tubes are an aid to locate the 
bile ducts proximal of the tumour in the liver parenchyma 
and that after the resection has taken place, the tubes can be 
used as transanastomotic drains to facilitate healing of the 
hepaticojejunostomies. The tubes are removed after control 
cholangiography via the tubes 3–6 weeks later. 

 Reported technical success of PTCD is more than 90 % in 
all series. Clinical success ranges from 80 to 100 %, proce-
dure-related mortality ranges from 0 to 3 %, 30-day mortal-
ity ranges from 9 to 20 % and was usually related to the 
underlying disease. Procedure related complications range 
from 7 to 30 % and can be treated conservatively in the 
majority of cases. Recurrence of obstructive jaundice ranges 
from 15 to 25 %  [  29,   31,   35–  39  ] .   

    13.2.3   Endoscopic Nasobiliary Drainage (ENBD) 

    13.2.3.1   Technique 
 Although ENBD was introduced in the beginning of the 80s, 
very little information about this technique has been reported 
in literature. As was described already in 1984  [  40  ] , a guide 
wire is passed down the endoscope channel and through the 
stricture of the bile duct. The tip is advanced and looped high 
in the common hepatic duct or liver. A suitable drainage tube 
is then advanced through the endoscope to the tip of the wire. 
The guide wire is withdrawn, and the proximal end of the 
tube is rerouted from the mouth to the nose using temporary 
nasopharyngeal intubation. The tube is taped to the patient’s 
cheek and attached to a drainage bag via a 3-way tap, so that 
the system can be closed,  fl ushed, or aspirated as required. 
An anchorage system is necessary to avoid tube migration.  

    13.2.3.2   Advantages and Complications of ENBD 
 Advantages, disadvantages, and complications are similar to 
those of ERCP. Even though, due to the retrograde  fl ow of 
duodenal  fl uid via the stent into the bile ducts, cholangitis 
occurs more frequently after ERCP. Furthermore, the avail-
ability of an external drain allows contrast cholangiography 

at any time via the nasobiliary tube. ENBD also permits eval-
uation of the volume and colour of biliary secretions. Enteral 
drainage in ERCP improves nutritional status and immune 
function by restoring enterohepatic recirculation to the diges-
tive tract, and does not require a nasal tube. Clearly, internal 
drainage using a stent is a bene fi t for the patient as nasal 
intubation is a signi fi cant burden. 

 Until now, only three series have been published reporting 
the results of ENBD  [  29,   30,   41  ] . Complications were found 
in 13–38 % of patients who underwent ENBD, and included 
acute pancreatitis, segmental cholangitis, cholangitis with 
catheter obstruction, tube dislocation, and retroperitoneal 
perforation. Success rates of the initial procedure ranged 
from 74 to 78 %  [  29,   30  ] .    

    13.3   Ef fi cacy of ENBD, ERCP, and PTCD 

 Currently, the preferred technique of biliary drainage prior to 
surgery for a proximal bile duct tumour depends mainly on 
local expertise  [  42  ] . Controversy exists regarding the pre-
ferred technique of PBD, either by ERCP, PTBD, or ENBD. 
This is also illustrated by the report of a recent Japanese con-
sensus meeting, stating that: “ Regardless of the location of 
the biliary obstruction ,  percutaneous transhepatic ,  endo-
scopic ,  or surgical drainage can be used ”  [  43  ] . 

 Internal drainage by ERCP, although a less invasive tech-
nique, carries increased risk of developing cholangitis due to 
bacterial contamination from the duodenum and increased 
risk of procedure related complications such as duodenal per-
foration and post-ERCP, acute pancreatitis  [  44,   45  ] . Drainage 
by means of PTBD is associated with hemobilia, portal vein 
thrombosis, cancer cell seeding and potentially more patient 
discomfort. And lastly, ENBD has some advantages over 
ERCP, in particular less complications like stent occlusion 
and cholangitis. On the other hand, the external drainage of 
ENBD impairs nutritional status and immune function by 
undermining enterohepatic recirculation, while the nasal tube 
is a considerable burden for the patient. All mentioned advan-
tages, and disadvantages are summarised in Table  13.1 .  

 Three prospective, randomized controlled trials (RCTs) 
have been published comparing ERCP versus PTBD   [  46–  48  ] . 
These RCTs included patients with unresectable bile duct 
tumours or carcinoma of the gallbladder and pancreas show-
ing con fl icting results. These studies addressed palliative 
treatment and although important in the context of biliary 
drainage, no distinction was made between distal and proxi-
mal bile duct obstruction. To date, no RCT has been per-
formed regarding the optimal route of drainage in patients 
with a potentially resectable HCCA. Two retrospective stud-
ies, compared ERCP and PTBD in patients eligible for resec-
tion of a suspected HCCA  [  30,   31  ] , and in one of these, 
ENBD was assessed as well. The studies showed con fl icting 
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results. The  fi rst study showed signi fi cantly less complica-
tions in the percutaneously treated patients, and advocated 
this technique for the future. The second study, found 
signi fi cantly more complications in the ERCP group, and 
comparable results for ENBD and PTCD. However, in the 
PTCD group as compared to the ENBD group, signi fi cantly 
more major complications (15 % vs. 2 %,  P  < 0.01) were 
found, namely cancer  dissemination and portal vein injury. 

In conclusion the authors highly recommended ENBD as the 
preferred method for PBD. Hence, with these con fl icting 
results, it remains dif fi cult to conclude what the preferred 
drainage method is. Both studies suffered from limitations, 
and especially the retrospective nature of these studies pre-
cludes a de fi nitive conclusion. The results of other studies 
reporting on PTCD, ERCP, or ENBD are summarized in 
Table  13.2 .  

 PTBD used to be the preferred method in Japan for relief 
of obstructive jaundice due to HCCA  [  42,   49  ] . In Europe and 
the USA, ERCP is usually performed as primary interven-
tion and is followed by PTBD only when ERCP has failed, as 
shown in Fig.  13.3 . Yet recently, Japanese authors published 

   Table 13.2    Outcome of ENBD, ERCP, and PTCD in HCCA   

 Author 
(year)  Method  Patients 

 Success 
rate 

 Complications 
(%) 

 Additional 
drainage (%) 

 Nimura 
(2000) 

 PTCD  133  –  23  – 

 Mans fi eld 
(2005) 

 PTCD  65  –  –  – 
 ERCP  41  71  36 (88) 

 Maguchi 
(2007) 

 PTCD  9  67  –  3 (33) 
 ENBD  12  25  9 (75) 
 ERCP  4  0  4 (100) 

 Arakura 
(2009) 

 ENBD  62  74  13  16 (26) 

 Paik a  
(2009) 

 PTCD  41  93  32  42 
 ERCP  44  72  30  38 

 Kawakami 
(2010) 

 PTCD  48  96  31  2 (4) 
 ENBD  60  78  38  13 (22) 
 ERCP  20  5  65  19 (95) 

 Kloek 
(2010) 

 PTCD  11  100  9  0 
 ERCP  90  81  48  39 (43) 

   a RCT including unresectable HCCA patients  

a b

  Fig. 13.3    Percutaneous transhepatic cholangiogram ( a ), and CT-scan ( b ) 
of a patient diagnosed with a Bismuth-Corlette type IV HCCA, referred 
with an ERCP-stent placed in the right anterior sectional bile duct. In 
preparation of hilar resection and extended left hemihepatectomy, the 

right posterior sectional ducts were drained using PTD. Only the future 
remnant liver is drained, and consequently the left bile duct system is 
still dilated ( arrow ).  A  ERCP-stent in right anterior sectional bile duct, 
 B  Percutaneous drain in right posterior sectional system       

   Table 13.1    Advantages and complications of ENBD, ERCP, and 
PTCD   

 Advantages 
 Disadvantages and 
complications 

 PTCD  Allows selective drainage  Drainage tract metastases 
 Allows combined external/
internal drainage 

 Bleeding complications 

 Allows post-drainage 
cholangiography 
 High success rate 
 Useful as transanastomotic 
drain postoperatively 

 ENBD  Less invasive than PTCD  Patient discomfort due to nasal 
tube 

 Less stent obstruction than 
ERCP 

 Selective drainage is not 
always possible 

 Allows post-drainage 
cholangiography 

 ERCP  Internal drainage  Failure of complete drainage 
 Non invasive  Stent obstruction 

 Post-ERCP pancreatitis 
 Post-drainage 
 cholangiography is not 
feasible 
 Selective drainage is not 
always feasible 
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an article addressing the incidence of implantation metasta-
ses after PTCD and hereby pushed the pendulum back by 
recommending endoscopic drainage to prevent postoperative 
implantation metastases  [  33  ] . Hence, there is no evidence 
providing a clear-cut answer as to which method of PBD we 
should use.   

      Conclusions 

 The proper approach to jaundice in patients undergoing 
hepatobiliary and pancreatic surgery has been debated for 
several decades now. Although basic research on the 
mechanisms of the disease is progressing with time, the 
exact relation of jaundice and complications is still not 
fully understood. For distal bile duct tumours, evidence is 
nowadays fairly straight-forward, suggesting that PBD 
should not be routinely performed. For HCCA, high- 
quality evidence is still lacking, and consequently, the 
debate about the use of PBD for HCCA still continues. 
Nonetheless, mortality after extended liver resection in 
jaundiced patients is still highly signi fi cant, and therefore, 
most surgeons are in favour of PBD before undertaking 
extended hepatectomy, despite a lack of clear evidence 
based on RCTs. 

 The three usual drainage techniques, i.e. ERCP, ENBD 
and PTCD, all have their own pros, cons, and indications. 
These techniques are often used in combination with 
each other. Studies comparing PBD techniques, included 
different patient groups, are very outdated, or are retro-
spective in nature and are burdened by major methologi-
cal  fl aws. In addition, these studies report con fl icting 
results. Hence, solid advice regarding the recommended 
drainage technique to be used for PBD in HCCA cannot 
be given. Thus, until a well designed RCT proves other-
wise, the preferred technique of biliary drainage prior to 
surgery for HCCA should mainly be contingent upon 
individual anatomy, and, in part, upon institutional 
expertise.      
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     14.1   Introduction    

 In patients with hilar cholangiocarcinoma, radical surgery 
out performs any other therapeutic modalities in survival rate 
and quality of life  [  1  ] . To improve survival for hilar cholang-
iocarcinoma, curative resection after good preoperative man-
agement is an important approach  [  2  ] . Minimal resection of 
the involved segments, such as en-bloc caudate lobectomy, 
paramedian sectorectomy with caudate lobectomy, and cen-
tral hepatectomy have been selected on the basis of the extent 
of cancer invasion to minimize the risk of postoperative 
hepatic failure  [  3,   4  ] . However, in many patients with hilar 
cholangiocarcinoma, limited hepatectomy is insuf fi cient, 
and extended hepatectomy is required to obtain a negative 
surgical margin for cancer. Extended hemihepatectomy has 
recently been recognized as the standard curative treatment 
for hilar bile duct cancer and has an acceptable mortality 
 [  5–  9  ] . Major hepatectomy, concomitant with pancreaticodu-
odenectomy has been applied to selected patients with 
advanced tumors  [  7,   8,   10–  12  ] . However, these extensive 
radical procedures are not always safe, because there are 
risks of postoperative liver failure, especially after extended 
right hepatectomy. The greater the volume of liver resected, 

the greater the risk for patients to develop postoperative 
hepatic failure due to insuf fi cient remnant liver volume. 

 In 1982, to overcome this problem, Makkuchi et al. carried 
out the  fi rst preoperative portal vein embolization (PVE) on a 
patient with hilar bile duct carcinoma scheduled to undergo a 
major hepatic resection  [  13,   14  ] . This approach was based on 
the concept of hepatic “atrophy-hypertrophy complex”. The 
concept dates back to 1920 when Rous and Larimore ligated a 
major branch of the portal vein in a rabbit, and successfully 
acquired atrophy of the ipsilateral hepatic lobe and hypertrophy 
of the contralateral lobe  [  15  ] . Later, in 1975, in an effort to sup-
press tumor growth, Honjo et al. ligated the ipsilateral portal 
venous branch in patients with hepatocellular carcinoma (HCC) 
 [  16  ] . Although the approach did not succeed in preventing 
tumor growth, it did produce marked atrophy of the occluded 
part of the liver. Likewise, patients with hilar bile duct carci-
noma involving a branch of the portal vein experienced an 
uneventful postoperative clinical course after extensive hepate-
ctomy as the tumor caused partial liver atrophy and correspond-
ing hypertrophy of the contralateral portion of the liver  [  17  ] . 

 Major hepatectomy induces reduction in liver volume and 
raises portal pressure immediately after operation. If PVE is 
performed preoperatively, the portal pressure would already 
have been raised at the time of PVE and a slight increase in 
size can be observed in the remnant liver. PVE has dramati-
cally increased the safety of hepatic resection, and conse-
quently, the indication for PVE has now been extended to 
other diseases; such as HCC, intrahepatic cholangiocarci-
noma, and metastatic liver tumors  [  18  ] .  
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    14.2   Indications for PVE 

 Seyama et al. described a safe strategy for hilar bile duct can-
cer which included biliary drainage and PVE  [  8  ] . A  fl ow chart 
for preoperative treatment is shown in Fig.  14.1 . If the patient 
showed evidence of jaundice, or dilated bile ducts in the future 
remnant liver (FRL) was detected, biliary drainage was per-
formed, but in principle only to the FRL. Whether PVE was 
indicated depended on the liver function and the volume of the 
FRL as calculated by CT volumetry. In patients with normal 
liver function, i.e. patients with ICG R15 value under 10 %, 
PVE was indicated when the remnant hemiliver volume was 
less than 40 %. In patients with jaundice or with ICG R15 
value over 10 %, PVE was indicated if the remnant hemiliver 
volume was less than 50 %  [  19  ] . Since the standard operative 
procedure for hilar bile duct cancer is an extended hemihepa-
tectomy including the whole segment 1, the remaining 
hemiliver volume should have a margin above the safety zone. 
After PVE, hepatectomy was performed after re-evaluation of 
the liver volume, and only when the patient had ful fi lled the 
criteria. Figure  14.2  shows the intraoperative  fi ndings after bil-
iary drainage of the FRL followed by PVE of the right portal 
vein. The right liver was markedly atrophic, and a biliary 
drainage tube was inserted into the bile duct in segment 3, 
which drained only the future remnant left liver. Extended 
right hemihepatectomy was carried out for this patient.   

 Sometimes we experience patients to whom hemihepatic 
biliary drainage has been carried out but the serum total biliru-
bin decreases slowly and does not reach the target level of 
under 5.0 mg/dl, which is the indication criteria for PVE. For 
such patients, we aggressively perform PVE to the undrained 
hemiliver before the serum total bilirubin can  fi nally reaches 
the target level of within the criteria. After PVE, the rate of 
decrease of the serum total bilirubin rapidly improves. One 

Jaundice
or

Dilated bile duct in the future remnant liver

Absent

ICG R15 ≤ 10 %ICG R15 >10 %

Present

BD

T.Bil ≤ 5.0 mg/dL

>50 % ≤50 %

Major hepatectomy

T.Bil ≤2.0 mg/dL

PVE PVEPVE

>40 % ≤40 %>50 % ≤50 %Hemiliver volume
to be remnant

  Fig. 14.1    Flowchart for 
preoperative treatments. When 
jaundice or dilated bile ducts in 
the FRL is observed, biliary 
drainage ( BD ) is performed. 
Surgical interventions are 
scheduled after suf fi cient 
recovery of the hepatic function. 
Portal vein embolization ( PVE ) is 
carried out to avoid postoperative 
liver failure, which is dependent 
on the liver function and the liver 
volume to be resected       

  Fig. 14.2    Intraoperative    view at laparotomy after biliary drainage and 
PVE. A percutaneous transhepatic biliary drainage tube ( white arrow ) 
is inserted into the bile duct of segment 3. The right liver is markedly 
atrophic, and there is a clear line of demarcation between the right and 
left liver       
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point never to be forgotten is that during prolonged biliary 
drainage, cholangiography must not be carried out because it 
induces cholangitis and increases the risk of postoperative 
infectious complications. Do not perform cholangiography 
especially when the right and left bile ducts are not communi-
cating. If a need for cholangiography arises during the pro-
longed waiting period from the time of the drainage to the 
operation because of unsatisfactory serum bilirubin or to show 
regeneration of the FRL, cholangiography should be carried 
out in the afternoon on the day prior to the radical operation.  

    14.3   Types of PVE 

 Basically, the portal branches in the liver to be resected are 
embolized according to the criteria previously described. In 
most cases of extended right hemihepatectomy, portal vein 
embolization of the right hemiliver (right PVE) is required. 
When the tumor is located predominantly in the left hepatic 
duct, and left trisectorectomy is scheduled, embolization of 
the left portal vein and the portal vein of the right parame-
dian sector is performed. When the FRL volume is smaller 
than expected for an extended left hemihepatectomy, the left 
portal vein is embolized. In some cases in which the serum 
total bilirubin is still high even after adequate biliary drain-
age, portal vein embolization of the liver to be resected is 
carried out in order to decrease the serum bilirubin and 
improve the liver function. 

 It is still controversial whether the portal branches to seg-
ment 4 should be embolized when an extended right hemihe-
patectomy or a right hemihepatectomy with segment 4 
resection is scheduled. Because the portal branches to seg-
ments 2, 3, and 4 usually originate from the umbilical por-
tion, insuf fi cient hypertrophy of segments 2 and 3, and 
unwanted hypertrophy of segment 4 is expected after right 
portal branch embolization alone. The right plus segment 4 
embolizations through an ipsilateral approach have been 
reported  [  20,   21  ] . Right liver plus segment 4 PVE has been 
proven to be more effective than the standard right PVE as 
preparation for right hemihepatectomy plus segment 4 resec-
tion, and it also has the potential in increasing the safety of 
high-risk surgery for patients with hilar cholangiocarcinoma. 
Madoff et al.  [  22  ]  also reported on the effectiveness of seg-
ment 4 embolization. On the other hand, Capussotti et al. 
 [  23  ]  reported that extension of embolization to segment 4 
portal branches should not be routinely carried out because a 
similar volume increase of segments 2–3 could simply be 
achieved by right PVE. In general, the portal branching pat-
tern of segment 4 is not simple. Several small branches run 
to the segment 4 from the umbilical portion, in addition to 
the major branches which run to the superior and inferior 
parts of the segment 4. The liver volume supplied by these 
small branches cannot be neglected. 

 The standard procedure for hilar cholangiocarcinoma is 
extended right hemihepatectomy. The inferior part of seg-
ment 4 is resected with the right hemiliver and the caudate 
lobe, in order to resect the left hepatic duct as much as pos-
sible. Before this procedure, right PVE had been performed 
for anatomical reasons as described before. The postopera-
tive courses of our patients were uneventful.  

    14.4   Technique of PVE 

 There are three standard approaches which may be chosen 
for PVE: the intraoperative transileocolic venous approach; 
the transhepatic contralateral approach (i.e., portal access via 
the FRL); and the transhepatic ipsilateral approach (i.e., por-
tal access via the liver to be resected). In general, an approach 
is chosen based on the type of hepatic resection planned, 
location of tumor, extent of embolization, and availability of 
the surgical and radiological facilities. For most patients with 
hilar cholangiocarcinoma, the  fi rst choice is the transhepatic 
ipsilateral approach. This procedure is ideal because the FRL 
would not be injured by the puncture. However, when the 
bile ducts in the future resected liver are dilated and are not 
drained, this procedure may carry the risk of bile leakage 
from the needle tract. Intraoperative transileocolic venous 
approach is generally the second choice. 

 In every step of the procedures, portal vein anomalies 
should be investigated by ultrasound (US) or computed 
tomography (CT) prior to PVE (Fig.  14.3 ), and by direct por-
tography at the commencement of embolization (Fig.  14.4 ), 
paying particular attention to whether or not second-order 
branches originate close to, or independently of, the main 
portal trunk. Right anterolateral  fl uoroscopy is recommended 
during embolization of the branches to segments 6 and 7. 
Rare but indismissible technical failures are usually associ-
ated with dif fi culty in catheterization due to severe angula-
tions between the portal branches and the migration of 
embolization materials. To overcome the narrow angulations, 
several preshaped catheters should be prepared. Use of a 
balloon-tipped catheter is advocated to avoid the complica-
tion of migration of embolization materials.   

    14.4.1   Transileocolic Venous Approach 

 Transileocolic venous approach is performed during laparo-
tomy under general anesthesia by direct cannulation of a 
catheter into the ileocolic vein inserted and advanced under 
the guidance of a wire, which is then replaced by a balloon 
catheter at the portal vein for subsequent embolization under 
 fl uoroscopic guidance  [  13,   14  ] . This approach is often per-
formed when an interventional radiology suite is not avail-
able, percutaneous approach is not feasible, or when an 
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a b

  Fig. 14.3    CT scan images of a 70-year-old woman with hilar bile duct 
carcinoma ( a ) before and ( b ) 2 weeks after PVE carried out to the right 
liver with gelatin sponge particles and thrombin. Coil was not used for 
this patient. The  black arrow  indicates a percutaneous transhepatic bil-

iary drainage catheter. The  white arrows  indicate portal tributaries to 
segment 8. Note the cessation of portal  fl ow and the attenuation differ-
ence by HABR in the right liver after PVE       

a b

c d

  Fig. 14.4    Transhepatic ipsilateral right PVE with gelatin sponge par-
ticles, thrombin, and coils carried out on a 72-year-old man with hilar 
bile duct carcinoma. ( a ) Anteroposterior  fl ush portogram obtained 
before right PVE with the use of a 6-F vascular sheath in segment 5 
portal branch, and a 5-F  fl ush catheter in the main portal vein ( arrow ). 
The  arrowhead  indicates the percutaneous transhepatic biliary drainage 
catheter (anteroposterior  fl uoroscopy view). ( b ) Embolization was 
 commenced from the portal branch to segment 7 with a reverse-curve 

catheter with distal end-hole under right anterolateral  fl uoroscopy 
(anterolateral  fl uoroscopy view). ( c ) Completion of the embolization 
carried out to portal branches to segments 6 and 7. Tip of the catheter 
was placed in the main portal vein (anteroposterior  fl uoroscopy view). 
( d ) Embolization of portal branches to segments 5 and 8 with proximal 
side-hole type catheter (anterolateral  fl uoroscopy view). ( e ) Completion 
of PVE. Coils were placed at the root of the portal branches to segments 
5, 6, 7 and 8 (anterolateral  fl uoroscopy view)       
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additional treatment which may be carried out during the 
procedure has become necessary  [  24  ] . One of the advantages 
of this approach is that it is possible to evaluate the extent of 
the tumor at the time of PVE including peritoneal dissemina-
tion and hilar lymph node metastases  [  25  ] . Catheterization of 
all portal tributaries is simple even in cases with anatomical 
variations. However, open laparotomy under general anes-
thesia is required and this technique is not suitable for 
patients with a history of prior lower abdominal surgery. 
Intestinal ileus has been reported to occur  [  25  ] .  

    14.4.2   Transhepatic Approach 

 Transhepatic procedure may be performed under local anes-
thesia, and intravenous sedatives may or may not be admin-
istered. US examination of the liver is carried out to determine 
the most favorable access route into the portal venous sys-
tem. Under sterile condition, access into the portal venous 
system is gained under ultrasonic and  fl uoroscopic guidance. 
The contralateral approach (access through the FRL) is tech-
nically easier than the ipsilateral approach (access through 
the portion of the liver to be resected), especially in the pres-
ence of anatomical variations  [  26  ] . 

 The transhepatic contralateral approach was the most 
commonly used technique in the early periods  [  27  ] . For 
embolization of the right portal branches, a branch of the left 
portal system is chosen for access, and a balloon occlusion 
catheter is advanced through an introducer into the branches 
of the right portal tree. The major advantage of this approach 
is the operative simplicity. Catheterization of the desired 
right PV branches is easily accomplished from the left side. 
The drawback of this method on the other hand, is that the 
portal vein in the FRL is punctured. Iatrogenic lesions of the 
FRL lobe, including hematoma, portal vein wall dissection, 
and portal vein thrombosis, have been reported in a multi-
center review  [  28  ] . 

 Transhepatic ipsilateral approach was  fi rst described by 
Nagino et al.  [  29  ] . The peripheral portal vein branch in the 
liver to be resected is secured, and a sheath is inserted 
through. One apparent advantage of the ipsilateral approach 
is that the FRL is not injured. Embolization materials or coils 
are placed along the puncture line upon completion of the 
procedure to prevent post-PVE hemorrhage. However, this 
approach is technically more demanding than the contralat-
eral approach. A balloon occlusion catheter with a side lumen 
opening just proximal to the balloon is occasionally required 
to avoid unintended embolization of the FRL. When the 
angle of the right portal branches is severe, the use of reverse-
curved catheters becomes necessary. Furthermore, it is usu-
ally dif fi cult to perform post-PVE portography or portal 
pressure measurement to con fi rm the ef fi cacy of emboliza-
tion with this procedure.   

    14.5   Embolization Materials 

 There is no clear general consensus on the choice of embo-
lization material for PVE. Biomaterials including gelatin 
sponge particles or powder with thrombin  [  25  ]  and  fi brin 
glue (combination of  fi brinogen and thrombin)  [  29,   30  ] , 
synthetic glue (n-butyl-2-cyanoacrylate)  [  26  ] , synthetic 
embolization particles (polyvinyl alcohol)  [  31,   32  ] , coils, 
iodized oil, and absolute ethanol  [  33  ]  are used. These mate-
rials have yielded different rates or degrees of hypertrophy 
of the unembolized segments, and the choice of emboliza-
tion material usually depends on each surgeon’s or insti-
tute’s preference  [  34  ] . While absorbability of biomaterials 
allow unwanted recanalization, the same characteristic also 
keeps the damage caused by unintended migration of embo-
lization materials during the procedure into the portal 
branches of the FRL to a minimum or is completely absent 
 [  25  ] . N-butyl-2-cyanoacrylate immediately polymerizes 
upon contact with blood (water) and has a permanent embo-
lizing effect. However, massive peribiliary  fi brosis and por-
tal vein casting  [  26  ]  it induces may lead to dif fi culty in 
dissecting the hilar region or in evaluating tumor invasion 
 [  33  ] . Polyvinyl alcohol particles have a smaller diameter 
(150–100  m m) than gelatin sponge (500–100  m m). This 
material is selected for its safety in use, minimal periportal 
reaction, and sustainable embolization effect when used in 
combination with coils  [  32  ] . Coils and iodized oil are usu-
ally used in combination with these materials. Iodized oil in 
particular is used because of its long-lasting “portal cast” 
effect which may be viewed on follow up plain X-ray  fi lm 
and CT scans. PVE with absolute ethanol had been proposed 
because of its strong coagulation effect  [  33  ] , and hypertro-
phy appeared to be more signi fi cant than with other materi-
als. However, PVE with absolute ethanol has been associated 
with a marked increase in serum aspartate aminotransferase 

e

Fig. 14.4 (continued)
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(AST) and alanine  aminotransferase (ALT) levels, which in 
turn, may lead to necrosis of the embolized region  [  33  ] . We 
have to be careful when selecting absolute ethanol, espe-
cially for patients undergoing hemiliver biliary drainage. 
Damage in fl icted to liver parenchyma by ethanol injection 
would be more severe on the hemiliver without biliary drain-
age than on the hemiliver with adequate biliary drainage. If 
the whole right hemiliver is necrotized by using absolute 
ethanol, critical hepatic failure would occur and postopera-
tive course after PVE would be miserable. The basic con-
cept of PVE is that it induces increment of portal pressure, 
and progression of apotosis of the embolized liver, which in 
turn gradually produces atrophic and hypertrophic changes 
of the liver. However, if increment of portal pressure and 
necrosis occur at the same time from using ethanol, the clin-
ical course is the same as that of extended hepatectomy 
without preoperative PVE. 

 We routinely use gelatin sponge powder with thrombin. This 
material is less harmful than others and the effect is enough for 
sequential hepatic resection. When recanalization of the embo-
lized portal branches is detected during the follow up period, the 
recanalized portal branches are selectively punctured to inject 
absolute ethanol. The use of absolute ethanol for embolization 
in a small part of the liver is considered acceptable.  

    14.6   Portal Pressure After PVE 

 Total portal venous  fl ow (ml/min) is unaffected by PVE because 
the liver does not have an intrinsic ability to modulate portal  fl ow, 
and that it is a function of extrahepatic and systemic factors. In a 
PVE study on human, this was con fi rmed using Doppler US 
 [  35  ] . Because the same volume of portal  fl ow prior to PVE enters 
the non-embolized lobe after PVE, portal pressure in the non-
embolized liver is elevated immediately after PVE by 4.9 ± 2.7 cm 
H 

2
 O  [  36  ] . A similar increase was observed in cirrhotic patients 

with a higher baseline portal pressure  [  37  ] . The elevation of por-
tal pressure is transient, with pressure gradually returning to the 
baseline value in 2–3 weeks, as indicated by the portal  fl ow 
velocity (cm/s) changes measured by Doppler ultrasound  [  38  ] .  

    14.7   Clinical Course After PVE 

 Signs and symptoms of postembolization syndrome due to 
PVE itself, such as pain, fever, nausea, and vomiting, are 
milder and less than transcatheter arterial embolization 
(TAE). Most patients experience a mild fever following PVE, 
which subsides within 2–3 days. Changes in liver function as 
re fl ected by an increased total bilirubin and prolonged pro-
thrombin time are mild and transient, returning to their base-
line values 2–3 days after PVE. Serum levels of AST and 
ALT are stable in about 50 % of patients. They are mildly 
elevated on day 1, then returning to the baseline values in 

4–7 days after PVE. These  fi ndings suggest that in fl ammatory 
and/or necrotic reactions after PVE are minimal, if at all, 
present  [  25  ] . The exceptions are when absolute ethanol is 
used  [  33  ]  for embolization. When absolute ethanol is used 
for PVE, it is followed by a marked rise in serum AST and 
ALT, though both tend to return to their baseline values by 
2 weeks before the scheduled hepatectomy. 

 In western countries, an evaluation of liver volume is 
 carried out 4–6 weeks after PVE. The waiting period 
between PVE and operation is reported to be shorter in 
Japan (2–3 weeks), but this has been proven to be quite ade-
quate in performing hepatic resection safely.  

    14.8   Volumetric Changes After PVE 

 In order to determine whether PVE is necessary before hepatic 
resection, and to assess the degree of FRL hypertrophy, the 
ratio of “FRL volume/Total liver volume-Tumor volume” 
(the FRLV/TLV ratio) is widely used as a parameter. CT scan 
with contrast material is the most commonly used method for 
calculating noncancerous total liver volume and FRL volume. 
Examination using CT scan should be performed before and 
after PVE. Multi-slice helical CT scan or multidetector CT 
scan with contrast material allows accurate volumetric mea-
surement by subtracting the small tumor volumes and vas-
culo-biliary structures at the Couinaud’s segment level. 

 PVE leads to an increase in the segmental volume of a 
non-embolized liver, and a decrease in an embolized liver, 
homogeneously maintaining a constant total liver volume. 
The regeneration rate of the non-cirrhotic liver has been 
reported to be 12 cm 3 /day 2 weeks after PVE  [  30,   39  ] , then 
falling to 11 cm 3 /day at 4 weeks  [  30  ] , and 6 cm 3 /day at 
32 days  [  26  ] . In general, a 30 % increase in the non-embo-
lized liver volume being an absolute value, and a 10 % 
increase as expressed by the FRLV/TLV ratio, are attained 
2 weeks after right liver PVE. 

 Various factors have been reported to affect the 
 regeneration rate after PVE. The greater the FRL volume 
before PVE, the smaller the volume increase after PVE  [  25, 
  40,   41  ] . The magnitude of hypertrophy differs with the 
materials used for PVE. Hypertrophy appears to be moder-
ate when biological materials such as gelfoam and  fi brin 
glue are used, most probably because of their progressive 
recanalization effect. Absolute alcohol has been reported to 
achieve the highest degree of regeneration. However, it is 
accompanied by marked increases in serum AST and ALT, 
and an increased risk of liver necrosis. Thus, absolute alco-
hol is not a good choice as an embolic material for PVE. 
Diabetes, obstructive jaundice, and active hepatitis have 
been reported to hamper the regeneration process  [  25,   30  ] . 
In cirrhotic patients, the regeneration rate is smaller than in 
non-cirrhotic patients. Their reported regeneration rate is 
9 cm 3 /day at 2 weeks  [  26,   39  ] .  
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    14.9   Histological Changes After PVE 

 In a human study, liver tissues obtained 3 weeks after PVE 
have shown almost normal microscopic structures in both the 
embolized and the non-embolized lobes. However, in the 
embolized lobe, dilatation of sinusoids with decreased hepato-
cyte density and hepatocyte apoptosis, especially in the peri-
central area, were observed  [  42  ] . There were no signs of 
necrosis or in fl ammation in the embolized lobe, except for the 
liver tissues of the embolized lobe which had undergone PVE 
using absolute ethanol  [  33  ] , with clear evidence of necrosis. 
When cyanoacrylate is used for PVE, peribiliary  fi brosis is 
induced  [  26  ] . Microscopic  fi ndings of the non-embolized liver 
on the other hand, have shown hepatocyte replication as evi-
denced by increased mitotic  fi gures and other parameters of 
cell proliferation such as the levels of proliferative cell nuclear 
antigen and Ki-67  [  42,   43  ] . Hepatocytes in this liver were his-
tologically characterized by basophilic cytoplasm, abundant 
binuclear cells, and they were small. The observation provides 
indirect evidence of hepatocyte proliferation  [  42  ] .  

    14.10   Functional Changes After PVE 

 Considering proliferating isolated hepatocytes lose their dif-
ferentiated hepatocyte-speci fi c functions, cellular hyperpla-
sia and the resulting partial hypertrophy do not necessarily 
signify functional gain in the corresponding part of the liver. 
Most reports investigating liver function after PVE had 
assessed the whole liver function, including both the embo-
lized and the non-embolized lobe. The overall functional 
hepatocyte number, as estimated by the clearance of antipy-
rine, a prototype low-extractable drug, has shown similar 
values before and 2 weeks after PVE  [  44  ] . When ATP con-
centrations and hepatic energy reserves per  g  of liver tissue 
were assessed in the non-embolized lobe 3 weeks after PVE, 
the values were similar to those of the control tissue  [  45  ] . 
Likewise, the non-embolized lobe uptake of techne-
tium-99 m-galactosyl human serum albumin ( 99m Tc-GSA), a 
ligand bound to asialoglycoprotein receptors on the hepato-
cyte cell membrane, showed a rapid increase 1–2 weeks after 
PVE  [  46,   47  ] . These  fi ndings demonstrate that the volume 
increase in the non-embolized liver is accompanied by a par-
allel increment of liver function in the corresponding part.  

      Conclusion 

 PVE is indispensable for extensive liver resection for hilar 
cholangiocarcinoma. Although randomized controlled 
study has not been conducted, its effectiveness is widely 
accepted. However, one should not forget that PVE is 
only a “preoperative procedure” whose aim is to assist in 
the safety of liver resection. Complications arising from 
PVE therefore are preposterous. PVE should be per-
formed promptly and without any complications.      
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 Patients with hilar cholangiocarcinoma require anesthesia 
for a number of surgical procedures. This ranges from mini-
mally invasive surgery, such as diagnostic laparoscopy, to 
major procedures including liver transplantation. Anesthetic 
management in these patients is not only dependent on the 
magnitude of surgery, but also on any concurrent illnesses. In 
this chapter, we outlined the principles of anesthesia and 
perioperative management for patients with hilar cholangio-
carcinoma undergoing a variety of surgery. 

    15.1   Preoperative Considerations 

 Patients with hilar cholangiocarcinoma are usually asymp-
tomatic until late in the development of their disease  [  1–  6  ] . 
Therefore, when patients are presented for surgery, there are 
often serious complications and will require careful 
evaluation. 

    15.1.1   Obstructive Jaundice 

 Post-hepatic obstructive jaundice is the commonest present-
ing feature of hilar cholangiocarcinoma  [  1–  7  ] . However, sec-
ondary biliary cirrhosis with intrahepatic cholestasis should 
be considered if plasma bilirubin concentration remains ele-
vated (>68  m mol/L) after biliary drainage  [  1,   3  ] . The anes-
thetic implication of obstructive jaundice is however, related 
to fat malabsorption, particularly for fat-soluble vitamin K. 
This is because chronic vitamin K de fi ciency will lead to a 
decrease in the production of clotting factors (II, VII, IX and 
X), and bleeding tendency.  

    15.1.2   Cholangitis 

 More importantly, obstructive jaundice may predispose 
patients to acute suppurative cholangitis  [  1–  7  ] . Other con-
tributing factors include an elevated intraluminal pressure, 
and bacterial colonization in the bile  [  8  ] . It is commonly 
believed that bacteria access the biliary system from the duo-
denum. As the pressure within the biliary lumen builds up, 
bacteria are pushed into the biliary canaliculi, hepatic veins, 
and perihepatic lymphatics, leading to bacteremia and sys-
temic sepsis in about 25–40 % of patients  [  8  ] . It is important 
that empirical antibiotics are given early. Antibiotics against 
gram-negative enteric organisms (e.g.  Escherichia coli, 
Klebsiella  and  Enterobacter  species), gram-positive organ-
isms (e.g.  Enterococcus  and  Streptococcus  species), and 
anaerobes (e.g.  Bacteroides fragilis, Clostridium perfrin-
gens ), such as a combination of extended-spectrum cepha-
losporin, metronidazole, and ampicillin would be appropriate 
 [  8,   9  ] . In addition, decompression of the biliary system with 
endoscopic retrograde cholangiopancreatography (ERCP) or 
percutaneous drainage should be performed, whenever fea-
sible, prior to major de fi nitive surgery  [  4,   7  ] .  

    15.1.3   Infection 

 Immunosuppression is common among patients with hilar 
cholangiocarcinoma, and may be related to malignancy, mal-
nutrition and cholestasis. It is important to look for respira-
tory and urinary tract infections. In a systematic review, it 
was reported that 9 % of patients had fever at presentation 
 [  5  ] . Infections should be treated promptly with appropriate 
antibiotics before elective surgery is scheduled.  

    15.1.4   Bleeding Tendency 

 This is related to liver failure and hypersplenism, and is char-
acterized by prolonged international normalized ratio of 
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(INR) the prothrombin time (PT) and thrombocytopenia. In 
addition, patients may receive drugs that could induce bleed-
ing tendency. Typically, this includes non-steroidal anti-
in fl ammatory drugs (NSAIDs). These agents are known to 
impair platelet function and are best avoided during the week 
prior to surgery. Patients with concurrent coronary artery dis-
ease and stroke are often taking antiplatelet agents, such as 
aspirin and clopidogrel, either alone or in combination. 
Although it is clear that these agents prevent major cardiac 
event in the non-operative setting, there are uncertainty 
whether the risk of perioperative bleeding will outweigh the 
bene fi ts  [  10–  12  ] . Stopping aspirin for 72 h will ensure sub-
stantial (if not complete) recovery of platelet function 
 [  13,   14  ] . Clopidogrel should be discontinued for 7 days prior 
to surgery  [  12  ] . Similarly, the risk of starting prophylactic 
anticoagulation (e.g. low molecular weight heparin) for the 
prevention of deep venous thrombosis has to be carefully 
considered, because signi fi cant bleeding may occur during 
major hepatobiliary surgery  [  12  ] . Furthermore, over-the-
counter herbal products and traditional Chinese medicine, 
such as ginkgo and ginseng, are known to affect coagulation 
and should be discontinued long before surgery  [  15  ] . Finally, 
it is important to ensure patients with known clotting defects 
are actually receiving their treatment before the scheduled 
procedure (e.g. desmopressin for von Willebrand disease).  

    15.1.5   Renal Impairment 

 The causes of renal failure are often multifactorial and are 
related to sepsis and pre-existing renal failure. The contribu-
tion of nephrotoxic drugs, such as antibiotics and NSAIDs 
should not be overlooked. Perioperative renal replacement 
therapy and optimization of drug treatment should be consid-
ered. Renal impairment before surgery is a predictor of post-
operative hepatorenal syndrome.  

    15.1.6   Underlying Liver Disease 

 Hypoperfusion during surgery and anesthetic drugs per se 
may exacerbate underlying liver dysfunction, leading to 
postoperative liver failure. In this regard, preoperative coag-
ulopathy, hypoglycemia and encephalopathy are clear indi-
cators of end-stage liver failure. They are strong predictors 
for postoperative complications and death. However, clinical 
features for signi fi cant liver dysfunction can be subtle. 
Therefore, it is important to look for an objective measure to 
quantify the severity of underlying liver disease. 

 The Child-Turcotte-Pugh score assesses plasma concen-
trations of bilirubin and albumin, the presence of ascites and 
encephalopathy (Table  15.1 ). It was originally derived to 
predict mortality after emergency ligation of esophageal 
varices in the 1960s–1970s, and is still commonly used to 

assess the severity of underlying liver dysfunction  [  16,   17  ] . 
Patients who scored between 5 and 6 points (class A), 7–9 
(class B) and 10–15 (class C) had a perioperative risk of 
 £ 5 %, 10 and 50 %, respectively.  

 Alternatively, the (Mayo) Model for End-Stage Liver 
Disease (MELD) could be used to assess liver reserve  [  18  ] . 
MELD is an objective measure that calculates the relative 
contributions of INR, plasma concentrations of creatinine 
and total bilirubin to predict mortality in patients with liver 
failure. Its variations also include plasma concentration of 
sodium to re fl ect the severity of ascites and hepatorenal 
syndrome (Table  15.2 )  [  19–  21  ] . In a patient undergoing 
liver resection, a MELD score  £  8 seems to carry minimal 
risk. Although both Child-Turcotte-Pugh and MELD scor-
ing systems correlate with postoperative outcomes, their 
prediction accuracy in subclinical liver disease remains 
unclear  [  19  ] .  

 With the development of technology, dynamic assessment 
of liver function can be performed as a bedside test  [  22–  24  ] . 
The use of indocynaine green (ICG) retention test is one of the 
common techniques that is commercially available  [  25–  28  ] . 
ICG is a tricarbocyanine dye that is rapidly extracted by the 
liver. By measuring plasma ICG concentration using nonin-
vasive pulse spectrophotometry  [  26  ] , hepatic clearance of 
ICG can be calculated. This is usually expressed as the pro-
portion of ICG remained in the plasma, 15 min after injec-
tion (ICG R 

15
 ) or the elimination rate constant of ICG 

[ICG(K) or ICG-PDR, Fig.  15.1 ]. Although it has not been 
fully validated, ICG R 

15
  > 15 %  [  27  ] , or ICG(K) (or ICG-

PDR) < 7.5 %/min usually indicate limited liver reserve 
 [  22–  28  ] . As hilar cholangiocarcinoma commonly presents 
with obstructive jaundice and obstruction to the biliary 
 system affects the ICG test, the results of ICG R15 in patients 

   Table 15.1    Child-Turcotte-Pugh score  [  16,   17  ]    

 Clinical and biochemical 
measurements 

 Points scored for worsening abnormality 

 1  2  3 

 Encephalopathy a   None  Stages 1–2  Stages 3–4 
 Ascites  None  Slight  Moderate 
 Plasma total bilirubin 
concentration ( m mol/L) b  

 <2  2–3  >3 

 Plasma albumin (g/L)  >35  28–35  <28 
 International normalized 
ratio of prothrombin time 

 <1.7  1.7–2.3  >2.3 

   a The severity of hepatic encephalopathy is graded according to the West 
Haven Criteria: Grade 0—Subclinical; normal mental status, but mini-
mal changes in memory, concentration, intellectual function, coordina-
tion; Grade 1—Mild confusion, depression, inattention, showiness, 
irritable, inverted sleep cycle; Grade 2—Drowsiness, lethargy, unable 
to perform mental tasks, personality changes, inappropriate behavior, 
intermittent disorientation (usually with time); Grade 3—Somnolent 
but rousable, confusion, amnesia, incomprehensible speech; Grade 
4—Coma 
  b In patients with primary biliary cirrhosis or primary sclerosing cholan-
gitis, the upper limit for 1 point is 68  m mol/L and that for 2 points is 
170  m mol/L  
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with hilar cholangiocarcinoma have to be interpreted with a 
lot of caution.  

 Finally, computerized tomographic (CT) estimation of 
remnant liver volume may allow rough estimation of post-
operative liver function  [  23,   28  ] . However, morphologic CT 
assessment alone cannot predict the functional reserve of 
the remaining liver. Therefore, further imaging studies may 
be required. Examples of functional imaging of the liver 
include 31-phosphorus magnetic resonance spectroscopy 
and 99mTc-galactosyl-human serum albumin scintigraphy 
 [  29,   30  ] . 

 Intuitively, an integrated assessment system combining 
clinical features, biochemical changes and imaging modali-
ties would produce the best prediction model for postopera-
tive outcome. However, data con fi rming the usefulness of 
such integrated system remain preliminary  [  31  ] .   

    15.2   Intraoperative Considerations 

 The principle of providing anesthesia for patients with liver 
disease is to maintain hepatic oxygenation and perfusion. In 
this regard, arterial hypotension increases tissue oxygen 
extraction, particularly in the preportal region, and will 
decrease venous oxygen content in portal venous system. 
Under physiologic condition, vasodilation in the hepatic 
artery provides compensatory perfusion. However, in patients 
with limited liver reserve and autoregulatory failure, the 
hepatic artery is already maximally dilated. Therefore a 
decrease in portal perfusion will lead to frank ischemia  [  32, 
  33  ] . In this regard, arterial hypotension with deep anesthesia 
and positive pressure ventilation should be avoided. Systemic 
hypovolemia must be treated aggressively. There is also por-
tosystemic shunting, so that despite an increase in cardiac 

   Table 15.2    Models for end-stage liver disease   

      [ ] [ ] [ ]MELD score 9.57 • creatinine 3.78• bilirubin 11.2 • international normalized ratio of prothrombin 4 6. 3ln ln ln= + + +    
  where  [creatinine] = plasma concentration of creatinine (mg/dl)when patient received dialysis twice in the prior week or 
continuous hemodialysis within the past 24 h, plasma creatinine concentration should be set as 4 mg/dl 
 [bilirubin] = plasma concentration of bilirubin (mg/dl) 

      

[ ]( )
( ) [ ]( )

[ ]{ }

MELD- a MELD 1.59 • 135 sodium

iMELD MELD 0.3*age year 0.7 sodium 100

MESO MELD / sodium *10

N = + -

= + - + +é ùë û
=

   
  where  [sodium] = plasma concentration of sodium (mmol/L), the maximum and minimum plasma sodium concentrations are 
135 and 120, respectively 

   MELD  Models for End-Stage Liver Disease  [  18  ] ,  MELD-Na  MELD with the incorporation of serum sodium  [  19  ] ,  iMELD  integrated MELD  [  20  ] , 
 MESO  MELD to sodium index  [  21  ]   
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  Fig. 15.1    Typical elimination 
curve of indocyanine green ( ICG ). 
A bolus of ICG dye 20 mg was 
injected intravenously. Plasma 
ICG concentration was measured 
by pulse dye-densitometry 
(DDG–2001A/K, Nihon Kohden, 
Shinjuku-ku, Toyoko, Japan) using 
an optical probe attached to the 
patient’s  fi nger. The terminal 
elimination rate of ICG(K) was 
calculated using linear regression 
(6.9 %/min). The proportion of 
ICG remained in plasma at 15 min 
(ICG R 

15
 ) was 28.5 %. Both values 

indicate poor liver reserve       
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output by as much as 50–100 %, there is inadequate liver 
perfusion  [  32–  34  ] . 

 Maintaining systemic oxygenation could also be a chal-
lenge. At least 50 % of patients have signi fi cant intrapulmo-
nary shunting and ventilation-perfusion mismatch  [  33,   35  ] . 
This is made worse with pleural effusion, and diaphragmatic 
splinting with ascites. Diuretic therapy, such as spironolac-
tone, and paracentesis may improve oxygenation, and should 
be considered before induction of anesthesia. 

    15.2.1   Pharmacological Changes 

 The liver has a large functional reserve. Therefore altered 
drug metabolism may not be obvious until fulminant liver 
failure develops  [  36,   37  ] . Nevertheless, anesthesiologists 
should be aware of the potential changes in drug actions. 

    15.2.1.1   Intravenous Agents 
 The onset and offset of drug action for intravenous anesthet-
ics are largely determined by the redistribution of drugs. 
However, peak concentration of drug is the ratio of the 
amount of drug injected and the volume of distribution. 
Therefore, the same dose of drug may lead to a higher plasma 
concentration when the volume of distribution is decreased. 
In this regard, drugs that are bound to albumin (e.g. thiopen-
tal) will have a smaller volume of distribution in patients 
who are malnourished with hypoalbuminemia  [  38,   39  ] . 
Consequently, a standard dose of thiopental might produce 
higher plasma concentration and exaggerated hypotension. 

 There are other changes in the pharmacokinetics of intra-
venous anesthetics with liver failure. Bioavailability of drugs 
with high extraction ratio (e.g. propofol, etomidate, ketamine) 
could be unexpectedly increased in liver failure, because liver 
metabolism is decreased with reduced hepatic blood  fl ow. 
Similarly, phase I elimination (predominantly cytochrome 
P450 oxidation and reduction) is impaired and may increase 
plasma concentrations of drugs with low extraction ratio (e.g. 
thiopental, benzodiazepine)  [  36,   39  ] . In addition, hepatic 
encephalopathy will enhance the sensitivity of anesthetic 
agents  [  40  ] . Overall, there is an increase in drug effect, but the 
magnitude of change is generally unpredictable.  

    15.2.1.2   Inhalational Anesthetics 
 All commonly used inhalational anesthetics including 
iso fl urane, sevo fl urane and des fl urane, can be safely admin-
istered to patients with liver disease  [  39,   41  ] . Minor changes 
in liver enzymes have been reported after surgery and may be 
the results of perioperative hypotension and surgical trauma. 
There are however, anecdotal reports of massive liver necro-
sis after inhalational agents  [  42–  44  ] . This is thought to be 
related to the formation of  fl uroacylated proteins in the liver, 
leading to autoimmune hepatitis. Nevertheless, billions of 

patients have received these agents in the past, and the fact 
that only a handful of patients had proven anesthesia-induced 
hepatitis would suggested that the disease entity is extremely 
rare. Currently, no risk factor has been identi fi ed.  

    15.2.1.3   Nitrous Oxide 
 The use of nitrous oxide (N 

2
 O), as an inhalational anesthetic, 

deserves further discussion. Although it was the  fi rst anes-
thetic since 1844, N 

2
 O is still widely used today as part of 

the anesthetic regimen. N 
2
 O is usually given at  ³ 50 % in 

oxygen, it is inexpensive and is widely available. It provides 
substantial analgesia and reduces exposure of other anes-
thetic agents  [  45  ] . 

 However, recent data have challenged the use of N 
2
 O. In 

a large multicenter randomized controlled trial of 2,050 
surgical patients  [  46  ] . We have recently reported that N 

2
 O 

administration increased the risk of wound infection 
[adjusted odds ratio, OR (95 % con fi dence intervals, CI): 
OR 1.4 (1.1–1.9),  P  = 0.04], severe vomiting [OR(95 %CI): 
2.5 (2.0–3.2),  P  < 0.001], atelectasis [OR(95 %CI): 1.8 
(1.3–2.5),  P  < 0.001], and pneumonia [OR(95 %CI): 2.0 
(1.1–3.7),  P  = 0.04]. N 

2
 O patients also had a longer inten-

sive care unit stay [hazard ratio (95 %CI): 1.4 (1.1–1.7); 
 P  = 0.02], indicating an increased incidence of more serious 
complications  [  46,   47  ] . Many of these adverse events were 
related to irreversible inhibition of methionine synthetase, 
resulting in hyperhomocysteinemia, folate de fi ciency and 
genomic instability  [  48  ] . Other adverse effects include 
enlarged air spaces, bowel distension after prolonged sur-
gery  [  45  ] . The use of N 

2
 O also limits oxygen delivery and 

increases the likelihood of hypoxia (e.g. diffusion hypoxia 
and crossed pipelines). Current evidence would suggest 
that administration of N 

2
 O in major surgery increases the 

rate of postoperative complications. Interestingly, replac-
ing N 

2
 O with medical air and other expensive anesthetic 

agents did not increase cost of hospital stay  [  49  ] . A further 
study to evaluate the effect of N 

2
 O on postoperative myo-

cardial infarction, heart failure and arrhythmia is currently 
ongoing  [  50–  52  ] .  

    15.2.1.4   Analgesics 
 Despite the concerns of respiratory depression and sedation, 
potent opioids can be administered safely in patients with 
end-stage liver disease  [  53  ] . In moderate doses, fentanyl 
(3–5  m g/kg) does not decrease hepatic oxygenation or perfu-
sion. Remifentanil, an ultra-short acting opioid, can be given 
in large doses, even during anhepatic phase of liver trans-
plantation. The time required for plasma concentration of 
remifentanil to decrease by 50 % after cessation of drug 
administration (context sensitive half time) is 3.5 min regard-
less the duration of infusion  [  54,   55  ] . Therefore, respiratory 
depression in the postoperative period after remifentanil is 
not a concern. 
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 Tramadol is a popular analgesic given for postoperative 
pain. It blocks the  m -opioid, serotonin (5HT 

2C
 ) and NMDA 

receptors. Reuptake of norepinephrine is also inhibited  [  56  ] . 
Tramadol is primarily metabolized in the liver. Both trama-
dol and its active metabolite  O -desmethyltramadol contrib-
ute to analgesia. Although there is no evidence that 
pharmacology of tramadol is altered in advanced liver dis-
ease, it is advisable to reduce dosage because of concerns 
about serotonergic syndrome  [  57  ] . 

 Large doses of paracetamol may induce liver failure, 
owing to the formation of  N -acetyl- p -benzoquinoneimine. 
This binds to hepatocytes and causes tissue necrosis. The 
reaction is normally protected by glutathione in the liver but 
this may be depleted in pre-existing liver disease. Dosage of 
paracetamol should be reduced in patients with mild liver 
dysfunction and probably should be avoided in those with 
signi fi cant liver disease  [  53,   58  ] . 

 The pharmacology of morphine and pethidine is not 
signi fi cantly altered with liver disease. However, concomi-
tant renal failure may lead to accumulation of active and 
potent metabolites, such as morphine-6-glucuronide and 
norpethidine, respectively  [  57  ] .  

    15.2.1.5   Neuromuscular Blocking Agents  [  59  ]  
 The pharmacology of neuromuscular blocking agents is not 
affected by liver disease. Clinically, any neuromuscular 
blocking agent can be used, however, atracurium and cis-
atracurium have theoretical advantage because their metabo-
lisms are independent to liver function. In end-stage liver 
disease, there is a decrease in cholinesterase activity which 
may prolong the effect of succinylcholine. Titration of neu-
romuscular blocking effect using transcutaneous nerve stim-
ulator is recommended.   

    15.2.2   Regional Anesthesia and Analgesia 

 Regional blockade (nerve block, epidural or spinal block) in 
combination of general anesthesia is thought to be bene fi cial 
because it prevents nociceptive transmission during surgery 
and provides postoperative pain relief  [  60–  62  ] . In this regard, 
regional block reduces neuroendocrine stress response and 
tampers perioperative sympathetic activity. Despite the ini-
tial enthusiasm, clinical trials have failed to prove any out-
come bene fi t with regional block. The Veterans Affairs 
Cooperative Studies Program (VACS) compared postopera-
tive outcomes in 489 patients receiving combined general/
epidural anesthesia with 495 patients having general anes-
thesia alone after abdominal surgery  [  63  ] . Although postop-
erative pain score was lower in the combined general/epidural 
anesthesia group, there was no difference in the death rate 
and other complications (cardiac events, myocardial infarc-
tion, respiratory failure and pneumonia) within 30 days after 

randomization. In a subgroup of patients undergoing aortic 
surgery ( n  = 374), myocardial infarction in the epidural 
group, 2.7 %, was lower than that of the control (i.e. general 
anesthesia alone), 7.9 % [OR(95 %CI): 0.3 (0.1–0.9), 
 P  = 0.02]. However, the number of events were few ( n  = 20) 
and the con fi dence intervals were wide. The single positive 
 fi nding in the VACS trial should not be considered as conclu-
sive evidence. 

 Similarly, the Multicentre Australian Study of Epidural 
Anesthesia (MASTER) trial found that adverse postopera-
tive outcomes in high-risk patients undergoing major abdom-
inal surgery were not reduced by use of combined epidural 
and general anesthesia. There was a modest decrease in 
respiratory failure (needing prolonged ventilation or re-intu-
bation) after epidural block (23.3 %) compared with control 
(30.2 %,  P  = 0.02), but the number needed to treat (95 %CI) 
was large, 15 (7.9–91.9)  [  64,   65  ] . 

 Using a population-based administrative database, 
Wijeysundera and co-workers evaluated 259,037 anesthetics 
(epidural 56,556; general anesthetics 202,481) performed in 
Ontario, Canada between 1994 and 2004  [  66  ] . Although 
there was a small reduction in 30-day mortality (1.7 % vs. 
2.0 %;  P  = 0.02), the result was biased with the lower death 
rate in patients undergoing orthopedic surgery and the num-
ber needed to treat was 477. In a subgroup analysis of 73,635 
patients undergoing abdominal surgery (epidural 21,988; 
general anesthetics 51,647), mortality at 30 days after 
indexed surgery was not signi fi cantly reduced between 
groups, relative risk (95 %CI): 0.93 (0.82–1.06). 

 There are other perceived advantages of providing periop-
erative epidural. In animal studies it was shown that inhala-
tional anesthetics and opioid inhibited cellular and humoral 
immunity  [  67  ] . It has been therefore proposed that epidural 
block with local anesthetics, by reducing exposure of anes-
thetics and postoperative opioids, might decrease metastatic 
burden, and tumor recurrence. Despite encouraging data 
from breast and prostatic cancer, MASTER trial showed no 
difference in 5-years cancer-free survival between groups in 
patients undergoing hepatobiliary, gastric and colonic sur-
gery (epidural 40 % vs. general anesthetics 38 %,  P  = 0.58) 
 [  67–  69  ] . 

 Taken together, it would appear that epidural block pro-
vides better analgesia during surgery and in the early postop-
erative period. However, there is no convincing evidence that 
this advantage will translate into outcome bene fi t. On the 
contrary, placement of epidural block is associated with pro-
cedural complications  [  70  ] . These include epidural hema-
toma, abscess, nerve injury and hemodynamic instability 
(with sympathetic block). The risk is substantially higher in 
patients with bleeding tendency  [  71  ] . Thus, it is considered 
unsafe to place an epidural catheter if INR > 1.5, platelet 
count < 75 × 10 9 /L and particularly if both parameters are 
rapidly deteriorating. The same criteria should be adopted 
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when removing a catheter. Currently the risk of placing epi-
dural catheter on causing localized infection, epidural abscess 
and meningitis has not been de fi ned  [  72  ] . Nevertheless, vigi-
lance and frequent neurologic monitoring are required to 
ensure early recognition of injury, so that timely treatment 
can be provided. 

 There are other regional blocks that may incur less risk. 
Thoracic paraverteberal (T5/6) block  [  73  ] , transversus abdo-
minis plane (TAP) block and continuous wound instillation 
with local anesthetics are getting popular  [  74,   75  ] . These 
blocks are less demanding on technical skills and may be 
safer in patients with mild coagulopathy. However the risk of 
local anesthetic toxicity remains  [  39  ] .  

    15.2.3   Bleeding: Prevention and Management 

 Despite recent advances in surgery and technology, bleeding 
remains a major problem during hepatobiliary surgery  [  2,   4  ] , 
especially in patients with pre-existing coagulopathy and 
sepsis. 

 Minimizing blood loss during surgery will require effec-
tive communication and close collaboration among the team 
 [  12  ] . Nevertheless, the anesthesiologists should be concerned 
with the following roles:
    1.    Preoperative autologous donation program asks patients 

to donate several units of blood before surgery  [  76  ] . 
During and after surgery, patients received their own 
stored blood when clinically indicated. The major draw-
back of this technique is that it only applies to elective 
surgery when procedures are planned weeks ahead. It 
should also be clear that the risk of clerical error, bacterial 
contamination and complications associated with stored 
blood are not modi fi ed. The program is also useless in 
malnourished patients who are already anemic prior to 
surgery.  

    2.    Acute normovolemic hemodilution (ANH) may decrease 
loss of hemoglobin during surgery  [  77  ] . In this technique, 
blood is removed (down to a hematocrit value of 20–30 %) 

and circulating volume is restored with crystalloids or 
colloids prior to an anticipated episode of bleeding. The 
blood collected is then returned to the patient after hemo-
stasis is achieved. Therefore, only diluted blood with 
lower hematocrit is being lost during surgery. Additional 
advantages of ANH are that it uses patient’s own blood 
and that the clotting factors and platelets in it will improve 
hemostasis. However, the volume of blood that can be 
collected is limited.  

    3.    Perioperative red cell salvage involves collection of 
bloodshed during surgery and reinfused to the patients 
following appropriate  fi ltering and treatment  [  78,   79  ] . 
The technique may reduce allogenic transfusion, but the 
effect is often small and costly. It remains controversial 
whether perioperative red cell salvage can be used in sur-
gery for infective or malignant disease.  

    4.    Apart from local control of bleeding, hemostasis may also 
be enhanced with administration of hemostatic drugs  [  80  ] . 
Table  15.3  summarizes the clinical uses, mechanisms of 
action and potential side effects of these agents. In the 
literature, prophylactic use of tranexamic acid or recom-
binant activated factor VII (rFVIIa) signi fi cantly decreases 
blood loss and the need for allogenic blood transfusion. 
However, they also increase the risk of thromboembolism, 
especially in patients with proven history or at risk of ath-
erosclerosis or thrombosis. Currently, tranexamic acid 
and rFVIIa should only be given to patients when massive 
hemorrhage is anticipated.        

    15.3   Postoperative Considerations 

 The extent of postoperative monitoring will depend on the 
likelihood of complications after surgery. In a large survey 
( n  = 363,897) from the American College of Surgeons 
National Surgical Quality Improvement Program in 2005–
2007  [  81  ] , it was noted that between 13.6 and 19.3 % of 
patients undergoing major abdominal surgery had at least 
one major complication (e.g. pneumonia, wound infection, 

   Table 15.3    Hemostatic agents: clinical uses and mechanisms of action   

 Drug  Dosage  Mechanism of action  Side effects 

 Tranexamic acid  Loading dose 10 mg/kg during 
induction of anesthesia 

 Lysine analogue that inhibits the binding of 
plasmin to  fi brin 

 Thromboembolism 

 Maintenance dose 1–2 mg/kg/h 

  e -aminocaproic acid (EACA)  Loading dose 150 mg/kg during 
induction of anesthesia 

 As above  As above 

 Maintenance dose 10–15 mg/kg/h 
 Desmopressin (Deamino-8-d-
arginine-vasopressin, DDAVP) 

 Slow infusion 0.3  m g/kg over 
30 min 

 Release of von Willebrand factor  Possible increase in 
myocardial infarction 

 Recombinant activated factor 
VII (rFVIIa) 

 30–120  m g/kg every 2 h for three 
doses 

 Binds with subendothelial tissue factor that in 
the exposed vessel wall. The binding complexes 
subsequently generate thrombin that in turn 
facilitate conversion of  fi brinogen to  fi brin 

 Thromboembolism 



16115 Anesthesia for Patients with Hilar Chlolangiocarcinoma

postoperative bleeding) during their hospital stay. These 
complications are serious, because on average 11.4–26.3 % 
of patients died after the events. Interestingly, 6.3–8.1 % of 
patients required mechanical ventilation > 48 h after surgery, 
3.6–4.6 % had unplanned tracheal intubation and 1.4–2.5 % 
had septic shock. These data strongly suggested patients 
undergoing major abdominal surgery should be carefully 
monitored, preferably in a high dependency or intensive care 
unit. 

 Three groups of postoperative complications deserve fur-
ther discussion:
    1.    Postoperative vascular complications 

 Patients undergoing abdominal surgery are at risk of 
perioperative vascular events, such as vascular death, 
myocardial infarction (MI), arrhythmias, heart failure 
and stroke. Currently, based on the revised cardiac risk 
index, 1.3–9.0 % of patients, at risk of atherosclerosis, 
had a major vascular event after surgery  [  82  ] . 
Unfortunately, only a fraction of these patients are symp-
tomatic for MI, therefore we believe the incidence of 
postoperative vascular events is almost certainly an 
underestimate  [  83,   84  ] . In this regard, the data from the 
Peri-Operative ISchemic Evaluation (POISE) trial were 
alarming. In this trial, plasma cardiac troponin concen-
trations were measured daily in 8,351 patients during 
the  fi rst 3 days after surgery. 415 (5.0 %) patients had a 
rise in troponin concentrations (>99th centile of adult 
population) and were adjudicated to have MI within 
30 days of randomization  [  84,   85  ] . Only 34.7 % of these 
patients had ischemic symptoms. Interestingly, patients 
with asymptomatic MI had a higher risk of dying at 
30 days, OR(95 %CI) 4.0 (2.7–6.1)  [  84,   85  ] . These 
 fi ndings would indicate that routine surveillance, after 
major abdominal surgery, with regular electrocardio-
grams and cardiac enzymes measurements are justi fi ed 

to facilitate early detection of problems and may improve 
patient outcome.  

    2.    Postoperative acute liver failure 
 Postoperative liver failure is one of the most feared com-
plications after hepatobiliary surgery especially associ-
ated with portal vein resection. It is characterized by 
progressive deterioration in synthetic (hypoalbuminemia 
and coagulopathy), excretory (hyperbilirubinemia) and 
detoxifying functions (encephalopathy) of the liver on or 
after postoperative day 5 (Table  15.4 ). The clinical effects 
are variable and can range from simple changes in bio-
chemistry to multiple organ dysfunction  [  86  ] . In a recent 
report, the mortality of postoperative liver failure was up 
to 14 %  [  4,   7  ] . Current treatment strategy is largely 
supportive.   

    3.    Postoperative acute renal failure  [  87  ]  
 Acute renal failure following major hepatobiliary surgery 
can be due to a number of reasons. However, hepatorenal 
syndrome should be considered in patients with concomi-
tant liver failure. Hepatorenal syndrome is a diagnosis of 
exclusion, so that common causes of renal failure such as 
hypovolemina, sepsis, obstructive uropathy, nephrotoxic-
ity (e.g. aminoglycoside related) and parenchymal injury 
should be carefully discarded. Established hepatorenal 
syndrome carries a high mortality, 80 % at 30 days and 
90 % in 6 months  [  87  ] . The pathophysiology is probably 
related to severe vasospasm of the renal circulation in the 
setting of splanchnic vasodilation. The end result is shunt-
ing of blood to the splanchnic vasculature, leading to renal 
ischemia  [  87  ] . In the non-operative setting, normovolemia 
and replacement with albumin appear to prevent hepator-
enal syndrome, however their use after surgery remains 
inconclusive. Recommended treatments also include 
splanchnic vasoconstriction with vasopressin and albu-
min infusion.      

   Table 15.4    International Study Group of Liver Surgery (ISGLS) grading of post-hepatectomy liver failure  [  85  ]    

 Grades of post-hepatectomy liver failure 

 Grade A  Grade B  Grade C 

 Hepatic function 
  INR  <1.5  1.5–1.9   ³ 2.0 
  Consciousness  No neurologic symptoms  Confusion, somnolence  Hepatic encephalopathy 
 Renal function 
  Urine output  >0.5 ml/kg/h   £ 0.5 ml/kg/h   £ 0.5 ml/kg/h, despite diuretics 
  Plasma urea concentration  <54  m mol/L  <54  m mol/L   ³ 54  m mol/L 
 Pulmonary function 
  PaO 

2
   >90 %  <90 % despite supplemental O 

2
    £ 85 % 

 Treatment options  None required  1. Correction of coagulopathy  1. Correct hypoglycemia 
 2. Diuretics  2. Renal replacement therapy 
 3. ± Mechanical ventilation  3. Mechanical ventilation 

 4. Extracorporeal liver support 
 5. Liver transplantation 

   INR  International normalized ratio of prothrombin time,  PaO  
 2 
  arterial oxygen tension  
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    15.4   Anesthetic Management for Speci fi c 
Procedures 

    15.4.1   Biliary Decompression 

 As previously mentioned, patients with hilar cholangiocarci-
noma often presented with biliary obstruction and will 
require external and internal drainage either as part of their 
preoperative workup or for palliative treatment. Common 
procedures include percutaneous transhepatic biliary drain-
age (PTBD) and therapeutic ERCP  [  1–  7  ] . 

 PTBD is generally performed without anesthesia or seda-
tion. The puncture wound is in fi ltrated with local anesthetics 
and the entire procedure is usually well tolerated. Occasionally, 
anesthesiologists are involved for airway support and cardio-
respiratory monitoring in patients with ongoing sepsis. 

 ERCP is usually performed with sedation  [  88  ] . 
Combinations of benzodiazepine and opioid are widely used 
to produce amnesia and analgesia, respectively. However, 
there are substantial variations in dosing regimens. For 
instance, in a survey of 76 endoscopy units in UK, the aver-
age dose of midazolam given for ERCP was 5.7 mg, but the 
dose range is large (95 %CI: 1–12.1 mg). Similarly, there 
was a huge differences in the dose of pethidine administered 
(mean: 50.8 mg; 95 %CI: 10–110 mg)  [  89  ] . Alternatively, 
infusions of propofol and fentanyl can be used to provide 
sedation  [  88  ] . These drugs have distinct advantages, in that 
the onset of drug effect is rapid and the duration of action is 
short  [  39,   88  ] . It is therefore suitable to match the changes in 
stimulation (e.g. sphincterotomy and stent deployment) with 
varying rates of infusion. It should be clear that the therapeu-
tic windows of these drugs are narrow  [  39  ] . Therefore, 
although we intend to provide “conscious” sedation 
(Table  15.5 ) during ERCP, drug effect could be unpredict-
able, and may result in deep sedation or even general anes-
thesia  [  90  ] . Anesthesiologists must be prepared for emergency 
management of airway and ventilation. Several techniques 
have been proposed to improve patient safety during propo-
fol/fentanyl infusion. 
    1.    Patient controlled sedation (PCS) uses the ordinary patient 

controlled analgesia (PCA) device and delivers drug 
boluses [propofol (10 mg/ml) and fentanyl (5  m g/ml); 
bolus of 1 ml at 200 ml/h; effective lockout time 18 s] 

upon patient demand to match with sedation requirement 
 [  91  ] . Theoretically, PCS should prevent drug overdose, 
because a sedated patient will not trigger another demand 
for drug delivery.  

    2.    Patient maintained computer assisted target controlled 
infusion, uses similar principle as with PCS, but speci fi c 
pharmacokinetic model is incorporated to the PCA sys-
tem in order to avoid overshoot of drug effect  [  92  ] .  

    3.    There are also measures of electroencephalogram (e.g. 
bispectral index, BIS) that will assist anesthesiologists to 
titrate drug infusions. In a preliminary report, BIS was 
incorporated into a closed-loop control infusion system 
for sedation during endoscopy  [  93  ] .      

    15.4.2   Laparoscopic Assisted Surgery 

 Laparoscopy has become widely accepted for the diagnosis 
and staging of the hilar cholangiocarcinoma. With techno-
logical advances and accumulation of surgical experience, 
major complex hepatobiliary resection can also be performed 
using laparoscopic approach. The documented bene fi ts of 
laparoscopic assisted surgery over laparotomy include early 
mobilization, less postoperative ileus, smaller wound and 
shorter hospital stay. Postoperative respiratory function and 
cosmetic results are also improved  [  94  ] . The anesthetic 
implications of laparoscopic surgery are related to the 
changes of intra-abdominal pressure (IAP) after carbon diox-
ide (CO 

2
 ) pneumoperitoneum  [  93–  96  ] .

    1.    When IAP  £  15 mmHg, venous return from splanchnic 
circulation is increased. However, when IAP is above 
15 mmHg, the inferior vena cava becomes compressed, 
and venous return is reduced. Other hemodynamic 
changes include vagal bradycardia when the peritoneum 
is stretched with trocar insertion. However, delayed tachy-
cardia may occur as increasing amount of CO 

2
  is being 

absorbed. These changes are well tolerated in healthy 
adults, however, heart rate responses and hypotension 
could be exaggerated in patients with pre-existing ane-
mia, hypovolemia and those with limited cardiac reserve.  

    2.    Similarly, an increase in IAP > 15 mmHg produces 
splinting of the diaphragm and results in a decrease in 
lung volumes. There is preferential ventilation of the 

   Table 15.5    Continuum of depth of sedation   

 Anxiolysis  Conscious sedation  Deep sedation/analgesia  General anesthesia 

 Responsiveness  Normal to verbal 
command 

 Purposeful response to touch  Purposeful response to touch  Unarousable 

 Airway  Unaffected, no 
intervention required 

 Unaffected, no intervention 
required 

 Intervention may be required  Intervention often required 

 Spontaneous ventilation  Unaffected  Adequate  May be inadequate  Frequently inadequate 
 Cardiovascular function  Unaffected  Usually maintained  Usually maintained  May be impaired 

  Modi fi ed from American Society of Anesthesiologists  [  89  ]   
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non-dependent parts of the lung as the diaphragm is 
pushed up to compress the lung bases. The end result is 
lung atelectasis, intrapulmonary shunting and pulmonary 
vasoconstriction  [  94  ] .     
 The choice of anesthetic technique is therefore largely lim-

ited to general anesthesia for cardiorespiratory management 
and patient comfort after pneumoperitoneum  [  94  ] . Controlled 
ventilation of the lungs, tracheal intubation and adequate 
muscle relaxation are required to prevent pulmonary aspira-
tion, removal of CO 

2
  and to facilitate surgical exposure. The 

extent of intraoperative monitoring will depend on the magni-
tude of surgery. Postoperative analgesia with local anesthetic 
in fi ltration to the port sites and oral paracetamol may be all 
that is required after diagnostic laparoscopy  [  96  ] . Shoulder 
tip pain is common after surgery and is probably due to dia-
phragmatic stretching and distension during pneumoperito-
nium. It is usually self-limiting and is effectively treated with 
NSAIDs. Analgesia for more extensive surgery is provided 
by PCA morphine. Regional block, such as T4/5 epidural, 
paravertebral block are rarely used. Laparoscopic procedure 
is associated with postoperative nausea and vomiting  [  94–  96  ] , 
routine prophylactic antiemetic drug (e.g. ondansetron 4 mg 
at the end of surgery) is recommended.  

    15.4.3   Major Curative Resection 

 Curative surgery for hilar cholangiocarcinoma involves exten-
sive hepatic resection, lymphadenectomy, bile duct and portal 
vein resection  [  4,   7  ] . This is a technically demanding surgery 
and in the hands of the most experienced surgeon, the proce-
dure is likely to be prolonged and is associated with substan-
tial blood loss. Therefore, surgery required general anesthesia 
with tracheal intubation and controlled ventilation. Warming 
devices and rapid infusion system should be prepared. Arterial 
and central venous cannulae are inserted for blood sampling, 
and invasive hemodynamic monitoring. The merit of com-
bined regional and general anesthesia and other perioperative 
considerations have been discussed in previous sections. 

 In order to decrease blood loss during surgery, hemody-
namic manipulation to maintain central venous pressure 
(CVP)  £ 5 mmHg has been suggested  [  97,   98  ] . A low CVP 
reduces congestion in the hepatic vein and the venous sinu-
soids and should limit bleeding during parenchymal transec-
tion. This is achieved by  fl uid restriction, administration of 
diuretics, vasodilators and deepening of anesthesia. There 
are however a number of problems with this technique. A low 
CVP may induce systemic tissue hypoxia, and air embolism. 
There is also risk of rebleeding in the early postoperative 
period  [  99  ] . In this regard, small venous branches may be 
overlooked during hemostasis when the CVP is low, these 
vessels may then be opened up when CVP rises with patient 
awakening  [  100  ] . There is no randomized controlled trial to 
evaluate the relative risks and bene fi ts of maintaining a low 

CVP during major liver resection. However, it would be logi-
cal to avoid high CVP during surgery. 

 Temporary vascular occlusion may also be required dur-
ing radical liver resection  [  101  ] . In the extreme situation, 
hepatic vascular in fl ow is occluded with vascular clamps or 
tourniquet (Pringle maneuver). This is followed by cross-
clamping of the infrahepatic inferior vena cava and then the 
suprahepatic vena cava, distal to the openings of hepatic 
veins. These maneuvers effectively exclude the liver from 
the systemic circulation. Following liver resection and vas-
cular reconstruction, the clamps are removed sequentially. 
Total hepatic vascular (in fl ow and out fl ow) exclusion how-
ever presents speci fi c challenges to the anesthesiologist. 
Cross clamping of inferior vena cava reduces venous return 
by>50 %, this is compensated by an increase in afterload. 
The end result is a precipitous decrease (>50 %) in cardiac 
output and the arterial pressure is reduced by about 20 % 
(Fig.  15.2 ). These changes may precipitate heart failure in 
patients with underlying coronary artery disease. Preloading 
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with colloid (e.g. 6 % hydroxyethyl starch solution at 10 ml/
kg) has been reported to modify the hemodynamic changes 
 [  101,   102  ] . There is also concern of liver ischemia during 
total hepatic vascular occlusion. It is believed that a healthy 
adult may tolerate “warm” ischemia of the liver for up to 
60–90 min. Nevertheless, anhepatic period of 5.5 h has been 
reported in a patient with cholangiocarcinoma who have 
undergone ex-vivo resection with autotransplantation  [  103  ] . 
It should be noted that the liver was perfused with University 
of Wisconsin solution and was cooled on ice.  

 Other techniques have also been used to produce hepatic 
vascular occlusion. Pringle maneuver (portal triad clamping) 
interrupts hepatic in fl ow  [  101,   104  ] . This technique increases 
systemic vascular resistance by 30–60 % (Fig.  15.2 ). However 
the changes are generally well tolerated in the majority of 
patients. 

 Postoperatively, patients should be carefully monitored. 
Infection, coagulopathy, respiratory depression and hemody-
namic changes should be treated promptly.  

    15.4.4   Liver Transplantation 

 Occasionally, patients with hilar cholangiocarcinoma may 
undergo orthotopic liver transplantation (OLT)  [  1–  7  ] . These 
patients are usually highly selected, who have non-metastatic 
but locally advanced disease. Based on the Mayo protocol, 
patients will receive a long course of neoadjuvant external 
beam radiotherapy and concomitant  fl uorouracil and capecit-
abine  [  105,   106  ] . Patients who develop complications or fail 
to respond to the neoadjuvant therapy are usually excluded 
for OLT. Speci fi c anesthetic challenges occur during the fol-
lowing stages of the procedure  [  107  ] . 

  Preanhepatic stage : Bleeding during mobilization and 
dissection of the liver is related to pre-existing coagulopathy, 
portal hypertension, and complexity of surgery. 

  Anhepatic stage : Hemodynamic changes may be associ-
ated with total hepatic vascular occlusion (Fig.  15.2 )  [  101, 
  108  ] . Venovenous bypass is sometimes used to divert venous 
return from the femoral vein to the superior vena cava. This 
should reduce hemodynamic changes, avoid splanchnic con-
gestion and improve renal perfusion. However, bypass related 
thromboembolism and inadvertent decannulation could 
result in fatal complications  [  107  ] . Plasma glucose concen-
tration should be regularly monitored and hypoglycemia 
should be treated promptly. 

  Neohepatic stage : The reperfusion syndrome is character-
ized by arterial hypotension and pulmonary hypertension 
within 5 min after graft reperfusion. This is due to the release 
of vasoactive substances (including hydrogen and potassium 
ions) from the graft liver. Constituents in the preservation 
solution, such as adenosine, may also produce clinically 
signi fi cant bradycardia  [  107,   108  ] . Fibrinolysis is another 

major problem and should be treated with fresh frozen 
plasma, cryoprecipitate and other hemostatic agents listed in 
Table  15.3 .   

    15.5   Summary 

 This chapter summarizes the anesthetic issues during surgery 
for hilar cholangiocarcinoma. Anesthetic requirement varies 
with different surgical procedures. There are also important 
changes in physiology and pharmacology associated with 
liver disease. Anesthesiologists should understand these pos-
sible changes in order to facilitate surgery for achieving the 
best possible outcome.      
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          16.1   Introduction 

 Complete excision of viable tumor offers the only chance for 
cure for hilar cholangiocarcinoma. Resection and liver trans-
plantation have each evolved to offer signi fi cant survival 
advantages over non-surgical treatments. Although the two 
options beg comparison, currently the indications for each 
are different. 

 Although early attempts at liver transplantation for hilar 
cholangiocarcinoma were associated with poor cancer-related 
survival  [  1–  12  ] , more recent results with neoadjuvant chemora-
diation followed by liver transplantation have shown signi fi cant 
improvements  [  13–  15  ] . Despite the renewed interest in liver 
transplantation, the global limitation of organ availability and 
the lack of Level I data tempers its widespread use. 

 Resection for hilar cholangiocarcinoma, or Klatskin 
tumor, has also evolved. The initial poor survival rates, 
 associated with limited duct resection  [  16  ]  (see   Chap. 23    ) 
have increased with bile duct and extended liver resections 
 [  17–  21  ]  performed in high-volume centers (see   Chap. 18    ). 
The resection rates, documented in various series containing 
over 50 patients from 1990 to 2006, have ranged from 45 to 
94 % (Table  16.1 ). In these same series, the mortality and 
5-year survival rates have ranged from 0 to 15 %, and 11 to 
41 %, respectively  [  22–  24  ] . In this chapter, we discuss the 
considerations when selecting a patient for resection or liver 
transplantation in the setting of hilar cholangiocarcinoma.   

    16.2   Populations at Risk 

 As development of cholangiocarcinoma is predicated on the 
existence of chronic in fl ammation, it may theoretically be 
possible to identify patients at increased risk of harboring 
the disease. While numerous conditions have been found to 
predispose to its development, protocol-based methods for 
surveillance and detection are currently employed with the 
intent of unearthing localized, resectable hilar disease. Other 
candidates include those with disease con fi ned to the extra-
hepatic bile duct in which underlying biliary in fl ammation 
and impaired hepatic function would otherwise obviate 
extended surgical resection. 

 With a cancer incidence ranging from 7 to 42 %  [  25–  29  ]  
and a cumulative neoplasia risk of 11 % within the  fi rst 
10 years of diagnosis  [  26  ] , patients with primary scleros-
ing cholangitis (PSC) can be regarded as a population 
speci fi cally at risk  [  22,   29,   30  ] . There are, unfortunately, no 
existing features to identify those with PSC who will go on 
to develop cholangiocarcinoma, making PSC patients obvi-
ous candidates for surveillance protocols. It is noteworthy 
that a majority of patients with PSC (80 %) will also har-
bor a concomitant diagnosis of in fl ammatory bowel disease 
(IBD), either ulcerative colitis or Crohn’s disease  [  31  ] . It is 
currently unknown whether patients with a non- cholestatic 
pattern of blood chemistries and normal radiographic 
 fi ndings who harbor a diagnosis of IBD are at increased 
risk for developing PSC and subsequent cholangiocarci-
noma, but they are widely assumed to be at low risk for 
these disorders  [  32  ] . Certainly, the sudden manifestation of 
right upper quadrant pain, cholangitis, or signs of biliary 
obstruction in an individual with stable IBD should prompt 
an evaluation of the biliary tree. Similarly, the appearance 
of abnormal liver function tests or elevated tumor markers 
in a patient with Crohn’s disease or ulcerative colitis merits 
similar investigation.  
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    16.3   Diagnostics 

    16.3.1   Serological Testing and Imaging 

 Except in cases where palliation is the chief consideration, 
a tissue diagnosis of cholangiocarcinoma informs all subse-
quent decision making. Early detection of cholangiocarci-
noma, however, is a formidable obstacle. Current diagnostic 
approaches offer suboptimal yield and must rely on a com-
bination of serologic testing, imaging modalities, pathologic 
analyses, and a high index of clinical suspicion. Often times, 
an elevation in tumor associated markers, particularly CA 
19-9, initiates further workup by clinicians to establish the 
presence of biliary pathology. The diagnosis of cholangiocar-
cinoma on the basis of this test alone is problematic, however. 
For example, in patents without PSC, a sensitivity of 53 % is 
reported at a value of 100 U/ml. This decreases to 33 % for 
patients with early-stage cholangiocarcinoma  [  33  ] . In these 
individuals, the negative predictive value ranged from 76 to 
92 %. In the PSC population, sensitivity and speci fi city for 
cholangiocarcinoma detection were improved at 89 and 86 %, 
respectively. Increasing the threshold of concern to 129 U/ml 
for PSC patients improved the speci fi city to 98.5 %, but low-
ered the sensitivity to 78.6 %. In these patients, the positive 
predictive value was 57 %  [  34–  36  ] . An elevation in CA 19-9 
is also observed in the setting of cholangitis and hepatolithia-
sis  [  34  ] , but is missing entirely in patients lacking the blood 
type Lewis antigen  [  36,   37  ] . For these reasons, in the absence 
of known risk factors or virtually diagnostic imaging studies, 
a diagnosis of cholangiocarcinoma should not be entertained 
on the basis of this tumor marker alone  [  34  ] . Conversely, 
additional testing should be sought if warranted by clinical 
suspicion despite near normal CA 19-9 levels. 

 An elevated CA 19-9 ordinarily precipitates further imag-
ing of the liver and biliary tree, which should be employed 
with the intent of assessing tumor extent, the level of biliary 
obstruction, the technical feasibility of resection, and the cal-
culation of a future liver remnant when resection is enter-
tained  [  36  ] . While abdominal ultrasound can sometimes 
reveal the presence of biliary ductal dilatation, establish a 
diagnosis of hepatolithiasis, and provide evidence of biliary 
mass lesions, it can also be used in duplex mode to assess the 
degree to which central tumors impinge on vascular struc-
tures  [  22,   38,   39  ] . However, ultrasonographic  fi ndings have 
largely been supplanted by the use of cross-sectional imag-
ing. Computed tomography (CT) is helpful in this regard and 
is often the  fi rst modality employed in a patient with an ele-
vated CA 19-9 or obstructive jaundice. A typical  fi nding is 
the presence of biliary ductal dilatation proximal to a blocked 
choledochus. Not infrequently, lobar atrophy is present from 
long-standing biliary obstruction or portal vein involvement 
on the side of tumor. However, an obvious mass is some-
times lacking on CT despite  fi ndings that would otherwise 
suggest neoplasia. For this reason, magnetic resonance imag-
ing (MRI) coupled with magnetic resonance cholangiopan-
creatography (MRCP) is emerging as the imaging modality 
of choice given its ability to provide superior anatomic reso-
lution of the intra- and extrahepatic bile ducts and adjacent 
vascular structures. Cholangiocarcinomas, appearing hypoin-
tense on T1-weighted images, and hyperintense on T2, can 
be further delineated using gadolinium contrast enhance-
ment, which can help further de fi ne vascular encasement. 
Additional information can be gained with respect to inva-
sion of adjacent liver parenchyma as well as the presence of 
distant and nodal metastases  [  22,   34,   36,   40–  44  ] . While sen-
sitivity and positive predictive value are roughly equivalent 

   Table 16.1    Series of over 50 patients resected for hilar cholangiocarcinoma   

 Authors     Liver resection (%)  Negative margin (%)  Resection (n)  Year published  5-year survival (%) 

 Nakeeb*  14  26  56  1996  11 
 Gerhards*  29  14  112  2000  NA 
 Launois*   32  NA  151  2000  NA 
 Dinant*  38  31  99  2006  27 
 Todoroki*  58  14  101  2000  28 
 Seyama*  67  64  87  2003  40 
 Kawarada*  75  64  65  2002  26 
 Klempnauer  [  131  ]   77  77  151  1997  28 
 Jarnagin  [  75  ]    78  78  80  2001  26 
 Kosuge*  50  52  65  1999  40 
 Jarnagin*  82  77  106  2005  NA 
 Neuhaus  [  84  ]    85  61  80  1999  22 
 Miyazaki  [  85  ]    86  71  76  1998  26 
 Kawasaki  [  133  ]   54  68  79  2003  30 
 Nimura  [  97  ]    70  100  46  1990  41 
 Hemming*  66  80  53  2005  35 

  *References found in Suggested Reading List  
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between the two modalities, comparisons in the literature 
have noted superior diagnostic accuracy for MRI/MRCP 
(92 % versus 56–84 % for CT), an improved speci fi city 
(79 % versus 33–57 %), and a higher negative predictive 
value (73 % versus 7–50 %)  [  36,   45,   46  ] .  

    16.3.2   Cytologic Evaluation 

 Whereas imaging remains a vital component in the multimo-
dality approach to diagnosis, pathologic evaluation is con-
sidered the gold standard. In these cases, a tissue diagnosis 

often hinges on cytology, which is not always con fi rmatory, 
and sometimes dif fi cult to acquire. Diagnostic attempts 
via percutaneous  fi ne needle aspiration (FNA) should be 
discouraged due to the theoretical risk of tumor seeding. 
Preferably, tissue sampling is obtained by endoscopic ret-
rograde cholangiopancreatography (ERCP) in conjunction 
with over-the-wire brush sampling of a malignant-appearing 
stricture. Accessing the biliary tree in this manner allows for 
characterization of benign, atypical, suspicious, and overtly 
malignant-appearing epithelia (Fig.  16.1 )  [  47  ] . After process-
ing, Papanicolaou-stained slides of benign-appearing cells 
appear as sheet-like monolayers and orderly palisades with 
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  Fig. 16.1    Cytology. ( a ) Cytology 
of benign bile duct epithelium 
with sheets and strips of cells 
with bland round to oval nuclei 
(Papanicolaou). ( b ) Histology of 
benign bile duct epithelium with 
a single layer of columnar cells 
(H&E). ( c ) Cytology of reactive 
bile duct epithelium with mildly 
enlarged nuclei, prominent nuclei, 
and overlying in fl ammation. 
( d ) Histology of reactive bile duct 
epithelium. ( e – g ) Cytology of 
adenocarcinoma with irregularly 
arranged groups of cells with 
increased nuclear: cytoplasmic 
ratio and nuclear molding, as well 
as increased nuclear size, 
anisonucleosis, and marked 
nuclear irregularity. ( h ) Histology 
of adenocarcinoma 
(cholangiocarcinoma) (Figure and 
legend reproduced with 
permission from Advances in 
Anatomic Pathology  [  47  ] )       
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granular chromatin and basally-oriented nucleoli. Localized 
infection or biliary in fl ammation can alter the morphology of 
collected material, manifesting as nuclear enlargement and 
increased prominence of nucleoli. Mitotic  fi gures can also 
appear, as can hyperchromasia, chromatin clumping, and 
vacuolization of the cytoplasm. However, nuclear/cytoplas-
mic ratio remains unaltered, cells maintain their normal level 
of cohesiveness, and their nuclear appearance is otherwise 
unchanged  [  47  ] . Reactive changes of this type should not be 
confused with neoplastic transformation. Notwithstanding, 
some cytologic features should raise awareness of the poten-
tial for malignant progression. These include clustering 
of cells and crowding or overlapping of nuclei; increasing 
irregularity of nuclear membranes; a trend toward a more 
abundant nuclear: cytoplasmic ratio; coarse chromatin; and 
distinct, prominent nucleoli  [  48,   49  ] . Although the natural 
history of these lesions is currently unknown, they should be 
regarded with suspicion, particularly in patients with PSC or 
other chronic in fl ammatory lesions of the bile duct, where 
they may represent a point on a neoplastic continuum. In 
this setting, the theoretical risk of malignant transformation 
should stimulate more rigorous follow-up and encourage 
more frequent biliary sampling.  

 Although the ability to discriminate between dysplasia 
and overt malignancy can be dif fi cult with cytology, fea-
tures used to distinguish benign from malignant strictures 
include the presence of nuclear molding, chromatin clump-
ing, and a substantially increased nuclear-cytoplasmic 
ratio  [  50  ] . Adenocarcinoma of the biliary tract can also 
harbor anisonucleosis, irregular nuclear contours/grooves, 
enlarged nuclei/nucleoli, and altered cell polarity, amongst 
other features  [  47  ] . Because of the subjective nature of 
cytologic interpretation and the potential for interobserver 
variation  [  49,   51,   52  ] , we endorse the system proposed by 

Logrono and Waxman for the reporting of biliary cytology 
(Table  16.2 )  [  53  ] .  

 In reality, little may separate higher grades of dysplasia 
from what is clearly malignant. This, coupled with a lack 
of uniform interpretation of diagnostic criteria, has caused 
reported sensitivities for brush cytology to vary widely. With 
sensitivities typically ranging from 20 to 60 %  [  36,   54,   55  ] , 
the inability to secure a diagnosis with this technique can 
be in fl uenced by a variety of additional factors. As cholan-
giocarcinomas are tumors of the bile duct epithelium, those 
that fail to penetrate into the lumen (submuscosal spread) 
will not be sampled appropriately. Sampling error can also 
be encountered due to the paucicellular, desmoplastic nature 
of the surrounding environment in which these tumors fre-
quently arise. The chronic in fl ammatory milieu common to 
the biliary tree in patients with PSC can introduce further 
ambiguity. Well-differentiated tumors such as mucinous 
and papillary types may also generate false negatives as 
these tumors are dif fi cult to interpret on cytology. Tumors 
may occur at sites dif fi cult to access, their location obviat-
ing the use of various biopsy techniques. Finally, collected 
material may be insuf fi cient for analysis  [  36,   54  ] . In con-
trast, the diagnostic speci fi city of this technique has seldom 
been questioned, consistently approaching 100 % in most 
studies  [  54  ] . 

 To improve the diagnostic yield of cytology, the use of 
repeat over-the wire brushings during separate procedures 
has been advocated in the setting of dysplasia or when 
cholangiocarcinoma is suspected  [  56–  61  ] . Two advanced 
cytologic techniques have also emerged recently as impor-
tant aids to diagnosis. Both techniques,  fl uorescent in situ 
hybridization (FISH) and digital image analysis (DIA), capi-
talize on the near-universal propensity for biliary cancer to 
exhibit chromosomal instability. Fluorescently-labeled DNA 

   Table 16.2    Diagnostic categories for biliary brush cytology   

 Diagnostic category  De fi nition  Management 

 Unsatisfactory  Specimen is nondiagnostic: insuf fi cient cellular material for 
diagnosis, extensive artifact or specimen obscured by acellular debris 

 Additional attempts at biliary access required 

 Negative for 
malignancy 

 Benign-appearing cells in cohesive monolayers (honeycombing) and /
or orderly palisades. Material is adequate for cytologic interpretation. 

 Additional testing unwarranted unless inconsis-
tent with abnormal clinical or radiologic  fi ndings 

 Atypical 
indeterminate 

 Cells demonstrate benign, reactive changes which may manifest as 
nuclear enlargement, mild variation in nuclear size, and 1–2 
prominent nucleoli. Occasional mitotic  fi gures and degenerative 
changes may be present. Cells maintain normal tissue architecture 
with little crowding or overlap. Normal N/C ratio and nuclear contours 
are observed. Although malignancy cannot be excluded, changes are 
likely a function of associated ductal in fl ammation. This category 
may encompass what was previously regarded as low-grade dysplasia 

 Must be correlated with available clinical and 
radiologic data which. Timing of follow-up and 
repeat cytology predicated on suspicion for 
neoplasia 

 Suspicious for 
malignancy 

 Highly-dysplastic cells that display some, but not all of the features 
of malignancy. This may include clumping of cells with prominent 
nuclear crowding; irregular nuclear membranes; high N/C ratio; 
coarse chromatin and distinct; prominent nucleoli 

 Timely follow-up required. Repeat biliary access 
recommended in 1–3 months. May be inter-
preted in context of additional clinical and 
radiographic studies 

 Adenocarcinoma  Cells with unquestionable features of malignancy  No additional con fi rmation required 

  Modi fi ed from deBellis et al.  [  49  ] , Henke et al.  [  47  ]  and Lograno and Waxman  [  53  ]   
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probes are used in the case of FISH to detect aneuploidy or 
abnormalities of particular loci (gain or deletion), while DIA 
utilizes the stoichiometric binding properties of a cytochem-
ical stain to quantitate nuclear DNA as a ratio of normal 
ploidy. Chromosomes speci fi cally affected include 3, 7, and 
the 9p21 band. In this context, a  fi nding of FISH polysomy 
can be equated with cytologic malignancy (Fig.  16.2 ). In like 
manner, DNA tetraploidy (DNA index >1.89) in non-PSC 
patients can be viewed similarly. Investigators who have 
examined the use of these techniques in conjunction with 
conventional cytology have noted an overall improvement in 
sensitivity without compromising speci fi city in patients with 
malignant-appearing strictures. In this population, results 
demonstrate that FISH has the highest sensitivity amongst 
those without PSC, while retaining appropriate levels of 
speci fi city. In patients with PSC, FISH retains the highest 
sensitivity of the three techniques. Speci fi city is lower, how-
ever. DIA results demonstrating aneuploidy (DNA index 
from 1.12 to 1.89) appear to have intermediate sensitivity and 
speci fi city compared to cytology and FISH, but its addition 
to PSC and non-PSC groups increases the malignant detec-
tion rate by twofold relative to cytology alone when clini-
cal decision-making is predicated strictly on unequivocally 
positive cytologic results (Tables  16.3  and  16.4 )  [  62  ] . As 
such, the inclusion of such diagnostic methodologies should 
be viewed as a requirement for institutions contemplating the 
implementation of transplant-based protocols.     

    16.3.3   Adjunctive Measures 

 Newer techniques of endoscopic retrograde cholangioscopy 
may facilitate direct examination of suspicious lesions and 
subsequent biopsy  [  63–  67  ] . This method has been used 
extensively in the therapeutic approach to benign biliary dis-
ease. However, in the setting of cholangiocarcinoma, its util-
ity as a screening or diagnostic tool has yet to be con fi rmed 
in a sizable cohort. With advancements in  fi beroptics, it is 
expected that this technology will continue to evolve. The 
newly developed-SpyGlass Direct Visualization System™ 
is one such example. Cholangioscopy using this system 
allows for intraductal biliary imaging in all four quad-
rants, thereby permitting tissue sampling under direct visu-
alization. Experience gained with its use may eventually 
increase the ability to discriminate benign from malignant 
biliary lesions. 

 On many occasions, a combination of methods is required 
when evaluating a suspicious biliary lesion. If an initial 
ERCP and/or cytologic diagnosis is evasive, then endoscopic 
ultrasound (EUS) may prove useful when examining this 
region. In this regard, EUS can offer greater resolution when 
compared to conventional cholangiography, thereby allow-
ing the detection of a tumor mass or an in fi ltrating process. 
Vascular invasion can also be identi fi ed as can the presence 
of malignant-appearing lymph nodes  [  54  ] . Moreover, EUS-
guided FNA of strictures, masses, and suspicious lymph 
nodes can supplement conventional techniques when cho-
langiography and/or cytology proves unremarkable. The 
technique frequently requires sphincterotomy and is proce-
durally dif fi cult. A compilation of studies has revealed its 
overall cancer detection rate to be 33 %  [  49  ] . However, with 
some reports indicating a sensitivity closer to 100 %  [  61,   68, 
  69  ] , the skill of the endoscopist, the experience of the cyto-
pathologist, and the stringency of the cytologic criteria used 
likely inform results. 

 Historically, a variety of endoluminal sampling tech-
niques have been applied to cytodiagnosis. Duodenal aspi-
rates used in 1960’s and 70’s carried a high false positive 
rate. This technique was largely supplanted by intraductal 
bile aspiration cytology, the sensitivity of which ranged from 
6 to 32 % across multiple studies. Despite their simplicity 
and low cost, these techniques should be considered inferior 
to contemporary cytologic methodologies  [  49,   54  ] . Neither 
approach should be employed routinely in surveillance 
protocols. 

 Occasionally, cytopathologic evaluation can be conducted 
on the material retrieved from occluded biliary stents. With 
diagnosis being deferred until after stent removal, the clinical 
utility of this sampling technique is questionable in most set-
tings. However, in situations where frequent stent exchanges 
are required to maintain biliary patency, the examination of 
stent-adherent material may complement other sampling 

Abnormal cells

  Fig. 16.2    Fluorescence in situ hybridization of biliary brushing. 
A representative  fl uorescence micrograph of biliary brushings from a 
patient with cholangiocarcinoma is shown here. Each colored spot rep-
resents one chromosome; therefore, two spots per color are indicative 
of the normal diploid state. In this example, >2 spots are seen for more 
than one color (indicating more than one chromosome pair is abnor-
mal), leading to a diagnosis of polysomy (Figure reproduced with per-
mission from the  Journal of Hepatology   [  34  ] )       
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methods when a lesion appears suspicious for malignancy. 
Pooled data indicates the overall sensitivity of stent examina-
tion to be 32 %  [  49  ] . 

 Finally, techniques which can obtain more substantial tis-
sue samples offer the prospect of improving diagnostic yield 
through the maintenance of tissue architecture, an essential 
component in pathologic diagnosis. The use of endoscopic 
forceps biopsy appears to corroborate this assertion, espe-
cially when combined with biliary brushings where in some 
cases it has contributed to a two-fold increase in diagnostic 
sensitivity  [  54  ] . Similar to EUS, the technique requires 
advanced endoscopic pro fi ciency and may not be suitable for 
some lesions. Theoretically, an increased risk of bile duct 
injury is also incurred. This approach may be considered 
when a diagnosis is in question. Likewise, the introduction of 
various cutting and scraping devices, through pre-existing 
percutaneous transhepatic biliary drainage (PTBD) tubes, 

may also contribute to enhanced diagnostic yield. Two stud-
ies examining the use of the 9- French Simpson atherectomy 
catheter, which can obtain tissue samples 0.5–2.0 cm in 
length, noted sensitivities of 79 and 97 %, respectively. 
Speci fi city was retrospectively reported to be 100 %, positive 
predictive value 100 %, and negative predictive value 93 % 
 [  54,   70  ] . At the University of Utah, we have used the mod-
ern-day Silverhawk™ atherectomy catheter to similar effect. 

 Access to the biliary tree through pre-existing PTBD 
tubes can also facilitate a rendezvous approach when selec-
tive bile duct cannulation fails or a tight stricture interferes 
with conventional endoscopic techniques  [  70–  73  ] . The ren-
dezvous procedure combines an endoscopic technique with 
PTBD access to allow the antegrade passage of a guidewire 
through the native papilla for the purpose of establishing 
ERCP access. This technique can be combined with variety 
of biopsy and visualization techniques including EUS, 

   Table 16.3    Sensitivity, speci fi city, positive predictive value, and negative predictive value of cytology, DIA, and FISH for the detection of malig-
nancy by stricture classi fi cation   

 Sensitivity (95 % CI)  Speci fi city (95 % CI)  PPV (95 % CI)  NPV (95 % CI) 

  Non - PSC patients  
 Proximal 
  Cytology (positive or suspicious)  9 % (0.01–0.30)  100 % (0.71–1)  100 % (0.16–1)  37 % (0.20–0.56) 

   Positive  4 % (0.001–0.24)  100 % (0.71–1)  100 % (−)  35 % (0.19–0.55) 
   Suspicious  4 % (0.001–0.24)  100 % (0.71–1)  100 % (−)  35 % (0.19–0.55) 
  DIA (aneuploid or tetraploid)  30 % (0.12–0.54)  90 % (0.55–1)  86 % (0.42–1)  39 % (0.20–0.61) 
   Tetraploid  5 % (0.001–0.25)  100 % (0.69–1)  100 % (−)  34 % (0.18–0.54) 
   Aneuploid  25 % (0.09–0.49)  90 % (0.55–1)  83 % (0.36–0.99)  37 % (0.19–0.59) 
  FISH (polysomy or trisomy)  63 % (0.38–0.84)  100 % (0.66–1)  100 % (0.73–1)  56 % (0.30–0.80) 
   FISH polysomy  31 % (0.12–0.56)  100 % (0.66–1)  100 % (0.54–1)  41 % (0.21–0.64) 
   FISH trisomy  31 % (0.12–0.56)  100 % (0.66–1)  100 % (0.54–1)  41 % (0.21–0.64) 
 Distal 
  Cytology (positive or suspicious)  41 % (0.29–0.54)  96 % (0.86–0.99)  93 % (0.77–0.99)  54 % (0.43–0.65) 
   Positive  20 % (0.11–0.31)  100 % (0.93–1)  100 % (0.75–1)  47 % (0.37–0.58) 
   Suspicious  21 % (0.12–0.33)  96 % (0.86–0.99)  87 % (0.62–0.98)  47 % (0.37–0.57) 
  DIA (aneuploid or tetraploid)  49 % (0.36–0.62)  98 % (0.88–1)  97 % (0.84–1)  57 % (0.45–0.69) 
   Tetraploid  16 % (0.08–0.27)  100 % (0.92–1)  100 % (0.69–1)  45 % (0.35–0.56) 
   Aneuploid  33 % (0.22–0.46)  98 % (0.88–1)  95 % (0.77–1)  50 % (0.39–0.62) 
  FISH (polysomy or trisomy)  59 % (0.46–0.71)  92 % (0.80–0.98)  90 % (0.77–0.97)  63 % (0.50–0.74) 
   FISH polysomy  48 % (0.35–0.60)  100 % (0.93–1)  100 % (0.88–1)  59 % (0.48–0.70) 
   FISH trisomy  11 % (0.04–0.21)  92 % (0.80–0.98)  64 % (0.31–0.89)  44 % (0.34–0.54) 
  PSC patients  
 Cytology (positive or suspicious)  41 % (0.18–0.67)  97 % (0.90–1)  78 % (0.40–0.97)  87 % (0.77–0.93) 
  Positive  18 % (0.04–0.43)  100 % (0.95–1)  100 % (0.29–1)  83 % (0.73–0.90) 
  Suspicious  23 % (0.07–0.50)  97 % (0.90–1)  67 % (0.22–0.96)  83 % (0.73–0.91) 
 DIA (aneuploid or tetraploid)  43 % (0.18–0.71)  87 % (0.76–0.94)  43 % (0.18–0.71)  87 % (0.76–0.94) 
  Tetraploid  14 % (0.02–0.43)  95 % (0.86–0.99)  40 % (0.05–0.85)  83 % (0.72–0.91) 
  Aneuploid  28 % (0.08–0.58)  92 % (0.82–0.97)  44 % (0.14–0.79)  85 % (0.74–0.92) 
 FISH (polysomy or trisomy 7 or 3)  70 % (0.44–0.90)  86 % (0.75–0.93)  57 % (0.34–0.78)  92 % (0.82–0.97) 
  FISH polysomy  47 % (0.23–0.72)  100 % (0.94–1)  100 % (0.63–1)  88 % (0.78–0.94) 
  FISH trisomy  23 % (0.07–0.50)  86 % (0.75–0.93)  31 % (0.09–0.61)  81 % (0.69–0.89) 

  Reprinted with permission from  Gastroenterology   [  62  ]  
  PPV  positive predictive value,  NPV  negative predictive value,  CI  con fi dence interval, (−) insuf fi cient number of patients to calculate 95 % CI  



17316 Selection of Patients for Liver Resection and Liver Transplantation

 cholangioscopy, forceps biopsy, and endoscopic brushings to 
improve diagnostic yield.   

    16.4   Liver Resection 

    16.4.1   Assessing Resectability 

 The surgeon must determine two things for resectability: (1) 
whether an R0 resection can be achieved and (2) the mini-
mum amount of remnant liver volume needed to survive. 
Distant metastatic disease (including liver lesions not con-
tiguous with the primary biliary tumor) and involvement of 
Level (L) three lymph nodes (those along the celiac artery, 
the superior mesenteric artery or the aortocaval groove) 

 preclude curative resection. Otherwise, it is the extent of local 
disease that determines whether the cancer is resectable. 

    16.4.1.1   Assessing the Possibility 
of an R0 Resection 

 Hilar cholangiocarcinoma lesions are often not visible as 
discrete masses on imaging as the majority are of the scleros-
ing macroscopic subtype  [  74  ] . Obtaining tissue con fi rmation 
is therefore dif fi cult and diagnosis is often made through a 
combination of factors including patient age and risk factors, 
signs and symptoms, CA19-9, and pattern of ductal dilata-
tion (see Diagnostics, above)  [  26,   33  ] . 

 The ability to resect for cure has been rede fi ned by 
reports of signi fi cantly improved survival from high-
 volume centers describing aggressive resections of not 

   Table 16.4    Sensitivity, speci fi city, positive predictive value, and negative predictive value of cytology, DIA, and FISH for the detection of malig-
nancy by stricture classi fi cation when cytology is  neither positive nor suspicious    

 Sensitivity (95 % CI)  Speci fi city (95 % CI)  PPV (95 % CI)  NPV (95 % CI) 

  Non - PSC patients  
 Proximal 
  DIA (tetraploid or aneuploid)  28 % (0.1–0.53)  90 % (0.55–1)  83 % (0.36–0.99)  41 % (0.21–0.64) 
  Tetraploid  5 % (0.001–0.27)  100 % (0.69–1)  100 % (−)  37 % (0.19–0.58) 
  Aneuploid  22 % (0.06–0.48)  90 % (0.55–1)  80 % (0.28–0.99)  39 % (0.20–0.61) 
  FISH (polysomy or trisomy 7 or 3)  59 % (0.33–0.81)  100 % (0.66–1)  100 % (0.69–1)  56 % (0.30–0.80) 
   FISH polysomy  23 % (0.07–0.50)  100 % (0.66–1)  100 % (0.40–1)  41 % (0.21–0.64) 
   FISH trisomy (7 or 3)  35 % (0.14–0.62)  100 % (0.66–1)  100 % (0.54–1)  45 % (0.23–0.68) 
    FISH (polysomy or trisomy) and DIA 

(aneuploid or tetraploid) 
 23 % (0.07–0.50)  100 % (0.66–1)  100 % (0.40–1)  41 % (0.21–0.64) 

    FISH (polysomy or trisomy) or DIA 
(aneuploid or tetraploid) 

 65 % (0.38–0.86)  89 % (0.52–1)  92 % (0.61–1)  57 % (0.29–0.82) 

 Distal 
  DIA (aneuploid or tetraploid)  25 % (0.12–0.42)  98 % (0.87–0.99)  90 % (0.55–1)  60 % (0.48–0.72) 
   Tetraploid  5 % (0.007–0.19)  100 % (0.91–1)  100 % (0.16–1)  55 % (0.43–0.67) 
   Aneuploid  19 % (0.08–0.36)  98 % (0.87–0.99)  87 % (0.47–1)  58 % (0.46–0.70) 
  FISH (polysomy or trisomy 7 or 3)  35 % (0.20–0.52)  93 % (0.82–0.99)  81 % (0.54–0.96)  64 % (0.51–0.75) 
   FISH polysomy  22 % (0.10–0.38)  100 % (0.92–1)  100 % (0.63–1)  61 % (0.49–0.72) 
   FISH trisomy (7 or 3)  13 % (0.04–0.29)  93 % (0.82–0.99)  62 % (0.24–0.91)  57 % (0.45–0.69) 
    FISH (polysomy or trisomy) and DIA 

(aneuploid or tetraploid) 
 15 % (0.05–0.31)  98 % (0.87–1)  83 % (0.36–0.99)  58 % (0.46–0.70) 

    FISH (polysomy or trisomy) or DIA 
(aneuploid or tetraploid) 

 48 % (0.31–0.66)  93 % (0.80–0.98)  85 % (0.62–0.97)  68 % (0.55–0.80) 

  PSC patients  
 DIA (aneuploid or tetraploid)  14 % (0.004–0.58)  88 % (0.77–0.95)  12 % (0.003–0.53)  90 % (0.79–0.96) 
  Tetraploid  0 (0–0.41)  97 % (0.88–0.99)  0 (0–0.84)  89 % (0.79–0.95) 
  Aneuploid  14 % (0.004–0.58)  91 % (0.81–0.97)  17 % (0.004–0.64)  90 % (0.79–0.96) 
 FISH (polysomy or trisomy 7 or 3)  60 % (0.26–0.88)  87 % (0.76–0.94)  43 % (0.18–0.71)  93 % (0.83–0.98) 
  FISH polysomy  20 % (0.02–0.56)  100 % (0.94–1)  100 % (0.16–1)  88 % (0.79–0.95) 
  FISH trisomy (7 or 3)  40 % (0.12–0.74)  87 % (0.76–0.94)  33 % (0.10–0.65)  90 % (0.79–0.96) 
   FISH (polysomy or trisomy) and DIA 

(aneuploid or tetraploid) 
 14 % (0.004–0.58)  98 % (0.91–1)  50 % (0.01–0.99)  90 % (0.80–0.96) 

   FISH (polysomy or trisomy) or DIA 
(aneuploid or tetraploid) 

 67 % (0.30–0.92)  75 % (0.62–0.86)  30 % (0.12–0.54)  93 % (0.82–0.99) 

  Reprinted with permission from  Gastroenterology   [  62  ]  
  PPV  positive predictive value,  CI  con fi dence interval,  NPV  negative predictive value, (−) insuf fi cient number of patients to calculate 95 % CI  
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only the bile duct lesion, but also the ipsilateral liver and 
draining nodes  [  17–  21  ] . Surgery is avoided if the disease 
in the potential remnant liver involves the second order 
biliary radicals, as the risk of complications from mul-
tiple biliary anastomoses (bile leaks, anastomotic stric-
tures, residual intrahepatic disease) is greater  [  75,   76  ] . If 
the retropancreatic bile duct is involved, an added pan-
creaticoduodenectomy can offer a survival advantage 
 [  24  ] . In cases where a discrete mass is not visible, the 
longitudinal extent of disease is determined by the pat-
tern of intrahepatic bile duct dilatation proximal to the 
lesion (Fig.  16.3 ). Circumferential involvement of portal 
structures [right, left, or proper hepatic artery(ies); right, 
left, or main portal vein(s)] may preclude resection as 
these vessels must be preserved to guarantee perfusion I 
the remnant liver. Other factors important in determining 
resectability include bilateral involvement in any combi-
nation of: (1) lobar atrophy, (2) tumor at second order bil-
iary radicals, and (3) tumor at the hepatic artery or portal 
vein that precludes attempts at reconstruction.  

 The value of a given imaging modality (US, CT scan, 
MRI/MRCP, ERCP, EUS and PTC)  [  22,   34,   36,   38–  44,   47, 
  49,   71–  73  ]  rests on its ability to demonstrate the local and 
regional extent of disease (see Diagnostics: Serological 
Testing and Imaging). Although the pattern of disease and 
extent may be classi fi ed by the modi fi ed Bismuth-Corlette 
system  [  17  ]  (see   Chap. 4    ), this system only partly answers the 
question of resectability as it describes only the side of the 
disease in relation to the bifurcation. This system is  further 

limited by not providing information on the radial extent, 
vascular involvement, and longitudinal extent of the disease 
(i.e., involvement beyond second order biliary radicals). 

 The more useful classi fi cation system from Memorial 
Sloan Kettering Cancer Center (MSKCC) was created based 
on their experience treating 225 patients with hilar cholangio-
carcinoma (Table  16.5 )  [  75  ] . Unresectable local disease was 
de fi ned as tumors involving (1) bilateral second order biliary 
radicals, (2) ipsilateral second order biliary with contralateral 
portal vein involvement, (3) ipsilateral second order biliary 
with contralateral hepatic lobar atrophy, or (4) main or bilat-
eral portal vein involvement. Using this system, patients with 
stage T3 disease are considered unresectable given the inabil-
ity to obtain an R0 resection while preserving a viable sector 
of remnant liver. MSKCC used this system to achieve resect-
ability rates for T1, T2 and T3 tumors of 59, 31 and 0 %, 
respectively. Median survival after resection was similarly 
documented at 20, 13 and 8 months. Currently, the MSKCC 
classi fi cation system with pre-operative imaging is employed 
by most hepatobiliary surgeons to determine whether a patient 
is a candidate for resection.  

 As of this writing American Joint Committee on Cancer 
staging manual (AJCC 2010, Seventh Edition)  [  77  ]  has 
incorporated the MSKCC System into the Primary Tumor 
(T) category to de fi ne resectable local disease (Table  16.6 ). 
Thus AJCC T4 is equivalent to the MSKCC T3 disease, both 
of which are unresectable. This system will likely supplant 
the MSKCC system as not only does it surgically stage the 
local disease, but it incorporates information on nodal dis-
ease, metastases, and tumor grade to predict both resectabil-
ity and survival.  

 In planning a resection, the surgeon must decide if the 
lesion is left or right dominant as this initial designation will 
determine whether the resection will be left or right-sided. 
Central lesions are approached as right-dominant lesions as 
the right bile duct is shorter than the left and the right hepatic 

  Fig. 16.3    CT scan demonstrating in a patient with hilar cholangiocar-
cinoma showing left-dominant biliary ductal dilatation without a com-
mon con fl uence suggesting involvement of the second-order biliary 
radicals       

   Table 16.5    Proposed clinical T stage criteria for hilar cholangiocarci-
noma from MSKCC  [  131  ]    

 Clinical Stage  Criteria 

 T1  Tumor involving biliary con fl uence ± unilateral 
extension to second order biliary radicals 

 T2  Tumor involving biliary con fl uence ± unilateral 
extension to second order biliary radicals and 
ipsilateral portal vein involvement ± ipsilateral 
hepatic lobar atrophy 

 T3  Tumor involving biliary con fl uence + bilateral 
extension to second order biliary radicals, 
unilateral extension to second order biliary 
radicals with contralateral portal vein 
involvement, unilateral extension to second 
order biliary radicals with contralateral hepatic 
lobar atrophy, or main portal vein involvement 

 

http://dx.doi.org/10.1007/978-94-007-6473-6_4


17516 Selection of Patients for Liver Resection and Liver Transplantation

artery is more often involved with tumor than the left. 
Therefore, a resection of the right liver and reconstruction to 
the left hepatic duct will more likely achieve a negative mar-
gin. In general, the standard operation to achieve an R0 
resection for hilar cholangiocarcinoma is an extended liver 
resection with caudate lobectomy, extrahepatic bile duct 
resection to the remnant intrahepatic bile duct, portal lymph-
adenectomy, and hepaticojejunostomy  [  18,   19,   23,   78–  82  ] .  

    16.4.1.2   Assessing the Future Remnant Liver 
 The major challenge of hilar cholangiocarcinoma is its cen-
tral location and proximity to the hepatic artery and portal 
vein. In this setting, minimal radial extension can compro-
mise the in fl ow to the liver. In various series of resected 
Klatskin tumors, portal vein involvement has been found in 
16–22 % of patients  [  76,   83  ] . In addition, its propensity to 
spread along the length of the bile duct and nerves that 
accompany the hepatic and celiac arteries, as well as its 
direct spread to lymph nodes (53 %) and adjacent liver paren-
chyma has made it dif fi cult to achieve an R0 resection with 
removal of the duct alone  [  16  ] . Over the past 20 years, 
extended liver and bile duct resection has become the stan-
dard of care for hilar cholangiocarcinoma. This strategy 
facilitates negative margins despite multiple modes of spread 

by sacri fi cing the ipsilateral pedicle rather than “scraping” 
tumor from these pedicles, or aborting altogether. Extended 
liver/bile duct resections have thus increased the frequency 
of R0 resections, while at the same time improving recur-
rence-free survival  [  21,   75,   80,   84,   85  ] . In this context, stud-
ies have demonstrated improved survival in groups 
undergoing extended liver resection over bile duct resection 
alone, even when both groups had R0 duct resections  [  75, 
  84,   85  ] . The improvement in survival in patients undergoing 
extended liver resection suggests that pathologic assessment 
may be inaccurate when a limited specimen is submitted, 
and supports the concept of multiple modes of spread. 

 As the resection required to achieve negative tumor mar-
gins for hilar cholangiocarcinoma requires an extended 
hepatic lobectomy, the surgeon must con fi rm that the future 
liver remnant will be functionally adequate. A work-up for 
possible underlying liver disease is also needed to make this 
assessment. Accordingly, risk factors for intrinsic liver dis-
ease should be elicited. This could include a history of 
in fl ammatory bowel disease (PSC), intravenous drug use 
(hepatitis C), and either alcohol abuse or obesity (non-alco-
holic steatohepatitis). Patients should be examined for signs 
and symptoms of cirrhosis and portal hypertension (i.e. 
ascites, caput medusa, splenomegaly, hepatomegaly, and 

   Table 16.6    TNM classi fi cation of hilar cholangiocarcinomas  [  132  ]    

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ 
 T1  Tumor con fi ned to the bile duct, with extension up to the muscle layer or  fi brous tissue 
 T2a  Tumor invades beyond the wall of the bile duct to surrounding adipose tissue 
 T2b  Tumor invades adjacent hepatic parenchyma 
 T3  Tumor invades unilateral branches of the portal vein or hepatic artery 
 T4  Tumor invades main portal vein or its branches bilaterally; or the common hepatic artery; or the second order biliary 

radicals bilaterally; or unilateral second order biliary radicals with contralateral portal vein or hepatic artery involvement 
 Regional lymph nodes (N) 
 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Regional lymph node metastasis (including nodes along the cystic duct, common bile duct, hepatic artery, and portal vein) 
 N2  Metastasis to periaortic, pericaval, super mesenteric artery, and/or celiac artery lymph nodes 
 Distant metastasis (M) 
 M0  No distant metastasis 
 M1  Distant metastasis 
 Anatomic stage/prognostic groups 
 Stage 0  Tis  N0  M0 
 Stage I  T1  N0  M0 
 Stage II  T2a–b  N0  M0 
 Stage IIIA  T3  N0  M0 
 Stage IIIB  T1–3  N1  M0 
 Stage IVA  T4  N0–1  M0 
 Stage IVB  Any T  N2  M0 

 Any T  Any N  M1 
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jaundice), while liver function tests, serum albumin, coagula-
tion studies, and platelet count are used for additional screen-
ing. In general, a remnant consisting of 20–30 % of the total 
liver mass is suf fi cient to prevent liver failure following 
resection as long as this remaining portion is not compro-
mised to accomplish these aims,  [  36,   86  ] . To accomplish 
these aims, we employ volumetric studies performed by radi-
ologists of the total and future remnant liver volumes. 

 The purpose of preoperative percutaneous transhepatic 
cholangiocatheterization (PTC) in patients with jaundice is 
to: (1) delineate the extent of biliary disease, (2) drain bil-
iary sepsis and, (3) minimize hepatocellular damage in the 
future remnant for maximal post-operative liver function. 
Because of the potential risks (tumor seeding, bleeding, and 
bile leaks), and the lack of bene fi t found by some  [  87  ] , 
drainage has not been universally accepted. In one series of 
57 patients randomized to preoperative drainage or no drain-
age, the peri-operative mortality was not improved with 
drainage (14 % versus 15 %, respectively)  [  88  ] . Still, many 
groups advocate pre-operative PTC for the listed reasons, 
citing no increase in complications, with increased resection 
rates  [  89,   90  ] . Our center supports the use of preoperative 
PTC drainage in order to improve liver function and prevent 
biliary sepsis and renal insuf fi ciency. Although some cen-
ters perform a single PTC to the future liver remnant alone 
 [  91  ] , we have found that bilateral PTCs improve anorexia 
while more ef fi ciently decreasing bilirubin and rates of bil-
iary sepsis. 

 As resection of 80 % or more of uninjured liver paren-
chyma (or 65 % of an injured liver as in case of biliary 
obstruction) is associated with signi fi cant morbidity includ-
ing infection and hepatic insuf fi ciency  [  36,   86  ] , the ability 
to offer extended liver resection may be limited by liver 
anatomy (i.e. the size of the remnant in relation to total 
size). Portal vein embolization (PVE) to the side of the 
future specimen takes advantage of the atrophy-hypertro-
phy complex to induce growth of the future remnant sector 
over 6 weeks  [  92  ] . In addition, the absence of liver growth 
may suggest chronic injury that may preclude resection 
altogether. A number of studies document the safety and 
ef fi cacy of portal vein embolization  [  86,   90,   92  ] . Nagino 
et al. found that in 132 patients with cholangiocarcinoma 
who underwent extended hepatectomy after PVE, the 5- 
year survival was similar to that of 136 patients with cholan-
giocarcinoma who underwent a less than 50 % resection of 
the liver without PVE (26.8 % versus 27.6 %, respectively). 
These authors concluded that the PVE facilitated extended 
liver resections with similar outcomes to patients requiring 
lesser resections  [  93  ] . Others have validated PVE as means 
of screening potential resection candidates, as they found 
that patients with <5 % liver growth after PVE had a higher 
surgical mortality as compared to patients who had >10 % 
liver growth (mortality 50 % versus 0, respectively)  [  94  ] .   

    16.4.2   Intraoperative Techniques 
and Decision-Making 

 As 40–50 % of patients with Klatskin tumors undergoing sur-
gery are found to be unresectable despite thorough pre-oper-
ative staging  [  21,   75  ] , staging laparoscopy has been advocated 
in an attempt to decrease the morbidity of open exploration. 
Using this approach, the accuracy of laparoscopy (number of 
unresectable patients detected by laparoscopy divided by the 
total number of unresectable cases) for hilar cholangiocarci-
noma was found to be between 42 and 53 % in some reports 
 [  95  ] . The addition of laparoscopic ultrasound improved the 
detection of unresectable tumor. In a study of 84 patients 
undergoing laparoscopic staging for hilar cholangiocarci-
noma, the yield (number of unresectable patients detected 
divided by the number of patients undergoing laparoscopy) 
with laparoscopy alone was 24.3 % (20 of 82), but 41.5 % 
(35 of 82) when intraoperative ultrasound was added, for an 
overall accuracy of 53.1 % (35 of 66). From this, the authors 
concluded that staging laparoscopy could be justi fi ed in the 
sense that it prevented unnecessary laparotomies in 42.2 % of 
patients  [  96  ] . With small foci of metastatic disease not read-
ily discernible by conventional pre-operative imaging tech-
niques, laparoscopy is mainly useful for detecting occult, 
super fi cial liver or peritoneal metastases under 1 cm. These 
patients are candidates for  neither resection nor transplanta-
tion. In patients without these lesions, even if unresectable 
due to locally advanced disease, laparoscopy only adds time 
and cost to the procedure as these patients will require lapa-
rotomy in order to understand the local stage. In an effort to 
minimize unneeded laparoscopy, Weber et al. used the 
MSKCC system to predict patients with occult metastases 
and found evidence o such for 36 % of patients with T2/T3 
disease had occult metastases versus 9 % of patients with T1 
disease ( P  = 0.02)  [  95  ] . They concluded that staging laparos-
copy should be reserved for patients with MSKCC T2/T3 
disease—a criterion which our group uses. 

 Patients deemed resectable by pre-operative staging (up 
to AJCC 2010 T1–3/N0–1/M0 or Stage IIIB) undergo open 
exploration and possible resection (of the liver, bile duct, and 
lymph nodes) for hilar cholangiocarcinoma (for details see 
  Chap. 20    ). In the majority of patients classifi es as T1 (91 %) 
and T2/T3 (64 %), it is local extent of disease rather than 
metastases that will preclude curative resection. Thus the ini-
tial challenge at open exploration is to determine whether an 
R0 resection can be achieved based on visualization and pal-
pation of (1) the nodal disease, (2) the proximal extent and 
laterality of the primary hilar tumor, (3) the degree of 
cholestasis and possible  fi brosis of the liver, and (4) the free-
dom of remnant vascular structures from tumor. The opera-
tion is then performed in a deliberate sequence to determine 
these four characteristics before reaching a “point of no 
return” in the resection (i.e. devascularizing the ipsilateral 
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liver). Despite these attempts, a proportion of cases will 
reach this point only to learn (as the surgery progress, at the 
time of frozen section pathology report, or days later at  fi nal 
pathology) that an R0 resection was not possible. 

 A caudate resection is routinely added because its drain-
age enters near the bile duct con fl uence (primarily the left 
duct) and may be involved with tumor in 40–98 % of the 
time  [  97–  100  ] . A number of centers have shown that in 
selected cases, a caudate resection may be associated with 
decreased local recurrence and increased 5-year survival 
 [  101  ] . In one series of 75 patients undergoing resection, the 
5-year survival for those undergoing combined caudate 
lobectomy (n = 17) was signi fi cantly better than for patients 
who did not have a caudate lobectomy (25 % versus 5 %, 
respectively)  [  102  ] . 

 Controversy remains over whether the survival advantage 
and prognostic information offered by nodal dissection 
justi fi es the potential morbidity incurred by the procedure. 
Along these lines, Kitagawa et al. found that in 110 resec-
tions for Klatskin tumors with routine L1 and L2 nodal dis-
sections, the 5-year survival was lower for node-positive 
patients (30 % for node-negative, 15 % for L1 and 12 % for 
L2). However, these authors pointed out that when compared 
to patients who were not resected, patient resected with L1 
nodal disease may still receive improved long term survival 
 [  103  ] . Other groups do not routinely dissect lymph nodes 
beyond the hepatoduodenal ligament as they are fatalistic 
about the decreased survival noted in patients with nodal dis-
ease  [  21,   22  ] . Based on these reports, and our own experi-
ence, we advocate aggressive surgical management (including 
lymph node dissection) for L2 disease as it may offer 
improved survival, particularly when there are no other cura-
tive options available.   

    16.5   Liver Transplantation 

 While surgical outcomes continue to improve, radical bile 
duct resection and partial hepatectomy must be capable 
of eliminating all gross and microscopic disease in order 
to achieve a disease-free resection margin (R0 resection). 
Leading to improved 3- and 5-year survival rates, this 
objective has been more readily attainable in contemporary 
series. However, most patients remain ineligible for resec-
tion based on well-de fi ned oncologic principles  [  75  ] . As 
such, total hepatectomy and orthotopic liver transplantation 
(OLT) have evolved to therapeutically encompass a subset 
of patients with localized disease who may theoretically 
bene fi t from surgical extirpation, but who nevertheless fall 
outside of standard resection criteria. Despite two decades 
of experience in which results were less than encouraging 
 [  1–  12  ] , improved patient selection and the addition of neo-
adjuvant chemoradiation have re-vitalized interest in the 

curative potential of this approach. Recent successes in this 
area have been grounded in a protocol-based methodology 
which focuses on at-risk populations, incorporates emerg-
ing screening and surveillance techniques, retains stringent 
selection criteria, and makes appropriate use of scarce donor 
resources. 

    16.5.1   Screening and Surveillance Protocols 

 The success of current neoadjuvant protocols has been 
predicated on patient selection and well-de fi ned treatment 
algorithms (Fig.  16.4 )  [  11,   13–  15,   104,   105  ] . As eligibil-
ity for transplant is restricted to stage I and II disease, early 
stage detection is mandatory. Unfortunately, many small 
tumors are asymptomatic. The goal of screening protocols 
should therefore be one of targeted surveillance in patients 
with known risk factors or high degrees of clinical suspi-
cion. At our institution, this includes all patients with PSC 
or IBD who develop the sudden onset of pruritis, jaundice, 
rapid weight loss, or abnormalities in serum biochemistries. 
Patients without a mass on imaging or history of a domi-
nant stricture undergo ERCP with brushing of the right and 
left hepatic ducts, main hepatic duct, and common bile 
duct. In those with normal cytology, patients are followed at 
6-month intervals and re-brushed if they fail to improve, or 
if otherwise indicated. If cytology harbors evidence of cel-
lular atypia, FISH and DIA are performed. Positive results 
are referred for transplant. Patients with cellular atypia or 
indeterminate results otherwise undergo repeat ERCP and 
follow-up cytology at 6–12 month intervals. The continued 
presence of cytologic atypia on these exams or its return after 
an intervening normal cytologic result should prompt the use 
of adjunctive diagnostic measures (forceps biopsy, cholan-
gioscopy, EUS, etc). Resolution of atypia mandates clini-
cal follow-up only. A patient whose cytological results are 
viewed as suspicious or dysplastic, in whom FISH/DIA are 
otherwise negative or equivocal, undergo repeat brushings 
within 1–3 months of their reference ERCP. Patients with 
overt evidence of malignancy (adenocarcinoma) are referred 
for additional staging to determine eligibility for transplant. 
Like many authors, we do not endorse routine screening of 
otherwise asymptomatic PSC patients due to the potential 
for ERCP-induced pancreatitis  [  34  ] .  

 Using a similar approach, Wu et al. examined 119 patients 
with PSC over a 13 year period. In these individuals, 273 
ERCPs were performed (2.3 ERCPs per patient). None of the 
patients with normal cytology went on to develop cholangio-
carcinoma. Forty-two (35 %) were found to have abnormal 
reference cytologies. Of these, three tumors were found at 
initial evaluation. In  fi ve additional patients who originally 
showed evidence of atypical cells or dysplasia, cholangiocar-
cinoma was eventually discovered on cytology during 
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  Fig. 16.4    Screening    algorithm for cholangiocarcinoma. ( a ) Using 
ERCP and cytologic brushing as the fi rst screening test. ( b ) Using CA 
19-9 as the fi rst screening test.  CA 19-9  Car bohydrate antigen 19-9, 
 ERCP  endoscopic retrograde cholangiopancreatography,  FISH  

 fl uorescence in situ hybridization,  DIA  digital image analysis,  RHD  
right hepatic duct,  LHD  left hepatic duct,  CBD  common bile duct,  EUS  
endoscopic ultrasound         
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 subsequent exams. Despite multiple ERCPs, no episodes of 
pancreatitis or cholangitis were reported to occur  [  61  ] . 

 In the setting of a known dominant stricture or mass lesion, 
CA 19-9 levels should be examined at least semiannually. In 
this scenario, PSC or IBD patients with elevated CA 19-9 lev-
els are candidates for additional staging and transplant refer-
ral  [  34,   106,   107  ] . Under these conditions, a con fi rmatory 
tissue diagnosis should be sought, but an equivocal result, 
particularly in the presence of a suspicious mass, does not 
automatically preclude transplant eligibility. Sudden clinical 
deterioration in a PSC patient with a high-grade stricture and 
equivocal CA 19-9 levels is ominous and should trigger an 
aggressive search for malignancy. Initial maneuvers should 
include conventional brush cytology, FISH/DIA, forceps 
biopsy, EUS, EUS-guided FNA, and an atherectomy approach 
and/or rendezvous procedure if  fi rst-line attempts fail. Urgent 
follow-up is warranted in 1–3 months if a tissue diagnosis 
cannot be established by a combination of these techniques.  

    16.5.2   Staging and Selection of Patients 
for Transplant 

 All in all, diagnosis and staging should be undertaken using 
a multimodality approach that includes clinical appraisal, 
laboratory analysis, as well as radiologic and pathologic 
assessment  [  36  ] . In this context, it is important to remember 
that an indisputable tissue diagnosis is not always possible. 
In these cases, diagnosis can be corroborated by a combi-
nation of radiographic and serological testing in patients 
deemed to be at high risk. Our selection criteria for protocol 
enrollment mirrors that employed by the Mayo Clinic and 
are demonstrated in Table  16.7 . Once a diagnosis of cho-
langiocarcinoma has been entertained, cross-sectional imag-
ing of the liver and hilar region should be performed, if not 
done already, preferably with MRI/MRCP. Those with hilar 
lesions should be evaluated by an experienced hepatobiliary 
surgeon for the purpose of determining resectability, which 
should take precedence over transplant referral if techni-
cally feasible. Cross-sectional imaging is also performed 
to establish tumor size and relationship to adjacent struc-
tures. Mass lesions below the cystic duct should negatively 
impact the decision to proceed with transplant. An excep-
tion to these guidelines ensues in the case of PSC patients 
with disease con fi ned to the extrahepatic bile duct who oth-
erwise do not exceed staging criteria. In these individuals, 
the entire biliary tree should be viewed as tissue at risk for 
malignant transformation. As well, many will not tolerate 
extensive hepatic resection as a result of intrinsic liver dis-
ease. Because of the dif fi culty in determining submucosal 
spread of tumor, its longitudinal extent along a duct does not 
in fl uence suitability for transplant  [  108  ] . However, due to 
the negative prognostic in fl uence of larger primary tumors, 

their propensity for lymphatic invasion, and their predilec-
tion to grow along neighboring bile duct walls, eligibility for 
protocol enrollment is predicated on a radial tumor diam-
eter which does not exceed 3 cm on cross-sectional imaging 
 [  109–  111  ] . Vascular encasement, per se, does not necessarily 
disqualify a patient. Alternatively, the failure to visualize a 
major branch of the portal vein on contrast-enhanced MR 
venography or comparable imaging study raises the specter 
of vascular invasion and should obviate further consideration 
of transplantation.  

 Transplantation is not contemplated in patients with prior 
attempts at resection or in situations where transperitoneal 
biopsy has been pursued because in most cases, these prac-
tices favor peritoneal dissemination of tumor. Prior adminis-
tration of chemotherapy, external beam radiation therapy, or 
brachytherapy is also discouraged in the absence of appro-
priate staging and diagnostic work-up. Patients with gall-
bladder cancer are excluded due to a tumor predilection to 
recur at distant sites  [  13  ]  and due the lack of proven ef fi cacy 
of chemoradiation. Transplant is similarly avoided in those 
harboring peripheral (non-hilar) or intra-hepatic cholangio-
carcinomas (ICC) owing to rapid recurrence in these indi-
viduals  [  10,   108  ] . The largest series examining outcomes 
in this group was reported by the European Transplant 
Registry, which reported only a 29 % 5-year survival  [  33, 
  112  ] . Patients with combined features of ICC and hepato-
cellular carcinoma deserve special mention. These tumors 
have a propensity to in fi ltrate the portal venous system and 
share features of cholangiocarcinoma due to their predilec-
tion for regional lymph node metastasis  [  113,   114  ] . Limited 
data exists on the outcome after transplant. Existing series 
of 1–3 patients do not paint an optimistic picture despite 
patients remaining within Milan criteria  [  114–  116  ] . As 
such, surgical resection with hilar lymph node dissection 
should be considered the most appropriate treatment for 
the combined variant in the absence of overt cirrhosis, with 

   Table 16.7    Inclusion criteria for transplant protocol   

 Diagnosis of cholangiocarcinoma by brush cytology, endoscopic 
forceps biopsy, EUS-guided FNA, or atherectomy-type biopsy 
 Above cystic duct and unresectable by conventional surgical 
techniques (unless arising in setting of PSC) 

 CA 19-9  ³ 125 U/ml with dominant stricture and/or mass 
on cross-sectional imaging 
 Stricture and FISH polysomy or FISH trisomy (7 or 3) 
 DIA greater than 1.89 in isolation (FISH negative, routine 
cytology negative) 
 FISH polysomy in absence of malignant stricture 
 Tumor unresectable by conventional techniques 

 Radial tumor diameter  £ 3 cm 
 No medical contraindications to liver transplantation 

   Abbreviations :  CA 19-9  carbohydrate antigen 19-9,  DIA  digital image 
analysis,  FISH   fl uorescence in-situ hybridization,  PSC  primary 
 sclerosing cholangitis  
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transplant being reserved for small lesions only, or in cases 
of hepatic decompensation  [  114,   117,   118  ] . 

 Extrahepatic disease is an absolute contraindication to 
transplantation and should merit consideration for palliative 
treatment. Resultantly, an aggressive search for metastatic 
cholangiocarcinoma is required. This can take the form of 
cross-sectional imaging of the chest, abdomen, or pelvis (CT 
or MRI) in conjunction with bone scan. More recently, the 
authors have incorporated  18 F- fl uorodeoxyglucose positron 
emission tomography ( 18 F-FDG-PET) scanning into their 
staging algorithm based on reports which suggest they may 
offer an additional degree of sensitivity in depicting extrahe-
patic disease  [  119–  123  ] . We have introduced this prior to 
neoadjuvant treatment to help exclude patients with meta-
static disease who may progress while on treatment. 

    16.5.2.1   Role of Staging Laparotomy 
 A major consideration is the presence of metastatic dis-
ease in regional hepatic lymph nodes, which are found in 
30–50 % of patients undergoing resection  [  21,   22,   75,   103  ] . 
It is expected that regional lymph node involvement contrib-
utes to local as well as distant treatment failures. All in all, 
patients with regional lymph node positivity do poorly in the 
context of transplantation  [  13  ] . As such, transplant proto-
cols have evolved to include formal operative staging. Once 
neoadjuvant therapy is complete, patients undergo thorough 
operative staging to ascertain the presence of N2 nodal 
disease (celiac, periduodenal, superior mesenteric nodal 
basins). A formal sampling of the nodes along the common 
hepatic artery and hepatoduodenal ligament is thus under-
taken. Evidence of gross or microscopic disease at the N2 
level is a harbinger of distant recurrence and is considered 
a contraindication to transplant. In most cases, N1 disease 
(cystic and pericholedochal nodes) can be extirpated during 
transplant hepatectomy, but their presence portends a high 
risk of localized recurrence following transplant. A thorough 
abdominal exploration should also ensue. Speci fi c attention 
is afforded to periduodenal and superior mesenteric nodal 
basins to rule out gross disease. The liver is inspected for the 
presence of intrahepatic metastases and caudate involvement. 
Examination of peritoneal surfaces is conducted to rule out 
the presence of tumoral dissemination within the coelomic 
cavity, a task well-suited to the laparoscope. 

 In regions where the interval from completion of neoadju-
vant therapy to transplant is protracted (>100 days), the ideal 
timing for staging is a matter of debate. In these instances, it 
may be advantageous to delay the staging procedure until the 
time when transplant is imminent or during the actual trans-
plant procedure itself (prior to hepatectomy). In the setting 
of nodal or extrahepatic disease, the procedure should 
be aborted and the donor liver re-allocated. Where living 
donors have been identi fi ed, the staging operation is con-
ducted 1–3 days prior to transplant. 

 On the whole, 20–25 % of patients are excluded due to 
 fi ndings wrought by the staging operation  [  13  ] . With the 
advent of EUS-guided FNA, regional lymph nodes can be 
sampled and a formal staging laparotomy avoided if nodes 
are positive. In a report by Gleeson et al., 70 lymph nodes in 
47 patients with unresectable cholangiocarcinoma were sam-
pled. Nine malignant nodes were detected in eight patients. 
In these individuals, no morphologic features predicted 
metastases  [  124  ] . Performed prior to neoadjuvant therapy, 
patients discovered using this approach are likely to have 
progressed during neoadjuvant treatment  [  108  ] . It is esti-
mated that its introduction into transplant protocols prior to 
neoadjuvant therapy can decrease the likelihood of positive 
staging laparotomies by 50 %  [  11  ] . A full list of exclusion 
criteria can be found in Table  16.8 .   

    16.5.2.2   Role of Positron Emission Tomography 
 Aside from regional lymph node in fi ltration, factors asso-
ciated with adverse tumor biology include perineural inva-
sion and high-grade differentiation, amongst others  [  104  ] . 
Unfortunately, these characteristics are not appreciated using 
conventional staging methodologies and are only discovered 
on explant. It is reasonable to assume that patient selection 
can further be enhanced in cases where negative prognostic 
indicators are known prior to transplant. In addition to its 
ability to foretell the existence of extrahepatic disease, PET 
scanning has recently been used as a tool to predict biologi-
cal tumor behavior and outcome after transplantation. In a 
study by Kornberg et al., 13 patients with Type IV Klatskin 
tumors (unresectable, bilobar involvement) were examined 
using PET and  fi ndings correlated with histopathologic 
tumor characteristics and patient outcome after transplan-
tation. Eight patients were PET-avid prior to transplant. 
Allograft dysfunction resulted in one patient death. All seven 
of the  remaining PET-avid patients developed tumor recur-
rence. In these cases, PET-avidity was positively correlated 
with perineural invasion and had a positive predictive value 
of 89 %  [  125  ] . Conversely, all PET (−) patients were tumor-
free and alive at a median of 76 months following transplant. 
The authors concluded that patients with non-PET-avid 

   Table 16.8    Exclusion criteria for cholangiocarcinomas   

 Tumor resectable by conventional approaches 
 Medically un fi t for transplant 
 Prior surgical resection or transperitoneal biopsy 
 Extrahepatic disease on metastatic work up 
 Regional lymph nodes positive for metastases on EUS or staging 
laparotomy 
 Evidence of intrahepatic spread 
 Prior administration of chemotherapy and /or radiation 
 Gallbladder cancer 
 Combined cholangiocarcinoma/hepatocellular carcinoma variants 

 Tumor size  ³ 3 cm on cross-sectional imaging or growth while 
on neoadjuvant protocol 
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cholangiocarcinoma are more likely to achieve recurrence-
free long-term survival  [  125  ] . It seems defensible, as the 
authors suggest, that a switch from PET (−) status to one of 
PET-avidity during the course of neoadjuvant therapy may 
represent a shift in biological tumor behavior from a less 
aggressive to more aggressive phenotype, thereby disquali-
fying a patient from subsequent transplant  [  125  ] . This notion 
awaits prospective con fi rmation, however.  

    16.5.2.3   A Therapeutic Dilemma 
 Due to the dif fi culty in evaluating longitudinal extent of dis-
ease, evidence of malignancy below the cystic duct in a PSC 
patient represents a therapeutic dilemma. This is compounded 
by evidence which suggests that cholangiocarcinoma in PSC 
may be distributed widely, surfacing in multiple areas of dys-
plasia simultaneously  [  34,   61,   126  ] . As a consequence, up 
to 15 % of PSC patients have been found to have a positive 
distal bile duct margin at hepatectomy  [  11  ] . Surgeons must 
therefore be prepared for this contingency. Accordingly, it 
is our practice to perform pancreaticoduodenectomy in con-
junction with liver transplantation in a stable recipient if the 
distal bile duct margin is positive by frozen section. Often 
times, de fi nite con fi rmation will await permanent tissue 
 fi xation. In such cases, completion pancreaticoduodenectomy 
can be performed during the index hospitalization to effect 
an R0 resection. In patients with early stage disease undergo-
ing surveillance and neoadjuvant therapy, this approach has 
been validated with respect to safety and ef fi cacy. In a recent 
update of the Mayo series, ten concomitant pancreaticoduo-
denectomies have been performed since 1993. In seven cases, 
microscopic disease was noted at the time of hepatectomy. 
Five patients remained alive 1–9 years after transplantation. 
Two died secondary to arterial complications  [  11  ] . These 
results have been authenticated in a similar group of PSC 
patients undergoing regular surveillance. Wu and colleagues 
performed combined Whipple-transplant, which entailed 
 en bloc  total hepatectomy-pancreaticoduodenectomy in six 
patients  [  61  ] . All patients received combined external beam 
and brachytherapy. Operative time ranged from 6 to 7 h. 
Mean intraoperative blood loss was 3.5 units (range 0–13 
units). Median post-operative length of stay was 21 days 
(range 16–138 days). Morbidity included two intra-abdom-
inal infections and a pancreatic leak requiring revision. One 
patient developed a pancreatic duct stricture proximal to 
the pancreaticojejunostomy 22 months following Whipple 
secondary to chronic pancreatitis. There was one episode 
of chronic renal failure secondary to transplant immuno-
suppression requiring kidney transplantation 44 months 
following the combined procedure  [  61  ] . One patient died 
55 months post-transplant from a non-tumor, unrelated 
cause. Upon publication,  fi ve were well at 5.7, 7.0, 8.7, 8.8, 
and 10.1 years following transplant. All had returned to full-
time employment without evidence of tumor recurrence 

 [  61  ] . For patients enrolled in suitable staging and neoadju-
vant protocols, these results support the concept of combin-
ing hepatectomy and pancreaticoduodenectomy, followed by 
orthotopic liver transplantation, in patients with early stage 
hilar disease. Extirpation of the entire biliary system appears 
to be well-tolerated and offers long-term tumor-free survival 
with acceptable rates of morbidity and mortality.    

    16.6   Resection or Transplantation 
for Cholangiocarcinoma? 

 While cholangiocarcinoma remains a surgical disease, treat-
ment and diagnosis must be integrated using a multimodality 
approach to care. Along these lines, it is clear that favor-
able outcomes after resection or transplant are dependent on 
a combination of early detection, appropriate staging, and in 
the case of transplant, neoadjuvant chemoradiation. In arriv-
ing at a diagnosis and treatment plan, it is oftentimes neces-
sary to assimilate information from a wide array of sources. 
From an institutional perspective, this mandates a full com-
plement of interested pathologists, diagnostic radiologists, 
medical oncologist, interventional radiologists, endoscopists, 
radiation oncologists, and hepatologists. Impacting this dis-
ease at a treatable stage requires the adherence to targeted 
surveillance protocols. These algorithms should be devel-
oped using multidisciplinary input and may be institution-
dependent. However, they should re fl ect the current state 
of knowledge regarding screening in at-risk populations. 
In cases where disease is resectable, recent improvements 
in outcomes following extended bile duct resection and par-
tial hepatectomy have relied on strict adherence to resection 
criteria. Similarly, the improvement in transplant outcomes 
for unresectable hilar disease has been predicated on patient 
selection and stringent observance of staging and neoadju-
vant protocols. 

 The decision of whether to resect or transplant should be 
guided by a surgeon or team experienced in performing both 
complex hepatobiliary resections and liver transplantation, 
so that bias in choosing between the two curative options 
is minimized. Identifying patients who should undergo liver 
transplantation should be the  fi rst priority. These include 
those with end stage liver disease (ESLD), or any one of the 
following: Childs-Pugh B or C functional status, cirrhosis, or 
portal hypertension. These individuals are not candidates for 
liver resection and should be considered for transplantation 
 [  75  ] . Patients with underlying liver disease approaching end 
stage or with risk factors for the development of cholangio-
carcinoma (i.e., primary sclerosing cholangitis) should also 
be considered for transplantation due to the risk of hepatic 
decompensation or recurrence in the remnant liver  [  14  ] . 

 Patients with MSKCC T3 or AJCC 2010 T4N0 lesions 
representing unresectable local disease should also be 



182 J.J. Schwartz et al.

 considered for transplantation. However, these patients must 
be carefully evaluated for nodal disease, a contraindication 
to transplantation. It is estimated that 13 % of transplant, and 
25 % of resection candidates harbor such disease  [  14  ] . The 
remaining group of patients with hilar cholangiocarcinoma 
represents the majority of individuals, all of which should be 
considered for curative resection  [  127–  129  ] . It is rarely pos-
sible to switch strategies mid-course as the reasons that pre-
clude resection also preclude transplantation. These reasons 
include: (1) discovery of nodal, liver, or distant metastases, 
(2) involvement of neighboring structures, or (3) failed 
attempt at resection which, in many cases, upstages tumor 
due to disruption of lymphatic drainage patterns and intra-
peritoneal tumor dissemination  [  14  ] . 

 The largest study to date comparing liver transplanta-
tion to resection from the Mayo Clinic did so in a ret-
rospective, case-controlled fashion. With the intention 
of preventing local recurrence and intraoperative tumor 
dissemination, patients in this series underwent neoadju-
vant chemoradiation prior to liver transplantation. One, 3- 
and 5-year survival rates for transplant were 92 %, 82 %, 
and 82 %, versus 82 %, 48 %, and 21 % for resection. 
In this fashion, liver transplantation with neoadjuvant 
chemoradiation offered improved survival over resection 
( P  = 0.022). In this study however, contrasts between the 
two groups are problematic and confounded by the lack of 
neoadjuvant therapy in the resection group, the younger 
age of transplant recipients, and the fact that all transplant 
patients R0 resection in the setting of node negative dis-
ease. With a higher rate of PSC in the transplant group, 
a potential selection bias can be entertained  [  14,   15  ] . 
However, transplantation in the setting of  de novo  cholan-
giocarcinoma improved survival as well. The meticulous 
selection process has also been implicated in the prom-
ising results observed in the Mayo series, where 38 of 
71 patients entering the neoadjuvant protocol eventually 
underwent transplant. However, nine patients died before 
staging due to complications of therapy and ten additional 
patients were awaiting transplant at the time of the report, 
making this position dif fi cult to endorse. In transplanted 
cases, the hepatectomy specimen failed to identify resid-
ual disease in 16 of 38 explants, perhaps inferring favor-
able outcomes were merely a re fl ection of strict inclusion 
criteria favoring less aggressive disease  [  14,   15  ] . 

 These concerns are justi fi ed, but other reports tend to 
corroborate the Mayo data  [  3,   12,   15,   130–  132  ] . Currently 
reported 1-, 3, and 5- year patient survival rates are 84 %, 
67 %, 56 % after the start of therapy (n = 167) and 96, 83, 
and 72 % (n = 111) in patients undergoing transplant  [  11  ] . 
In examining the characteristics which predict recurrence, 
the Mayo group identi fi ed the following: (1) a discreet mass 
seen on pre-transplant imaging, (2) residual tumor >2 cm at 
explantation, (3) tumor grade and perineural invasion in the 

explanted tumor, (4) increased patient age, (5) CA 19-9 > 
100 at the time of transplant (but not at enrollment), and prior 
cholecystectomy. Additionally, an increasing interval from 
enrollment to transplant (>100 days) was suggestive of a 
higher recurrence rate  [  104  ] . A thorough accounting of these 
factors is recommended when an individual’s transplant can-
didacy is under consideration. 

 Despite the limitations of the Mayo series, these data are 
persuasive. It is not yet clear, however, whether this approach 
is warranted in patients with resectable disease. Lacking evi-
dence, a transplant-based approach in this setting is dif fi cult 
to defend. In the future, this may change with improvements 
in chemoradiotherapeutics. At the present time, however, 
resection should remain the primary consideration for 
patients presenting with hilar cholangiocarcinoma, and trans-
plantation reserved for patients with ESLD, PSC, or locally 
unresectable disease.      
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          17.1   Introduction    

 In 1965, Dr. Gerald Klatskin reported in the American 
Journal of Medicine an article “ Adenocarcinoma of the 
Hepatic Duct at Its Bifurcation Within the Porta Hepatis ” 
 [  1  ] . The purpose of this report by Dr. Klatskin on 13 patients 
was “to draw attention to the unusual features of adenocarci-
nomas that arise in the hepatic duct at its bifurcation within 
the porta hepatis”. Thereafter, this tumor is named after him 
as Klatskin tumor. Actually, tumors of this type have been 
reported before him  [  2–  7  ] , but the distinctive manifestations 
of this tumor have not received suf fi cient emphasis. Dr. 
Klatskin stated in his paper that “tumors of this type are fre-
quently overlooked during laparotomy …, death in this dis-
ease is usually attributable to hepatocellular failure and/or 
hepatobiliary infection secondary to unrelieved biliary 
obstruction rather than to massive invasion of the liver by 
tumor or to extrahepatic metastases, palliative surgery aimed 
at relieving biliary obstruction may restore the patient to a 
good state of health for a remarkable long period of time, and 
such palliation may be achieved by internal drainage of only 
one of the major intrahepatic bile ducts”. Some of these 
observations are still true even today on these tumors which 
for one reason or another cannot be resected! 

 The development of biliary enteric anastomoses has been 
extensively reviewed and reported by Ahrendt and Pitt  [  8  ]  
and by Braasch  [  9  ] . At the time when Dr. Klatskin published 
this landmark paper, biliary surgery and imaging were both at 
their embryonic stages. The  fi rst cholecystectomy was carried 
out by Carl Langenbuch in 1882  [  10  ] . The  fi rst use of contrast 

to show the gallbladder in humans as quoted by Braasch  [  9  ] , 
was carried out in 1924. The bile ducts were  fi rst visualized 
by injection of contrast into a biliary  fi stula in 1918 by Reich 
 [  11  ] , Mirizzi  fi rst reported the use of operative cholangiogram 
 [  12  ] . Frommhold in 1953 introduced intravenous cholangiog-
raphy which is now rarely used  [  13  ]  and cannot be used in 
patients with obstructive jaundice. After the study by Carter 
and Saypol in 1952, percutaneous transhepatic cholangiogra-
phy (PTBD) started to become available clinically  [  14  ] . 
PTBD was, however sparingly used because of its serious 
complications until the introduction of the Chiba or “skinny 
needle” technique by Okuda et al. in 1975  [  15  ] . The  fi rst can-
nulation of the ampulla of Vater was in 1968 by McCune et al. 
 [  16  ]  Oi in 1970  [  17  ]  and other Japanese groups, working with 
instrument manufacturers developed endoscopic retrograde 
cholangiopancreatogram  [  9  ] . Ultrasonography gradually 
established its foot-hold in the investigation of biliary tract 
disease in the twentieth  century  [  18  ] .  

    17.2   Early Attempts of Surgical Treatment 

 Surgical treatment of hilar cholangiocarcinoma is technically 
challenging because of the central location of the tumor in the 
liver hilum and its intimate relationships with adjacent liver 
parenchyma, the portal vein and its branches, and the hepatic 
arteries. Furthermore, the diagnosis and the  assessment of the 
extent of local tumor in fi ltration of hilar cholangiocarcinoma 
has been a constant challenge to  surgeons since the  fi rst 
description of this tumor by  Durand-Fardel in 1840 (as quoted 
by Rershaw in 1922)  [  2  ]  and its detailed pathological and 
clinical description by Klatskin in 1965  [  1  ] . 

 The early attempts of surgical treatment of hilar cholang-
iocarcinoma aimed primarily at palliation, with generally 
poor long-term survival outcomes. However, the short-term 
outcomes were rewarding, with relieve of jaundice and its 
associated pruritus, and prolongation in survival. Moreover, 
laparotomy was also used to provide an opportunity to diag-
nose hilar cholangiocarcinoma in patients with obstructive 
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jaundice “by retrograde probing and cholangiography 
through the common hepatic duct …. and transhepatic cho-
langiography at the time of surgery” (to avoid the serious 
complications of bile peritonitis and cholangitis of preopera-
tive percutaneous transhepatic cholangiography)  [  1  ] . 

 Klatskin  [  1  ] , and the surgeons before his time  [  6,   7  ]  usu-
ally drained “only one of the two major hepatic ducts within 
the liver … by internal drainage via a T tube or vitallium tube 
threaded through the constricted bifurcation from below, or 
external drainage via a catheter inserted proximal to the 
stricture”. Surgical stenting of malignant biliary stricture 
was soon replaced by other less-invasive and safer alterna-
tives. The period of 15 or 20 years from the mid-1970s saw 
the technical development and maturation of endoscopic bil-
iary procedures  [  19  ] . Endoscopic papillotomy, bile duct 
exploration, biliary stenting and other biliary tract proce-
dures were established. At around the same time, percutane-
ous transhepatic external/externo-internal/internal biliary 
drainage procedures were developed. Unfortunately, these 
stents/tubes often become obstructed by tumor or cause cho-
langitis as a consequence of the presence of foreign bodies. 
Although these stents/tubes can be changed, patients often 
require repeated admissions into hospitals to treat complica-
tions and to change the stents/tubes. The alterative to stent-
ing is internal biliary-enteric bypass, which is more invasive 
than endoscopic/percutaneous stenting but it results in less 
requirements for subsequent readmission into hospital to 
deal with complications arising from stenting. The methods 
and the choice of internal biliary-enteric bypass procedures 
have been extensively reviewed  [  8,   9  ] .  

    17.3   Local Resection of Hilar 
Cholangiocarcinoma 

 In the 1910s, surgical management of hilar cholangiocarci-
noma gradually evolved from primarily palliative with stent-
ing or internal biliary-enteric bypass to curative resection 
 [  20,   21  ] . Early reports of resection of hilar cholangiocarci-
noma typically involved local resections of the bile duct with 
hepaticojejunostomy  [  22,   23  ] . This operation resulted in low 
R0 resection rates at the expense of signi fi cant perioperative 
morbidity and mortality  [  24  ] . In a recent article by Ito et al. 
 [  25  ] , the authors concluded after reviewing the medical lit-
eratures that R0 resection remains the most effective and 
only potentially curative therapy for hilar cholangiocarci-
noma, and negative resection margins are associated with 
improved outcomes. 

 Local excision of the bile duct is not an adequate cura-
tive operation for hilar cholangiocarcinoma  [  26  ] , except 
perhaps for small papillary Klatskin tumors without bile 
duct con fl uence involvement (type 1, Bismuth-Corlette 
classi fi cation)  [  22  ]  con fi ned to the bile duct wall (Tis and T1, 
AJCC staging for extrahepatic cholangiocarcinoma  [  27  ] ). 

This can be explained by the patterns of spread of cholangio-
carcinoma. The mean length of longitudinal spread along the 
bile duct is 6–10 mm for invasive  fi ltration and 10–20 mm of 
super fi cial spread  [  28  ] . Therefore, a gross surgical margin of 
more than 1 cm in the in fi ltration type and more than 2 cm 
in the papillary and nodular types is required to achieve a 
R0 resection  [  29  ] . Furthermore, about 75 % of hilar cholan-
giocarcinoma is associated with perineural invasion (a prog-
nostic factor for poor survival)  [  30,   31  ] , 80 % has extended 
into the liver parenchyma  [  32,   33  ] , 30 % involves the portal 
vein  [  32,   33  ]  and around 45 % has metastases to the lymph 
nodes  [  29  ] . 

 A more aggressive surgical approach is required to 
achieve better long-term survivals for patients with hilar 
cholangiocarcinoma.  

    17.4   Local Resection Versus Hepatic 
Resection for Hilar Cholangiocarcinoma: 
Operative Safety and Effectiveness 

 As the pathologic characteristics and the local invasive pat-
terns of hilar cholangiocarcinoma are better understood, it 
becomes obvious that local excision is inadequate for radical 
resection of this tumor. Over the past two decades, there has 
been an increase in the use of hepatic resection to treat hilar 
cholangiocarcinoma, aiming at a wider resection to cure the 
disease. 

 There is little doubt that local resection is safer than liver 
resection in patients with hilar cholangiocarcinoma  [  34–  36  ] . 
In a review article published by Boerema in 1990, periop-
erative mortality was signi fi cantly lower after bile duct 
resection than after hepatectomy (8 % vs. 15 %)  [  37  ] . In 
1992, the group from Memorial Sloan-Kettering reported no 
mortality and 25 % morbidity after local excision compared 
with 8 and 36 %, respectively, after extended procedures 
 [  38  ] . In 1996, Pichlmayr et al. reported mortality rates of 
12.7 % after liver surgery associated with bile duct resection 
versus 3.3 % after local resection  [  35  ] . In the 1990s, sur-
geons argued that the higher mortality after liver resection 
was a clear indication that local resection was the operation 
of choice, even though associated liver resection could 
improve radicality because long-term bene fi ts were lost in 
the high operative mortality rates in liver resection  [  26,   34  ] . 
With better patient selection and improvement in periopera-
tive management, postoperative mortalities and morbidities 
have signi fi cantly improved in the past few years  [  39–  43  ] . In 
2000, Launois published a study on the French experience, 
operative mortality rates were high but similar in patients 
with and without liver resection (17 % vs. 14 %)  [  44  ] . In 
2000, Tsao et al. compared the results of surgical treatment 
in a Japanese center (Nagoya) where liver resection was 
 performed routinely, with those of an American Center 
(Lahey Clinic) where isolated bile duct resection was 
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 preferred. The short term outcomes were good and similar 
between the two groups: mortality rate 4 % vs. 8 % and 
 morbidity 44 % vs. 51 %, respectively  [  45  ] . Some Japanese 
groups have reported no mortality after bile duct resection 
associated with hepatectomy  [  39,   41,   42  ] . 

 There are enough evidence to support that the rate of R0 
resection increases with the rate of associated liver resec-
tions for hilar cholangiocarcinoma  [  26,   46–  51  ] , although R0 
resection can still be achieved in some patients with isolated 
bile duct resection (Table  17.1 ).  

 The caudate lobe ducts join the left and right hepatic ducts 
near to their conference, explaining why the lobe is involved 
by hilar cholangiocarcinoma in 40–98 % of patients 
 [  49,   52–   54  ] . Retrospective studies have shown a decrease in 
local recurrence  [  55  ]  and improvement in 5-year survival 
 [  25,   56,   57  ]  when concomitant caudate lobe resection is per-
formed. Tsao et al. stated that combining hilar resection and 
partial hepatectomy with complete caudate lobe resection 
can be performed safely in the hands of experienced sur-
geons who are familiar with caudate lobe anatomy  [  45  ] . This 
operation is now adopted by most Japanese and some Western 
surgeons  [  58–  60  ] .  

    17.5   Combined Liver Resection for Hilar 
Cholangiocarcinoma 

 In the past two decades, there has been an increased use of 
hepatic resection in patients with hilar cholangiocarcinoma. 
Major hepatic resection with caudate lobectomy addresses 
both direct hepatic invasion and intraductal extension of hilar 
cholangiocarcinoma to achieve a wider and, therefore, a 
higher chance of negative radial and longitudinal resection 
margins. Incorporating a major hepatic resection as a funda-
mental surgical strategy for hilar cholangiocarcinoma has 
increased the R0 resection rate  [  32,   36,   60–  62  ] , improved 
recurrence-free survivals, and decreased the incidence of 
hepatic recurrence  [  62  ] . 

 In the review article by Ito et al.  [  25  ] , the published 5-year 
survival rates after surgical resection for hilar cholangiocar-
cinoma vary from 25 to 40 %. Clinicopathological factors 

which have been shown to have a positive impact on long-
term survivals include negative histologic margin status, 
concomitant hepatic resection, lack of nodal involvement, 
lower AJCC T stage, well-differentiated tumor grade, papil-
lary tumor morphology and lack of perineural invasion. Of 
these, complete resection with histologically negative mar-
gins is the only modi fi able factor and should therefore be the 
primary goal of surgical therapy. If the histological margin is 
involved by tumor (R1 resection), it is still controversial in 
the surgical literature as to whether R1 resection provides 
any survival bene fi ts to patients when compared with patients 
with unresectable disease  [  41,   45,   62–  68  ] . 

 Long-term survival data coming from a single institution 
comparing local bile duct resection with combined hepatec-
tomy should be interpreted with caution as these data con-
cern hilar cholangiocarcinoma with different extension into 
the bile ducts. Patients undergoing local excision probably 
had tumors without (or at the most with minimal) involve-
ment of the bile duct con fl uence. This is not clearly de fi ned 
in most of the published articles, and the treatment was most 
likely planned according to tumor location, and that liver 
resection was scheduled for patients with more extensive dis-
eases. It is, therefore, not surprising to  fi nd reports showing 
no evidence of any statistical difference in long-term survival 
after local resection when compared with extended surgery 
with liver resection  [  34,   35,   37,   38,   44,   69–  73  ] . On the other 
hand, studies from single institution reported signi fi cantly 
increased survival after associated liver resection 
 [  26,   32,   37,   42,   58  ] . The evidence supporting associated liver 
resection to treat hilar cholangiocarcinoma came from the 
study by Tsao on comparing oriental and US experiences, 
reporting on signi fi cantly better long-term survival in 
Japanese patients undergoing more aggressive surgical strat-
egy (5- and 10-year survival rates were 16 % and 12 % vs. 
7 % and 2 %, respectively)  [  45  ] . Additional supporting evi-
dence came from the report in 2005 by Dinant et al. from the 
Netherlands. With a change in policy to treat hilar cholangio-
carcinoma with aggressive surgery, there was a higher R0 
resection rate and an improvement in long-term survival, 
with no increase in operative morbidity or mortality  [  58  ] . 

 To clarify whether local resection may have a role in 
patients with hilar cholangiocarcinoma, Capussotti et al. 
reviewed the medical literature and focused their analysis on 
the reported results in Bismuth-Corletter (BC) types I to II 
hilar cholangiocarcinoma  [  26  ] . In selected cases, long term 
survival without recurrence was achievable with local resec-
tion  [  59,   71,   74  ] . However, the results of local resection have 
been reported to be poorer than with associated liver resec-
tion  [  26,   41–  43,   75–  77  ] . In the Neuhaus series, local resec-
tion achieved a R0 resection in two of six patients in BC type 
I, and one of four in BC type II tumors. However, no patient 
survived 5 years  [  75  ] . 

 The Nagoya group reviewed 54 patients with BC types I, 
II tumors. Local resection was carried out in 14 patients. 

   Table 17.1    Association between hepatectomy rate and R0 resection 
rate for hilar cholangiocarcinomas   

 Series  Year 
 Hepatectomy 
rate (%) 

 R0 resection 
rate (%) 

 Tsao et al.  [  45  ]  (Lahey)  2000  16  28 
 Cameron et al.  [  24  ]   1990  20  15 
 Hadjis et al.  [  48  ]   1990  60  56 
 Burke et al.  [  47  ]   1998  73  83 
 Lai and Lau  [  51  ]   2005  89  72 
 Tsao et al.  [  45  ]  (Nagoya)  2000  89  79 
 Capussotti et al.  [  43  ]   2002  89  89 
 Nimura et al.  [  49  ]   1990  98  89 
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Based on their experience, the authors suggested a surgical 
approach based on cholangiographic tumor type: extended 
hepatectomy was always necessary in the nodular or in fi ltrative 
tumor, while bile duct resection with or without limited hepa-
tectomy could be performed in papillary tumor without 
super fi cial cancer spreading  [  78  ] . Capussotti et al., after 
reviewing the medical literature on local surgical resection of 
hilar cholangiocarcinoma, concluded that local resection 
should be scheduled only for small papillary Klatskin tumors 
without bile duct con fl uence involvement (type I) con fi ned to 
the bile duct wall (Tis and T1). These tumours form a small 
minority of hilar cholangiocarcinoma. Extension of treatment 
should always be determined in accordance with the patient’s 
condition  [  26  ] . To con fi rm histologically-negative resection 
margins, intraoperative frozen section examinations of the 
bile ducts have been advocated  [  29,   79,   80  ] , especially in 
local resection, to plan the extent of surgical resection.  

    17.6   Developments in the Advances 
in Preoperative Management 

 Three major advances in the preoperative management of 
hilar cholangiocarcinoma need to be discussed in slightly 
more detail:
    1.     Preoperative Biliary Drainage  

 The preoperative relief of obstructive jaundice and the 
reversal of its hepatic and systemic effects by biliary 
drainage have been proposed as a method to decrease the 
risk of surgery in patients with obstruction to the biliary 
system. In several prospective randomized studies, the 
routine use of preoperative biliary drainage, either in the 
form of percutaneous transhepatic or endoscopic, failed 
to show any bene fi t  [  81–  84  ] . A meta-analysis concluded 
that preoperative biliary drainage increased rather than 
decreased overall complications and provided no bene fi t 
in terms of reduced mortality or decreased hospital stay 
 [  85  ]  because postoperative septic complications were 
common after biliary drainage. A major criticism of these 
prospective studies is that the duration of preoperative 
drainage (10–18 days) were not long enough to reverse 
the metabolic and immunologic abnormalities associated 
with obstructive jaundice. However, for malignant 
obstructive jaundice, the wait for surgery cannot be too 
long or the tumor might have progressed and become 
unresectable. Another criticism is that the results of these 
studies may not be applicable to hilar cholangiocarcinoma 
as most of the patients in these studies received no liver 
resection, and liver resection is commonly used in hilar 
cholangiocarcinoma. 

 A recently published systematic review on preo-
perative biliary drainage for resection of hilar 
 cholangiocarcinoma concluded that there was no clinical 
bene fi t of using preoperative biliary drainage, and 

 preoperative drainage resulted in signi fi cant increase 
in postoperative complication rates and postoperative 
infectious complication rates  [  86  ] . 

 Although all these data suggest that preoperative bil-
iary drainage is not bene fi cial in the routine management 
of patients, preoperative biliary drainage may have some 
value in selected patients with advanced malnutrition, bil-
iary sepsis, prolonged delay in surgery to wait for the 
effects of portal vein embolization or chemotherapy/
radiotherapy.  

    2.     Portal Vein Embolization (PVE)  
 Most patients with hilar cholangiocarcinoma present with 
jaundice and are considered to have cholestasis-induced 
compromised liver function. Portal vein embolization 
should be considered for patients with potentially resect-
able tumors with compromised liver function when the 
anticipated future liver remnant is below 40 % of the total 
liver volume  [  25  ] . The potential bene fi ts of PVE are its 
ability to induce hypertrophy in the future liver remnant 
(FLR), thereby reducing the risk of postoperative liver 
failure, and its ability to permit curative resection for 
patients who otherwise would be considered unresectable 
due to insuf fi cient FLR. This strategy has been used prior 
to major hepatic resection for hilar cholangiocarcinoma 
 [  28,   63,   87–  89  ] . Currently, there is no evidence to support 
the routine use of PVE for hilar cholangiocarcinoma. The 
major disadvantages of PVE in hilar cholangiocarcinoma 
are the waiting time for the FLR to hypertrophy, and the 
occasional dif fi culty in deciding preoperatively whether a 
right or a left hemihepatectomy will be required if the 
tumor is placed centrally at the hilus  [  25  ] .  

    3.     Staging Laparoscopy and Laparoscopic Ultrasound  
 Despite exhaustive preoperative investigations, a 
signi fi cant proportion of patients are found to have unre-
sectable disease at the time of laparotomy  [  32,   62  ] . Of the 
patients who are explored with curative intent, only 
40–50 % are ultimately resectable  [  25  ] . The yield and 
accuracy of laparoscopy to determine resectability is 
between 25–42 % and 42–53 %, respectively  [  89–  93  ] . 
Laparoscopy is more likely to detect occult metastases 
from T2/T3 extrahepatic bile duct cancer than T1 tumors 
(36 % vs. 9 %, respectively)  [  89  ] . Laparoscopic ultra-
sonography increased the yield of laparoscopy by up to 
17 %  [  91  ] .      

    17.7   Curative Surgery Beyond 
Liver Resection 

 Metastasis to regional lymph nodes is common and is an 
important prognostic factor for long-term survival after 
resection for hilar cholangiocarcinoma  [  25,   62,   64,   72,   94  ] . 
Studies showed poor survival for patients who had nodal 
involvement beyond the hepatoduodenal ligament with 
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5-year survival of 0–6 %  [  64,   72,   94  ] . Routine lymph node 
dissection beyond the hepatoduodenal ligament is not rec-
ommended. Patients with grossly involved lymph nodes 
beyond the hepatoduodenal ligament are considered to have 
unresectable disease  [  25  ] . 

 Combined portal vein resection and reconstruction for 
hilar cholangiocarcinoma produce con fl icting results 
 [  75,   95–  97  ] . Several retrospective studies have shown com-
bined portal vein resection does not add to the operative mor-
tality  [  75,   96,   97  ] . The impact of combined resection of the 
portal vein on long-term survival is less clear  [  25  ] . Neuhaus 
proposed routine portal vein resection as part of “no touch” 
resection of tumor and adjacent tissue  [  75  ] . However, the 
60-day mortality after portal vein resection was 17 % as 
compared with 5 % for patients without portal vein resection. 
When the 60-day mortalities were excluded, portal vein 
resections were identi fi ed as an independent positive prog-
nostic factor in their multivariate analysis of patients under-
going R0 resection. Other authors show equivalent or worse 
survival in patients undergoing  en bloc  resection of the portal 
vein  [  96–  99  ] . We need a properly conducted randomized 
clinical trial to  fi nd out whether routine resection of the por-
tal vein as advocated by Neuhaus is bene fi cial or not.  

    17.8   Palliative Surgery 

 Patients with hilar cholangiocarcinoma who are not candi-
dates for resection on investigation because of locally exten-
sive disease, distant metastases or serious associated medical 
illness are usually treated non-surgically by percutaneous or 
endoscopic biliary stenting. Patients who receive chemother-
apy or radiotherapy also require optimal hepatic function 
prior to these treatments, and thus require biliary drainage as 
well. An operative biliary decompression procedure is usu-
ally only performed for patients with locally advanced tumors 
who are found to be unresectable at laparotomy, and have 
therefore already encountered the potential morbidity of lap-
arotomy  [  25  ] . In the absence of cholangitis, a unilateral bil-
iary drainage is generally suf fi cient to relieve jaundice.  

    17.9   Ex Situ Ex Vivo Liver Resection 
and Autotransplantation 

 Ex situ ex vivo liver resection and subsequent autotransplan-
tation was  fi rst carried out by Pichlmayr et al. in 1988 for a 
patient with bilateral liver metastases of a leiomyosarcoma 
 [  100  ] . This procedure was subsequently carried out  fi ve 
times up to the year 2003 for cholangiocarcinoma, and 
our group carried out the six cases with the longest survival 
 [  101,   102  ] . This procedure is technically dif fi cult and few 
centers are experienced with this technique. Results with ex 
situ ex vivo liver surgery with hilar cholangiocarcinoma have 

generally been poor, and these patients often die of postop-
erative hepatic insuf fi ciency  [  103  ] . This is believed to be due 
to the longstanding cholestasis associated with this disease 
which reduces the liver tolerance to ischaemia. Ex situ ex 
vivo surgery for hilar cholangiocarcinoma is an aggressive 
surgical treatment which should only be attempted in experi-
enced centers on carefully selected patients.  

    17.10   Liver Transplantation 

 Orthotopic liver transplantation (OLT) offers the advantages 
of resection of all structures that may be involved by hilar 
cholangiocarcinoma including portal vein, bilateral hepatic 
ducts, atrophic liver lobes and hepatic artery. Total hepatec-
tomy may therefore permit R0 resection for locally advanced 
tumors which are beyond the ordinary criteria for resection 
using partial hepatectomy. The early experience of OLT for 
hilar cholangiocarcinoma unfortunately was disappointing 
with early tumor recurrence and poor 5 year survival of 
28–30 %  [  104–  107  ] . As a consequence of these early results 
and the limited availability of cadaveric livers, hilar cholan-
giocarcinoma was considered to be a relative contraindica-
tion to OLT. 

 Recently a “Mayo protocol” has been developed to treat a 
highly selected group of patients with unresectable hilar cho-
langiocarcinoma or hilar cholangiocarcinoma arising from a 
setting of primary sclerosing cholangitis. There are very 
strict inclusion and exclusion criteria  [  103  ] . Patient received 
neoadjuvant chemoradiation and then a staging laparotomy 
to rule out metastatic nodal disease. Patients without disease 
progression undergo OLT. This highly rigorous selection 
process may result in a selection bias in favor of patients with 
biological favourable disease. Very encouraging results have 
been reported  [  108,   109  ] . At present OLT cannot be recom-
mended for patients with resectable hilar cholangiocarci-
noma. Further studies are required to fully de fi ne the role of 
OLT. As primary sclerosing cholangitis commonly develops 
into cholangiocarcinoma, OLT carried out for primary scle-
rosing cholangitis often has an associated high rate of unsus-
pected cholangiocarcinoma  [  110–  112  ] .  

    17.11   Conservative Combined Liver Resection 

 Surgical resection of hilar cholangiocarcinoma with adequate 
resection margins is the only form of treatment that offers the 
potential of cure. In an attempt to achieve a high rate of 
R0 resection, major hepatic resections such as left hepatec-
tomy, right hepatectomy, left trisectionectomy and right 
 trisectionectomy have been advocated  [  56,   73,   113–  117  ] . 
However, major liver resection in patients with obstructive 
jaundice results in high surgical mortality and morbidity 
 [  98  ] . High operative mortality rate of 17 % for major liver 



192 S.H.Y. Lau and W.Y. Lau

resection  [  50  ]  and 23 % for left trisectionectomy have been 
reported. 

 As an alterative to using preoperative biliary drainage and 
portal vein embolization to reduce the perioperative risk of 
liver resection for hilar cholangiocarcinoma, we have been 
using a strategy of minor liver resection (de fi ned as resection 
of less than three Couinaud liver segments) in selected 
patients with hilar cholangiocarcinoma, so that a suf fi cient 
hepatic mass is preserved after surgery  [  118  ] . As the hilar 
bifurcation of the bile ducts is near to liver segments 4, 5 and 
1, adequate resection of these liver segments together with 
their bile ducts can result in cure in selected patients. For 
obvious reasons, for hilar cholangiocarcinoma that involves 
the right and left hepatic arteries, or portal vein, or for 
Bismuth-Corletter type IV tumors, the surgical option is to 
carry out a right/extended right or left/extended left hepatec-
tomy. With a predetermined selection criteria to choose 
patients with hilar cholangiocarcinoma for minor or major 
hepatectomy, we were able to achieve a 0 mortality rate, and 
a 29.7 % morbidity rate. There was no signi fi cant difference 
in the 5-year survival rates of 34 % in the minor liver resec-
tion group compared with the major liver resection group. 
Although resecting Couinaud’s liver segments 1, 4, 5 is 
called a minor liver resection in this study, this operation is 
technically more dif fi cult than most of the major liver resec-
tions because it involved: (1) a mesohepatectomy with two 
liver transection planes and the need to preserve the blood 
supply to the left outer section (segments 2, 3) and the right 
posterior section (segment 6, 7)  [  119  ] ; (2) many intrahepatic 
ductal openings are left in the remnant liver after liver resec-
tion and these ducts need to be anastomosed to a roux-en-y 
loop of jejunum. We have devised a special technique in 
hepaticojejunostomy to solve this problem  [  118,   120  ] . 

 Central lobe resection (or mesohepatectomy) in selected 
patients with hilar cholangiocarcinoma requires good techni-
cal skills. The initial good results need to be con fi rmed by 
more studies.  

      Conclusion 

 The surgical treatment of hilar cholangiocarcinoma has 
evolved through many stages. The changes involved 
improve the immediate and long-term results of this 
tumour. Hilar cholangiocarcinoma is still a disease which 
is dif fi cult to cure. Further studies are needed to further 
improve on the management of this disease.      
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          18.1   Introduction    

 It has been dif fi cult to make an accurate diagnosis of tumor 
extent and strategy for curative resection of hilar cholangio-
carcinoma (HCCa)  [  1  ]  even in this era of sophisticated imag-
ing diagnostic modalities such as multidetector row computed 
tomography (MDCT)  [  2  ] . An increasing resection rate of 
HCCa has been achieved and the surgical procedures for 
HCCa are changing from hilar local resection or limited 
hepatectomy  [  3  ]  to major or extensive hepatobiliary resec-
tion including caudate lobectomy  [  1  ] , which remains techni-
cally demanding and calls for a high level of skill in biliary 
and hepatic surgeries. Although the histological curative 
resection with negative surgical margins (R0) offers the only 
chance for cure in patients with HCCa, the gold standard for 
the treatment strategy for HCCa has not yet been determined. 
To achieve a R0 resection, an extensive hepatectomy (hepatic 
trisectionectomy) with vascular resection and reconstruction 
 [  4,   5  ] , or pancreatoduodenectomy (HPD)  [  6,   7  ]  is essential 
in some patients with advanced or extensive disease. Since 
the majority of patients with HCCa have cholestatic liver 
damage due to bile duct obstruction, major hepatobiliary 
resection carries a considerable risk of serious postoperative 
morbidity and mortality  [  8  ] . The limitations for radical 
resection for HCCa are mainly determined in terms of two 
factors: whether R0 resection is possible or not against the 
local tumor extension and whether the functional reserve of 
the future remnant liver is adequate or not to tolerate the sur-
gical stress. We have a dilemma as to whether extensive 

hepatobiliary resection is advisable to achieve a R0  resection, 
or whether less extensive resection is a prerequisite for 
patients with impaired  functional reserve of the liver. 
Currently, we have adopted a  management strategy for 
patients with HCCa, including preoperative biliary drainage, 
portal vein embolization (PVE)  [  9–  12  ]  and major hepatobil-
iary resection  [  13,   14  ] . 

 In this chapter, we introduced our current standard 
approach and surgical techniques in radical resection of 
HCCa referring to the limits. 

    18.1.1   Fundamental Principles of HCCa 
Surgery in Terms of Limits 

 Glisson’s capsule includes hepatic artery, portal vein, and 
segmental bile duct, and their detachment from each other is 
impossible in the liver parenchyma. Detachment of the 
hepatic artery and portal vein from the segmental bile duct 
prior to cutting the segmental bile duct at the expected line is 
essential to preserve the affected liver parenchyma. Hence, if 
it is impossible to dissociate from the feeding vasculatures 
and the segmental bile duct upstream of the expected resec-
tion line, the affected liver segment must be included in the 
resected liver segments to achieve a R0 resection (Fig.  18.1 ). 
The limitation of the detachment of the segmental bile duct 
and vasculature is usually determined by the individual ana-
tomical relationship between the vasculature and bile duct 
system. On the other hand, not only the cancer-free proximal 
and distal bile duct margins but also the cancer-free dissec-
tion margin around the hepatoduodenal ligament is also an 
important issue in accomplishing a R0 resection  [  15  ] .   

    18.1.2   Proximal Limit of Bile Duct Resection 
Line During HCCa Surgery 

 The proximal limit of resection of intrahepatic segmental 
and/or segmental bile ducts is differentially dependent upon 
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the type of hepatectomy (Fig.  18.1 ). In a right-sided hepato-
biliary resection, the positive cancer involvement of the left 
medial segmental duct usually does not indicate a right hemi-
hepatectomy but a right trisectionectomy to obtain the proxi-
mal tumor-free resection margin. The tumor involvement 
extends around the con fl uence of the left lateral anterior and 
posterior segmental ducts, in which case the limitation of the 
resecting line of the bile duct must correspond to the left side 
border of the umbilical portion of the left portal vein. 
Anatomic right trisectionectomy  [  16  ]  is a potential option 
for such patients with right-side predominant extensive dis-
ease. This procedure is the ultimate for patients with the 
right-side predominant HCCa to obtain the proximal tumor-
free resection margin. In a right hemihepatectomy, the left 
hepatic duct should be  fi nally divided in the ventral to dorsal 
direction. Usually, the ori fi ces of the left medial sectional 
(B4), the left lateral superior segmental (B3), and the left 
lateral inferior segmental (B2) bile ducts can be identi fi ed in 
order (Fig.  18.2 ). The limit of the resection line is the right-
side border of the umbilical portion of the left portal vein. 
This line is somewhat oblique from the point at which the 
middle hepatic artery runs into the liver parenchyma.  

 In a left-sided hepatobiliary resection, the cancer involve-
ment extends over the con fl uence of the right posterosuperior 
(B7) and posteroinferior segmental ducts (B6). It is usually 
dif fi cult to secure the cancer-free resection margin even 
though a left trisectionectomy is performed. With a left 

 hemihepatectomy, three to four proximal bile duct stumps 
appearing on the raw surface of the right liver is the limit. The 
ori fi ces of the anteroinferior segmental duct (B5) and/or ven-
tral branch of the anterosuperior segmental duct (B8a), dorsal 
branch of the anterosuperior segmental duct (B8c), and the 
posterior sectional duct are arranged in order from the ventral 
to dorsal direction. The ori fi ce of the transected posterior sec-
tional duct is located cranially to the right portal vein and at the 
right side border of the inferior vena cava (IVC) (Fig.  18.3 ).   

    18.1.3   Distal Limit of Bile Duct Resection 
Line During HCCa Surgery 

 As for distal tumor extension along the bile duct, it is theo-
retically possible to secure a cancer-free margin through 
concomitant pancreatoduodenectomy (HPD)  [  6,   7  ] . HPD 
usually involves concomitant pancreatoduodenectomy in a 
hemihepatectomy or more extended hepatobiliary resection 
in surgery for HCCa (Fig.  18.4 ). Right-sided hepatectomy is 
more often involved in HPD than left-sided hepatectomy 
according to the tumor extent; there is a risk of potential 
invasion of the right hepatic artery. This procedure is one of 
the most delicate operations in terms of the degree of inva-
siveness, and often carries high morbidity and mortality 
rates. With improved perioperative management and surgical 
techniques, the short-term outcome for patients undergoing 
HPD has improved, but the current results are still unsatis-
factory  [  7,   17  ] . Thus, the selection criteria for HPD should 
be strict in selected patients with extensive disease.  
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  Fig. 18.1    The proximal limit of the resection intrahepatic segmen-
tal ducts is schematically illustrated in terms of type of hepatectomy. 
Numerals indicate Couinauld’s segment of the liver.  U  umbilical 
 portion of the left portal vein,  P  right posterior section,  8a  a ven-
tral branch of the right anterosuperior segmental glisson,  8c  a dorsal 
branch of the right anterosuperior segmental glisson,  PV  portal vein, 
 LHA  left hepatic artery,  MHA  middle hepatic artery,  RHA  right hepatic 
artery,  I  right  trisectionectomy (anatomical),  II  right trisectionectomy 
( classical),  III  right hemihepatectomy,  IV  left hemihepatectomy,  V  left 
trisectionectomy       
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  Fig. 18.2    Intraoperative photograph after right hepatectomy with cau-
date lobectomy shows openings of the left intrahepatic segmental ducts, 
and completed hepaticoplasty. Middle hepatic vein ( MHV ) indicated 
with  blue arrows  is clearly exposed on the raw surface of the liver.  B2  
left lateral inferior segmental duct,  B3  left lateral superior segmental 
duct,  B4a  left medial inferior subsegmental duct,  B4b  left medial supe-
rior subsegmental duct. The  white arrows  point to B2+3, B4b and B4a       
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 Several predictive factors affecting postoperative survival 
after surgery for HCCa are reported in the literature. Although 
in situ cancer at the proximal bile duct margin does not have 
a strong impact on survival compared with a positive bile 

duct margin with invasive cancer  [  18,   19  ] , needless to say, 
a R0 resection is the ideal option for cure. Resected cases of 
biliary malignancies by HPD still remain few, so the future 
accumulation and analyses of HPD cases will delineate the 
patient pro fi le with large bene fi t from this invasive operation 
 [  3,   19,   20  ] .  

    18.1.4   Preoperative Staging of HCCa 

 Preoperative staging is an important issue to estimate the 
possibility of radical surgery. The  fi rst step for staging of 
HCCa is now ultrasonography (US) followed by multidetec-
tor row computed tomography (MDCT)  [  2,   21  ]  and it should 
be undertaken prior to biliary drainage for preventing 
modi fi cations of the bile duct wall by a drainage catheter. 
The side of the liver resection can be determined by MDCT, 
and endoscopic naso-biliary drainage (ENBD) for the future 
remnant liver is performed to relieve cholestasis of the future 
remnant liver. Recently, ENBD is the  fi rst choice and percu-
taneous transhepatic biliary drainage (PTBD) is the second. 
Patients with endoscopic retrograde biliary drainage (ERBD) 
after developing clogging and/or segmental cholangitis, 
eventually require PTBD to recover from those serious com-
plications. In an actual case of Bismuth type III and IV  [  22  ] , 
multiple biliary drainages are often required. Only an endo-
scopic approach for biliary drainage using three or more 
stents is usually dif fi cult, so additional PTBD is eventually 
indicated. We minimize PTBD sessions or the number of 
PTBD catheters which potentially causes seeding or implan-
tation metastasis along the sinus tract of the PTBD  [  23  ] . 
PTBD still has a strong therapeutic impact on segmental 
cholangitis, which is a signi fi cant risk factor for postopera-
tive morbidity and mortality  [  24  ] . Magnetic resonance cho-
langiopancreatography (MRCP) is insuf fi cient to diagnose 
the dif fi cult local anatomy of the separated intrahepatic seg-
mental ducts and to design an appropriate operative proce-
dure in patients with Bismuth type III or IV tumor  [  22  ] . Both 
proximal and distal cancer extension along the bile duct is 
evaluated by the combined use of percutaneous selective 
cholangiography and endoscopic retrograde cholangiogra-
phy (ERC) or MRCP, and the resection lines of the separated 
intrahepatic segmental ducts in the future remnant liver are 
determined. Mapping biopsy under  fl uoroscopic guidance, 
peroral or percutaneous transhepatic cholangioscopy is also 
useful, especially in cases suspected of super fi cially spread-
ing cholangiocarcinoma, to de fi ne the expected resection 
line of the proximal or distal bile duct  [  25  ] . 

 Thanks to recent advances in imaging techniques, MDCT 
and three-dimensional CT angiography have replaced con-
ventional angiography to assess the degree of vascular 
involvement and to delineate the vascular anatomy in each 
individual HCCa case  [  2,   21  ] .  

Post
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  Fig. 18.3    The representative case of left hemihepatectomy with cau-
date lobectomy depicts bile duct stumps around the right portal vein 
and the right hepatic arterial branches on the raw surface of the liver. 
 MHV  middle hepatic vein,  B5  right anteroinferior segmental duct,  B8a  
ventral branch of the right anterosuperior segmental duct,  B8c  dorsal 
branch of the right anterosuperior segmental duct,  Post  right posterior 
sectional duct       
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  Fig.18.4    This is an intraoperative photograph after the right hepatopan-
creatoduodenectomy (right hemihepatectomy with pancreatoduodenec-
tomy) with caudate lobectomy.  LHA  left hepatic artery,  MHV  middle 
hepatic vein,  Panc  stump of the pancreas       
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    18.1.5   Limit of Liver Resection Volume for HCCa 

 The limit of the liver resection rate is critical to the strategy 
or decision regarding a radical resection in patients with 
HCCa. Currently, there is no de fi nitive answer to the ques-
tion: how much liver volume should be preserved to assure 
a feasible, safe resection? We routinely examine the indo-
cyanine green (ICG) 15-min retention rate (R15), and the 
ICG clearance (K-value) is calculated when the serum total 
bilirubin level has decreased below 3 mg/dl. CT-volumetry 
is used to estimate the volume of the entire liver and the 
future remnant liver. PVE for the liver segment to be 
resected, has been advocated as a useful option to induce 
compensatory hypertrophy of the future remnant liver  [  10, 
  11  ] . If the estimated resection volume exceeds 55–60%of 
the whole liver, one must take into consideration the hepatic 
functional reserve or invasiveness of the additional proce-
dure with concomitant vascular resection and/or pancreatic 
head resection. We can calculate ICG-K of the future rem-
nant liver (ICG-Krem) according to CT-volumetric analy-
sis by multiplying the ICG-K value by the ratio of future 
remnant liver volume. The guiding value of ICG-Krem for 
a safe operation is 0.06, and a 0.05 is considered as the 
minimal requirement to tolerate major hepatobiliary resec-
tion in our current treatment strategy. The actual future 
remnant liver volume and resection rate are another prime 
concern; the present ceiling is considered to be 250 mm  [  3  ]  
and 75 %, respectively. In CT-volumetry 2 weeks after 
PVE, there is an approximately 10 % volume gain in the 
future remnant liver, whereas there is a 10 %  volume loss 
in the embolized liver to be resected  [  10,   11  ] . Although 
clinical utility and feasibility have been reported, the indi-
cation of preoperative PVE has still not been established. 
Cherqui et al.  [  26  ]  reported the surgical results of major 
hepatobiliary resection without preoperative biliary drain-
age in 20 biliary cancer patients; the postoperative 
 morbidity was signi fi cantly higher in the patients with 
jaundice, while the postoperative liver failure rate was 5 %, 
and mortality was documented in the same cases. The limit 
of the preoperative serum total bilirubin level for perform-
ing major hepatobiliary resection is also controversial. We 
usually  perform resectional surgery 2–4 weeks after PVE, 
and when the serum total bilirubin level decreases below 
2 mg/dl.   

    18.2   Surgery 

    18.2.1   Extent of Lymph Node and Nerve Plexus 
Dissection During HCCa Surgery 

 Although lymph node metastasis is known as one of the poor 
prognostic factors, there is no golden standard with regard to 

the extent of lymph node dissection. En-bloc dissection of 
the regional (cystic duct, pericholedochal, periportal, 
 periduodenal, peripancreatic head, celiac) nodes is routine 
for radical resection for HCCa (Figs.  18.5 ,  18.6 ,  18.7 , and 
 18.8 ). Inspection and sampling dissection of the paraaortic 
lymph node followed by intraoperative frozen section exami-
nation are often included. In a case with de fi nitive paraaortic 
lymph node metastasis, the long-term outcome is usually 
disappointing  [  27  ] , so the indications for aggressive surgery 
such as HPD  [  6  ]  or extended hepatobiliary resection with 
complex vascular reconstruction  [  5  ]  may require careful 
reconsideration.     

 On the other hand, we consider not only lymph nodes but 
also connective tissue clearance, especially the autonomic 
nerve plexus around the common hepatic, proper hepatic, 
and right or left hepatic arteries, is crucial for radical resec-
tion. Although the clinical impact or ef fi cacy of nerve plexus 
dissection has not been established, biliary cancer is often 
associated with perineural invasion which is identi fi ed as a 
signi fi cant prognostic factor in bile duct  [  28  ]  and gallbladder 
cancers  [  29  ] . Thus, we perform complete skeletonization of 
the hepatoduodenal ligament to achieve cancer-free dissec-
tion margins in radical resection for HCCa (Figs.  18.5 ,  18.6 , 
 18.7 , and  18.8 ). It is advisable to use topical application of 
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  Fig. 18.5    An intraoperative photograph shows skeletonization of the 
hepatoduodenal ligament prior to right hemihepatectomy with caudate 
lobectomy. Various arteries and portal vein are isolated with a silicon 
rubber tape.  CHA  common hepatic artery,  GDA  gastroduodenal artery, 
 LHA  left hepatic artery,  MHA  middle hepatic artery,  RHA  right hepatic 
artery       
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  Fig. 18.6    Intraoperative photographs after a right hemihepatectomy 
with caudate lobectomy show complete skeletonization of the 
 hepatoduodenal ligament and clearance of retropancreatic, celiac, and 

 common hepatic lymph nodes. CHA  common hepatic artery,  GDA  gas-
troduodenal artery,  LHA  left hepatic artery,  MHA  middle hepatic artery, 
 RPV  stump of the right portal vein       
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  Fig. 18.7    An intraoperative photograph just prior to transecting the 
right portal vein depicts  en bloc  skeletonized connective tissue and 
lymph nodes surrounding the bile duct ( blue arrows ). The left portal 
vein ( LPV ) and portal vein are encircled with a silicon rubber tape.  BD  
a tube for intraoperative biliary drainage,  CHA  common hepatic artery, 
 GDA  gastroduodenal artery,  LHA  left hepatic artery,  MHA  middle 
hepatic artery,  LPV  left portal vein       
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  Fig. 18.8    An intraoperative photograph shows skeletonization of the 
hepatoduodenal ligament during the left hemihepatectomy with caudate 
lobectomy. Branches of the replaced right hepatic artery are isolated with 
silicon rubber tape.  GB  gallbladder,  A5  anteroinferior segmental branch 
of the right hepatic artery,  A8  anterosuperior segmental branch of the 
right hepatic artery,  Post  posterior sectional branch of the right hepatic 
artery,  RHA  replaced right hepatic artery from superior mesenteric artery       

1 % procaine solution for the skeletonized hepatic artery to 
prevent spastic reaction of the artery followed by unexpected 
thrombosis.  
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    18.2.2   Limit of Portal Vein Resection 
and Reconstruction 

 In right-sided hepatectomies, portal vein resection and recon-
struction prior to liver parenchymal transection are feasible 
 [  30  ] . The wedge resection or segmental resection with end-
to-end anastomosis is possible in many cases (Fig.  18.9 ), and 
segmental resection with an autologous vein grafting is 
uncommon in a right-sided hepatectomy. If the length of the 
portal vein resection exceeds 5 or 6 cm, an interposition graft 
must be required (Figs.  18.10  and  18.11 ). An external iliac 
vein is usually harvested through an extraperitoneal approach 
as an autologous graft for portal vein reconstruction, because 
the diameter of the external iliac vein is similar to that of the 
portal veins for reconstruction. Roughly one-fourth of the 
external iliac veins have a valve, so normograde reconstruc-
tion of the portal vein using an external iliac vein is essential 
to prevent portal thrombosis. In portal vein reconstruction 
using an interposition graft, the proximal anastomosis pre-
cedes the distal anastomosis. After releasing of the proximal 
clamp to expand the anastomotic side, the distal anastomosis 
is then performed. In left sided-hepatectomies, portal vein 
resection and reconstruction prior to liver resection are 
dif fi cult and rare, and segmental autologous vein grafting is 
often required for reconstruction. Depending upon the defect 
of the resected portal vein to be reconstructed, a direct trans-
verse suture, patch graft repair, or segmental vein grafting 
are selected for portal vein reconstruction. The limit of the 
portal vein resection and reconstruction during right-sided 
hepatectomies is the feasibility of cross-clamping of the root 
of the umbilical portion of the left portal vein. There is an 

exceptional case in which the left lateral inferior and umbili-
cal portion of the left portal vein are isolated and separately 
clamped for the portal vein reconstruction during right hepa-
tectomy. In left-sided hepatectomies, isolation and clamping 
of the right posterior sectional and/or the right anterior 
 sectional portal vein are the critical procedure. For the end-
to-end portal vein anastomosis, a stay stitch is placed on both 
sides and an intraluminal technique is usually used for the 
posterior wall suture, followed by anterior wall anastomosis 
using the over and over suture technique with 6-0 prolene.    

 In most cases undergoing portal vein resection and recon-
struction, anticoagulant therapy is not employed. Color 
Doppler ultrasonography is used to examine the periopera-
tive portal blood  fl ow for patients undergoing portal vein 
resection and reconstruction  [  31  ] . We consider that the portal 
vein resection and reconstruction per se does not increase the 
operative risk during hepatobiliary resection; moreover, 
long-term survival is actually expected after this aggressive 
surgery  [  32  ] . Thus, the hepatobiliary surgeon should not 
hesitate to perform portal vein resection and reconstruction 
during hepatobiliary resection in case of a promising R0 
resection for a locally advanced HCCa.  

    18.2.3   Hepatic Arterial Resection 
and Reconstruction During 
HCCa Surgery 

 Concomitant left hepatic arterial resection and reconstruction 
during right-sided hepatobiliary resection is uncommon and 
an extremely rare. The left hepatic artery usually runs along 

a b

c d

  Fig. 18.9    Schematic drawing 
of the portal vein resection 
and reconstruction. At  fi rst, stay 
suture is placed bilaterally ( a ), 
and intraluminal technique 
is used for the posterior wall 
suture ( b ). Next, anterior wall 
anastomosis is performed using 
the same string ( c ), then single 
string continuous suture is 
completed ( d )       
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the left edge of the hepatoduodenal ligament, so a right-side 
predominant HCCa involving the left hepatic artery implies 
almost entire invasion of the hepatoduodenal ligament. In this 
event, it is virtually impossible to obtain tumor-free resection 
margins even after hepatoduodenal ligamentectomy, major 
hepatectomy with  en bloc  resection of the hepatic artery, por-
tal vein, and pancreas head. In patients with a replaced left 
hepatic artery arising from the left gastric artery, hepatic arte-
rial reconstruction is unnecessary for hepatoduodenal liga-
mentectomy, and the success of R0 resection might be further 
assured by preserving the replaced arterial blood supply  [  20  ] . 

 In case of Bismuth type I or II  [  22  ]  with de fi nitive or sus-
pected right hepatic arterial invasion, a right hemihepatec-
tomy is ideal to achieve a R0 resection, but a left 
hemihepatectomy with right hepatic arterial resection and 
reconstruction is one of the alternative strategies for patients 
with poor liver functional reserve. Recently, a more 
 aggressive approach to patients with more advanced left-
side predominant HCCa has been applied through a left tri-
sectionectomy using right hepatic arterial resection and 
reconstruction with or without simultaneous portal vein 
resection and reconstruction  [  5  ] . Most of the right hepatic 

a b c d

e f g h

  Fig. 18.10    Scheme of the interposition grafting for the portal vein 
reconstruction is illustrated. The proximal single-string continuous 
suture is performed ( a–d ), followed by the distal anastomosis ( e–h ). In 

case of the proximal anastomosis, over and over suture for both anterior 
and posterior wall is capable in terms of inversion of the graft (d)       
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Graft
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  Fig. 18.11    Left trisectionectomy with caudate lobectomy with portal 
vein resection and reconstruction using an external iliac vein graft. 
There is no obvious caliber change in the reconstructed portal vein.  RHV  
right hepatic vein,  A6  posteroinferior branch of the right hepatic artery, 
 A7  posterosuperior branch of the right hepatic artery,  B6  right postero-
inferior segmental duct,  B7  right posterosuperior segmental duct       
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arterial resection and reconstruction is done in left-sided 
hepatectomy, and reconstruction of the right hepatic artery 
with an end-to-end anastomosis is a common microsurgical 
technique (Figs.  18.12  and  18.13 ). The right gastroepiploic 
artery  [  33  ]  or radial artery graft  [  5  ]  is sometimes selected as 
a recipient artery. The posterior branch of the right hepatic 
artery often runs on the caudal side of the posterior branch of 
the right portal vein in the Rouviere’s sulcus, making it easy 
to assess and ensure the cancer negative dissection of the 
posterior branch of the right hepatic artery prior to liver 
parenchymal transaction. On the other hand, the posterior 
branch of the right hepatic artery occasionally runs on the 
cranial side of the right portal vein, and it is dif fi cult to assess 
the capability of securing the distal portion of the posterior 
branch of the right hepatic artery for reconstructing before 
proceeding in hepatectomy. This anatomical variation of the 
posterior branch of the right hepatic artery is a key issue to 
assess or decide the indication of the right hepatic arterial 
resection and reconstruction in case of a left-sided 
hepatectomy.   

 When arterial reconstruction is impossible, one possible 
countermeasure is arterialization of the portal vein using 
arterioportal shunting  [  34  ] . Oblique-to-side anastomosis is 
performed between the common hepatic artery and the main 
portal vein. Approximately 3 weeks after surgery, transcath-
eter arterial embolization of the common hepatic artery is 
carried out to prevent further portal hypertension. This pro-
cedure possibly prevents liver infarction or liver abscess in 
the remnant liver leading to postoperative liver failure. 
Preoperative left trisectional portal vein embolization is 
bene fi cial to enhance not only the compensatory hypertro-
phy of the future remnant liver, but also easy detection of the 
right portal  fi ssure as the demarcation line on the liver  surface 

just after clamping of the right hepatic artery in a case of left 
trisectionactomy.  

    18.2.4   General Procedures in Resectional 
Surgery for HCCa 

 After laparotomy, Kocher’s maneuver is performed to mobi-
lize the pancreas head and allow regional lymphadenectomy 
in the hepatoduodenal ligament and around the retropancre-
atic, and celiac arteries (Figs.  18.5  and  18.6 ). Simultaneously, 
the distal bile duct is isolated and resected at the intrapancre-
atic portion. The distal margin should be submitted for intra-
operative frozen section examination. Once a negative 
resection margin is con fi rmed, the bile duct stump is closed 
with interrupted or continuous sutures of mono fi lament 
thread. If the distal bile duct margin is positive for cancer 
even after additional resection of the intrapancreatic bile 

  Fig. 18.12    Left trisectionectomy with portal vein and hepatic arterial 
resection and reconstruction. Portal vein and hepatic arterial resection 
lines are depicted with  double lines        

HA

PVB6

B7
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  Fig. 18.13    Left trisectionectomy with caudate lobectomy plus portal 
vein and hepatic arterial resection and reconstruction. Portal vein is 
reconstructed in end-to-end fashion, and the right hepatic artery is 
reconstructed by end-to-end anastomosis between the right posterior 
branch and the proper hepatic artery. There is no obvious caliber change 
in the reconstructed portal vein.  RHV  right hepatic vein,  B6  right pos-
teroinferior segmental duct,  B7  right posterosuperior segmental duct, 
 PV  anastomosis of the portal vein,  HA  anastomosis of the hepatic 
artery       
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duct, indication of concomitant pancreaticoduodenectomy 
should be decided in terms of the status of the proximal and/
or dissected margins. The posterior superior pancreatoduo-
denal artery should be divided in some cases of more distal 
intrapancreatic bile duct resection close to the papilla of 
Vater. Intraoperative biliary drainage through the resected 
end of the bile duct is advisable for patients with ENBD or 
ERBD, or without preoperative biliary drainage. Spilled bile 
contaminated with bacteria or tumor cells may well cause 
postoperative abdominal sepsis and/or seeding metastasis.  

    18.2.5   Left Hemihepatectomy with Caudate 
Lobectomy (Figs.  18.3 ,  18.8 ,  18.14 , 
and  18.15 )     

 During skeletonization of the hepatoduodenal ligament, the 
right gastric artery, then the left hepatic artery is ligated, 
trans fi xed, and divided. Next, the middle hepatic artery is 
divided. The main portal vein is skeletonized and encircled 
with a vessel loop. Careful division of the several tiny cau-
date branches around the portal bifurcation makes for easier 
division of the left portal vein at its origin by ligation with 
trans fi xing. Another way to divide the left portal vein is to 
clamp on the proximal side and the right portal vein, and 
oversew the venous stump with a transverse running suture 

of 6-0 prolene. After complete or partial detachment of the 
gallbladder from the gallbladder bed, the extrahepatic bile 
duct including lymph nodes and connective tissues is 
retracted in the cranio-ventral direction and the right hepatic 
artery is carefully isolated and encircled with a vessel loop; 
the cystic artery is then ligated and divided at its origin, and 
the right anterior and posterior branches are isolated. 
Meticulous manipulation and skeletonization dissection of 
the nerve plexus around the right hepatic artery is advisable. 
A demarcation line appearing on the main portal  fi ssure is 
marked by electrocautery. 

 For complete mobilization of the left liver, the falciform 
and coronary ligaments are incised and the triangle ligament 
is ligated and divided. The root of the left (LHV) and middle 
hepatic vein (MHV) making a common trunk in many cases 
should be identi fi ed. Next, the distal side of the Arantius 
canal is ligated and divided, to make it easier to encircle the 
common trunk of LHV and MHV. The entire caudate lobe is 
completely mobilized on the right and ventrally and detached 
from the inferior vena cava (IVC) from the caudal to cranial 
direction. During this procedure the short hepatic veins 
(SHV) are carefully ligated and divided step by step. Thick 
SHV such as the caudate vein  [  35  ]  often located around one-
third of the cranial part of the caudate lobe should be clamped 
with a vascular forceps, then transected and sutured. Liver 

MHV
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A8
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  Fig. 18.14    Schematic illustration of left hemihepatectomy just prior to 
bile duct resection. The resection line is presented with double line.  P  
right posterior sectional duct,  8a  ventral branch of the right anterosupe-
rior segmental duct,  8c  dorsal branch of the right anterosuperior seg-
mental duct,  5  right anteroinferior segmental duct,  RHAP  posterior 
sectional branch of the right hepatic artery,  A5  anteroinferior branch of 
the right hepatic artery,  A8  anterosuperior branch of the right hepatic 
artery       
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  Fig. 18.15    Intraoperative photograph after left hemihepatectomy with 
caudate lobectomy. Middle hepatic vein ( MHV ) is clearly exposed on 
the raw surface of the liver and bile duct stumps formed around the right 
portal vein and the right hepatic arterial branches.  B5  right anteroinfe-
rior segmental duct,  B8a  ventral branch of the right anterosuperior seg-
mental duct,  B8c  dorsal branch of the right anterosuperior segmental 
duct,  P  right posterior sectional duct       
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parenchymal transection is carried out along the demarcation 
line using an ultrasonic dissector or the forceps clamp crush-
ing method. Hepatic in fl ow occlusion is employed for 20 min 
at 5-min intervals. The MHV appears on the transection 
plane, the left lateral aspect of the MHV is exposed, and the 
con fl uence of the MHV and LHV is identi fi ed. The root of 
the LHV is clamped, divided and closed with running sutures 
of 4-0 prolene. Then the liver parenchymal transection 
advances exposing the dorsal wall of the MHV in the direc-
tion of the right-side border of the IVC, a critical landmark 
of the right side margin of the right caudate lobe. Then, the 
caudate process and posterior section are divided in the cra-
nial direction. Careful dissection of the branches of the right 
hepatic artery and the right portal vein is critical prior to 
transection of the right hepatic duct beneath the MHV at the 
expected point determined preoperatively. Bile duct transec-
tion starts from the ventral to the dorsal wall, and usually the 
ori fi ces of the anteroinferior segmental duct (B5), ventral 
branch of the anterosuperior segmental duct (B8a), dorsal 
branch of the anterosuperior segmental duct (B8c), and the 
posterior sectional duct are observed in that order. These bile 
duct ori fi ces are noticed around the right portal vein and the 
right hepatic arterial branches. Frozen sections of the proxi-
mal bile duct margins should be submitted to check the nega-
tive margins. 

 After completing hemostasis, hepaticoplasty prior to 
bilio-enterostomy using a Roux-en-Y jejunal limb is advis-
able to reduce the number of anastomoses and simplify the 
procedure. The external biliary stents are usually placed 
across the bilio-enteric anastomosis. Interrupted or continu-
ous sutures of 5-0 mono fi lament absorbable thread are used. 
The enteral feeding tube is sometimes placed through the 
proximal jejunal limb for replacement of externally drained 
bile. A retrocolic and retrogastric route  [  36  ]  is often selected 
to elevate the jejunal limb.  

    18.2.6   Right Hemihepatectomy with Caudate 
Lobectomy (Figs.  18.2 ,  18.7 ,  18.16 ,  18.17 , 
and  18.18 )      

 After retropancreatic lymph node dissection, the distal bile 
duct is dissected similarly to the  left hemihepatectomy . Next, 
skeletonization of the hepatoduodenal ligament is follows, 
and then the common hepatic, gastroduodenal, and proper 
hepatic arteries are isolated with the vessel loops. The right 
gastric artery is ligated and divided, then the middle hepatic 
and the left hepatic arteries is identi fi ed, and the right hepatic 
artery is ligated, trans fi xed, and divided at its origin. Next, 
the portal vein is taped and skeletonized up to the portal 
bifurcation. After division of the caudate and the quadrate 
lobe branches, the main, left and right portal veins are encir-
cled with the vessel loops. The right portal vein is transected 

after ligation with a trans fi xing suture. In patients who have 
undergone PVE, the main and the left portal vein are clamped 
with vascular forceps and the origin of the right portal vein is 
transversely incised to inspect the unexpected embolic mate-
rial migration in the portal bifurcation. Any embolic materi-
als, if detected, should be removed and washed out from the 
ori fi ce of the right portal vein with heparinized saline. This 
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  Fig. 18.16    Final step of the right hemihepatectomy. Bile duct resec-
tion is indicated by double lines.  2  left lateral inferior segmental duct,  3  
left lateral superior segmental duct,  4  left medial sectional duct,  MHV  
middle hepatic vein,  RPV  stump of the right portal vein       
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  Fig. 18.17     Dotted line  shows the liver transection line of the ventral 
part of the left medial section and the solid line depicts expected resec-
tion line of the bile duct during right hemihepatectomy with caudate 
lobectomy.  LHA  left hepatic artery,  MHA  middle hepatic artery,  RPV  
stump of the right portal vein       
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ori fi ce should be closed with transverse suture to prevent steno-
sis of the portal vein. On the other hand, in a case with apparent 
or suspected cancer invasion around the portal bifurcation, 
combined portal vein resection and reconstruction should be 
performed to obtain cancer-free dissection margins  [  4  ] . 

 Next, the proximal origin of the Arantius canal is ligated 
and divided, and the Rex’s recess is dissected to expose the 
visceral part of the umbilical portion of the left portal vein. 
At that time one can identify the left hepatic artery running 
into the liver from the left side of the umbilical portion of the 
portal vein. The middle hepatic artery (MHA) usually runs 
into the liver from the right side of umbilical portion of the 
left portal vein. Occasionally, the MHA arises from the left 
hepatic artery in the umbilical plate. On the other hand, MHA 
sometimes branches from RHA close to the left-side border 
of the common hepatic duct and may be potentially involved 
by the tumor. In such cases, combined resection of MHA is 
advisable to achieve R0 resection. If back fl ow bleeding from 
the hepatic-side stump of resected MHA is documented, we 
consider there is no indication for the reconstruction but sim-
ple ligation of MHA is thereby validated  [  37  ] . 

 When a demarcation line appears along the main portal 
 fi ssure, it is marked by electrocautery. On the inferior aspect 
of the left medial section, the liver transection line should be 
delimited transversely approximately 1 cm above (ventral to) 
the hilar plate to secure the negative surgical margin. 

 During mobilization of the right liver, detachment of the 
right adrenal gland is carefully carried out because dense 
adhesion between the right liver and the right adrenal gland 
is encountered in some patients. The right hepatic vein 
(RHV) is encircled, divided and closed with manual running 
sutures or a stapler device. The RHV is usually divided 

behind the liver before liver transaction which makes 
 complete detachment of the entire caudate lobe from the IVC 
easier. The managements of SHV are similar to those for the 
left hemihepatectomy. 

 Liver parenchymal transection starts along the demarca-
tion line during intermittent in fl ow occlusion similar to the 
left hemihepatectomy. The MHV appears on the transection 
plane, and the tributaries from the right liver should be care-
fully ligated and divided. From the con fl uence of the IVC, the 
dorsal aspect of the MHV is exposed and the operator at the 
same time pulls and turns the left caudate lobe right dorsally 
with the left  fi ngers. Finally, the right and the left livers are 
connected with the left hepatic duct. The right liver with entire 
caudate lobe is held in the left hand of the operator, and the 
left hepatic duct is incised in the ventral to dorsal direction. 
Usually, we can identify ori fi ces of B4, B3, and B2 in order, 
hepaticoplasty follows, and a bilioenterostomy is created.  

    18.2.7   Right Trisectionectomy with Caudate 
Lobectomy (Figs.  18.19 ,  18.20 , and  18.21 )      

 In case of right-sided hepatobiliary resection, especially in 
the right trisectionectomy, exposure of the umbilical portion 
of the left portal vein is a fundamental manipulation. We 
sometimes encounter a bridge in front of the umbilical por-
tion of the left portal vein, so transection of this bridge is the 
 fi rst step to expose the umbilical portion of the left portal 

  Fig. 18.18    Bile duct transection on the  solid line     is the  fi nal step dur-
ing right hemihepatectomy with caudate lobectomy. The  green line  
with an  arrow  indicate the line of bile duct transection as the fi nal step 
during right hemihepatectomy with caudate lobectomy. The arrow 
points to the direction of transection from the surgeon’s left to right       
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  Fig. 18.19    Schematic illustration of anatomical right trisectionectomy 
just prior to bile duct resection ( double line ) depicts dissection along 
the cranial aspect of the umbilical portion of the left portal vein and 
exposure of the umbilical plate.  2  left lateral inferior segmental duct,  3  
left lateral superior segmental duct,  FV   fi ssural vein,  A2+3  left hepatic 
artery,  RPV     stump of the right portal vein,  P4  stump of the medial 
 sectional portal vein       
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vein. Surgeons must be aware that a thick bridge potentially 
includes the infra-portal bile duct  [  38,   39  ] , which should be 
diagnosed preoperatively by MDCT. If the infra-portal left 

lateral or left lateral superior bile duct is detected and 
transected, bilioenteric anastomosis for transected bile duct 
is mandatory. After division of the middle hepatic artery, the 
visceral connective tissue of the umbilical portion of the left 
portal vein is dissected, and portal vein branches for the left 
medial section are ligated and divided step by step. 
Simultaneously, the proximal end of the Arantius canal is 
ligated and divided at the portal elbow. 

 In case of anatomic (extended) right trisectionectomy, all 
portal vein branches arising from the dorsal aspect of umbil-
ical portion of the left portal vein should be completely 
ligated and divided  [  16  ] . This procedure provides complete 
mobilization of the umbilical portion of the left portal vein 
which can be completely turned out to con fi rm the root of 
the left lateral inferior (P2) and the left lateral superior (P3) 
segmental branches of the portal vein. Also, the left hepatic 
artery and its branches run through the left side of the umbil-
ical portion of the left portal vein, and can be clearly 
identi fi ed between the bile ducts and the portal veins of the 
left lateral section. The demarcation line appears not on the 
right but rather on the left side of the falciform ligament. 
After complete mobilization of the right liver and caudate 
lobe similar to the  right hemihepatectomy , liver parenchy-
mal transection along the demarcation line starts using inter-
mittent in fl ow occlusion. The  fi ssural vein should be 
identi fi ed by intraoperative ultrasonography and preserved 
as far as possible. The middle hepatic vein is divided at its 
root with a stapler or sutured. Finally, the bile ducts are 
transected in the ventral to dorsal direction, and the left lat-
eral superior segmental duct (B3) and left lateral inferior 
segmental duct (B2) are identi fi ed in order. Separate hepati-
cojejunostomies for B2 and B3 are required in the case of 
anatomic right trisectionectomy.  

    18.2.8   Left Trisectionectomy with Caudate 
Lobectomy (Figs.  18.11 ,  18.13 , and  18.22 )    

 Similarly to the  left hemihepatectomy , retropancreatic lymph 
node dissection, and division of the distal bile duct are the 
 fi rst step. The right gastric, left hepatic, middle hepatic, cys-
tic, and anterior branch of the right hepatic artery are 
identi fi ed, ligated, and divided step by step during the skel-
etonization of the hepatoduodenal ligament. Tiny branches 
for the caudate lobe around the portal bifurcation should be 
carefully ligated and divided, which makes it easier to isolate 
and encircle the left, right, right anterior, and right posterior 
portal veins. Preoperative left trisection PVE is indicated for 
most patients undergoing left trisectionectomy. Therefore, a 
careful inspection of the embolic material is advisable prior 
to transecting portal vein branches. If the embolic material 
migrates to the right or main portal vein, the embolic mate-
rial must be removed from the right anterior or left portal 
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  Fig. 18.20    Intraoperative photograph prior to bile duct resection dur-
ing anatomical right trisectionectomy with caudate lobectomy demon-
strates complete mobilization of the umbilical portion of the left portal 
vein ( UP ) and isolation of the left lateral superior and inferior segmen-
tal ducts with silicon rubber tape. The left lateral inferior and superior 
segmental branches of the hepatic artery is clearly exposed and identi fi ed 
between left lateral segmental ducts and UP.  B2  left lateral inferior seg-
mental duct,  B3  left lateral superior segmental duct,  A2  left lateral infe-
rior segmental branch of the hepatic artery,  A3  left lateral superior 
segmental branch of the hepatic artery       
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  Fig. 18.21    A  fi ssural vein can be identi fi ed on the raw surface of the 
liver after the anatomical right trisectionectomy with caudate lobec-
tomy. Plural left lateral superior and inferior segmental ducts are 
observed.  B2  left lateral inferior segmental duct,  B3  left lateral superior 
segmental duct,  A2  left lateral inferior segmental branch of the hepatic 
artery,  A3  left lateral superior segmental branch of the hepatic artery, 
 LHA  left hepatic artery,  UP  umbilical portion of the left portal vein       
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vein. After division of the left and the right anterior portal 
vein, both the right posterior branch of the portal and hepatic 
artery should be dissected further up to the predetermined 
resection line of the posterior sectional bile duct. 

 After the above-mentioned manipulations, a demarcation 
line corresponding to the right portal  fi ssure appears and is 
marked by electrocautery. The distal portion of the Arantius 
canal is ligated and divided, which makes it easier to encircle 
the common trunk of the MHV and LHV. Then mobilization 
of the left liver and caudate lobe is completed similarly to the 
 left hemihepatectomy . We prefer to divide the common trunk 
of the MHV and LHV with manual suture or a stapler tech-
nique prior to liver transection. 

 Liver transection along the demarcation line starts under 
intermittent in fl ow occlusion. The right hepatic vein should 
be exposed on the raw surface of the liver from the periphery 
to the con fl uence of the IVC, and the parenchymal transec-
tion between the caudate lobe and right posterior section 
then starts along the right edge of the IVC. Another critical 
landmark for transection is the root of the right posterior 
branch of the portal vein. The transection of the dorsal part 
of the right portal vein proceeds from the caudal side, and the 
transection plane is connected to the cranial plane. Finally, 
the left trisection of the liver and the caudate lobe are simply 
interconnected with the right posterior section through the 
posterior sectional bile duct. Adequate isolation of the right 
posterior portal and hepatic artery is con fi rmed, then the bile 
duct is divided for completion of the left hepatic trisectionec-
tomy. Eventually, the bile duct ori fi ces of the right posteroin-
ferior branches (B6) and the right posterosuperior (B7) are 
sometimes identi fi ed separately.  

    18.2.9   Perioperative Management 

 Preoperative periodic bile culture, at least once a week, for 
possible positive bacteria for appropriate use of sensitive 
antibiotics is routine in patients with biliary drainage. 
Perioperative septic complications considerably in fl uence 
surgical outcome  [  24  ] . To prevent severe septic complica-
tions, appropriate use of antibiotics as well as proper biliary 
drainage is crucial. 

 External biliary drainage without bile replacement impairs 
intestinal barrier function in patients with biliary obstruc-
tion, primarily due to physical damage to the integrity of 
the intestinal mucosa. Therefore, externally drained bile 
should be replaced as perioperative management for patients 
with HCCa to prevent bacterial translocation  [  40,   41  ] . In 
this connection, perioperative oral synbiotics administra-
tion can enhance immune responses and attenuate systemic 
postoperative in fl ammatory responses, as well as improve 
the intestinal microbial environment  [  42  ] . These procedures 
reduce postoperative infectious complications after major 
hepatobiliary resection, so perioperative synbiotics treat-
ment deserves consideration as a management of choice for 
patients with HCCa.   

      Conclusion 

 We have various limitations for surgical treatment of 
HCCa, and the R0 resection still remains a dif fi cult chal-
lenge for the surgeon. Coordination of the radicality and 
the safety of surgery for HCCa is the prime concern, and 
the many issues remaining to be resolved include pre-
cise determination of the tumor extent, liver resection 
volume, and estimation of the functional reserve of the 
future  remnant liver, when the limitation of surgery for 
HCCa is discussed. Currently only several large surgical 
series treating HCCa have been published  [  14,   43–  55  ] . 
Forthcoming accumulation of cases and evaluation of the 
surgical outcome will serve to delineate future problems 
to be addressed.      
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          19.1   Introduction 

 Hilar cholangiocarcinoma, also known as Klatskin tumor or 
proximal extrahepatic cholangiocarcinoma, is an uncommon 
adenocarcinoma which arises from the epithelial cells of the 
biliary con fl uence of the right and left hepatic ducts. It 
accounts for nearly two thirds of cholangiocarcinoma and 
therefore is the most frequently encountered biliary tumor 
 [  1  ] . The estimated incidence of hilar cholangiocarcinoma is 
around 1:250,000 population. The cause for hilar cholangio-
carcinoma is still unknown, although a variety of chronic 
in fl ammatory conditions of the biliary tree, such as scleros-
ing cholangitis, choledochal cysts, oriental cholangiohepati-
tis, and biliary parasitic disease, have been reported to 
increase the risk of bile duct cancers  [  2  ] . 

 Unlike intrahepatic or distal cholangiocarcinoma, which 
can be treated with hepatic resection or pancreaticoduo-
denectomy, respectively, surgical management of hilar cho-
langiocarcinoma has evolved since its original description. 
In earlier decades, surgical management was primarily pal-
liative with generally poor outcomes  [  3  ] . Early reports of 
resection of hilar cholangiocarcinoma typically involved 
resection of the biliary tree with hepaticojejunostomy  [  4  ] . In 
the last 20 years, surgical management of hilar cholangiocar-
cinoma has evolved due to improvements in preoperative 
imaging and an enhanced appreciation of tumor growth char-
acteristics  [  5  ] . Unfortunately, despite these surgical advances, 
a signi fi cant proportion of hilar cholangiocarcinoma were 
deemed unresectable because of the locally aggressive nature 
of the disease, and survival rates after surgery have not sub-
stantially changed over the past 20 years. In a recent review 
of 25 studies on surgical resection for hilar cholangiocarci-
noma published from 1990 to 2008, the resectability for hilar 

cholangiocarcinoma was 28–95 %, with a median resectabil-
ity of 70 %. The curative resection rates ranged between 14 
and 95 %. The 5-year survival rates varied from 25 to 40 % 
in recent series (Table  19.1 )  [  5  ] . As complex biliary and 
hepatic resections are required to obtain complete resection, 
the risks of perioperative morbidity and mortality are 
signi fi cant. The median morbidity and mortality rates are 
47 % (14–76 %) and 8 % (0–19 %), respectively. Perioperative 
morbidity includes bleeding, biliary  fi stula, liver failure, and 
infectious complications including cholangitis, liver abscess, 
intra-abdominal abscess, wound infection, and pneumonia. 
Of these, postoperative hepatic failure was particularly com-
mon, and mortality has been associated with the extent of 
liver resection  [  5  ] .  

 Hilar cholangiocarcinoma is a relatively slow growing 
tumor and is usually tiny at clinical presentation. There is no 
effective screening for hilar cholangiocarcinoma and most 
patients with unresectable disease die within 4–8 months of 
diagnosis  [  6  ] . Palliative biliary drainage by stents or prosthe-
ses appears to confer a survival bene fi t of only a few months 
 [  7  ] . Treatment for hilar cholangiocarcinoma has remained 
challenging because of the lack of effective adjuvant treat-
ment, the close proximity of the tumor to vital biliary and 
vascular structures as well as to other organs, and a limited 
ability to achieve complete resection owing to the locally 
advanced nature of the tumor at presentation  [  3  ] . The opera-
tive management of hilar cholangiocarcinoma has evolved 
since its  fi rst description by Durand-Fardel in 1840, and sur-
gical resection is the only therapeutic option with a chance of 
cure. The goals of surgical resection should be complete 
excision of tumor with negative margins and reconstruction 
of biliary-enteric continuity. The ability to completely excise 
the tumor with negative margins is usually limited by its 
in fi ltrative and longitudinal spread pattern and its close prox-
imity to the hepatic artery and portal vein. Furthermore, 
 surgical therapy is dictated by the location of the tumor and 
the presence of underlying liver disease. Surgical therapy 
for hilar cholangiocarcinoma in the early 1970s was primar-
ily palliative or it involved only bile duct resection and 
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 hepaticojejunostomy. The high rates of disease recurrence 
and poor survival outcomes after bile duct resection alone 
had led surgeons to pursue a more radical approach. Early 
experience using combined liver resection in hilar cholang-
iocarcinoma resulted in a low R0 resection rate with 
signi fi cantly high perioperative morbidity and mortality  [  8  ] . 
The development and evolution of liver surgery and periop-
erative care in the past 20 years has signi fi cantly improved 
the surgical management of hilar cholangiocarcinoma. At 
present, a combined radical bile duct resection and partial 
hepatectomy is the accepted surgical approach for hilar cho-
langiocarcinoma. Concomitant liver resection is one of the 
most important elements of the surgical procedure to achieve 
negative resection margins. In a report from the Memorial 
Sloan-Kettering Cancer Center negative margins could be 
achieved in 84 % of patients who received partial hepatec-
tomy as compared to 56 % of patients who did not have 
hepatectomy. The 5-year survival in the liver resection group 
in this series was 39 %, while none of the patients who did 
not have liver resection survived for 5 years  [  9  ] . A recent 
study demonstrated that the R0 resection rate and patient sur-
vival signi fi cantly improved over time after the addition of 
partial hepatectomy to bile duct resection  [  10  ] . There was a 

positive correlation between the rates of R0 resection and 
partial hepatectomy in surgical therapy for hilar cholangio-
carcinoma  [  11  ] . Moreover, surgical adjuvant strategies such 
as portal vein embolization have resulted in increased rates 
of major liver resections and negative resection margins as 
well as improved rates in recurrence-free survival  [  12,   13  ] .  

    19.2   Major Liver Resection 

 Surgeons from Japan and the West have performed major 
liver resection in order to increase the curative resection rate. 
Neuhaus et al. advocated the inclusion of portal vein resec-
tion and showed increased resectability and survival rates 
 [  14,   15  ] . Some centers routinely include hepatic segment 1 
resection because of the proximity of the caudate lobe duct 
to the hilar bifurcation to achieve tumor clearance  [  16,   17  ] . 
Unfortunately, the prognosis of these patients after such 
extensive surgery has not been signi fi cantly improved further 
and this approach increased the 5-year survival rate to less 
than 50 % only in one reported series up to the present time 
 [  18  ] . These unsatisfactory results have been attributed largely 
to the high operative morbidity (40–71.2 %) and mortality 

   Table 19.1    Results of surgical resection for hilar cholangiocarcinoma   

 Authors  Published year  Resections (n)  Resectability (%)  Morbidity (%)  Mortality (%)  5-year survival rate (%) 

 Hadjis et al.  1990  27  NA  NA  7  22 
 Nimura et al.  1990  55  83  41  6  41 a  
 Nakeeb et al.  1996  109  56  47  4  11 
 Su et al.  1996  49  28  47  10  15 
 Klempnauer et al.  1997  151  45  NA  10  28 
 Miyazaki et al.  1998  76  NA  33  13  26 
 Burke et al.  1998  30  43  NA  6  45 
 Neuhaus et al.  1999  80  NA  55  8  22 
 Kosuge et al.  1999  65  73  37  9  33 
 Launois et al.  2000  131  35  NA  19  NA 
 Gerhards et al.  2000  112  NA  65  18  NA 
 Nimura et al.  2000  142  80  49  9  26 b  
 Todoroki et al.  2000  101  89  14  4  28 
 Jarnagin et al.  2001  80  50  64  10  26 
 Kawarada et al.  2002  65  89  28  2.3  26 
 Capussotti et al.  2002  36  NA  47  3  27 
 Kawasaki et al.  2003  79  75  14  1.3  22 
 Seyama et al.  2003  87  94  43  0  40 
 Rea et al.  2004  46  NA  52  9  26 
 Kondo et al.  2004  40  95  48  0  NA 
 IJitsma et al.  2004  42  NA  76  12  19 
 Hemming et al.  2005  53  50  40  9  35 
 Jarnagin et al.  2005  106  70  62  8  NA 
 Dinant et al.  2006  99  NA  62  15  27 
 Ito et al.  2008  38  55  32  0  33 

   NA  indicates data not available 
  a Data from the patients who underwent curative resection 
  b Data from the patients who underwent hepatectomy  
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(6.9–17 %) rates after major liver resection in patients with 
an obstructed biliary system  [  10,   19–  28  ] . Speci fi cally, in 
patients with cirrhotic livers or impaired liver function or 
both, the minimal required amount of functional liver vol-
ume in the remnant liver after liver resection increases. Liver 
failure is one of the main causes of postoperative morbidity 
and it is directly associated with mortality. In the majority of 
cases, the liver remnant consists only of 2–3 segments, pos-
ing a great risk for postoperative small-for-size syndrome 
and liver failure. Although a few authors reported that major 
hepatectomy can be carried out without liver failure or mor-
tality by using preoperative portal vein embolization (PVE) 
together with preoperative biliary drainage (BD), high mor-
tality rates up to 6.9–17 % after major liver resection have 
been reported by most authors, with the main causes of death 
due to insuf fi cient functional liver remnant and liver failure.  

    19.3   Liver Transplantation 

 Because of the limitations of surgical resection, orthotopic 
liver transplantation (OLT) was initially proposed as an opti-
mal solution. Complete hepatectomy followed by transplan-
tation addressed all the problems related to resection margins 
and the underlying liver disease such as primary sclerosing 
cholangitis, a primary risk factor for hilar cholangiocarci-
noma. Unfortunately, the experience with liver transplanta-
tion for hilar cholangiocarcinoma was uniformly 
disappointing, with a high incidence of disease recurrence 
and subsequent mortality. In a recent review, Meyer et al. 
reported the results of liver transplantation for cholangiocar-
cinoma in 207 patients: the 2- and 5-year survival rates were 
48 and 23 %, but >50 % of patients had a recurrence within 
2 years, with a median time from transplantation to recur-
rence of 9 months and a median time between recurrence and 
death of 2 months  [  29  ] . The Spanish liver transplant centers 
reported a similar result of 30 % 5-year survival and a 53 % 
tumor recurrence rate for 36 patients with nondisseminated, 
unresectable hilar cholangiocarcinoma  [  30  ] . Recently, the 
so-called “Mayo protocol” has been developed with the 
intent of treating a highly selected group of patients with 
hilar cholangiocarcinoma with a strict regimen of preopera-
tive staging and neoadjuvant treatment followed by OLT 
 [  31  ] . Patients eligible for OLT under this protocol have 
locally advanced tumors but no pathologic nodal disease. 
Furthermore, the prolonged course of neoadjuvant therapy, 
staging laparotomy, and time on the OLT waiting list provide 
an opportunity to exclude patients demonstrating disease 
progression. This highly rigorous selection bias in favor of 
patients with biologically favorable disease is re fl ected in the 
early outcomes published from the Mayo group. In 38 
patients who received this protocol, a 5-year survival of 82 % 
was reported (as compared with a 5-year survival of 21 % 

after resection, which included patients with nodal disease, 
 P  = 0.022)  [  32  ] . The patients who ultimately underwent OLT 
were generally young (mean age 48 years). Pathologic anal-
ysis of the resected specimens con fi rmed N0 and R0 status in 
all patients. Later outcomes on 65 patients who received this 
protocol showed a 1-year survival of 91 % and a 5 year sur-
vival of 76 % (mean follow-up 32 months)  [  33  ] . Another 
study by Wu et al. used  en bloc  total hepatectomy-pancreati-
coduodenectomy-orthotopic liver transplantation (OLT-
Whipple) to achieve a complete eradication of early-stage 
cholangiocarcinoma (CC) complicating primary sclerosing 
cholangitis (PSC). Between 1988 and 2001, CC was detected 
in 8 of 42 PSC patients who were followed-up according to 
a surveillance protocol, 6 of whom underwent OLT-Whipple. 
Of these 6 patients, 4 had stage I CC, and 2 had stage II CC. 
All 6 OLT-Whipple patients received combined external-
beam and brachytherapy radiotherapy. One patient died 
55 months post-transplant of an unrelated cause, without 
tumor recurrence. The other 5 were well and without recur-
rence at 5.7, 7.0, 8.7, 8.8, and 10.1 years. The authors con-
cluded that, for patients with an early-stage hilar CC 
complicating PSC, broad and lesion-focused radiotherapy 
combined with OLT-Whipple to remove the biliary epithe-
lium  en bloc  offered promising long-term, tumor-free sur-
vival  [  34  ] . However, these data originated from a single 
centre with specialized interest in this disease; the generaliz-
ability of this experience remains untested. Thus, OLT in the 
setting of hilar cholangiocarcinoma is controversial and 
deserves more studies.  

    19.4   Central Lobectomy 

    19.4.1   Anatomic Basis and Rationale 

 A reduction in morbidity and mortality after liver resection is 
the key strategy for improving the results of surgical treat-
ment of hilar cholangiocarcinoma. Central lobectomy is a 
way to resolve this problem. Central lobectomy, a segment-
oriented procedure, preserves more functional liver tissue 
than either extended left or right hepatectomy. More than 
30 years ago, McBride and Wallace described central liver 
resection for a centrally located tumor in a child  [  35  ] . This 
procedure has been referred to by different authors as central 
hepatectomy, central bi-/trisegmentectomy, middle lobec-
tomy and middle hepatic segments resection. With this form 
of resection, later named as mesohepatectomy, the central 
liver segments 4 and/or 5, and 8 ± 1 are removed and the lat-
eral sections remain intact (Fig.  19.1 )  [  36  ] . This technique 
requires access to the right anterior portal pedicle and resects 
the area drained by the middle hepatic vein  [  37  ] . Depending 
on the size of the right and left lateral sections, parenchymal 
loss with central lobectomy can be up to 35 % less than with 
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an extended right/left liver resection. Preserving more func-
tional liver tissue is crucial for preventing postoperative liver 
failure. However, central lobectomy has not been widely 
applied, perhaps partly because of its complexity and partly 
because of the dif fi culties in bile duct reconstruction.   

    19.4.2   Assessment for Resectability 

 The American Joint Committee on Cancer (AJCC) TNM stag-
ing system is most commonly used to stage hilar cholangiocar-
cinoma. However, this system is based on pathologic criteria 
and does not provide information on the potential for resect-
ability. The Bismuth-Corlette classi fi cation strati fi es patients 
based on the extent of biliary involvement by tumor, which has 
been used to predict resectability and to assess the extent of 
resection  [  38  ] . In brief, Type I: tumors below the con fl uence of 
the left and right hepatic ducts; Type II: tumors reaching the 
con fl uence; Type IIIa and IIIb: tumors occluding the common 
hepatic duct and either the right or the left hepatic duct, respec-
tively; and Type IV: tumors involving the con fl uence and both 
the right and left hepatic ducts  [  11  ] . Although it does not incor-
porate radial tumor extension, it provides a useful preoperative 
terminology to describe the extent of hepatic resection that will 
be necessary to encompass the longitudinal intraductal exten-
sion of hilar cholangiocarcinoma.  

    19.4.3   Surgical Principle 

 We determined the extent of liver resection in central lobec-
tomy based on the Bismuth-Corlette classi fi cation of the 
tumor. Segment IVb resection is performed for type I tumors; 
segment IVb/extended IVb combined with segment I resec-
tion for type II tumors; segment IVb/extended IVb plus V/
extended V combined with segment I resection for type IIIa 
and IIIb tumors without invasion of the right or left branches 
of the hepatic artery or portal vein; right/extended right 

 hepatectomy combined with segment I resection for type IIIa 
tumors with invasion of the right branch of the portal vein or 
type IV tumors; and left/extended left hepatectomy com-
bined with segment I resection for type IIIb tumors with 
invasion of the left branch of portal vein. On occasions, the 
extent of liver resection has to be modi fi ed during surgery to 
suit an individual patient. For tumors with invasion of both 
branches of the portal vein or the main portal vein, resection 
is not performed. Routine porta hepatis lymph node dissec-
tion is carried out with skeletonization of the portal vein and 
hepatic artery, and nodal clearance up to the celiac origin and 
around the head of pancreas. Where possible, gross resection 
margins of 1 cm is achieved for intrahepatic ducts.   

    19.5   Operative Procedures 

    19.5.1   Central Lobectomy 

 An incision is made 2 cm below the right costal margin 
extending from the midline to the right  fl ank. A thorough 
exploration followed by intraoperative ultrasonography (IOUS) 
is performed. 

 The extent of resection depends on the extent of tumor in 
the bile duct, and whether the branches of the hepatic artery 
or portal vein are involved as determined before surgery on 
medical imaging and during operation by gross examination 
and IOUS. After porta hepatis lymph node dissection start-
ing from the celiac plexus and the retropancreatic region, and 
with skeletonization of the hepatic artery and portal vein, the 
common bile duct is divided at the upper border of the pan-
creas. The gallbladder is dissected from its bed and the extra-
hepatic biliary tree dissected up to the hepatic hilum. The 
tumor is freed from the vessels if they have not been invaded 
by the tumor. The amount of liver to be resected is deter-
mined and the appropriate feeding vessels are ligated and 
divided. The liver is fully mobilized and the caudate lobe 
dissected from the inferior vena cava for combined segment 

PV
PV

  Fig. 19.1    Mesohepatectomy    
without excision of the caudate 
lobe ( left ) and with excision of the 
caudate lobe ( right ).  PV  portal vein       
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I resection. Under IOUS guidance, the line of liver transec-
tion is marked on the surface of the liver by diathermy 1 cm 
away from the margin of the tumor. The liver parenchyma 
and intrahepatic bile ducts are transected and the specimen is 
removed  en bloc  with the extrahepatic duct and the gallblad-
der. There are usually three to  fi ve divided openings for right 
intrahepatic ducts and two to four divided openings for left 
intrahepatic ducts; the diameter of these openings varied 
from 0.2 to 1 cm (Fig.  19.2 ).   

    19.5.2   Hepaticojejunostomy 

 Hepaticojejunostomy is made in an end-to-end fashion for 
patients who have resection of segment IVb with or without 
segment I, and in an end-to-side fashion in patients who have 
resection of segments IVb, V and I. First, adjacent hepatic 
ducts are sutured together to form a single large duct for 
anastomosis. Mucosal to mucosal anastomosis is then made 
between a Roux-en-Y loop of jejunum and the bile duct 
using continuous 4/0 polypropylene. When it is not possible 
to join the intrahepatic bile ducts because their openings are 
too far away from one another, the jejunum is sutured to the 
adjacent liver around the bile duct openings with intermittent 
3/0 polypropylene U sutures. When the intrahepatic ducts 
are small and thin walled, the seromuscular layer of the pos-
terior wall of the jejunum is anastomosed to the adjacent 
walls of the portal venous branches with continuous 4/0 
polypropylene sutures (Fig.  19.3 ) to ensure stability of the 
anastomosis. The anterior wall of the anastomosis is made 
between the jejunum and the liver adjacent to the bile duct 
openings with intermittent U sutures (Fig.  19.4 ).   

 Transhepatic tubes are not used. A drainage tube is placed 
inside the Roux-en-Y jejunal loop next to the hepatojejunal 
anastomosis to monitor postoperative bile secretion and to 
reduce pressure within the loop, thus helping the anastomo-
sis to heal. The tube is brought out from the loop 10 cm away 
from the anastomosis. Abdominal drainage tubes are placed 
on either side of the hepatojejunal anastomosis, and brought 
to the outside through separate stab incisions in the abdomi-
nal wall.   

    19.6   Feasibility and Safety of Central 
Lobectomy 

 Mehrabi et al.  [  36  ]  reviewed and analyzed all reported cases 
of mesohepatectomy found in the PubMed database between 
1972 and April 2008. There were no restrictions on the num-
ber of reported patients, although some articles reported on a 
mixed population of patients who underwent different types 
of resection. The data of 859 patients (including 48 patients 
reported by the authors) were analyzed. In 658 patients with 
available data, the three most common indications for meso-
hepatectomy were HCC (82.7 %, n = 544), liver metastasis 
(11.1 %, n = 73), and hilar cholangiocarcinoma(3.4 %, 
n = 22). The recorded data of 636 patients showed 27.8 % 
(n = 177) had complications after mesohepatectomy. The 
majority of these complications were pleural effusion or 
pneumonia (12.6 %, n = 80), ascites (4.1 %, n = 26), bilioma 
or bile leakage (3.5 %, n = 22), wound infection (1.1 %, 
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  Fig. 19.2    Intrahepatic ductal openings on the remnant liver.  1–8  
Stumps of bile duct,  PV  portal vein,  HA  hepatic artery       

Posterior wall of jejunum
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  Fig. 19.3    Operative diagram showing anastomosis involving the pos-
terior wall of jejunum: a continuous 4/0 polypropylene suture was used 
to sew the seromuscular layer of the posterior wall of jejunum to the 
wall of the right and left branches of the portal vein.  PV  portal vein, 
 R  right branch of portal vein,  L  left branch of portal vein       
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n = 7), intraabdominal/subphrenic abscess (1.1 %, n = 7), 
temporary renal insuf fi ciency (0.6 %, n = 4), and hemor-
rhage/hematoma (0.6 %, n = 4). Interestingly, the mortality 
rate after mesohepatectomy for 756 patients was 1.6 %(n = 12) 
(range 0–6 %), and this was mainly due to liver failure (42 %, 
5 of 12)  [  36  ] . We previously reported on 256 patients who 
received mesohepatectomy for hepatocellular carcinoma. 
The in-hospital mortality rate was 0.4 % and the postopera-
tive morbidity rate was 28.1 %  [  39  ] . In another report by us 
on mesohepatectomy on 93 patients with hilar cholangiocar-
cinoma, the morbidity and mortality were 22 and 0 %, 
respectively  [  40  ] , which were lower than most published 
reports on extended hepatectomy  [  5  ] .  

    19.7   Outcomes of Central Lobectomy 
for Hilar Cholangiocarcinoma 

 Between January 2000 and December 2007, 138 (73.8 %) of 
187 patients with hilar cholangiocarcinoma who underwent 
surgical exploration at our centre (the Hepatic Surgery 
Centre, Tongji Hospital, Wuhan, China) had their tumors 

resected with an curative intent. There were 86 men and 52 
women. The median age was 54 (range 26–72) years. These 
patients were evaluated before surgery with a baseline his-
tory, physical and biochemical examinations. Imaging 
included ultrasonography, computed tomography (CT) or 
magnetic resonance cholangiopancreatography, cholangiog-
raphy through the percutaneous transhepatic or the endo-
scopic retrograde approach. Preoperative biliary drainage 
was performed only when jaundice had lasted for more than 
4 weeks and the total bilirubin level was 200  m mol/L or 
higher. Preoperative portal vein embolization was not carried 
out. The criteria for resectability were absence of peritoneal 
or liver metastasis, tumor extension beyond the secondary 
biliary branches bilaterally, or extension to the secondary 
portal venous branches bilaterally. 

 With preoperative imaging and intraoperative  fi ndings 
(including IOUS), the Bismuth–Corlette classi fi cation of the 
138 patients with hilar cholangiocarcinoma was: type I in 11 
patients (8.0 %), type II in 34 patients (24.6 %), type IIIa in 43 
patients (31.2 %), type IIIb in 35 patients (25.4 %) and type 
IV in 15 patients (10.9 %). Of the 45 patients who had a major 
hepatectomy, preoperative biliary drainage was    performed in 

a b
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  Fig. 19.4    ( a ) Start of the anterior anastomosis: the anterior edge of the jejunal opening was sutured to the edge of the liver adjacent to the bile 
duct opening. ( b ) Anterior anastomosis almost completed.  PV  portal vein       
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11 patients who had jaundice for more than 4 weeks (range 
4–7 weeks) and a total bilirubin level of 200  m mol/L or greater 
(range 200–410  m mol/L). Preoperative biliary drainage was 
not performed in 34 patients with jaundice for less than 
4 weeks (range 4 days to 3 weeks); in  fi ve of these patients the 
total bilirubin level was more than 200  m mol/L (range 210–
270  m mol/L). Preoperative biliary drainage was not performed 
in patients undergoing minor hepatectomy. No patient had 
preoperative portal vein embolization. 

 Segment IVb/extended IV resection was carried out in 24 
patients with Bismuth–Corlette type I and II tumors that did 
not involve the cranioposterior wall of the hepatic duct bifur-
cation and the ducts to segment I. Segment IVb/extended 
IVb + I resection was performed in 30 patients with type II, 
IIIa and IIIb tumors with caudate lobe invasion but without 
vascular invasion. Segment IVb/extended IVb + V/extended 
V + I resection was carried out in 39 patients with type IIIa 
and IIIb tumors that had not invaded the right or left branches 
of the hepatic artery or portal vein. Right/extended right 
hepatectomy was performed in 19 patients with type IIIa 
tumors that had invaded the right branch of the hepatic artery 
or portal vein, or with type IV tumors. Left/extended left 
hepatectomy was undertaken in 26 patients with type IIIb 
tumors that had invaded the left branch of the hepatic artery 
or portal vein (Table  19.2 ). All left or right hepatectomies/
extended hepatectomies were combined with caudate lobec-
tomy, because caudate lobe involvement by tumor was com-
mon. Operating time ranged from 166 to 322 (median 195) 
minutes. Blood loss ranged from 100 to 1,260 (median 470) 
ml. Twenty-three patients received blood transfusion [median 
2 (range 1–4) units].  

 Portal venous invasion was detected macroscopically in 
45 patients (32.6 %) during surgery, and documented micro-
scopically in a further 15 patients (10.9 %) after surgery. 
Hepatic arterial invasion was detected histopathologically in 
nine patients (6.5 %). The vascular involvement was ipsilat-
eral to the side of the resected liver in all cases. Bile duct 
resection margins were negative in 123 patients (89.1 %) and 

positive in 15 (10.9 %). All patients with caudate lobe resec-
tion had negative resection margins, although extension of 
the tumor into the ducts of the caudate lobe was documented 
histopathologically in 37 (34.9 %) of 106 patients who had 
combined caudate lobectomy. 

 During follow-up, tumor recurrence was detected in 76 
(55.1 %) of 138 patients, at a median of 2.4 years. The lon-
gest interval to recurrence was 5.8 years. The relationship 
between tumor recurrence and surgery in patients with 
Bismuth–Corlette type IIIa and IIIb tumors is shown in 
Table  19.3 . The liver remnant was the most common site of 
recurrence (23 patients, 33.8 %), followed by the retroperi-
toneum (17 patients, 25 %), the biliary tract (14 patients, 
21 %), the peritoneum (11 patients, 16 %) and other sites (3 
patients, 4 %). Some patients had more than one site of 
recurrence. Intrahepatic recurrence was usually adjacent to 
the liver transection plane. The rate of distant metastasis 
with or without local recurrence was found in 47 patients 
(69 %). An aggressive treatment was offered to the patients 
with recurrence, if possible, which included radiofrequency 
ablation in 22, microwave tissue coagulation in 14 and ste-
reotactic radiotherapy in 11 patients. No patient with tumor 
recurrence was considered suitable for repeat resection with 
intent for cure. Systemic chemotherapy was not offered to 
any patient.  

 The median overall survival was 3.2 years for patients 
 having a minor resection and 2.5 years for those having a 
major resection ( P  = 0.11). Actuarial 1-, 3- and 5-year survival 
rates were 87, 54 and 34 % respectively for minor resection 
and 80, 42 and 27 % for major resection, with no signi fi cant 
difference between the groups ( P  = 0.300) . On univariable 

   Table 19.2    Extent of liver resection according to Bismuth–Corlette classi fi cation in 138 patients   

 Extent of liver resection  No. of patients 
 Bismuth–Corlette classi fi cation 

 Type I (n = 11)  Type II (n = 34)  Type IIIa (n = 43)  Type IIIb (n = 35)  Type IV (n = 15) 

 Segment IVb/extended 
IVb resection 

 24  11  13 

 Segment IVb/extended 
IVb + I resection 

 30  21  7  2 

 Segment IVb/extended 
IVb + V/extended V + 
Iresection 

 39  32  7 

 Right/extended right 
hepatectomy a  

 19  4  15 

 Left/extended left 
hepatectomy a  

 26  26 

   a All left or right hepatectomies combined with segment I resection  

   Table 19.3    Relationship between recurrence and extent of hepatec-
tomy in patients with Bismuth–Corlette type IIIa and IIIb tumors   

 Extent of 
hepatectomy  No. of patients  IIIa/ IIIb 

 Tumor 
recurrence (%) 

 Minor resection  48  39/9  24 (50 %) 
 Major resection  30  4/26  16 (53 %) 
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analysis, prognostic factors that impacted signi fi cantly on 
long-term survival were portal vein resection, nodal involve-
ment, vascular invasion, International Union against Cancer 
(UICC) tumor stage, blood transfusion and histopathological 
grade. On multivariable analysis, signi fi cant factors were 
UICC tumor stage and histopathological grade (Table  19.4 ).  

 Sotiropoulos et al. reported using partial or complete meso-
hepatectomy combined with resection of the hilar bifurcation 
to treat three cases of Klatskin tumors  [  41  ] . Two men and one 
woman with a median age of 62 years underwent resection of 
the hilar bifurcation, cholecystectomy, and lymphadenectomy 
of the liver hilum for clinically diagnosed Bismuth-Corlette 
type IV Klatskin adenocarcinoma. The  fi rst case entailed com-
plete mesohepatectomy plus caudate lobectomy. Biliary 
reconstruction comprised 6 hepaticojejunostomies (4 right 
and 2 left ducts) into a single jejunal Roux-en-Y loop. The 
second case required resection of the quadrate lobe. To re-
establish biliary drainage, 4 bile ducts on the right side and 5 
bile ducts on the left side were reconstructed into a right and a 
left common opening, respectively. Subsequently, each com-
mon opening, as well as the caudate lobe duct, was anastomo-
sed onto a single Roux-en-Y jejunal loop. The third case 
required resection of segment 4a. Biliary reconstruction was 
achieved with 5 hepaticojejunostomies (3 right and 2 left 
ducts) onto a single jejunal Roux-en-Y loop. All tumors were 
moderately differentiated. Histological evaluation of the hilar 
bifurcation showed Bismuth-Corlette type IV Klatskin carci-
nomas in the  fi rst two cases and type IIIB carcinoma in the 
third case. There was no lymphatic or hematogenous carcino-
matosis, and all resection margins were negative for malig-
nancy (R0 resections). Despite the complexity of the procedures 
undertaken, all three patients had uneventful post-operative 
courses. The  fi rst patient required reintervention 4 months 
after the primary surgery to resect a local recurrence on the cut 
surface of segment 5. No reconstruction of the hepaticoje-
junostomies was needed. He was alive and well at the time of 
the reporting, with no  evidence of tumor recurrence, 87 months 
after the initial  surgery. The second patient was also alive and 
tumor free 54 months after surgery. The third patient was diag-
nosed with tumor recurrence 4 months after the resection and 
died 8 months later (12 months after surgery). 

 Miyazaki et al. reported 93 patients with hilar cholangio-
carcinoma who underwent surgical treatment (Table  19.5 ) 
 [  42  ] . The patients were strati fi ed into three groups: 
the extended hepatectomy (EXH) group (n = 66), the 

 parenchyma-preserving hepatectomy (PPH) group (n = 14), 
and the local resection (LR) group (n = 13). The EXH group 
had more extensive hepatectomy than hemihepatectomy, the 
PPH group had hepatectomy less extensive than hemihepate-
ctomy, and the LR group had extrahepatic bile duct resection 
without hepatic resection. Surgical curability of the PPH and 
EXH groups was better than the LR group. Fifty-four percent 
of patients in the LR group showed positive surgical margins 
at the hepatic stump of the bile duct, compared with 7 % in 
the PPH group and 20 % in the EXH group ( P  < 0.01 for each 
comparison). Surgical morbidity was higher in the EXH 
group (48 %) than in the LR group (8 %) and the PPH group 
(14 %) ( P  < 0.01 and  P  < 0.05, respectively). Postoperative 
hyperbilirubinemia occurred more frequently in the EXH 
group (29 %) than the LR and PPH groups (0 and 0, respec-
tively,  P  < 0.05 for each comparison). Survival rates after 
resection were signi fi cantly higher in patients who under-
went hepatectomy, including PPH and EXH, than patients 
who underwent LR, 29 % versus 8 % at 5 years, respectively 
( P  < 0.05). However, no signi fi cant difference in survival was 
found between the PPH and EXH groups. The authors con-
cluded that curative resection is possible with PPH which 
improved the outcomes for patients with hilar cholangiocar-
cinoma localized at the hepatic duct con fl uence if vascular 
resection was not required. PPH provided bene fi ts to highly 
selected patients chosen because of the local extent of the 
disease or because of liver dysfunction.   

    19.8   Further Comments 

    19.8.1   Local Resection Alone for Bismuth 
Type I and II Tumors? 

 Bismuth type I and II hilar cholangiocarcinomas appear less 
advanced on cholangiography and are easier to resect than 
Bismuth type III and IV tumors. As a consequence, many 
surgeons have chosen local or hilar resection (resection of 
the extrahepatic suprapancreatic biliary tract) as the treat-
ment of choice for Bismuth type I and II tumors. Patients 
who receive such a limited resection frequently suffer from 

   Table 19.4    Cox regression analysis of overall survival in 138 patients 
with hilar cholangiocarcinoma   

 Variables 
 Relative risk (95 % 
con fi dence interval)  P value 

 UICC stage  2.43 (0.29, 5.70)  0.001 
 Histopathological grade  2.50 (0.34, 4.79)  0.003 

   UICC  International Union Against Cancer  

   Table 19.5    Comparison of outcomes between the extended hepatec-
tomy (EXH) group and the parenchyma-preserving hepatectomy (PPH) 
group   

 Extent of hepatectomy 
 PPH 
(n = 14) (%) 

 EXH 
(n = 66) (%)  P value 

 R0 resection rate  93  71  >0.05 
 5-year survival rate  36  27  >0.05 
 Morbidity  14  48  <0.05 
 Hyperbilirubinemia rate  0  29  <0.05 
 Mortality  7  12  >0.05 

  Data were extracted from reference Miyazaki et al.  [  42  ]      
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locoregional recurrence even after a R0 resection, and the 
prognosis is unexpectedly poor  [  9,   14,   43  ] . Neuhaus et al. 
reported on a dismal outcome after hilar resection in 14 
patients with Bismuth type I or II tumors. R0 resection was 
achieved in only six (42.9 %) patients, and all patients died 
of recurrence within 5 years  [  14  ] . Kondo also reported on a 
poor prognosis after limited resection. In their series, includ-
ing 19 patients with Bismuth type I and II tumors, 15 (78.9 %) 
patients underwent limited resection (bile duct resection in 9, 
isolated caudate lobectomy in 5, and left hepatectomy in 1). 
Although R0 resection was achieved in most patients, the 
3-year survival rate was approximately 15 % and only one 
patient survived >3 years  [  43  ] . Capussotti et al. analyzed the 
results of surgery for Bismuth type I and II tumors and found 
the long-term outcome was markedly worse in the subset of 
patients who underwent bile duct resection; none survived 
more than 2 years  [  44  ] . These previous reports indicate that 
local or hilar resection alone is inadequate for Bismuth type 
I and II tumors.  

    19.8.2   Major Hepatectomy for Bismuth 
Type I and II Tumors? 

 Over the past 20 years, there has been an increase in the use 
of hepatic resection in patients with hilar cholangiocarci-
noma. Major hepatic resection addresses both the problems 
of direct hepatic invasion and intraductal extension of hilar 
cholangiocarcinoma to achieve negative radial and longitu-
dinal resection margins. Incorporation of major hepatic 
resection as a fundamental surgical strategy for this disease 
has increased the proportion of R0 resections, improved 
recurrence-free survival outcomes, and decreased the preva-
lence of hepatic recurrences. There are some authors who 
recommend right hepatectomy for all Bismuth type I and II 
tumors. Kawasaki et al. have stressed the importance of per-
forming right hepatectomy with caudate lobectomy in all 
patients with Bismuth type I, II, IIIa, and IV tumors, and 
recommended left hepatectomy only in patients with 
Bismuth type IIIb. They believed that right hepatectomy 
offers the best chance of cure in Bismuth type I, II, and IV 
tumors in which the right and left hepatic ducts are involved 
to a similar extent. Although detailed data were not pre-
sented in their report, the mean survival for 17 patients with 
Bismuth type I and II tumors was reported to be 33.7 months 
 [  16  ] . Seyama et al. also reported on a better prognosis in 
patients with Bismuth type I and II tumors, who underwent 
right hepatectomy with caudate lobectomy. In their series, 
the mean survival for 9 patients with Bismuth type I tumor 
was 42 months and that for 8 patients with Bismuth type II 
tumor was 51 months  [  45  ] . However, it is still uncertain 
whether or not major hepatic resection can improve sur-
vival for patients with Bismuth and Corlette type I or II hilar 

 cholangiocarcinoma. Ikeyama et al. retrospectively evalu-
ated surgical outcome of 54 patients with Bismuth and 
Corlette type I and II hilar cholangiocarcinoma, and demon-
strated survival bene fi t from right hepatectomy with caudate 
lobectomy for nodular and sclerosing tumors, but not for 
papillary tumors  [  46  ] . Others have reported no signi fi cant 
difference in survival between hepatectomy and bile duct 
resection alone for Bismuth and Corlette type I and II 
tumors. Besides, major hepatic resection in patients with 
obstructive jaundice results in high surgical morbidity and 
mortality  [  47  ] . Postoperative hepatic failure and its associ-
ated mortality have been associated with the extent of liver 
resection  [  5  ] . In patients with cirrhotic livers or impaired 
liver function, or both, the minimal required amount of 
functional liver volume increases. Improving perioperative 
management of patients with hilar cholangiocarcinoma after 
extended liver resection does not substantially decrease 
morbidity and mortality rates associated with this technique. 
High mortality rates have been reported, with the main cause 
being liver failure due to insuf fi cient functional liver paren-
chyma left after liver resection. In the large series reported 
by Klempnauer et al., an aggressive approach resulted in an 
operative mortality rate of 17 %  [  48  ] . In the study by Nishio 
and co-workers, the operative mortality rate for left trisec-
tionectomy was 23 %  [  24  ] . 

 To reduce the perioperative risk of major liver resec-
tion for hilar cholangiocarcinoma, two approaches have 
been proposed. The  fi rst is preoperative biliary drainage 
of the future hepatic remnant. Reports from the West have 
shown that preoperative biliary drainage does not reduce 
perioperative risk, but increases hospital costs as a result 
of septic complications related to the drainage  [  49,   50  ] . 
The second approach is preoperative portal vein embo-
lization (PVE) of the hepatic segments that are to be 
resected. Recent reports suggested bene fi t, but the reduc-
tion in postoperative liver failure rate was only 2 % after 
resection of hilar cholangiocarcinoma  [  16,   23  ] . For 
patients with hilar cholangiocarcinoma, the indications 
for PVE remain controversial.  

    19.8.3   Central Lobectomy for Bismuth–Corlette 
Type I, II and III Tumors Without Vascular 
Invasion? 

 Hepatic resection, limited as much as possible to what is nec-
essary for curative resection, might result in fewer postopera-
tive complications, including liver failure, in patients with 
hilar cholangiocarcinoma. Nimura et al. have also advocated 
limited hepatic resection according to the tumor extent  [  42  ] . 
Our strategy to reduce perioperative mortality is the use of 
central lobectomy in selected patients with hilar cholangio-
carcinoma, so that a suf fi cient hepatic mass is preserved. 
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As the hilar bifurcation of the bile ducts is near to liver seg-
ments 4, 5 and 1, adequate liver resection of these segments 
together with the bile ducts can result in cure. Under intraop-
erative ultrasonographic guidance, the aim is to resect the 
liver parenchyma and the bile duct 1 cm away from the tumor. 
The negative surgical resection margin rate in our hands was 
89.1 %, and no serious complications with this operation 
were encountered. Although there are many arguments for or 
against central lobectomy for hilar cholangiocarcinoma, our 
results of 0 mortality, 29.7 % morbidity and 34 % 5-year sur-
vival rate are encouraging, and better than the results of other 
authors. For hilar cholangiocarcinoma that involves the right 
or left hepatic artery or portal vein, or for Bismuth–Corlette 
type IV tumors, the only surgical option is to perform a right/
extended right or left/extended left hepatectomy. 

 A negative bile duct resection margin is an important fac-
tor, but it is not the only factor that in fl uences prognosis after 
surgery. Although not all patients with clear surgical resec-
tion margins have good prognosis, some of the reported 
long-term survivors are patients with positive resection mar-
gins. Maeno et al. found a 5-year survival rate of 20 % in 
patients with positive bile duct resection margins (a  fi nding 
similar to our results of 23 % with R1 resection  [  40  ] ), and 
37 % in patients with clear surgical margins  [  51  ] . Kondo 
et al. reported a 3-year overall survival rate in 40 consecutive 
patients with hilar cholangiocarcinoma with clear resection 
margins of only 40 %  [  43  ] . Hasegawa and co-workers 
reported that 60 % of patients with hilar cholangiocarcinoma 
who had an R0 resection developed tumor metastasis  [  49  ] . 
The 3-year survival rate following liver transplantation for 
hilar cholangiocarcinoma was 35 %  [  26  ] . All of these  fi ndings 
suggest that there are many factors in fl uencing the outcomes 
of surgical treatment for hilar cholangiocarcinoma  [  40,   52  ] . 
Increasing the extent of liver resection is not necessary. If the 
tumor can be resected completely, minor liver resection is 
better in patients with hilar cholangiocarcinoma. 

 Radical resection of hilar cholangiocarcinoma results in 
higher morbidity rates (40–71 %) compared with resection 
of other hepatic tumors; the most common complication is 
bile leakage, which occurs in about 10 % of patients (range 
4–61.9 %)  [  10,   17,   20,   23,   30,   48,   49,   53  ] . For this reason, 
biliary tract reconstruction is the key step in this operation. 
In minor liver resection for hilar cholangiocarcinoma, the 
liver has to be transected in two or three planes, leaving 
behind many intrahepatic bile ductal openings (usually 
between  fi ve and nine). Conventionally, each bile duct open-
ing is anastomosed to the jejunum  [  54,   55  ] , making the 
reconstruction very dif fi cult, which is the main disadvantage 
of this procedure. Using our technique of hepatojejunal anas-
tomosis, the bile leak rate was only 1.4 %. 

 In conclusion, central lobectomy can be used with good 
results in selected patients with Bismuth–Corlette type I, II 
and III tumors without vascular invasion. For type III tumors 

with vascular invasion and selected type IV lesions, major 
hepatectomy must be performed.       
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    20.1   Preoperative Considerations 

    20.1.1   Rational for Extended Hepatectomies 

 The major goal of oncological surgery is to achieve negative 
resection margins. Extended hepatectomies are the most rad-
ical procedures for resection of hilar cholangiocarcinoma. 
Due to the longitudinal (bile duct) and vertical (adjacent 
structures) tumor invasion of hilar cholangiocarcinoma, it is 
essential to reach tumor free margins at the biliary tree and to 
resect the liver parenchyma adjacent to the hepatic hilum  en 
bloc  with the hilar plate. Both is achievable only by extended 
hemihepatectomies  en bloc  with extrahepatic bile duct 
 resection—if required in combination with pancreatoduo-
denectomy. Additionally, the growth pattern of hilar cholan-
giocarcinoma is in the vast majority of cases periductal 
in fi ltrating and only very rarely nodular or papillary. This 
in fi ltrating growth pattern makes curative tumor resection 
dif fi cult and requires appropriate safety margins. Moreover, 
microscopic in fi ltration of perineural sheaths hinders a clear 
intraoperative identi fi cation of tumor boundaries. This 
requires a radical surgical strategy with a safety margin as 
wide as possible. For the reasons that safety margins are nat-
urally small in hilar cholangiocarcinoma, all efforts have to 
be undertaken to increase the resection margin. Therefore 
extended hepatectomies have evolved as the standard of 
curative treatment in hilar cholangiocarcinoma—provided 
that liver function is adequate. Accordingly the rate of simul-
taneous major liver resection in most recently published 
series is 90 % or higher, especially in patients operated within 
the last 5–10 years  [  1–  22  ]  (Table  20.1 ).  

 Even after a formal curative resection, loco-regional 
recurrence remains frequent and represents the most 

 common site of recurrent disease. However, correct patho-
logical diagnosis of R0 resection is extremely demanding. 
In analogy to pancreatic cancer, this is particularly due to 
dif fi culties in the pathological classi fi cation of an “R1” 
resection also in proximal bile duct cancers due to the com-
plex three dimensional margin of the surgical specimen 
 [  23  ] . The result is a signi fi cant number of “occult” R1 resec-
tions. Anatomically, particularly in Corlett-Bismuth Type 
III or IV tumors occult or obvious R1 resection is most pre-
carious at the following locations:
    (a)     the intrahepatic bile duct margin(s)—in case of proce-

dures less than hemihepatectomies there is a doubled 
risk at the intrahepatic bile duct margin on both sides.  

    (b)     the dorsal margin of the proximal common hepatic duct, 
where the right hepatic artery regularly traverses.  

    (c)     the dorsal margin of the biliary con fl uence, which is situ-
ated ventrally to the portal vein bifurcation.     

 To limit the risk of incomplete tumor resection, it is essen-
tial to avoid these critical steps of surgical preparation if pos-
sible. For example during extended right hemihepatectomy 
with  en bloc  resection of the portal vein bifurcation, only one 
of these critical steps [the dissection of the proximal bile 
duct (a)] has to be performed. In contrast, during left hepate-
ctomies, three critical steps are necessary (a–c), since the 
right hepatic artery and the right portal vein have to be dis-
sected dorsal to the bile duct (Fig.  20.1 ). Procedures, where 
parts of both hepatic lobes are preserved bear the maximum 
risk for R1 resection, e.g. extrahepatic bile duct resection or 
central hepatectomies, since there is a risk of tumor dissemi-
nation or incomplete resection at the intrahepatic bile duct 
margin of both lobes—therefore these procedures are in our 
own practice only considered as “palliative” procedure for 
cases of severely impaired liver function. It is also accepted 
in most specialized centers, that hilar cholangiocarcinomas 
cannot be radically resected by local excision: this so-called 
“hilar resection” or extrahepatic bile duct resection is consid-
ered to be a palliative procedure for the reasons mentioned 
above. It has been shown to be associated with a recurrence 
rate of 80–100 % by several authors.  

      Extended Resections       
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 If a hemihepatectomy is performed for hilar cholangio-
carcinoma this means in most cases not an anatomical 
hemihepatectomy, because removal of the liver parenchyma 
adjacent to the hepatic hilum en bloc with the hilar plate is 
essential. Therefore, central parts of the segments 4, 5 and 
8 respectively have to be resected in left hemihepatecto-
mies as well as in right hemihepatectomies due to their 
close relation to the hilar plate and the biliary con fl uence. 
In addition, en bloc resection of the caudate lobe is manda-
tory in all forms of hepatectomies for hilar cholangiocarci-
noma, because in fi ltration of the segment 1 bile ducts, 
which are joining the left hepatic duct close to the biliary 
con fl uence, is regularly seen. Therefore all hemihepatecto-
mies for central bile duct cancers are more or less extended 
hemihepatectomies.  

    20.1.2   Consideration of the Surgical Procedure: 
Right vs. Left Hepatectomy 

 Bilateral surgical exploration of the hepatoduodenal liga-
ment to determine the type of liver resection increases the 
risk of tumor cell dissemination and therefore opposes the 

oncological principle of a no touch technique. Thus, to 
achieve good oncological results it is recommendable to 
determine the general type of surgical procedure (i.e. right 
hepatectomy vs. left hepatectomy) early in the diagnostic 
workup for several reasons, which are outlined in the 
following. 

 The application of a speci fi c operative procedure is 
based on tumor extension and the functional hepatic reserve. 
The ideal basis for initial evaluation is a MRCP. In our own 
practice an MRI including MRCP is performed before ERC 
or PTCD and decompression of cholestasis  [  24  ] . Local 
tumor extension, potential vascular involvement and the 
exact volume of both liver lobes are adequately shown by 
MRI and MRCP without any risk of cholangitis. In addi-
tion, biliary tumor extensions in both lobes are better 
demarcated with dilated bile ducts. This information is 
suf fi cient for a preliminary decision, if a right sided or a left 
sided hepatectomy is the adequate procedure in an individ-
ual case. However in some cases decision making might be 
demanding. 

 If permitted by local tumor extension and volume of the 
future liver remnant, a right sided hepatectomy is our pre-
ferred procedure, because of its higher oncological radicality 

   Table 20.1    Single    center experiences of hilar cholangiocarcinoma published between 2005 and 2010: overview on surgical procedures, radicality 
and postoperative complications   

 Author  Center  Period 
 Number 
resected 

 Hepatectomies 
(HE) (%) 

 Right 
HE (%) 

 Left 
HE (%) 

 Hilar 
resection 
(%) 

 R0 
resection 
(%) 

 Mortality 
(%) 

 Morbidity 
(%)] 

 Mans fi eld  Newcastle  1995–2003  18   100    61    33   0  72  17  50 
 Hemming  Gainsville, Fl  1997–2004  53   98    68    30   2  80  9  40 
 Lai  Hong Kong  1998–2002  26   85    50    35   15  73  8  42 
 Silva  Birmingham  1992–2003  45   69    33    36   31  51  9  42 
 Sano  Tokyo  2000–2004  102   100    50    48   0  61  0  50 
 Cheng  Shanghai  1997–2002  75   77    33    44   23  1  13 
 Witzigmann  Leipzig  1994–2004  59   88    63    25   12  70  12  52 
 Baton  Paris  1984–2003  59   98    32    66   0  46  5  42 
 Hasegawa  Kyoto  1990–2003  49   90    47    43   8  78  2  47 
 Otani  Miyazaki  1990–2005  27   70    37    33   30  74  0  37 
 Ito  Madison, Wi  1985–2006  38   53    29    24   47  63  3  26 
 Yubin  Guangzhou  1990–2004  115  20 
 Konstadoulakis  New York a   1988–2006  59   86    34    49   14  69  7  25 
 Murakami  Hiroshima  1990–2007  42   86    43    42   10  74  7  52 
 Lee  Seoul  2001–2008  302   89    54    31   11  71  2  43 
 Miyazaki  Chiba  2001–2008  107   91    36    45   9  59  2 
 Rocha  New York b   2001–2008  60   95   5  80  5  35 
 Unno  Sendai  2001–2008  125   100    59    41   0  63  8  49 
 Young  Leeds  2001–2008  51   92    45    47   8  57  8  75 
 Hirano  Sapporo  2001–2008  146   88    53    33   12  88  3  44 
 Igami  Nagoya  2001–2008  298   98    37    57   2  74  2  43 
 van Gulik  Amsterdam  1998–2003  29   72    38    35   28  59  10  68 

  See Refs.  [  1–  22  ]  
 In case of more than one publication the most recent is included 
 Bold values show the effect of the percentage of right and left hepatic resections on the radicality and postoperative morbidity/mortality 
  a Mount Sinai 
  b Memorial Sloan Kettering Cancer Center  
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based on a higher likelihood of an adequate safety margin. 
As described above, the right hepatic artery and the right 
portal vein have not to be separated from the bile duct and 
thereby the danger of tumor cell dissemination is avoided at 
these locations. Also the anatomy of the biliary tract favours 
achievement of a R0 resection in right hemihepatectomies, 
since the biliary con fl uence is located on the right side of the 
hepatoduodenal ligament. The right hepatic duct is normally 
short (<1 cm) or even absent. In contrast, the left hepatic duct 
has a relatively long and straight course between 2 and 5 cm 
until it traverses the left portal vein within the umbilical 
 fi ssure and rami fi es to the segments 2 and 3 branches. 
Branches to segment 4 which eventually join the left duct 
before the umbilical  fi ssure can be resected by right trisec-
tionectomy, if required. Thus, tumors invading the right sec-
toral ducts and the segmental ducts to segment 4—by 
de fi nition type IV tumors—are still potentially resectable by 
right trisectionectomy. 

 In contrast, left hemihepatectomy or left trisectionectomy 
enables only a small safety margin within the biliary tree, 
since the sectoral and segmental bile ducts converge within 
the hilar region (Fig.  20.2 ). Thus, using left trisectionecto-
mies rather than left hemihepatectomy, only a small addi-
tional safety margin can be gained by shifting the resectional 
plan further to the right (Fig.  20.2 ). Curative resection with an 
adequate safety margin is therefore more likely during right 
hepatectomies and these are accordingly associated with an 

increased rate of R0 resections compared to left hepatecomies 
(71 % vs. 33 %  [  25  ] ). Also Miyazaki et al. reported a 50 % 
rate of R0 resection after left hepatectomy compared to 74 % 
after right hepatectomy  [  16  ] . The rate of R0 resections is not 
given seperately for right and left hemihepatectomies in most 
publications, however a positive  correlation between the rate 

*
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  Fig. 20.1    ( a ) CT scan with representation of the close relation of a 
hilar cholangiocarcinoma (*) to the right hepatic artery ( RHA ) and the 
portal vein bifurcation ( PV-bi );  St  biliary stent,  LHA  left hepatic artery, 
 B5/8  anterior sectoral duct to segments 5 and 8,  B 6/7  posterior sectoral 
duct to segments 6 and 7. ( b ) Schematic representation of the 

 parenchymal dissection line during extended right hemihepatectomy 
for hilar cholangiocarcinoma ( solid line ) and right trisectionectomy 
( dotted line ). The  curved arrow  represents the critical region, where the 
safety margin is markedly smaller during extended right hemihepatec-
tomy compared to right trisectionectomy       

RHV

p

a

  Fig. 20.2    CT scan showing the parenchymal dissection line during left 
hemihepatectomy ( solid line ) and during left trisectionectomy ( dotted 
line ) for hilar cholangiocarcinoma. The  double-arrow  (↔) is pointing 
to the narrowing gain of safety margin in the central region ( a  anterior 
sectoral duct,  p  posterior sectoral duct,  RHV  right hepatic vein)       
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of right hepatectomies and the rate of R0 resections is 
observed (Table  20.1 ). Nevertheless, there is no clear trend 
towards right hepatectomies in all centers, and good results 
are achievable by left hepatectomy as well.  

 In about one third of cases the left hepatic lobe is severely 
atrophic (Fig.  20.3 ) due to long-standing cholestasis and/or 
occlusion of the left portal branch, making right or extended 
right hemihepatectomy impossible. Also a severely impaired 
liver function might contraindicate extensive procedures like 
extended right hepatectomies. For these cases left hepatec-
tomy is the alternative which is—adaequate experience pro-
vided—still associated with a high curative resection rate 
and good long term results (Table  20.1 ).  

 Apart from the oncological aspect with avoidance of 
bilateral hilar preparation, the additional reason, to decide 
for the type of hepatectomy early before surgery is the neces-
sity of an optimal conditioning of the future liver remnant. 
This is a prerequisite for good postoperative results and a 
low rate of liver failure. It includes reversal of cholestasis 
and treatment of cholangitis. In addition, prior to extended 
right hepatectomies preoperative embolization of the right 
lobe is often advisable to lower the risk of postoperative liver 
failure. Since most of these issues are already described in 
earlier chapters, only some aspects, which are relevant for 
the choice of surgical procedure during extended resections 
are cursorily given in this chapter. 

 Extended right hemihepatectomy or right trisectionec-
tomy in hilar cholangiocarcinoma patients is one of the most 
extensive resections because of the massive loss of functional 
liver volume. This results in a relatively small future liver 
remnant. Portal vein embolization is performed in almost 
all of these cases prior to surgery in the authors’ own prac-
tice, although it might not be absolutely necessary in patients 
with a future liver remnant >40 %. However, the routine 
use of portal vein embolisation for patients with hilar 
 cholangiocarcinoma even in patients with a future liver 

 remnant of 50 % or less has recently been described with 
excellent postoperative results and a 0 in hospital mortality 
 [  5  ] . Despite all individual protocols for usage or omission of 
portal vein embolization, none of these is substantiated by 
prospective randomized trials. From a practical point of view, 
many patients do have to wait for surgery 1–3 weeks until 
relief of cholestasis and (almost) normalization of bilirubin 
values anyway. In our own practice, surgery is performed 
2–4 weeks after embolization and consecutive hypertrophy 
of the left lobe with simultaneous adaptation of the portal 
blood  fl ow to the future liver remnant. Due to a larger future 
liver remnant, preoperative portal vein  embolization is gen-
erally not necessary prior to left hemihepatectomy, however 
it might be advisable before left trisectionectomy. 

 The  fi nal decision whether an extended right hepatectomy 
or a right trisectionectomy is feasible is based in our own 
practice on liver function tests. We routinely rely on the 
LiMAx (maximum liver function capacity) liver function 
test  [  26  ] , which is used before all extended hepatectomies. 
Especially in patients with hilar cholangiocarcinoma this test 
might be superior to e.g. the ICG plasma disappearance rate, 
which is markedly in fl uenced by obstructive jaundice  [  27  ] . 
On basis of the maximum liver function capacity (LiMAx) in 
combination with CT volumetry of the future liver remnant, 
it is decided, if a trisectionectomy is safe, or if parts of seg-
ment 4 have to be preserved to reduce the risk of liver failure. 
Also for the optimal timing of resection after portal vein 
embolization reliable liver function tests are useful. 

 Finally, local operability can be determined only during 
laparotomy. If not an extended liver resection is required 
(mainly in type I or type II tumors) previous embolization of 
one lobe gives away the  fl exibility of intraoperative decision 
for a right or left hepatectomy. This has to be weighed indi-
vidually against the bene fi ts of embolization.  

    20.1.3   Lymphadenectomy 

 Bismuth et al. have described positive regional lymph nodes 
in hilar cholangiocarcinoma to be of less prognostic 
signi fi cance than in other gastrointestinal cancers  [  28  ] . 
Even if several other experiences have found a markedly 
lower long term survival in lymph node positive patients 
(Table  20.2 ), still long term survival seems to be possible, 
in patients with positive regional lymph nodes. This is not 
true for patients with positive enlarged lymph nodes in the 
paraaortal region. Apart from this, the evidence for radical 
lymphadenectomy and particularly for its extent is very 
low. During en-bloc hilar resection the lymph nodes of the 
hepatoduodenal ligament are resected with the tumor any-
way. In addition, we routinely perform a regional lymph-
adenectomy of the pancreatoduodenal and the coeliac 
lymph nodes for tumor staging. Data from Nagoya have 
shown that an extended lymphadenectomy including the 

FL

S 2/3

  Fig. 20.3    Severe atrophy of the left lobe due to left portal vein 
 occlusion precluding right hepatectomy.  FL  falciform ligament,  S 2/3  
liver segments 2 and 3          
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paraaortic lymph nodes may be bene fi cial in patients with 
microscopic in fi ltration of these lymph nodes but without 
macroscopic signs of tumor in fi ltration  [  29  ] . However, clin-
ical evidence for lymphadenectomy during extended resec-
tions remains low.    

    20.2   Surgical Technique: (Extended) 
Right Hemihepatectomy 

 During extended right hemihepatectomies or right trisection-
ectomies a no touch technique with simultaneous en bloc 
resection of the caudate lobe, the extrahepatic bile duct and 
the portal vein bifurcation is routinely performed at our cen-
tre to increase the oncological radicality  [  25  ] . However, in 
the following the technique with and without simultaneous 
portal vein resection is described. 

    20.2.1   Preparation of the Hepatoduodenal 
Ligament 

 The abdomen is explored for conditions precluding curative 
tumor resection (peritoneal seeding, distant metastases). 

In case of simultaneous portal vein resection, surgical prepa-
ration of the hepatoduodenal ligament proceeds only on its 
left side and distally along the duodenum and pancreas. 
Thereby, preparation is performed distant to the tumor bear-
ing area resulting in a no-touch technique. 

 Dissection starts with a systematic lymphadenectomy 
along the common and proper hepatic artery and eventually 
the coeliac trunk. Thereby, the left side of the portal vein is 
exposed. The rami fi cation of the hepatic artery is prepared, 
but the right hepatic artery is dissected and encircled close to 
its origin only. Further dissection of the right hepatic artery 
has to be avoided, and not to dissect close to the tumor region 
and risk tumor cell dissemination. Further preparation of the 
umbilical plate is ensued to clarify local operability. The left 
hepatic artery is completely dissected until its entrance in the 
liver parenchyma in the umbilical  fi ssure at the left side of 
the left portal vein branch. The arterial branch to segment 4, 
which regularly arises from the left hepatic artery within the 
umbilical  fi ssure is prepared close to its origin for trisection-
ectomies or completely for extended right hemihepatecto-
mies, where it might be preserved (Fig.  20.4 ). The bridge of 
liver parenchyma connecting segments 3 and 4 is divided for 
assessment of local tumor extension in the left hepatic duct. 
Lowering of the hilar plate is to be avoided and the hepatic 

   Table 20.2    Long term survival in single center experiences of hilar cholangiocarcinoma published between 2005 and 2010   

 Author  Center  Period 
 Number 
resected 

 Mortality 
(%) 

 5 year 
overall 
survival (%) 

 5 year 
survival R0 
(%) 

 5 year 
survival R1 
(%) 

 5 year 
survival N0 
(%) 

 5 year 
survival N1 
(%) 

 Mans fi eld  Newcastle  1995–2003  18  17   21   35  0 
 Hemming  Gainsville, Fl  1997–2004  53  9   35   45  0  45  21 
 Lai  Hong Kong  1998–2002  26  8   12   16  0  20  0 
 Silva  Birmingham  1992–2003  45  9  41  24  ~ 33  ~ 30 
 Sano  Tokyo  2000–2004  102  0   44  
 Cheng  Shanghai  1997–2002  75  1   12  
 Witzigmann  Leipzig  1994–2004  59  12   22   27  10 
 Baton  Paris  1984–2003  59  5   20   28  6 
 Hasegawa  Kyoto  1990–2003  49  2   40  
 Otani  Miyazaki  1990–2005  27  0   27   ~34  0  ~34  0 
 Ito  Madison, Wi  1985–2006  38  3   31   ~62  0 
 Yubin  Guangzhou  1990–2004  115   ~25  
 Konstadoulakis  New York a   1988–2006  59  7   35   38  ~43  ~10 
 Murakami  Hiroshima  1990–2007  42  7   30  
 Lee  Seoul  2001–2008  302  2   33   47  8  33 
 Miyazaki  Chiba  2001–2008  107  2   ~28   33  21  44 (only 

R0) 
 22 (only 
R0) 

 Rocha  New York b   2001–2008  60  5  ~55  ~20  ~50  18 
 Unno  Sendai  2001–2008  125  8   35   46  19 
 Young  Leeds  2001–2008  51  8   20   40 
 Hirano  Sapporo  2001–2008  146  3   36  
 Igami  Nagoya  2001–2008  298  2   42   62  21 
 van Gulik  Amsterdam  1998–2003  29  10   34  

  See Refs.  [  1–  22  ]  
 Bold values are to emphasize on the 5 year overall survival in the difference series 
  a Mount Sinai 
  b Memorial Sloan Cettering Cancer Center  
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parenchyma surrounding the hilar plate is resected en bloc in 
order to comply with the principles of a no-touch technique.  

 Tumor extension within the left hepatic duct is palpated in 
the umbilical  fi ssure. If the tumor clearly extends to the left 
side of the umbilical  fi ssure, it is not likely to be resectable 
by right hepatic resection. However, identi fi cation of tumor 
boundaries is hardly possible by digital palpation or visuali-
sation. On the one hand the tumor often extends up to 10 mm 
beyond the palpable margin due to submucosal or perivascu-
lar in fi ltration and on the other hand an in fl ammatory or des-
moplastic reaction can mimic larger tumor extensions. 
Intraoperative tumor biopsies are to be avoided and a “mac-
roscopic” surgical margin of 10 mm or more is intended, but 
especially in left hepatectomies often not achievable. Finally, 
tumor manifestation at the proximal margin can only be 
veri fi ed after division of the proximal bile duct by frozen 
section. If the margin is positive, additional resection is nec-
essary to obtain R0 resection whenever possible. 

 The left branch of the portal vein is carefully prepared in the 
umbilical  fi ssure. In case of planned portal vein resection it is 
to be encircled and taped proximal to the origin of the segmen-
tal portal vein branches of segment 2 and 3 (Fig.  20.4 ). One or 
more branches from the left portal vein to the caudate lobe and 
eventually to segment IV are carefully divided. Thereby the left 
portal branch is suf fi ciently mobilized over a distance of 
1.5–2 cm to allow subsequent clamping and anastomosis. 

 If no portal vein resection is planned, all left sided cau-
date branches of the portal vein have to be divided for cau-
date lobe resection. In this case the portal vein bifurcation is 
than entirely prepared behind the bile duct and the right por-
tal branch is centrally divided and ligated. 

 Regional lymph node dissection at the right side of the 
hepatodenal ligament is performed above the duodenum. 
A Kocher maneuver can be helpful for retropancreatic lymph 
node dissection. This exposes the right side of the portal 
vein, which can now be completely encircled above the pan-
creas. If the common and left hepatic artery as well as left 
portal vein and the proximal portal vein are not invaded by 
the tumor, no local contraindications for surgical resection 
exist and de fi nitive steps can be undertaken. 

 The right hepatic artery is divided close to its origin and 
suture ligated. In case of planned trisectionectomy the seg-
ment 4 artery is divided as well. Now the left hepatic artery 
is retracted to the left by a vessel loop to facilitate further 
hilar preparation The distal common bile duct is divided 
close to the duodenum and the margin is sent for frozen sec-
tion. Spillage of bile should be avoided, since it may contain 
tumor cells. In case of tumor in fi ltration of the distal bile 
duct margin an additional pancreatic head resection might be 
considered in selected patients who are otherwise curatively 
resected. 

 Now the right lobe is mobilized from the vena cava by 
division of the short hepatic veins and  fi nally of the right 
hepatic vein. This enables further mobilisation of the caudate 
lobe from its right side under division of the short hepatic 
veins. Afterwards the liver is separated from the caval vein, 
and only the left and middle hepatic veins are preserved. The 
caudate lobe can now be retracted to the right to alleviate 
orientation during the parenchymal transection. The middle 
hepatic vein is divided intrahepatically during the parenchy-
mal dissection.  

    20.2.2   Resection of the Portal Vein Bifurcation 

 The rational for portal vein resection as routine procedure 
during right hepatectomies for hilar cholangiocarcinoma has 
been discussed above. For further discussion of vascular 
resection see also the following chapter. 

 For portal vein resection the liver is lowered by placing 
abdominal packs between the right diaphragm and the liver 
to facilitate portal vein anastomosis. The main trunk of the 
portal vein and the left portal branch are clamped using vas-
cular clamps. Both vessels are divided. Prolene 6/0 or 7/0 
running suture is used for the end-to-end anastomosis. 
Differences in vessel diameter are adjusted during the anas-
tomosis. Care is taken for correct orientation of both vessel 
stumps, especially the correct rotation is important. After 
placement of two corner sutures, the posterior wall is sutured 

stump of the 

CBD

L-PV

PV

stump of the RHA

A 2/3
A 4

S 4
S 2/3

  Fig. 20.4    Hilar preparation during extended right hemihepatectomy. 
The right hepatic artery ( RHA ) has been divided and the left hepatic 
artery ( LHA ) is pulled to the left. The common bile duct ( CBD ) has 
been divided at the upper level of the duodenum and the main trunk of 
the portal vein ( PV ) as well as the left branch of the portal vein ( L-PV ) 
have been prepared and encircled. To avoid further preparation close to 
the tumor region, the portal vein bifurcation might be resected and an 
end-to-end reconstruction of the PV and the L-PV can be performed. 
Alternatively, the portal vein bifurcation has to be further prepared and 
the right portal branch has to be divided. In case of right trisectionec-
tomy the segment 4 branch of the left hepatic artery ( A 4 ) is to be 
divided centrally and only the segment 2 and 3 branches of the artery 
( A 2/3 ) are to be preserved. If necessary the central part of the dotted 
line might be shifted further to the left       
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from inside and the anterior wall from outside. Both running 
sutures are  fi xed with an air knot (“growth factor”), to avoid 
anastomotic stenosis. After reperfusion of the portal vein the 
abdominal packs are removed and the portal vein has a 
straight course. It is important to avoid mal-rotation of the 
portal vein stumps during portal vein anastomosis. If direct 
anastomosis of the portal stumps is not possible, a venous 
interposition graft might be created using the external iliac 
vein or a cryopreserved vein. However this is only necessary 
in cases with wide in fi ltration of the main portal trunk.  

    20.2.3   Parenchymal Dissection and Division 
of the Proximal Bile Duct 

 Negative ductal margins in hilar cholangiocarcinoma are 
achieved via a transhepatic approach only, therefore the prox-
imal bile duct is to be divided after parenchymal transection. 
In general, dissection of the liver parenchyma starts anteriorly 
and proceeds to the base of the umbilical  fi ssure. In our own 
practice parenchymal transection is routinely performed by 
using an ultrasound dissector with intermittent hilar occlusion 
if necessary, however other parenchymal dissection tech-
niques are also possible  [  30  ] . Depending on the extent of 
hepatectomy the anterior dissection line starts either close to 
the falciform ligament (trisectionectomy) or varying degrees 
of segment 4 are preserved, if possible (extended right hemi-
hepatectomy). If segment 4 is partially preserved it is impor-
tant to deviate from the standard hemihepatectomy plane in 
the perihilar region by leaving the central parts of segment 4 
and the hilar plate at the tumor (Fig.  20.1 ). This typically 
results in a kind of “hemi-Taij-Mahal” aspect of the resection 
surface (Fig.  20.1 ). The middle hepatic vein is divided during 
its intrahepatic course either centrally (trisectionectomy) or 
within the segment 4 (extended right hemihepatectomy). In 
case of partial preservation of segment 4 the dissection line 
has to drift dorsally of the middle hepatic vein in direction of 
the caudate lobe, in a way that the caudate lobe is left com-
pletely at the resected specimen. This might be eased by plac-
ing of a tape in along the ligamentum venosum between the 
left lateral lobe and the caudate lobe. By pulling the tape ven-
trally on the right side of the middle hepatic vein and on the 
right side of the left portal vein this results in a hanging 
maneuver which sometimes facilitates parenchymal transec-
tion. During extended right hepatectomies with partial preser-
vation of segment 4, orientation within the segment 4 and 
especially ensuring of an appropriate three-dimensional 
safety margin is demanding in some cases (Fig.  20.1 ). 

 Partial preservation of segment 4 is the preferred technique 
in our own practice in case of marginal volume of the left lat-
eral segments despite portal vein embolization and/or an 
impaired liver function, measured by the LiMAx liver function 
test  [  31  ] , if this is enabled by tumor extensions. This increases 

the volume of the liver remnant and lowers the risk of postop-
erative liver failure. In case of a large volume of the left lateral 
segments 2 and 3 or a Bismuth type 4 tumor, trisectionectomy 
is the oncological procedure of choice. Also surgically, trisec-
tionectomy can be performed in a more straightforward way 
than extended right hemihepatectomy (Fig.  20.1 ). 

 Final step after complete parenchymal transection is the 
division of the intrahepatic proximal bile duct(s) at a pre-
sumptive tumor free position. The anatomy of the left hepatic 
duct is relatively constant, compared to the variations of the 
right hepatic duct. On the left side the relevant variations 
only concern the segment 4 ducts. These may merge the left 
hepatic duct at different levels between the biliary con fl uence 
and the umbilical  fi ssure. Whereas in most cases after left 
trisectionectomy only one common or two segmental ori fi ces 
have to be anastomosed (Fig.  20.5 ), after extended hepatec-
tomies it might be necessary to perform an anastomoses with 
three or four ori fi ces, since the oblique transection of the seg-
ment 4 may expose one or two additional ducts draining the 
segments 4a and 4b.    

    20.3   Surgical Technique: (Extended) 
Left Hemihepatectomy 

 In the following, the surgical techniques of left hemihepate-
ctomy with en-bloc with caudate lobectomy and extrahepatic 
bile duct resection is described, possible technical 
modi fi cations are additionally mentioned. 

    20.3.1   Hilar Preparation 

 For left hemihepatectomies preparation of the complete 
course of the common and proper hepatic artery as well as the 

B3
B2

PV anastomosis

LHA

  Fig. 20.5    Status after right trisectionectomy with portal vein recon-
struction. The two biliary ori fi ces to the segments 2 ( B2 ) and 3 ( B3 ) are 
shown.  LHA  left hepatic artery          
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right hepatic artery is mandatory. For assessment of local 
tumor extension and lymphadenectomy we start preparation 
at the right side of the hepatoduodenal ligament. First, chole-
cystectomy is performed in an antegrade fashion starting at 
the fundus. The cystic duct is preserved in continuity. In the 
infundibular region preparation is continued by incision of 
the peritoneum immediately at the liver parenchyma. The 
complete cystic plate remains at the infundibulum of the gall-
bladder. Thereby the right hepatic artery and its rami fi cation 
to the sector branches are exposed dorsally at the junction of 
the cystic and the hilar plate. The sectoral/segmental branches 
of the hepatic artery are further dissected until the entrance 
into the liver parenchyma dorsal to the left biliary system. At 
the same time the right portal branch is dissected dorsal to the 
arteries (Fig.  20.6 ). In case of an aberrant right hepatic artery 
from the superior mesenteric artery, this vessel is running 
dorsally to the portal vein and is hence less prone to tumor 
in fi ltration by hilar cholangiocarcinoma.  

 Now the proximal extent of the tumor should be assessed 
by palpation of the right hepatic duct and its assumed -intra-
hepatic course. Again, palpation might not adequately re fl ect 
tumor extensions as discussed above. Also for left hepatecto-
mies lowering of the hilar plate is to be avoided and the hilar 
plate is resected en bloc with the surrounding liver 
parenchyma. 

 If the right hepatic artery and the right portal vein are not 
in fi ltrated and palpation of the proximal tumor extension 
does not preclude further resection, preparation is continued 
distally. The portal bifurcation and the main trunk of the por-
tal vein are further dissected and thereby the right sided and 

dorsal lymph nodes are removed. A Kocher mobilization of 
the duodenum facilitates the dorsal retropancreatic lymph 
node dissection. The systematic regional lymphadenectomy 
is continued at the left side of the hepatoduodenal ligament. 
The common and proper hepatic artery are dissected until 
rami fi cation to the right and left hepatic artery and the left 
margin of the portal vein is exposed. 

 If so far the preparation shows no contraindications for 
liver resection, division of the distal common bile duct at the 
upper border of the duodenum facilitates further preparation 
of the right hepatic artery. The common bile duct is divided 
and a frozen section is obtained. The common bile duct is 
elevated cranially and the course of the right hepatic artery is 
further prepared behind the common bile duct. The left 
hepatic artery is divided shortly after its origin. This exposes 
the left portal vein and two or more branches to the caudate 
lobe, which are divided. Afterwards the left branch of the por-
tal vein is divided and ligated. In case of tumor in fi ltration of 
the portal vein bifurcation (Fig.  20.6 ) resection is either pos-
sible at this stage, but it is eventually easier after the paren-
chymal dissection and division of the right hepatic duct. 
However, due to early branching of the right portal vein the 
anastomosis might be technically demanding. General resec-
tion of the portal vein bifurcation during left hemihepatecto-
mies is in our own practice not performed, since it does not 
provide signi fi cant additional oncological radicality, because 
the plane behind the common bile duct has to be dissected 
during preparation of the right hepatic artery. Thereby, the 
hilar plate is dissected anyway. If the artery is in fi ltrated by 
the tumor arterial resection might be considered in selected 
cases. Reconstruction is performed either by direct suture, by 
an interposition graft or arterial transposition  [  32  ] . If this not 
possible, arterioportal shunting might be considered  [  33  ] . 

 The left hepatic lobe is now mobilized by dissection of 
the left triangular ligament and the Arantius ligament is 
divided close to the left hepatic vein. The caudate lobe is 
isolated from the caval vein by careful dissection of the short 
Spieghel-veins. Now the ori fi ce of the left hepatic vein or the 
common trunk of the left and middle hepatic vein is properly 
exposed and can be divided and sutured.  

    20.3.2   Parenchymal Transection 

 Parenchymal transection proceeds cranially along the demar-
cation line of the right and left lobe (Cantlie line). In the hilar 
region, the plane of parenchymal dissection depends on local 
tumor extension. In every case, it is advisable to additionally 
remove central parts of segment 5 with the tumor to increase 
the safety margin. However, this safety margin has to be 
weighed against the number of bile duct ori fi ces and the 
increasing risk of anastomotic leakage if dissection proceeds 
to far into the right lobe. 

GB

S 2/3

distal CBD margin

S5

S6
RHA

PV

LHA (stump)

*

  Fig. 20.6    Status    after hilar preparation for left hemihepatectomy. The 
left hepatic artery ( LHA ) and the common bile duct ( CBD ) have been 
divided; the portal vein has been prepared, but it is in fi ltrated by the 
tumor at its bifurcation ( arrowheads ) necessitating portal vein resec-
tion. The right hepatic artery ( RHA ) and the segmental branches are 
prepared until the entrance in the parenchyma proximal to the hilar 
tumor (*).  S5  liver segment 5,  S6  liver segment 6,  GB  gallbladder,  S 2/3 
 liver segments 2 and 3       
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 During parenchymal transection the middle hepatic vein 
is exposed and divided within the parenchyma (Fig.  20.7 ), if 
not done so extra-hepatically together with the left hepatic 
vein. After parenchymal transection the right hepatic duct 
(Fig.  20.7 ) or the right sectoral ducts are encircled in a pre-
sumably tumor free region, divided and the margin(s) is/are 
sent for frozen section. After left or extended left hemihepa-
tectomy commonly two to four or even more bile duct 
ori fi ces have to be reconstructed. The biliary ori fi ces are 
mostly situated in a semicircular fashion around the right 
portal vein or its sectoral branches (Fig.  20.8 ). With it, in the 
majority of cases (>80 %) the posterior sectoral or segmen-
tal ducts run superiorly, dorsally, and then inferiorly to the 
right branch of the portal vein (Hjortsjö curve  [  34  ] ). This 

should be kept in mind during  fi nal division of the biliary 
tree, and not to  deviate from the dissection line, particularly 
during division of the postero-lateral ducts. This otherwise 
may result in a high number of ori fi ces to be reconstructed. 
However, not only the number of ori fi ces is the main con-
cern, but also the increasing fragility of the bile duct wall 
within the liver parenchyma, which makes placing of sutures 
increasingly dif fi cult and implies a signi fi cant risk of anas-
tomotic leakage.   

 Further dissection dorsal to the bile duct and portal 
vein between the caudate process and segment 5 and 8 is 
easier after division of the proximal bile duct. In general, 
the resection line ends at the right border of the caval 
vein. 

 In case of tumor in fi ltration of the portal vein bifurcation 
or the portal trunk, the portal vein is now clamped above the 
pancreas and if possible at the right portal branch using vas-
cular clamps. Both vessels are divided and reconstructed end 
to end using Prolene 6/0 or 7/0 running suture (Fig.  20.8 ). 
This procedure is technically demanding, because the right 
sectoral branches might not have a common trunk and vascu-
lar clamping might be dif fi cult due to the short extrahepatic 
course before further rami fi cation. In this case, total vascular 
exclusion of the liver might be performed by clamping of the 
caval vein supra- and infrahepatically. This allows suturing 
of the portal vein without clamping of the right branch at the 
hepatic side. 

 In case of tumor invasion along the right anterior 
 sectoral duct, left hepatic trisectionectomy might be indi-
cated in rare cases. However, the oncological advantage of 
shifting the parenchymal resection line to the right is lim-
ited, since it increases the safety margin centrally only 
slightly (Fig.  20.2 ). If a left trisectionectomy is planned, 
previous portal vein embolization might be useful. For left 
trisectionectomy dissection of the hepatoduodenal liga-
ment is continued beyond the preparation for left hemihe-
patectomy and the anterior branch of the right hepatic 
artery and the right portal vein are divided. For further 
parenchymal transection mobilization of the right hepatic 
lobe is useful and further dissection of the short hepatic 
veins, preferentially from the left side, is mandatory. The 
liver is dissected along the demarcation line and  fi nally the 
right posterior sectoral duct or the respective segmental 
ducts are divided. 

 Whereas left hemihepatectomy can be safely performed 
in patients with hilar cholangiocarcinoma, the perioperative 
morbidity and mortality of left trisectionectomy is thought to 
be considerably higher. For example, in the Leeds’ experi-
ence a perioperative mortality of 23 % has been reported  [  35  ]  
and also the long term results were poor with no patient sur-
viving more than 3 years. However, some other reports 
showed a more favorable postoperative outcome with low 
mortality rates  [  36,   37  ] .   

RHD

RPV
stump of 
the LPV

stump of the LHA
RHA

MHV

  Fig. 20.7    Status after left hemihepatectomy for a Bismuth Corlette 
type IIIB tumor with division of the right hepatic duct ( RHD ) immedi-
ately before rami fi cation to its sectoral branches.  RHA  right hepatic 
artery,  RPV  right portal vein,  LPV  left portal vein,  LHA  left hepatic 
artery,  MHV  middle hepatic vein       
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  Fig. 20.8    Status after left hemihepatectomy for a Bismuth Corlette 
type IV tumor with atrophy of the left hepatic lobe with division of the 
biliary system at the level of the segmental bile ducts ( B5–B8 ). The 
segmental ducts are situated in a semicircular manner around the portal 
vein. The portal vein bifurcation has been resected and a direct anasto-
mosis of the main portal vein ( PV ) to the right portal branch has been 
performed (same case as in Fig.  20.6 )       
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    20.4   Biliary Reconstruction After Extended 
Resections 

 Biliary reconstruction after extended resections can be 
demanding and time consuming. If possible ori fi ces might be 
merged using hepaticoplasty to minimize the number of 
anastomoses. For subtle anastomoses many surgeons prefer 
to insert a biliary drainage catheter to protect the anastomo-
sis. In our own practice at least one catheter is placed as a 
transhepatic drain in the dominant bile duct(s). Therefore 
one (sub-) segmental bile duct is cannulated and the stab 
connected to the drain is pushed through the overlying paren-
chyma. Alternatively, a preoperatively placed PTC-drain can 
be used. Bilio-enteric anastomosis is performed using a 
Roux-en-Y jejunal limb. First the posterior row of the end-
to-side hepaticojejunostomy is performed using interrupted 
5-0 PDS suture, however running suture is also feasible, 
especially in large bile ducts to be anastomosed. If more than 
one duct is to be anastomosed, normally the posterior row of 
sutures of all ducts is placed  fi rst—however the technical 
concept has to be adapted individually. If applicable, after-
wards the enteral portion of the transhepatic drain is pushed 
through the wall of the jejunal limb antimesenterially and 
secured by a suture or a Witzel’s channel. The anterior wall 
of the bilioenteric anastomosis is completed and  fi nally Roux 
en-Y reconstruction of the jejunum is performed.  

    20.5   Postoperative Complications 
and Management 

 Due to a considerably high postoperative mortality and mor-
bidity surgical treatment of hilar cholangiocarcinoma still 
remains a challenge. Even in centres where many procedures 
are performed, postoperative complications are to be expected 
in every second to third patients (Table  20.1 ) and the in-hos-
pital mortality is about 5–10 % (Table  20.1 ). 

 The most common and most relevant complications are 
bile leaks, temporary hepatic insuf fi ciency, infectious compli-
cations (especially cholangitis) and vascular complications in 
case of vascular reconstruction. The possible association 
between preoperative biliary decompression and postopera-
tive morbidity is discussed in detail earlier in this textbook. 
Whereas some authors reported a higher complication rate in 
jaundiced patients  [  38,   39  ]  other routinely abstain from biliary 
decompression. This issue is clearly not  fi nally solved, how-
ever, if an extended resection with a marginal future liver rem-
nant is planned, biliary decompression might be more relevant 
than e.g. before left hemihepatectomy with resection of a 
severely atrophic left lobe. Especially after right trisectionec-
tomy hepatic failure is a common cause of in-hospital death in 
patients with compromised liver function caused by obstruc-
tive jaundice. Risk factors for  hyperbilirubinemia as one 

 leading symptom of hepatic insuf fi ciency have been analyzed 
by Hasegawa et al.: preoperative total bilirubin values of more 
than 2 mg/dl, postoperative major complications and extended 
surgery were independently associated with hyperbilirubine-
mia by multivariate analysis  [  9  ] . In a similar analysis form 
Sapporo prolonged operative time was identi fi ed as the only 
independent risk factor for postoperative complications  [  20  ] . 
Especially major postoperative complications, mainly infec-
tions, are thought to in fl uence postoperative hepatic regenera-
tion and liver function  [  40  ] . Schindl et al. have emphasized a 
reciprocal in fl uence of postoperative hepatic dysfunction and 
postoperative infectious complications. This was particularly 
relevant in patients with a small residual liver volume. In this 
series, patients with a residual liver volume of 26.6 % or less 
had a 73 % risk of severe hepatic dysfunction in case of post-
operative infections, whereas the risk was only 18 % in patients 
with the same residual volume but without infectious compli-
cations  [  41  ] . 

 Aside from infectious complications the other major co-
factors for the development of postoperative hepatic failure 
with an associated high risk of fatal outcome are vascular 
complications. Hirano et al. reported that 80 % of their cases 
of fatal liver failure were caused by vascular complications. 
These mainly included haemorrhage and subsequent occlu-
sion of the hepatic artery associated with pancreatic leakage 
as well as impairment of portal venous  fl ow due to distortion 
after portal reconstruction  [  20  ] . For early diagnosis of vascu-
lar occlusion, it is recommendable in patients with portal 
vein and/or arterial resection to monitor liver perfusion by 
Doppler ultrasound on a regular basis. In our own practice, 
this is performed once daily within the early postoperative 
days, because in case of early diagnosis successful throm-
bectomy might be possible. Nevertheless, the postoperative 
morbidity after hepatic artery reconstruction is higher than 
after portal vein resection and reconstruction, and for either 
vascular resection it is markedly higher than in patients with-
out vascular reconstruction  [  42  ] . 

 Naturally, special attention is given to biliary complica-
tions, which are observed in patients with hilar cholangiocar-
cinoma signi fi cantly more often than after liver resections 
for other reasons. For example in the Nagoya experience bile 
leaks manifested in more than 25 % of cases and cholangitis 
in 10 % of patients. In addition 10 % of patients developed 
intraabdominal or intrahepatic abscess formation  [  9  ] . Bile 
leaks might cause further severe complications like intra-
abdominal haemorrhage, liver failure, infectious complica-
tions and postoperative death, which is often associated with 
infectious complications  [  43  ] . The incidence of an insuf fi cient 
bilioenteric anastomosis clearly correlates with the number 
of ori fi ces to be reconstructed. The risk of anastomotic 
 leakage is signi fi cantly higher after an anastomosis with 
 segmental ducts (Fig.  20.8 ) compared to anastomosis to the 
main hepatic duct (Fig.  20.7 )  [  44  ] . 
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 Prophylaxis of biliary leakage is dif fi cult. In the authors’ 
own practice biliary drains are used routinely after liver 
resections for hilar cholangiocarcinoma, especially in 
patients with presumably fragile intrahepatic bilioenteric 
anastomoses. Additionally, these patients are not mobilized 
for 24 h after surgery. Five to seven days after surgery, the 
biliary drains are visualized by injecting contrast agent under 
 fl uoroscopic control. In case of minor leakage the drains may 
be left open to achieve continuous decompression of the bil-
ioenteric anastomosis. Most cases of biliary leaks can be 
managed conservatively by drainage of the bilious secretion 
and if possible irrigation with sterile saline. Only in case of 
major leaks or further complications (e.g. haemorrhage due 
to vascular erosion) is operative revision indicated. However, 
due to the fragile nature of the intrahepatic bile ducts it might 
not be possible to improve the situation and adequate drain-
age is often the sole option in complicated cases. 

 Despite all efforts to decrease postoperative complica-
tions including decompression of jaundice for recovery of 
liver function, prophylaxis and treatment cholangitis and the 
use of preoperative portal vein embolization, the postopera-
tive morbidity remains high after surgery for hilar cholangio-
carcinoma. This operation clearly represents a high risk 
surgical procedure which should be reserved for experienced 
hepatobiliary centers. On the other side, the mortality has 
decreased using modern peri-operative regimens and there-
fore aggressive resection for hilar cholangiocarcinoma is 
justi fi ed despite the relatively high morbidity.  

    20.6   Long Term Results 

 Disease recurrence is still the most frequent cause of death 
after resection of hilar cholangiocarcinoma. Common sites 
of tumor recurrence are the peritoneum, the remnant liver 
and local lymph nodes  [  45  ] . Thereby, long term results of 
local resection without hepatectomy are signi fi cantly worse 
than after additional extended hepatectomies as shown in 
several retrospective series  [  22  ] . After hilar resection alone, 
long term cure can seldom be achieved  [  46,   47  ] . In contrast, 
extended hepatectomies offer a chance for cure of hilar cho-
langiocarcinoma. The 5 year overall survival (OS) rates of 
single center experiences, published since 2005 are reported 
between 20 and 40 % (Table  20.2 ). The median survival in 
these publications ranges between 20  [  3  ]  and 55 months 
 [  11  ] . Major determinants of long term outcome are analyzed 
in many series. In the given publications, several factors were 
signi fi cantly associated with an impaired survival in univari-
ate analysis, but only in some studies. These included tumor 
stage (pT), left hepatectomy (vs. right hepatectomy), no 
postoperative chemotherapy, macroscopic tumor type (papil-
lary vs. diffuse in fi ltrating), vascular invasion and positive 
lymph nodes (mainly positive coeliac lymph nodes). 

 It has been postulated already many years ago by Bismuth 
et al., that positive lymph nodes in hilar cholangiocarcinoma 
might be a less important prognostic factor than in other 
solid cancers of the upper GI-tract  [  28  ] . Therefore, regional 
lymph node metastases do not represent a contraindication 
for surgery and long term survival is possible in lymph node 
positive hilar cholangiocarcinoma as shown in several series 
(Table  20.2 ). One important prognostic factor is the lymph 
node ratio and the number of positive lymph nodes. It has 
been shown that patients with  fi ve or more positive lymph 
nodes have a signi fi cantly shorter survival, than patients with 
four or less positive lymph nodes  [  48  ] . Additionally long 
term results are in fl uenced by the region of positive lymph 
nodes. Outcome is signi fi cantly impaired in case of positive 
nodes in the coeliac or paraaortal region  [  8  ] . Kitagawa et al. 
have reported, that particularly macroscopically detectable 
tumor in fi ltration of the para-aortic lymph nodes is associ-
ated with a poor long term prognosis (5 year survival rate 
0 %), whereas in case of microscopically detectable 
in fi ltration a 5 year survival rate of 29 % was found  [  29  ] . 

 In some but not all publications, the rate of R0 resections 
is higher in right hepatectomies than in left hepatectomies. 
However, the long term results of extended right hepatecto-
mies are diminished by a higher postoperative mortality. In 
the experience reported by Kondo et al. a 0 postoperative 
mortality could be achieved and consequently long-term sur-
vival was signi fi cantly higher after right hepatectomy com-
pared to left hepatectomy or caudate lobe resection  [  49  ] . 

 In many retrospective analyses, several other determi-
nants have been proven to be signi fi cantly associated with an 
impaired long term survival in multivariate analyses. 
Therefore, these have been accepted as negative factors for 
long term survival. These clearly include, poor differentia-
tion of the tumor (G3), irresectability, incomplete tumor 
resection (R1 or even R2) and distant metastases, the latter 
three factors are normally associated with a 5 year survival 
of 0. However, after R1 resection long term survival seems to 
be achievable in a minority of patients. Whereas 5 year sur-
vival after R1 resection is 0 in many publications (Table  20.2 ), 
others have observed a 5 year survival of 10–20 % (Table  20.2 ) 
or even 38 % in a single publication  [  13  ] . However, as dis-
cussed above the incidence of R1 resection correlates with 
the accuracy of the pathological workup, and this might be 
an additional in fl uential factor. In contrast, R0 resection is 
associated with a signi fi cantly improved 5 year survival rate 
of 30–50 % (Table  20.2 ).      
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          21.1   Introduction 

 Hilar cholangiocarcinoma is a dif fi cult technical challenge 
for the hepatobiliary surgeon. Achieving negative surgical 
margins with tumor resection is demanding due to the close 
proximity of the bile duct bifurcation to the vascular in fl ow 
of the liver. As recently as 2001, patients with main portal 
vein involvement proximal to the bifurcation were consid-
ered to be unresectable  [  1  ] . However, as portal vein resection 
was employed in the resection of other hepatobiliary and 
pancreatic tumors with success, the same principles were 
extended to hilar cholangiocarcinoma. Although portal vein 
resection may increase the risks of the resection, this proce-
dure increases the number of patients with potentially resect-
able disease, and remains the only hope for long-term survival 
in this uncommon cancer. This chapter will review the indi-
cations, surgical technique, and outcomes of portal vein 
resection for hilar cholangiocarcinoma, as well as a brief 
review of arterial resection. 

 As previously described, hilar cholangiocarcinoma is a 
relatively rare tumor, and only one third of patients diag-
nosed with cholangiocarcinoma are candidates for resec-
tion. With a small number of patients considered resectable, 
only a few surgeons at highly specialized centers have devel-
oped experience in the surgical management of this formi-
dable disease. However, advances over the last two decades 
in hepatic surgical techniques have led to a more aggressive 
approach to the treatment of cholangiocarcinoma. Early 
reports of biliary resection and biliary enteric anastomosis 
have advanced to partial and subtotal hepatic resection, 
combined hepatopancreaticoduodenectomy, and vascular 
resection (Fig.  21.1 ), of either portal vein or hepatic artery, 
or even both. The  fi rst Western description of portal vein 

resection for hilar cholangiocarcinoma was by Hadjis and 
Blumgart, who suggested the need for portal vein resection 
in order to achieve tumor clearance  [  2  ] . The combination of 
extended right hepatic resection and portal vein resection 
was  fi rst described in the west by Klempnauer et al. in 1997 
 [  3  ]  and was taken further by Neuhaus et al. in 1999  [  4  ]  to 
include standard resection of the portal bifurcation in a “no 
touch” technique to minimize tumor dissemination at the 
time of surgery as well as to improve the rate of negative 
margin resections. This is often referred to as the Berlin 
concept  [  5  ] .  

 The anatomic juxtaposition of the hepatic duct bifurca-
tion to the bifurcation of the portal vein continues to be a 
technical challenge in resection of hilar cholangiocarcinoma 
due to tumor adherence or involvement of the portal vein at 
the bifurcation. In many cases the tumor may not have truly 
invaded the portal vein or hepatic artery, however the desmo-
plastic response to the tumor that is made up of  fi brous tissue 
containing tumor cells extends to the vessel and cannot be 
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separated from the vessel without potential injury and an 
increased probability of leaving tumor cells adherent to the 
exterior vessel wall. Portal vein resection may increase the 
ability to resect with negative margins and improve subse-
quent long-term survival, however the risk of the procedure 
may be increased and should not be minimized.  

    21.2   Indications for Portal Vein 
Reconstruction 

     1.    The hilar cholangiocarcinoma tumor must meet standard 
criteria for an anatomic resection outside of portal vein 
involvement, including the potential for negative margins.  

    2.    The future liver remnant (FLR) volume must be suf fi cient 
for post-operative hepatic function, usually 25 % or 
greater of total liver volume (TLV). Portal vein emboliza-
tion should be considered in patients to increase FLR to 
>25 % TLV  

    3.    Venous involvement can be central and at the bifurcation 
of the portal vein, however the distal portal vein on the 
liver remnant must have enough length clear of tumor to 
proceed with venous resection. On the left approximately 
1 cm of left portal vein is required prior to segmental 
branching in order to have suf fi cient length for clamp 
placement. On the right, the right posterior branch needs 
to be clear of tumor. Venous anatomy to the right liver is 
more variable than the left and should be assessed by 
imaging prior to surgery. Arterial involvement and the 
potential for resection will be discussed below.  

    4.    Extra-hepatic disease con fi ned to porta hepatis or intra-
pancreatic portion of the bile duct. A complete portal 
lymphadenectomy should be completed at the time of 
resection. Portal lymph node spread decreases the chance 
of long term survival, but is not a contraindication to 
resection. Involvement of the common hepatic artery 
lymph node or aorto-caval lymph nodes is considered 
metastatic disease with less than 5 % 5-year survival. 
These patients likely should not be considered as candi-
dates for resection. Intrahepatic metastases have a poor 
prognosis even if encompassed by hepatic resection and 
we would consider that a contraindication to resection.  

    5.    Extrahepatic metastatic disease is a clear contraindication 
to resection.      

    21.3   Pre-operative Evaluation 

 The standard pre-operative work-up consists of a triphasic-
computed tomography (CT) to assess biliary, portal, and 
hepatic arterial involvement as well as to perform liver volu-
metry and assess FLR. Patients are also staged with chest 
and abdominal CTs to exclude extra hepatic and metastatic 

disease. In many patients, potential resectability can be 
determined by this evaluation alone, however; additional 
information may be obtained in some patients with magnetic 
resonance cholangiopancreatography (MRCP) and contrast 
enhanced MRI to further delineate biliary anatomy and tumor 
extension. 

 Although controversial, we feel that complete drainage 
and decompression of the remnant liver biliary tree is man-
datory prior to resection, to decrease the risk of postopera-
tive morbidity and mortality  [  6–  8  ] . We consider an internally 
placed endoscopic cholangiopancreatography (ERCP) stent 
to be the  fi rst choice, but if adequate drainage is not 
achieved, percutaneous transhepatic drainage (PTCD) is 
required. 

 In many patients with hilar cholangiocarcinoma with vas-
cular involvement, the FLR may already have experienced 
compensatory hypertrophy. However, if the hypertrophy has 
not occurred or if it is inadequate then pre-operative portal 
vein embolization should be performed (Fig.  21.2 ) on the 
side of the liver that is to be resected 4–6 weeks prior to sur-
gery  [  9  ] . The importance of hypertrophy of the remnant liver 
in surgery for hilar cholangiocarcinoma has been demon-
strated by multiple reports  [  10–  14  ] .   

    21.4   Procedure 

    21.4.1   Surgical Technique 

     1.    The  fi rst step of this operation includes an abdominal 
exploration to detect disseminated abdominal disease. 
This may be completed using minimally invasive tech-
niques such as laparoscopy, particularly for those patients 
with bulky portal disease  [  15  ] , or a mini laparotomy 
using a portion of the potential incision. If no contraindi-
cations to resection are initially seen the incision is 

  Fig. 21.2    Preoperative portal vein embolization of the right portal vein 
induces hypertrophy of the left lobe prior to resection       
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 widened and aorto-caval and common hepatic artery 
lymph nodes are sampled. If positive the patient is 
unlikely to bene fi t from resection.  

    2.    Patients without disseminated disease undergo a stan-
dardized assessment of resectability, including an intra-
operative ultrasound directed examination of the tumor 
and the relationship of the tumor to the major vascular 
structures.  

    3a.    If the tumor is predominately right-sided and a right 
trisegmentectomy is contemplated, then dissection of 
the left hepatic duct and left portal vein at the base of the 
falciform ligament is performed. If the hepatic duct is 
clear at the segment 2/3 junction along with a patent left 
portal vein distally then a right trisegmentectomy can be 
performed. The left hepatic duct and left portal vein are 
accessible by dissecting the falciform ligament to the 
left portal vein capitalizing on the knowledge that the 
remnant of the umbilical vein (that during fetal circula-
tion  fl owed into the left portal vein) runs within the 
round ligament of the falciform and will lead directly to 
the left portal vein at the portion just before the branch-
ing into segment 2, 3. This allows assessment of resect-
ability before committing to bile duct division or hepatic 
resection. Even if the proximal portal vein and bile duct 
are involved, reconstruction can occur to the uninvolved 
distal structures.  

    3b.    If the tumor is predominately left-sided and a left triseg-
mentectomy is contemplated, intraoperative ultrasound 
plays a more important role. In particular tumor involve-
ment along the right posterior hepatic duct (segments 
6/7) must be assessed. The bifurcation of the anterior 
and posterior branches of both the portal vein and hepatic 
ducts are relatively intrahepatic and is a dif fi cult area to 
assess for de fi nitive evidence of tumor by either ultra-
sound or by the manual and visual assessment of the sur-
geon. Although lowering of the hilar plate facilitates the 
assessment of the segment 6, 7, take off it is not recom-
mended because of the potential to broach the tumor 
plane. There is no doubt that in many cases the surgeon 
must commit to resection and hepatic division without 
certainty regarding margins and vessel involvement 
which is more frequently encountered in performing a 
left trisegmentectomy than a right sided resection. An 
assessment of the portal venous anatomy as well an 
assessment of the position of the posterior branch of the 
hepatic artery and its position relative to the portal vein 
branches on the right should also be undertaken during 
intraoperative ultrasound examination.  

    4.    After it has been determined that resection will proceed, 
the next step is dissection of the hepatic artery to ensure 
the hepatic arterial supply to the remnant liver is not 
involved by tumor. The common hepatic artery and left 
hepatic artery can be dissected out without committing 

to resection by dissecting along the medial side of the 
artery. In general, involvement of the common hepatic 
artery or major hepatic branch to the remnant liver is 
considered a contraindication to resection, however; 
there has been some success reported with hepatic arte-
rial resection in selected cases, which will be discussed 
later in this chapter. The right hepatic artery, if in a stan-
dard position anterior to the portal vein but posterior to 
the bile duct is dif fi cult to dissect out until after the bile 
duct has been divided and  fl ipped superiorly.  

    5.    The common bile duct is then divided at the level of the 
pancreas and re fl ected superiorly (Fig.  21.3 ). A margin 
is sent from the distal common bile duct to assess for 
tumor involvement. Additional margin on the distal bile 
duct can be obtained by dissecting out the intra-pancre-
atic portion of the bile duct however pancreaticoduo-
denectomy may be considered if the margin is positive. 
A positive margin at this time requires a decision of how 
a negative distal margin can be obtained. If the patient is 
not a candidate for HPD then liver resection should not 
be considered in the face of a persistently positive distal 
margin. Lymph nodes of the hepatoduodenal ligament 
are resected either en-bloc with the bile duct as it is 
re fl ected superiorly along with the portal lymphatics or 
if the nodes must be removed separately then the level 
and position of the node is noted when the nodes are sent 
for permanent section . Re fl ecting the bile duct superi-
orly allows completion of the dissection of the right 
hepatic artery to its anterior/posterior division for a left 
sided resection and during that dissection possible 
involvement of the right hepatic artery or the posterior 
branch may preclude resection or necessitate resection 

LPV

LHA

Falciform

PV

  Fig. 21.3    Left portal vein dissected out at the base of the falciform 
ligament. The main portal vein and left portal vein are isolated without 
separating the hilar ductal structures from the portal bifurcation.  LHA  
left hepatic artery,  LPV  left portal vein,  PV  portal vein       
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and reconstruction. At this point the need for portal vein 
resection can be identi fi ed.   

    6.    The portal vein resection can be performed at two differ-
ent time points during the procedure depending on the 
extent of mobility of the portal vein, extent of tumor and 
accessibility in the patient. In the majority of patients 
undergoing right-sided trisegmentectomies where access 
is reasonable and the amount of portal vein expected to 
be resected relatively short, the portal vein resection and 
reconstruction can be performed prior to hepatic transec-
tion. After dissection of the left hepatic artery to its seg-
mental branches and ligation of the right hepatic artery, 
the main portal vein below the tumor is isolated. The left 
portal vein above the tumor is dissected out past the 
transverse portion of the vein up to the ascending seg-
ment just before branching into main segmental branches. 
Multiple caudate branches require division in order to 
free up enough left portal vein to work with. The area of 
the main portal venous bifurcation is left en bloc with 
the tumor. Vascular clamps are placed on the main portal 
vein and left portal vein just before it’s branching to 
main segmental branches (Fig.  21.4 ). The vein is then 
divided and left attached to the tumor. The left portal 
vein is then brought down to the main portal vein with a 
primary end to end anastomosis using 6-0 or 7-0 vascu-
lar sutures. Arterial perfusion can be maintained through-
out the resection and reconstruction, minimizing 
ischemia to the FLR. The hepatic transection and speci-
men removal occurs after reconstruction with mainte-
nance of both portal and hepatic arterial  fl ow.  

 In some patients where access is dif fi cult or the tumor 
extensive, the portal vein is dissected as much as possi-
ble to prior hepatic transection, however it is not divided 
until hepatic parenchymal transection is completed. 

Dividing the portal vein at this later stage mobilizes the 
specimen and allows a tremendous improvement in 
mobility of the hepatic side of the portal vein, which can 
be rotated down signi fi cantly from its original position 
to minimize tension on the venous anastomosis 
(Fig.  21.5 ). The majority of left sided (Fig.  21.6 ) resec-
tions with anastomosis of the main portal vein to either 
right portal vein branch or posterior sectoral portal vein 

CBD

PV

LPV

LHA

  Fig. 21.4    The bile duct is  fl ipped superiorly and the left lateral aspect 
of the portal vein dissected out.  Solid white lines  demonstrate where 
vascular clamps are placed to resect the portal vein con fl uence.  CBD  
common bile duct,  LHA  left hepatic artery,  LPV  left portal vein,  PV  
portal vein       

LH duct

PV anastomosis
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  Fig. 21.5    Right trisegmentectomy with portal vein resection and 
reconstruction of main portal vein to left portal vein.  IVC  inferior vena 
cava,  LH artery  left hepatic artery,  LH duct  left hepatic duct,  PV anas-
tomosis  portal vein anastomosis       

MHV

RHD

RHA

PVA

  Fig. 21.6    Left hepatectomy with resection of portal vein bifurcation 
and anastomosis ( PVA ) of main portal vein to right portal vein.  MHV  
middle hepatic vein,  RHA  right hepatic artery,  RHD  right hepatic duct 
at anterior and posterior division       
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branch are more easily performed after hepatic paren-
chymal transection in our experience. In general the use 
of interposition grafts should not be required. If it appears 
that there will be excessive tension on the reconstruction 
by performing the reconstruction prior to hepatic paren-
chymal division then the reconstruction should be per-
formed after the hepatic division when the additional 
mobility of the liver allows anastomosis. If even after 
hepatic transection a graft appears to be needed, hepatic 
vein from the resected side of the liver can be used to 
bridge the gap (Fig.  21.7 ) or if necessary the portion of 
the left renal vein between gonadal vein and IVC can be 
harvested and used as a graft. Both internal jugular vein 
and super fi cial femoral vein have been used as interposi-
tion grafts for the portal vein reconstruction, however 
the need for an interposition graft should be rare.     

    7.    Liver resection should then be performed using tech-
niques familiar to the operating surgeon. The general 
consensus is that the caudate lobe should be resected 
routinely. In general we attempt to perform the paren-
chymal transection with maintenance of  fl ow in both 
portal vein and hepatic artery in attempts to limit isch-
emia to what is considered an “damaged” liver from bil-
iary obstruction and because of the requirement of 
additional ischemia during the portal vein resection and 
reconstruction phase of the procedure. However if bleed-
ing is encountered we have little hesitation in applying 
in fl ow occlusion to the liver irrespective of whether the 
portal vein resection is performed initially prior to paren-
chymal division, or it is done at the completion of the 
parenchymal transection. If in fl ow occlusion is required 
we apply occlusion for periods of 15 min followed by 
5 min of reperfusion  [  16  ] .  

    8.    Frozen section analysis of margins should be used to 
guide resection, and if positive margins are encountered, 
additional resection should be performed if possible. 
Negative margins are the most important factor in long-
term survival of this disease.  

    9.    In the majority of right trisegmentectomies, left portal 
vein resection can be completed prior to completion of 
the hepatic transection if there is a suf fi cient length of 
intrahepatic left portal vein that is tumor free  [  11,   17  ] . In 
left trisegmentectomies and in right trisegmentectomies 
involving cases where the left portal vein is more sub-
stantially involved, venous resection and reconstruction 
can be completed after resection. Resection without 
immediate reconstruction is not recommended, as it 
leaves the remnant liver with prolonged ischemia.  

    10.    Reconstruction is completed end to end with 5-0/6-0 
running prolene suture, being careful to incorporate a 
growth factor as in liver transplantation. We generally 
“parachute” down the posterior wall to distribute tension 
along the venous anastomosis prior to bring the ends 
together and then run the anterior wall of the anastomo-
sis. Alternatively the posterior wall can be parachuted 
down with a continuous suture and the front wall inter-
rupted. As mentioned previously, if primary reconstruc-
tion is not feasible, hepatic vein from the side resected, 
left renal vein, super fi cial femoral vein or jugular vein 
can be considered for a conduit. Synthetic and cryopre-
served grafts are not recommended due to the risk of 
infection and thrombosis. An important point is that 
arterial in fl ow to the remnant liver is maintained during 
reconstruction.  

    11.    The biliary system should be reconstructed using a 
60 cm roux-en-Y limb of jejunum.  

    12.    Post-operative care is similar to a standard liver resection. 
Ultrasound should be used to con fi rm patency of the 
reconstructed vasculature, both intra- and post-opera-
tively. At our center postoperative anticoagulation is 
reserved for patients at increased risk for thrombosis 
(hypercoaguable state, intraoperative thrombosis), com-
plex reconstruction, or arterial reconstruction with small 
vessels (heparin, long-term aspirin). Other published 
series range from no anticoagulation  [  18  ]  to catheters 
dripping heparin into the portal vein postoperatively  [  19  ] .       

    21.5   Outcomes 

    21.5.1   Perioperative Morbidity and Mortality 

    21.5.1.1   Mortality 
 Early series with small numbers of patients with portal vein 
resection (PVR) for hilar cholangiocarcinoma had high mor-
tality rates ranging from 8 to 33 %. This discouraged wide 
spread use of the described techniques  [  20–  26  ] . In 2000, 

LPV

LHA

PV

Vein graft

  Fig. 21.7    Right hepatectomy with portal vein resection and recon-
struction of the main portal vein to left portal vein. The right hepatic 
vein has been removed from the resected right lobe and used as an inter-
position graft.  LHA  left hepatic artery,  LPV  left portal vein,  PV  portal 
vein,  Vein graft  right hepatic vein used as an interposition graft       
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Gerhards et al.  [  21  ]  also found vascular reconstruction to be 
an independent predictor of increased mortality. With 
increasing experience with extended hepatectomies, vascular 
reconstruction, and living donor liver transplantation  [  27  ] , 
the mortality rates at specialized high volume centers have 
decreased dramatically and are now equivalent to non- 
vascular resections. Recent series demonstrate mortality of 
2 % or less with portal vein and combined resections  [  11,   13, 
  18,   28  ] . Nagino et al.  [  18  ]  published a series of 50 combined 
hepatic artery resections with a perioperative mortality of 
2 %, which is decreased signi fi cantly from a 9.6 % mortality 
from the same group in 2003  [  24  ] . Lee et al.  [  27  ]  also reported 
a mortality of 0 in 40 consecutive patients with PVR from 
2005 to 2008 compared to 9.8 % from 1989 to 2005. The 
authors of both of these studies concluded that general 
improvement of technique, including use of microvascular 
techniques, and improved perioperative management utiliz-
ing portal vein embolization and remnant liver biliary drain-
age resulted in improved outcomes. 

 Hemming et al.  [  11,   14  ]  demonstrated a trend toward 
decreased mortality in patients undergoing PVR. In 95 
patients undergoing resection for hilar cholangiocarcinoma, 
42 patients who underwent PVR had a perioperative mor-
tality of 2 % compared to 8 % for the 53 patients undergo-
ing resection alone. The authors postulated that portal vein 
involvement mimics portal vein embolization, creating 
hypertrophy of the remaining hepatic lobe, and decreasing 
the risk of post-operative liver failure. With experience, 
there was also a signi fi cant decrease in 30-day mortality as 
a consequence of improvements in perioperative manage-
ment (portal vein embolization, biliary drainage of the 
future liver remnant). In the  fi rst half of the study the opera-
tive mortality was 10 % and subsequently there were no 
perioperative mortalities in the second half of the study 
( P  = 0.04)  [  14  ] .  

    21.5.1.2   Morbidity 
 Despite improvement in mortality, these procedures continue 
to have a high morbidity, as do all major hepatic resections 
for hilar cholangiocarcinoma. Complications range from 43 
to 100 %  [  13,   14,   25,   27  ] . Morbidity does not appear to differ 
between vascular and non vascular resections  [  23,   29  ] , and in 
some cases may be decreased when compared to non vascu-
lar resections  [  19  ] . The most common complications are 
wound infection, bile leak, intra-abdominal abscess, sepsis, 
hemorrhage, reoperation and liver failure. The initial series 
demonstrated a high risk of postoperative liver insuf fi ciency 
(de fi ned in most series as hyperbilirubinemia, usually of 
serum bilirubin greater then 8–10 mg/dl) of up to 20 %. The 
more recent series using routine perioperative portal vein 
embolization showed liver failure to occur less frequently in 
5–10 % of patients after resection  [  13  ] , and most patients 
recovered with time. 

 The risk of complications directly related to vascular 
reconstruction is low. In one of the largest series of 111 
patients who underwent portal vein reconstruction,  fi ve 
patients developed portal vein thrombosis intra- or post- 
operatively, and three requiring reoperation and thrombec-
tomy. The paper reported four deaths from portal vein 
thrombosis and subsequent liver failure, but it is unclear if 
these were all related to portal vein resection and reconstruc-
tion  [  13  ] . Hirano et al.  [  19  ]  reported 4 (10.8 %) intra- operative 
portal vein thromboses including two patients who received 
interposition grafts. All four were reconstructed intra-opera-
tively without any long-term consequences. In a subsequent 
paper reporting on 50 more recent consecutive patients who 
received combined portal vein and hepatic arterial recon-
structions by the same group, only one patient developed 
portal venous thrombosis postoperatively  [  18  ] . Hemming 
et al.  [  14  ]  reported no anastomotic complications or throm-
boses in a review of 42 portal vein resections without the use 
of interposition grafts. There are several case reports of 
thrombosis with the use of interposition grafts  [  17,   19  ] . 
Although this is not a conclusive evidence, interposition 
grafts should only be used if absolutely necessary due to 
these concerns.    

    21.6   Survival 

    21.6.1   Overall Survival 

 The 1, 3, and 5-year survival after hepatic resection and 
portal vein resection have been reported in many series. It 
is clear that survival of patients undergoing vascular resec-
tion is higher than that of a cohort of unresectable tumors 
 [  13,   18,   23  ] . In addition, vascular resection increases the 
number of potentially resectable tumors  [  24  ] . These facts 
alone validate the use of vascular resection if technically 
feasible in suitable patients. Reports on long-term survival 
after portal vein resection for hilar cholangiocarcinoma are 
con fl icting. When comparing patients who underwent por-
tal vein resection to patients who underwent resection only, 
most studies showed inferior long-term survival  [  18,   23, 
  24,   26  ] . For example, Igmai et al.  [  13  ]  found that the sur-
vival rates of patients undergoing portal vein resection were 
37 % at 3 years and 23 % at 5 years, which were less than 
the survival of non vascular resections (42 % at 5 years, 
52 % if R0), but it was still better than the survivals of R2/
pM1 resections and unresectable disease, and the survival 
was equivalent to R1 resections. 

 Ebata et al.  [  24  ]  also reported on a worse long-term sur-
vival in patients requiring portal vein resection. However 
multivariate analysis demonstrated that portal vein resection 
itself did not worsen survival, but it was the presence of 
transluminal tumor or positive margins that had a negative 
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impact. In many series, multivariate analysis showed portal 
vein resection to be a negative prognostic factor  [  24,   26  ] , but 
more recent studies demonstrated otherwise  [  19  ] . Using the 
“no touch” technique, Neuhaus et al.  [  30  ]  reported improved 
survival when compared to standard hepatic resection, with 
portal vein resection being a positive predictor of long-term 
survival. With improvement in perioperative mortality as 
centers gain more experience with these procedures, the 
long-term survival is also improved. Dinant et al.  [  25  ]  dem-
onstrated an increased 2 year survival from 33 % (1998–
1993) to 60 % (1998–2003) by adopting aggressive surgical 
techniques including trisectionectomies, vascular reconstruc-
tion, and caudate resection to achieve negative margins. 

 Obviously a decreased survival after portal vein resection 
may be secondary to invasion of the portal vein by tumor. 
Hilar cholangiocarcinomas typically manifest an intense 
 fi brotic response around the hilar plate and vessels. Portal 
vein involvement may be directly related to tumor involve-
ment, or indirectly related to entrapment in the  fi brotic reac-
tion. In most series, only 30–50 % of resected veins actually 
have microscopic or histologic tumor involvement  [  18,   24, 
  31,   32  ] . Other series reported up to 80 % involvement  [  14, 
  23  ] , and there is obviously some difference between studies 
in the de fi nition of histologic involvement. Whether or not 
histologic portal vein involvement in fl uences survival is also 
controversial. Several series reported that histologic portal 
vein invasion is a negative prognostic factor for long-term 
survival  [  23,   32,   33  ] , while other studies did not demonstrate 
this effect  [  14,   19  ] . A negative margin or R0 resection 
remains the best chance for long-term survival, and not sur-
prisingly tumors requiring portal vein resection are also less 
likely to achieve an R0 resection  [  29  ] . 

 In addition, several series have report on some patients 
surviving over 3 years  [  22,   34  ] . Nagino et al.  [  18  ]  reported 
on six patients who lived longer than 3 years, and two patients 
who were alive after 5 years with combined portal vein and 
hepatic artery resection. Lee et al.  [  27  ]  reported on ten 
patients who survived longer than 5 years after portal vein 
resection, including six patients who were alive and disease 
free at the time of publication, and they estimated that portal 
vein resection could offer long-term survival in more 
than one of ten patients with locally advanced hilar 
cholangiocarcinoma.   

    21.7   “No Touch” Resections 

 Some authors have advocated a “no touch” method resection 
for hilar cholangiocarcinoma  [  30,   31  ] . As mentioned above, 
hilar cholangiocarcinoma is challenging because of the prox-
imity of the hepatic duct bifurcation to the major vascular 
in fl ow of the liver. Even if the portal vein is not directly 
involved with the tumor, the tumor may involve the perihilar 

lymphatics and neural tissue. To decrease the potential of 
locoregional recurrence for microscopic tumor spread and 
increase the likelihood of an R0 resection require an en bloc 
resection including right hepatectomy, caudate lobectomy, 
bile duct resection, and portal vein resection. Neuhaus et al. 
 [  30  ]  championed this technique, with a 5-year survival of 
72 % for patients who underwent en bloc vascular resection, 
which was signi fi cantly higher than patients undergoing non-
vascular resection. 

 Subsequently, Hirando et al.  [  31  ]  published a series of 64 
patients, in which 25 patients underwent en bloc resection. 
Forty-three patients underwent conventional resection, 
including 18 patients with portal vein resection. Intra-
operative thrombosis occurred in four patients, two patients 
in each of the portal vein resection and the en bloc groups. 
These were all revised intra-operatively and there were no 
post-operative portal vein complications. Two-year survival 
was not signi fi cantly different between the no resection, con-
ventional, and en bloc groups (73.7 %/39.7 %/69.6 %), but 
trended down in the conventional resection group. Morbidity 
and in hospital mortality also did not differ between the 
groups. In contrast, Lee et al.  [  27  ]  reported that in actual 
clinical practice, the “no-touch technique” for extensive sur-
gical resection of hepatopancreatobiliary malignancies has 
failed to show a short-term survival bene fi t because of the 
high postoperative mortality  [  27  ] . Of course, the ultimate 
“no touch” technique is liver transplantation, which has 
encouraging results in very select patients  [  35  ] .  

    21.8   Right Versus Left Resections 

 Some centers would argue that portal vein resection and 
aggressive liver resection for hilar cholangiocarcinoma 
should be limited to right trisegmentectomies, and left hepa-
tectomies with left trisegmentectomies in particular to be 
avoided due to the anatomic differences in the right hepatic 
lobe  [  4,   36  ]  and the dif fi culty in getting negative margins. In 
particular, the early rami fi cations of the right portal vein and 
biliary system require dissection that may broach micro-
scopic tumor planes. The course of the right hepatic artery 
and in particular the position of the posterior right hepatic 
artery relative to both the posterior branches of the duct and 
relative position to the portal vein branches makes achieving 
a negative margin without broaching tumor planes more 
dif fi cult. Left trisectionectomies have been reported to have 
an increased mortality, decreased R0 resections, and as a 
result decreased long term survival in some series when 
compared to right sided trisectionectomies  [  5  ] . 

 However, as surgeons continue to push boundaries, experi-
ence with left sided hepatectomies for hilar cholangiocarci-
noma with combined vascular resection continues to grow. 
Shimizu et al.  [  37  ]  recently published a series of 224 patients 
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of whom 88 underwent left hepatectomies and 84 underwent 
right hepatectomies. Portal vein resection was carried out in 
23 of 88 left hepatectomies (26 %) and 25 of 84 right hepate-
ctomies (30 %). Overall R0 resection, morbidity, and survival 
were equivalent between the two groups, except that left 
hepatectomies had an increased risk of bile leakage, and right 
hepatectomies had an increased risk of liver insuf fi ciency and 
mortality as a result of the smaller remnant liver. However, 
there was a signi fi cantly decreased chance of an R0 resection 
with a left hepatectomy and portal vein resection compared to 
the right hepatectomy, and a subsequent decrease in long-
term survival. If an R0 resection was achieved, survival was 
the same. There was also a signi fi cant increase in the use of 
partial wedge resections with vein patching versus a segmen-
tal vein resection and end-to-end venous anastomosis in left 
hepatectomies, due to the limited mobility and early 
rami fi cations of the right portal vein  [  37  ] . The authors con-
cluded that while extended left or left trisegmentectomies are 
technically more demanding than right sided resections for 
hilar cholangiocarcinoma, in many cases they are the only 
option available to perform a curative resection.  

    21.9   Hepatic Artery Resection 

 Until recently hepatic arterial involvement was considered a 
contraindication to resection for hilar cholangiocarcinoma. 
However, as more experience is gained in these complex 
combined vascular and hepatic resections, aggressive centers 
are resecting and reconstructing both the right, left, and main 
hepatic artery with acceptable outcomes. These innovations 
may continue to extent the limits of resection with hilar cho-
langiocarcinoma, particularly in extended left trisegmentec-
tomies where the right hepatic artery can often be involved 
with tumor as the artery runs close to the hepatic hilus. 

 Hepatic artery reconstructions can be completed in a seg-
mental fashion with reconstruction using either an end-to-end 
anastomosis to the left gastric, right gastric or gastroduodenal 
or other alternative in fl ow, or an interposition graft (including 
greater saphenous vein or radial artery, or proximal splenic 
artery (Fig.  21.8 ))  [  38  ] . As with portal vein resection, a distal 
hepatic artery clear of tumor is necessary. If portal vein resec-
tion is also required, hepatic arterial resection should be done 
in a sequential fashion before or after portal vein resection to 
protect the liver from ischemia. If this cannot be done, cold 
perfusion techniques may be necessary.  

    21.9.1   Combined Hepatic Artery and Portal 
Vein Resection 

 Early results from hepatic artery resection for hilar cholang-
iocarcinoma were dismal. Some early series including 

hepatic arterial resections with or without portal vein recon-
struction had a high mortality of 33.3–55.6 %  [  23,   39,   40  ]  
with no long term survivors. Gerhards et al.  [  21  ]  found in an 
univariate analysis that hepatic arterial resection increased 
mortality in extended liver resections for hilar cholangiocar-
cinoma. Miyazaki et al.  [  23  ]  reported the results of nine 
combined hepatic artery and portal vein resections. There 
was no bene fi t in terms of survival (1- and 3-year survival 
rate; 17 % and 0, respectively) and it led to an increase in 
operative mortality (33 %) and morbidity (78 % compared to 
36 %). A recent series comparing right and left hepatecto-
mies found that hepatic arterial resection for both right and 
left hepatectomies (11 patients) decreased survival, and there 
were no survivors beyond 3 years  [  37  ] . 

 However, recent advances in microsurgical techniques 
and increasing experience with vascular resections have 
improved outcomes in patients undergoing hepatic artery 
resection. Several series on portal vein reconstruction have 
included small numbers of patients with concomitant hepatic 
artery resection without any signi fi cant complications  [  11, 
  12,   32,   41  ] . In a series published by Yamanaka et al., 25 
patients underwent major hepatic resection with vascular 
reconstruction for hilar cholangiocarcinoma. The series 
included: ten patients who underwent hepatic arterial recon-
struction (nine right and one left hepatic artery)  [  20  ] . The 
reconstructions were all done in an end to end fashion to the 
proper hepatic artery or gastroduodenal artery, and 80 % 
were done using microsurgical techniques. Perioperative 
mortality was 8.8 %. Although survival was lower in the left 
trisegmentectomy group with vascular resections, the com-
plications were not directly related to the vascular recon-
struction. In a similar series, Shimada et al. looked at 39 
patients with hilar cholangiocarcinoma and gallbladder can-
cer, of which 17 underwent hepatic arterial resection with or 
without portal vein resection  [  22  ] . Patency was achieved in 
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Splenic artery interposition graft

  Fig. 21.8    Right hepatic artery reconstructed using the proximal splenic 
artery as an interposition graft.  PV  portal vein,  RHD  right hepatic duct       
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83 % of the reconstructed hepatic artery, and two patients 
developed multiple hepatic abscesses from hepatic arterial 
thrombosis. The results improved after they adopted micro-
surgical techniques. Perioperative mortality in the patients 
with vascular reconstruction was 13.3 % compared to 8.3 %, 
alone in the non-reconstruction cohorts. Two patients with 
combined HA/PV reconstruction survived more than 
3 years. 

 In the largest series published to date, Nagino et al.  [  18  ]  
reported a series of 50 patients who underwent simultaneous 
resection of hilar cholangiocarcinoma, including 26 left 
trisegmentectomies, 23 left hepatectomies, and one right 
hepatectomy. R0 resection was achieved in 33 (66 %) 
patients. The 1, 3 and 5 year survivals were 78.9, 36.3, and 
30.3 %, respectively. Twenty-seven (54 %) patients devel-
oped complications and one patient died perioperatively. All 
reconstructions were done with the assistance of a surgical 
microscope, and these included 32 end-to-end anastomoses, 
11 greater saphenous vein or radial artery interpositions, and 
2 reconstructions using the left or right gastric artery. Three 
patients were unable to be reconstructed. One patient with a 
vein graft thrombosed intra-operatively and was thrombecto-
mized and revised without any complication. There were no 
long-term complications from the arterial reconstructions. 
The authors of this series believe that the microsurgical tech-
niques offered an improvement over their earlier studies. 

 In some cases, reconstruction may not be necessary. 
Miyake et al.  [  42  ]  reported a case where the right hepatic 
artery was unable to be reconstructed, but there was good 
collateral  fl ow through the right phrenic artery and the patient 
recovered. If the branch of the hepatic artery supplying seg-
ment IV (or middle hepatic artery, which arises from the left 
hepatic artery in 75 % of cases) is the only artery which is 
involved by tumor, it can be resected without any signi fi cant 
complications, including biliary leaks and abscesses  [  19  ] . 

 In preparation for hepatic arterial resection, some authors 
have advocated pre-operative hepatic arterial embolization to 
allow for the development of collaterals prior to resection. 
Yasuda et al.  [  34  ]  described pre-operative embolization of the 
right hepatic artery to allow collateralization of the right liver 
remnant for left trisectionectomies with tumors involving the 
right and proper hepatic arteries. A series of six patients 
underwent left trisegmentectomy 3 weeks after arterial embo-
lization for hilar cholangiocarcinoma. All six patients under-
went R0 resection, and there were no liver failure or 
perioperative death. Two patients remain alive after 7 years. 

 In some cases, it may not be technically possible to recon-
struct the hepatic artery, due to the extent of tumor involve-
ment or its small caliber. In the largest series of hepatic 
arterial resection reported to date, Nagino et al.  [  18  ]  described 
three patients in whom the artery was unable to be recon-
structed. In one patient, it was a small segment 6 artery 
that did not require reconstruction. The other two patients 

underwent arterioportal shunting, which resulted in liver 
failure in one patient, and liver abscess in the other. Kondo 
et al.  [  43  ]  reported better results in using arterioportal shunt-
ing in ten patients (6 HCCA and 4 GBCA). There were no 
deaths, and three patients developed complications including 
bile leakage and liver abscesses. Angiography performed 
1 month after surgery showed shunt occlusion in 30 % of the 
patients. The remainder of the shunts was occluded by coil 
embolization after collateralization was con fi rmed.   

      Conclusion 

 Multiple series have now con fi rmed that an aggres-
sive surgical approach to hilar cholangiocarcinoma is 
bene fi cial. Portal vein resection can be performed safely 
with low mortality and acceptable morbidity at high vol-
ume specialized centers. While routine en bloc portal 
vein resection of all hilar cholangiocarcinomas has been 
advocated by some centers it is dif fi cult to recommend 
routine resection of the portal vein at this time. It is our 
recommendation that portal vein resection be carried out 
in cases where the portal vein cannot be separated from 
the tumor either because of direct tumor spread or peri-
tumoral  fi brosis. There is no doubt that combined portal 
vein resection offers improved survival when compared 
to no resection or a resection with positive margins. In 
selected patients, vascular resection increases the chance 
of obtaining negative resection margin, and may increase 
the number of patients who can be consider for resection. 
Recently the reported 5-year survival rate for hilar cho-
langiocarcinoma of 50 % exceeds the survival reported 
for pancreatic cancer. Portal vein resection for hilar cho-
langiocarcinoma in experienced hand should no longer be 
considered controversial. Hepatic arterial resection is also 
evolving and while it should not considered as routine at 
present, it may become a standard aggressive treatment of 
hilar cholangiocarcinoma in the future as techniques and 
experience continue to improve.      
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          22.1   Introduction 

 Even though recent advances in liver surgery have led to a 
more ef fi cient approach to hilar cholangiocarcinoma (HC), 
resection with curative intent remains a challenge for hepa-
tobiliary surgeons  [  1  ] . There is strong evidence to show bet-
ter survival and long-term outcomes when microscopically 
tumor-free surgical margins are obtained in these patients 
 [  2  ] . En-bloc resections of liver parenchyma with the extra-
hepatic bile duct is mandatory to manage tumors with direct 
hepatic invasion, as well as to accomplish an R0 resection on 
tumors that frequently extend longitudinally out to involve 
the hepatic ducts  [  3–  5  ] . 

 Due to the close relation between the bile duct bifurcation 
and the vascular structures that enter the liver, tumor growth 
might rapidly compromise these structures. The achieve-
ment of negative surgical margins in these patients is techni-
cally demanding, requiring combined vascular resection and 
reconstruction  [  1–  6  ] . Currently, resection of the portal vein 
(PV) is considered a routine procedure when it is compro-
mised, concomitant resection of the hepatic artery remains 
controversial since it is associated with a higher operative 
mortality rate (33–55 %)  [  5,   7–  10  ] . Several reasons might 
explain for these poor results, such as a greater duration of 
liver ischemia due to simultaneous portal vein resection in 
most cases, and pre-existing liver dysfunction due to obstruc-
tive jaundice and persistent cholangitis  [  9,   10  ] . These condi-
tions are the key factors for the development of postoperative 
liver failure  [  7,   8,   11,   12  ] . 

 In HC Bismuth-Corlette type IIIb, the tumor invades the 
left bile duct, and in some circumstances, compromises liver 
vascular structures  [  13  ] . Given the relationship of the right 

hepatic artery (RHA) is set in most cases behind the common 
hepatic duct and near the bifurcation, extension of the tumor 
posteriorly and to the right involves the RHA and the PV or 
its branches. Since HC type IIIb often requires a left hepa-
tectomy extended to the anterior segments of the right liver, 
invasion of the RHA usually is a contraindication to perform 
these procedures with curative intent  [  2,   7,   11  ] . This leads to 
different treatment options to solve this problem. 

 Even though Majno et al.  [  14  ]  consider that after resec-
tion of the hepatic artery, the remaining liver can function 
adequately with normal  fl ow of the PV and collateral arter-
ies, though the absence of arterial blood  fl ow may cause liver 
necrosis, hepatic abscess formation and an increased risk 
of complications to the biliary anastomosis  [  14,   15  ] . Wang 
et al.  [  12  ]  presented two patients with HC type IIIb with con-
tralateral arterial invasion. They performed a left hepatec-
tomy combined with RHA resection without reconstruction. 
The early postoperative results were satisfactory, however 
one patient developed liver necrosis and abscess 3 months 
later. Young et al.  [  16  ]  reported using arterialization of the 
PV as a salvage procedure when arterial reconstruction 
was not possible. Miura et al.  [  17  ]  and Yasuda et al.  [  18  ]  
reported resection of locally advanced HC after stepwise 
arterial embolization used to stimulate the development of 
neo-arterialization of the right liver so that the RHA could be 
resected without reconstruction. 

 As arterial vascular reconstruction is preferable to any of 
the techniques described above, other authors reported the 
use of arterial vascular reconstruction to increase the resect-
ability of HC when tumor involvement of the hepatic artery 
became an obstacle to negative resection margins  [  7,   8,   19, 
  20  ] . In these series, arterial reconstruction was performed as 
the last step after the portal vein was reconstructed. When 
arterial reconstruction is performed at the end of the proce-
dure, the surgeon may  fi nd it too late to realize that the dis-
tal artery of the future liver remnant (FLR) does not have 
enough length for reconstruction when oncological resection 
was completed. This is a critical situation which is not easy 
to solve  [  16  ] . 
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 Since liver failure is the leading cause of death in these 
patients  [  8  ] , to dissociate arterial and portal ischemia dur-
ing vascular reconstruction to ensure the arterial blood 
supply to the remnant liver in the  fi rst surgical step might 
have a positive impact on early and late postoperative 
outcomes. 

 In this chapter we describe a novel surgical technique 
that allows an oncological clearance in patients with HC 
type IIIb with contralateral arterial invasion by perform-
ing arterial reconstruction as the  fi rst step of the surgical 
procedure.  

    22.2   Surgical Technique 

 We routinely use laparoscopic staging to rule out the pres-
ence of liver metastases or peritoneal carcinomatosis. After 
laparotomy, mobilization of the left liver is performed. 
Dissection of the hepatic pedicle starts from the duode-
nopancreas to the hilum. Complete lymphadenectomy of 
the celiac axis and its branches, the PV and the gastrohe-
patic ligament is then performed. This maneuver facilitates 
identi fi cation of the elements in the pedicle. During surgery, 
dissection should always be carried out away from the tumor. 
Once the presence of a HC type IIIb with contralateral arte-
rial invasion is con fi rmed by palpation, visualization and 
intraoperative color-doppler ultrasound (IOUS), the next 
step is to isolate the posterior branch of the RHA (segments 
6 and 7) inside the Rouviere’s sulcus (Fig.  22.1 ). This artery, 
in most cases is free and away from the tumor and it can 
then be dissected easily. Once this step is accomplished, the 

distal common bile duct is transected as close as possible 
to its entrance into the pancreas. The edge of the transected 
duct is sent for fresh frozen pathological examination. As 
the left hepatic artery usually runs on the left edge of the 
hepatic pedicle and in most of the time it is not involved 
by the tumor, it can be mobilized and isolated along its full 
length. This allows enough length of the artery to reach the 
Rouviere’s sulcus to perform an arterial reconstruction with 
the posterior branch of the RHA. The left hepatic artery is 
rotated 90° anti-clockwise in order to carry out an anastomo-
sis with the arterial branch of segments 6 and 7 (Fig.  22.2 ). 
We prefer to perform the anastomosis using a microscope. It 
is important whenever possible to use the left hepatic artery 
because it has a similar diameter to the right posterior artery. 
Occasionally, the RHA is invaded by tumor and its proximal 
stump may also be used for arterial reconstruction with the 
posterior branch of the RHA (Fig.  22.3 ). Once the anasto-
mosis is  fi nished arterial blood supply to the FLR is ensured. 
Segment 1 is then mobilized to be included in the resection 
specimen. The left PV is divided and the liver parenchyma 
is transected (left trisectionectomy or extended left hepatec-
tomy) (Fig.  22.4 ). If PV resection is required, it can be done 
after transection of liver parenchyma is completed, with the 
assurance that the remnant liver can tolerate portal clamp-
ing because it has good arterial vascularization. After vas-
cular reconstruction is accomplished, the middle and left 
hepatic veins are divided and sutured. Finally the specimen 
is removed and biliary reconstruction is performed using a 
Roux-en-Y loop. At the end of the procedure, IOUS should 
always be done to con fi rm the adequacy vascularization of 
the liver remnant.      
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  Fig. 22.1    ( a ) Once cholecystectomy is performed, the posterior branch 
of the right hepatic artery ( RHA ) is isolated within the Rouviere’s sul-
cus. ( b ) The common bile duct ( CBD ) is divided distally and turned 

away from the operative  fi eld with the specimen.  TM  tumor,  LHA  left 
hepatic artery,  RPSA  right posterior segment artery,  HA  hepatic artery, 
 PV  portal vein,  RPSBD  right posterior segment bile duct       
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  Fig. 22.2    ( a ) The right hepatic artery ( RHA ) and the left hepatic artery 
( LHA ) are divided with tumor-free margins. ( b ) After this, the LHA is 
rotated to the right side of the porta hepatis. This maneuver allows arte-
rial reconstruction between the LHA and the right posterior segment 

artery ( RPSA ).  LPV  left portal vein,  TM  tumor,  CBD  common bile duct 
(Reproduced with permission from  HPB: The Of fi cial Journal of the 
International Hepato Pancreato Biliary Association   [  21  ] )       
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  Fig. 22.3    This picture shows 
two possible intraoperative 
scenarios of arterial compromise 
and details the reconstructive 
alternatives with the right 
posterior segment artery ( RPSA ). 
( a ) The right hepatic artery ( RHA ) 
is nearly totally invaded by the 
tumor before its bifurcation. ( b ) 
The reconstruction demands 
dividing the left hepatic artery 
( LHA ) and its transfer to the right 
edge of the porta hepatis. By this 
means, the LHA can reach the 
posterior branch of the RHA and 
the anastomosis is performed. ( c ) 
The RHA is distally invaded by 
the tumor. ( d ) In this situation the 
reconstruction can be achieved 
with the proximal remnant of the 
common RHA       
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      Conclusion 

 We described a novel surgical technique that allows per-
forming an oncological resection in patients with HC type 
IIIb and contralateral arterial invasion that might other-
wise be considered as unresectable. The technique is clin-
ically and technically feasible  [  21  ] . In this technique, 
arterial anastomosis is carried out as the  fi rst surgical step 
to provide adequate arterial blood supply to the FLR 
before parenchymal transection. If additional PV resec-
tion is required, it can be done at the end of transection of 
the liver parenchyma. This ensures that the remnant liver 
can tolerate portal clamping because it has been arterially 
vascularizated. This novel approach offers these patients 
a hope of cure and might improve their outcomes by less-
ening the negative effects of prolonged liver ischemia.      
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         23.1   Introduction 

 In the last decades, surgical treatment of hilar cholangiocar-
cinoma has undergone a rapid evolution. \Before 1980, the 
majority of patients were not resected and in few cases local 
excision of the tumor was performed with low radicality and 
poor long-term outcomes. Since 1980, indications to resec-
tion have been progressively enlarged, and liver resection 
has been associated with bile duct resection to increase radi-
cality and to achieve better survival results  [  1–  4  ] . At present 
local resection seems to have a very narrow role in the man-
agement of Klatskin tumor, however its results in compari-
son with hepatectomy associated with bile duct resection and 
its actual indications have to be clari fi ed. 

 In this chapter, we will consider the different aspects of 
surgery for hilar cholangiocarcinoma from our own experi-
ence and from the literature presently available, and we will 
try to establish if local resection has still a role for hilar cho-
langiocarcinoma and who are the good candidates to receive 
this treatment. 

 First of all it is important to underline that no randomized 
trials are available. All our considerations are based on retro-
spective studies and a few recent prospective studies includ-
ing small number of patients. In 2007 the European HPB 
Association organized a consensus conference in Bruxelles 
on hilar cholangiocarcinoma. These Consensus conferences 
statements, based on complete literature review and invited 
expert experience at that time  [  5  ] , will also be considered in 
this chapter. 

 First, we will brie fl y describe the technique of biliary 
resection without associated hepatectomy for hilar cholang-
iocarcinoma. Then, we will consider the pathologic charac-
teristics of hilar cholangiocarcinoma, i.e. its spread and 
growth pattern, which are the unavoidable basis used for 
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 In the last decades, surgical treatment of hilar cholangiocarcinoma has moved toward liver 
surgery in association with biliary resection in order to increase radicality and to achieve 
better survival results. In this chapter, results of isolated biliary resection in comparison 
with those of biliary and hepatic resection and its actual indications are analyzed in detail, 
considering our own experience and the literature presently available.

Local resection is not an adequate treatment for hilar cholangiocarcinoma involving the 
bile duct con fl uence (Bismuth-Corlette type II or more) and associated liver resection 
should be always recommended. In Bismuth-Corlette type Ihilar cholangiocarcinoma 
bene fi ts of survival by association of biliary and liver resection have been reported, but 
further studies are necessary. At present, local resection should be scheduled only for small 
papillary Klatskin tumor without bile duct con fl uence involvement (type I) and con fi ned to 
the bile duct wall (Tis and T1). Accurate preoperative staging is mandatory to correctly 
assess tumor extension and to plan adequate treatment strategy. Extension of treatment 
should always be decided according to patient conditions after an extensive evaluation of 
functional, volumetric and anaesthesiological parameters. 
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planning an adequate treatment. Finally we will analyze the 
outcomes of isolated bile duct resection in comparison with 
those of bile duct resection associated with hepatectomy.  

    23.2   Surgical Technique 

 The surgical technique of biliary resection without associ-
ated hepatectomy for hilar cholangiocarcinoma may be 
slightly different in different centers. We will brie fl y depict 
the technique we adopt in our center. 

 Laparotomy is regularly preceded by explorative laparos-
copy. The abdomen is completely explored for peritoneal 
deposits and super fi cial liver metastases. Laparoscopic 
hepatic ultrasonography is performed to con fi rm tumor site, 
its extension along bile ducts and its relationship with sur-
rounding vascular structures and to exclude liver metastases 
(Fig.  23.1 ). Ultrasonographic exploration also evaluates the 
presence of enlarged lymph nodes along the hepatic pedicle, 
in the celiac and the retropancreatic area and in the interaorto-
caval space. If no contraindications to resection are disclosed, 
a right subcostal incision is performed. Complete exploration 
of the abdominal cavity and liver ultrasonography are 
repeated. The duodenum is mobilized to better evaluate the 
presence or absence of retropancreatic or interaorto-caval 
lymph-node metastases. Enlarged lymph nodes are removed 
and analyzed by frozen section. Lymph node metastases 
impact on treatment strategy as follows: interaorto-caval 
metastases are an absolute contraindication to resection; 
lymph node metastases in the celiac or retropancreatic area 
are a relative contraindication and decision should be made 
on case-by-case evaluation; lymph node metastases along the 
hepatic pedicle do not contraindicate the resection.  

 The gallbladder is mobilized and the right margin of the 
hepatic pedicle is dissected to identify and encircle the right 
hepatic artery and the portal trunk. Both are then cautiously 
dissected from the bile duct in order to exclude tumor 
in fi ltration. The hilar plate is lowered to better evaluate prox-
imal extension of the tumor. 

 When resectability is established, the distal bile duct is 
encircled and sectioned at the superior margin of the pan-
creas. Distal bile duct margin is analyzed by frozen section. 
If neoplastic in fi ltration is demonstrated, further dissection 
and re-resection of the distal bile duct is attempted or duode-
nopancreatectomy is considered. A decision is based on both 
tumor characteristics and patient’s conditions. 

 The sectioned bile duct is isolated up to the con fl uence. 
The right and left hepatic ducts are identi fi ed and sectioned 
as proximal as possible to achieve the widest margin. Bile 
ducts of segment 1 draining into the bile duct con fl uence are 
identi fi ed and sectioned. The proximal margins of both the 
right and left hepatic ducts are analyzed by frozen section. If 
neoplastic in fi ltration is demonstrated, further dissection and 

re-resection is attempted or the association of liver resection 
is considered. The decision has to be made according to liver 
function, future remnant parenchyma volumetry and patient 
performance status. 

 Lymph node dissection of the hepatic pedicle, along the 
common hepatic artery and of the celiac and retropancreatic 
area is completed. 

 Bilio-enteric continuity is re-established by Roux-en Y 
cholangiojejunostomy. The anastomosis is performed by 
anastomosing the bile duct wall and the seromuscular layer 
of the intestine with 5–0 or 6–0 interrupted absorbable 
mono fi lament. Whenever possible, multiple intrahepatic bile 
ducts are grouped to form one anastomotic ori fi ce. A transa-
nastomotic biliary drainage, either transhepatic or transjeju-
nal, is utilized according to the surgeon’s preference. An 
abdominal retroanastomotic drain is usually used.  

    23.3   Pathologic Background 

 To establish the role of isolated bile duct resection for 
Klatskin tumor, some pathologic data have to be considered. 
In fact, pathologic characteristics of hilar cholangiocarci-
noma have been widely studied in the last years and strongly 
impacted on its surgical management. Many data suggest 
that isolated bile duct resection is not an adequate treatment 
for Klatskin tumor. 

 First, cholangiocarcinoma is an aggressive neoplasm; 
extension along perineural sheath and associated with 

LHD

LPV

B5-8

P5-8

A5-8

PV

T

  Fig. 23.1    Intraoperative liver ultrasonography in a patient affected by 
hilar cholangiocarcinoma. The Klatskin tumor (T) involves the bile 
duct con fl uence. The left hepatic duct (LHD) and the right anterior bil-
iary duct (B5~8) are dilated. The tumor is in contact with the portal vein 
(PV) at its bifurcation and with the origin of the left portal branch (LPV) 
and of the right portal branch [the right anterior portal branch is visual-
ized (P5~8)]. In fi ltration of the origin of the right anterior arterial 
branch (A5~8) is suspected       
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 lymphangiosis carcinomatosa are commonly present  [  6,   7  ] . 
The de fi nition of “early bile duct cancer” is not widely accepted 
because the submucosal layer of the bile duct is very thin and 
often lacking and the muscularis mucosae is absent in the bile 
duct; even small tumors may have aggressive behaviour and 
invasive pattern  [  8  ] . In 1999 Kayahara et al. reported neural 
invasion in no patient with mucosal tumor (Tis) and in 33 % of 
patients with neoplasm extended to the  fi bromuscular layer 
(T1)  [  7  ] . In this context, hilar cholangiocarcinoma rapidly 
reaches the surrounding vascular structures (the right hepatic 
artery and the portal trunk) which can be prematurely invaded 
by the tumor. This diffusion has been further underlined by the 
concept of radial margin. Some recent series analyzed com-
pleteness of resection not only considering proximal and distal 
biliary margins, but also evaluating the soft tissue surrounding 
the bile duct  [  9,   10  ] . The radial margin evaluation allowed to 
reclassify some cases as R1 resection and impacted on sur-
vival outcomes. These data do not preclude isolated bile duct 
resection, but remark that Klatskin tumor can be rarely consid-
ered as a localized lesion. 

 Second, in 2002 Ebata et al. reported that cholangiocarci-
noma has both super fi cial and intramural extensions  [  11  ] . In 
order to completely remove an invasive neoplasm, a 10 mm 
margin is necessary. Further, margin should be 20 mm for 
removing all non-invasive components. The margin width 
required for a radical resection is still debated and the impact 
of non invasive neoplasm on surgical margin is uncertain 
 [  12  ] . However, it is clear that these wide margins can be 
achieved only by liver resection when cholangiocarcinoma 
involves the right or left hepatic duct (Fig.  23.2 ). These data 

will be further discussed in the section “radicality”, when R0 
resection rates after isolated bile duct resection and after 
associated biliary and liver resection are compared. Of note, 
it is important to remark that the reliability of intraoperative 
frozen section is poor: a high rate of false negative biliary 
margins have been reported  [  10  ] . It further underlines the 
need for an accurate preoperative treatment planning.  

 Finally, the bile duct con fl uence lies just in front of seg-
ment 1 and directly drains segment 1 biliary ducts  [  13  ] . For 
these anatomical reasons, segment 1 is often involved by the 
hilar cholangiocarcinoma. Segment 1 may be involved by 
bile duct invasion, by direct neoplastic in fi ltration or by 
perineural extension  [  2,   14–  18  ] . In our experience, 82 
patients underwent resection for hilar cholangiocarcinoma 
between 1989 and 2009. Segment 1 was resected in 71 
patients and was invaded by Klatskin tumor in 16 (22.5 %). 
The risk of invasion increased with tumor extension: it was 
10 % in Bismuth-Corlette type I~I Itumors vs. 25 % in type 
III~IV. The risk of segment 1 in fi ltration has been con fi rmed 
by high rates of tumor recurrence at this site after isolated 
bile duct resection  [  2,   14–  18  ] . 

    23.3.1   Isolated Biliary Resection vs. Biliary 
Resection Associated with Hepatectomy 

 To adequately compare isolated bile duct resection with bile 
duct resection plus hepatectomy, three topics have to be con-
sidered: short-term outcomes, radicality and survival. 

    23.3.1.1   Short-Term Outcomes 
 In the past, local resection has been widely considered to be 
safer than liver resection and with lower mortality rates 
 [  19–  21  ] . In 1990 Boerma reviewed published papers and 
collected 581 patients who underwent resection for Klatskin 
tumor: considering the most relevant series, mortality was 
signi fi cantly lower after bile duct resection than after hepate-
ctomy (8 % vs. 15 %)  [  22  ] . In the 1990s these data have been 
con fi rmed: in 1992 the Blumgart’s group reported no mortal-
ity and 25 % morbidity after local excision in comparison 
with 8 % and 36 % respectively after extended procedures 
 [  23  ] ; in 1996 Pichlmayr et al. reported mortality rates of 
12.7 % after bile duct resection associated with liver surgery 
vs. 3.3 % after local excision  [  20  ] . The increased mortality 
rate after liver resection was considered as a clear indication 
to choose local resection: even if associated liver surgery can 
improve radicality, long-term bene fi ts were lost because of 
high operative mortality rates  [  19  ] . 

 In 2000 Launois et al. published different results: in a 
French survey mortality rates were higher but were similar in 
patients with and without liver resection (17 % vs. 14 %) 
 [  24  ] . These data were probably related to the collection of 
data from multiple centers. In fact, the same author reported 

  Fig. 23.2    Surgical specimen after bile duct and liver resection for hilar 
cholangiocarcinoma. The bile duct con fl uence and its  fi rst order 
branches have been sectioned. The longitudinal extension of the tumor 
along the hepatic ducts is evident. Liver resection is necessary to achieve 
negative margins       
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in 1999 no mortality after isolated bile duct resection in their 
center  [  25  ] . 

 The postoperative outcomes of liver surgery improved 
signi fi cantly in the last years, thanks to better patient selec-
tion, preoperative biliary drainage and portal vein emboliza-
tion  [  26–  29  ] . Almost all series reported mortality rates lower 
than 10 %, and in recent years these results further improved. 
This improvement left us to reconsider the association of 
liver resection with biliary resection. In 2000 Tsao et al. 
compared the results of surgical treatment in a Japanese cen-
tre (Nagoya) where liver resection was routinely performed 
with those of an American one (Lahey clinic) where isolated 
bile duct resection was preferred: short-term outcomes were 
good and were similar in the two groups, 4 % vs. 8 % mortal-
ity and 44 % vs. 51 % morbidity  [  30  ] . In 2002 our group 
published a paper including 36 patients resected for hilar 
cholangiocarcinoma with associated liver resection in 32 
(88.9 %): the mortality and morbidity rates were 2.8 % and 
47.2 % respectively  [  31  ] . Many other recent papers reported 
excellent results after biliary and liver resection and some of 
them even achieved zero mortality  [  26,   28,   29,   32–  35  ] . Short-
term outcomes of the largest published series are summa-
rized in Table  23.1 .  

 According to these data, operative risk should no longer 
be considered a contraindication to biliary and liver resec-
tion. However, despite these enthusiastic results, liver sur-
gery for Klatskin tumor has still to be considered with 

caution. Postoperative outcomes are worse than those 
reported after liver resection for other indications. The patient 
capability to tolerate the required extended liver resections 
has to be accurately assessed by combining functional, volu-
metric and anaesthesiological evaluations. A strict patient 
selection is mandatory. In selected patients, who cannot tol-
erate liver surgery, a local resection could be considered if a 
complete resection can be achieved.  

    23.3.1.2   Radicality 
 We previously considered pathologic characteristic of 
Klatskin tumor and reported the longitudinal and radial dif-
fusion of the tumor. These data let us consider local excision 
not to be adequate for a radical resection. This has been 
con fi rmed by surgical series: the rate of radical resections 
increased with the rate of associated liver resections 
(Fig.  23.3 )  [  1  ] . R0 resection rates ranged from 15 % in 
Cameron series with 20 % of hepatectomy to 56 % in 
Blumgart series with 60 % of liver resections and reached 
80 % when liver resection was associated in about 80 % of 
cases  [  36–  39  ] . Nimura et al. performed liver resection in 
98 % of cases and his radicality rate was 83 %  [  16  ] ; our cen-
tre had similar results: 89 % of liver resections and 89 % of 
radicality  [  31  ] . Many studies reported that R0 resections are 
signi fi cantly less common after local excision than after 
associated liver surgery  [  3,   6,   9,   21,   33,   35,   40  ] . In 2000 Tsao 
et al. compared the results of Klatskin tumor resection at 
Nagoya University and at Lahey Clinic: the former centre 
performed liver resection in 89 % of cases and R0 resection 
was achieved in 79 %, the latter performed hepatectomy only 
in 16 % of patients and the radicality signi fi cantly decreased 
to 28 %  [  30  ] . This concept has been further strengthened by 
a recent paper from Van Gulik et al.: in their center manage-
ment of Klatskin tumor changed in the last 25 years and the 
proportion of local resection decreased from 91 % before 
1993 to 28 % between 1998 and 2003  [  41  ] . The R0 resection 
rate radically improved from 13 % to 59 %.  

 A comparison of the radicality rates after isolated bile duct 
resection and after combined biliary and hepatic resection in 
the largest published series is summarized in Table  23.2 .  

 Anyway, liver resection is not always necessary to reach 
negative margins: in 2004 Kondo et al. published a series of 
40 consecutive patients with radical resection including nine 
cases treated by isolated bile duct resection according to the 
tumor site  [  29  ] . Similarly, in our series 7 out of 82 patients 
had isolated bile duct resection, including 6 Bismuth-Corlette 
type I~II tumors: only one patient had a R1 resection (posi-
tive proximal bile duct margin at  fi nal pathology). These data 
could be in favor of local resection in selected cases, but 
long-term outcomes have to be considered.  

    23.3.1.3   Survival 
 Many published series did not show any evidence of statisti-
cal difference in the survival between local resection and 

   Table 23.1    Comparison of mortality rates after local resection (LR) 
vs. bile duct resection with associated hepatic resection (HR) in pub-
lished series   

 Author  Year 

 #  Mortality (%) 

 LR  HR  LR  HR  P 

 Boerma  [  22  ]   1990  201  188  8.0  15.0  < 0.05  
 Bismuth  [  45  ]   1992  10  13  0  0  n.s. 
 Baer  [  23  ]   1992  12  11  0  8.3  n.s. 
 Pichlmayr  [  20  ]   1996  30  95  3.3  12.7  n.s. 
 Miyazaki  [  21  ]   1998  11  65  0  15.0  n.s. 
 Launois  [  25  ]   1999  11  25  0  16.0  n.s. 
 Neuhaus  [  6  ]   1999  14  66  0  9.1  n.s. 
 Kosuge  [  43  ]  a   1999  13  52  7.7  9.6  n.s. 
 Nimura  [  49  ]   2000  8  100  0  6.0  n.s. 
 Launois  [  24  ]  
 (French survey) 

 2000  51  47  14.0  17.0  n.s. 

 Jarnagin  [  40  ]   2001  18  62  6.0  11.0  n.s. 
 Capussotti  [  31  ]   2002  4  32  0  3.0  n.s. 
 Kondo  [  29  ]   2004  9  31  0  0  n.s. 
 Jang  [  42  ]   2005  25  23  0  0  n.s. 
 Dinant  [  3  ]   2006  60  37  13.1  26–17 b   n.s. 
 Ito  [  35  ]   2008  18  20  0  0  n.s. 
 Shi  [  33  ]   2009  31  38  3.2  5.2  n.s. 

   a Local resection/limited hepatic resections vs major hepatectomies 
  b Results after right hepatectomy—left hepatectomy 
 Bold value indicate a signifi cant in difference between LR and HR  
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extended surgery  [  2,   4,   19–  21,   23,   24,   42–  44  ] . Launois et al. 
published in 1999 a series of 40 consecutive resected patients: 
survival outcomes after local resection were signi fi cantly 
higher than those after associated hepatectomy (5-year sur-
vival rates 27 % vs. 6 %)  [  25  ] . These data could be related to 
the fact that the treatment was planned according to the 
tumor location and that liver resection was scheduled for 
patients with more extended disease. 

 Considering patients with a similar disease extension, in 
2000 Tsao et al. compared Oriental and US experiences and 
reported signi fi cantly better survival in Japanese patients 
with more aggressive surgical strategy (5- and 10-year sur-
vival rates were 16 % and 12 % vs. 7 % and 0)  [  30  ] . Van 
Gulik et al., looking at their results in the last 25 years, 

observed that an increased proportion of liver resection was 
associated with survival improvement (5-year survival was 
20 % when liver resection rate was 9 % vs. 33 % when it 
became 72 %)  [  41  ] . 

 Some studies clearly demonstrated that associated biliary 
and hepatic resection signi fi cantly improve survival. In 
detail:

   In the Boerma review published in 1990 the survival was  –
signi fi cantly decreased after local resection (5-year sur-
vival rate 7 % vs. 17 %)  [  22  ] .  
  In 2001 Jarnagin et al. analyzed 80 consecutive patients  –
and reported actuarial 5-year survival rate of 37 % in 
patients with liver resection and 0 % in patients without it. 
In order to exclude that the difference in survival was 
related to the radicality rates, the analysis was repeated 
only on R0 patients and the results were con fi rmed  [  40  ] .  
  In 2004 Kondo et al. reported the long-term results in 40  –
consecutive patients with R0 resection. Nine patients who 
received isolated bile duct resection had a signi fi cantly 
decreased survival in comparison with 17 patients who 
received right hepatectomy  [  29  ] .  
  In 2008 Ito et al. observed higher overall and disease-free  –
survival rates in 20 patients who received liver resection 
vs. 18 who received isolated bile duct resection  [  35  ] .  
  In 2009 Shi et al. reported a higher early recurrence rate  –
after local resection in comparison with associated hepa-
tectomy (at 1 year 74.2 % vs. 28.9 %)  [  33  ] . Survival 
results of the largest published series are summarized in 
Table  23.3 .     
 All these data are concerned with hilar cholangiocarci-

noma with different extensions into the bile ducts. Probably 
patients who received local resection had tumors without, or 
with, a minimal involvement of the bile duct con fl uence, 
although this is not clearly de fi ned in the majority of papers. 
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  Fig. 23.3    Relationship between 
associated liver resection rate and 
R0 resection rate for hilar 
cholangiocarcinoma across the 
available surgical series in the 
literature       

   Table 23.2    Comparison of radicality rates after local resection (LR) 
vs. bile duct resection with associated hepatic resection (HR) in pub-
lished series   

 Author  Year 

 #  Radicality (%) 

 LR  HR  LR  HR  P 

 Bismuth  [  45  ]   1992  10  13  30.0  46.1  n.s. 
 Miyazaki  [  21  ]   1998  11  65  45.0  75.0  < 0.05  
 Neuhaus  [  6  ]   1999  14  66  29.0  61.0  < 0.05  
 Kosuge  [  43  ]   a   1999  13  52  38.5  55.8  n.s. 
 Jarnagin  [  40  ]   2001  18  62  56.0  84.0  < 0.05  
 Capussotti  [  31  ]   2002  4  32  75.0  90.6  n.s. 
 Kondo  [  29  ]   2004  9  31  100  100  n.s. 
 Dinant  [  3  ]   2006  60  37  14.8  42–37 b   < 0.05  
 Ito  [  35  ]   2008  18  20  39  85  < 0.05  
 Shi  [  33  ]   2009  31  38  41.9  74.2  < 0.05  

   a Local resection/limited hepatic resections vs. major hepatectomies 
  b Results after right hepatectomy—left hepatectomy 
 Bold values indicate a signifi cant in difference between LR and HR  
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To clarify if local resection may have a role in these patients, 
we focused on the results in Bismuth-Corlette type I~II hilar 
cholangiocarcinoma. 

 Two French papers suggested that local resection could be 
indicated in selected patients  [  25,   45  ] . Bismuth et al. in 1992 
reported three patients with Bismuth-Corlette type I tumors 
undergoing isolated bile duct resection: two cases with R0 
resection had long-term survivals without recurrence; one 
case with a R1 resection had recurrence, but a long survival 
was achieved after reresection  [  45  ] . On the contrary all 
patients with local resection for Bismuth-Corlette type II 
tumor had recurrence. In 1999 Launois et al. reported four 
patients with Bismuth-Corlette type I tumor (undergoing 
local resection in three cases) and four patients with Bismuth-
Corlette type II (local resection in three)  [  25  ] . Five-year sur-
vival results were good (type I 20 %; type II 25 %), similar 
to those reported for other types. Patients with local resection 
had mainly Tis and T1 tumors. Two long-survivors have been 
reported: one Bismuth-Corlette type I T1bN0M0 and one 
Bismuth-Corlette type II TisN0M0. 

 Different results have recently been published with poor 
outcomes. In the Neuhaus series published in 1999 radicality 
of isolated local resection was 33 % (2/6) in Bismuth-Corlette 
type I tumors and 25 % (1/4) in Bismuth-Corlette type II; 
among them no patient survived 5 years  [  6  ] . Similar results 
have been reported after local resection by Su et al. in 1996 
(25 % R0 resection rate for Bismuth-Corlette type Itumors) 
and van Gulik et al. in 1999 (19 % R0 resection rate for 
Bismuth-Corlette type I~II tumors)  [  46,   47  ] . In 2005 Jang 

et al. reported 25 patients undergoing isolated bile duct resec-
tion for Bismuth-Corlette type I~II or common hepatic duct 
cancer  [  42  ] . Seven patients (28 %) survived 5 years or more 
but three of them were alive with recurrence despite their 
early stage (T1N0 in 2 and T2N0 in 1). In Kondo series in 
2004, nine patients (six Bismuth-Corlette type I and three 
Bismuth-Corlette type II) underwent local resection: even if 
all had radical resection, their survival rates were signi fi cantly 
lower than those patients with associated liver surgery 
(median survival 19 vs. 21 months)  [  29  ] . In our experience, 
20 patients affected by Bismuth-Corlette type I~II hilar cho-
langiocarcinoma have been resected (Fig.  23.4 ), including 
six receiving isolated bile duct resection. R0 resection was 
achieved in all but one cases (one Bismuth-Corlette type II 
with proximal bile duct neoplastic in fi ltration after isolated 
bile duct resection). Despite a high radicality rate, the sur-
vival of Bismuth-Corlette type I~II tumors was signi fi cantly 
lower in the patients with isolated bile duct resection (six 
cases) than those with associated liver resection  [  14  ] : no 
patient with bile duct resection was alive at 3 years vs. 51.4 % 
at 5 years for those receiving biliary and hepatic resection 
(Fig.  23.5 ). On the other hand, Makuuchi’s group in 2003 
reported a series of patients with systematic liver resection: 
the mean survival was 42 months in nine patients with 
Bismuth-Corlette type I and 51 months in eight with Bismuth-
Corlette type II  [  28  ] .   

 At present, only one paper speci fi cally focused on 
Bismuth-Corlette type I and II hilar cholangiocarcinoma. It 
has been published by the Nagoya group in 2007  [  48  ] . 

   Table 23.3    Comparison of survival after local resection (LR) vs. bile duct resection with associated hepatic resection (HR) in published series   

 Author  Year 

 #  5-year survival (%)  Median survival (months) 

 LR  HR  LR  HR  p  LR  HR  p 

 Boerma  [  22  ]   1990  201  188  7.0  17.0  < 0.05  
 Baer  [  23  ]   1992  12  11  36  32  n.s. 
 Pichlmayr  [  20  ]   1996  30  95  28.9  26.3  n.s. 
 Miyazaki  [  21  ]   1998  11  65  16.0  33.0  n.s. 

 3 years  3 years 
 Launois  [  25  ]   1999  11  25  27.3  6.0  < 0.05  
 Neuhaus  [  6  ]   1999  14  66  0  28–57 a   n.s. 
 Kosuge  [  43  ]  b   1999  13  52  38.6  27.0  n.s. 
 Nimura  [  49  ]   2000  8  100  16.0  26.0  n.s. 
 Launois  [  24  ]  ( French survey )  2000  51  47  23  24  n.s. 
 Jarnagin  [  40  ]   2001  18  62  0  37.0  < 0.05  
 Capussotti  [  31  ]   2002  4  32  0 c   54.5 c   < 0.05  c  
 Kondo  [  29  ]   2004  9  31  20.8 d   NA d   < 0.05  d  
 Jang  [  42  ]   2005  25  23  28.0  47.8  n.s. 
 Dinant  [  3  ]   2006  60  37  21.5  38–69 e   n.s. 
 Ito  [  35  ]   2008  18  20  0  50  < 0.05   31  65  < 0.05  

   a Different survival rates according to type of hepatectomy 
  b Local resection/limited hepatic resections vs major hepatectomies 
  c Only BC I-II included 
  d Local resection/caudate segmentectomy/left hepatectomy vs right hepatectomy 
  e Results after right hepatectomy—left hepatectomy 
 Bold values indicate a signifi cant in difference between LR and HR  
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 Fifty-four patients were collected. In 14 isolated bile ducts 
resection was performed. Unfortunately, the study analyzed 
the outcomes of right hepatectomies with caudate lobectomy 
compared with those of more limited resections, and few 
data are available about isolated bile duct resection without 
hepatectomy. The authors suggested a surgical approach 

based on cholangiographic tumor type. Extended hepatec-
tomy was always recommended in the event of a nodular or 
in fi ltrating tumor  [  49  ] . Seven patients with a nodular or 
in fi ltrating tumor had isolated bile duct resection and four 
were not radical. On the contrary, bile duct resection with or 
without limited hepatectomy was considered adequate in the 

a b

  Fig. 23.4    MRCP ( a ) and PTC ( b ) imaging in a patient affected by Bismuth-Corlette type I Klatskin tumor       
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  Fig. 23.5    Survival curves of 
patients affected by Bismuth-
Corlette type I~II hilar cholang-
iocarcinomas undergoing 
resection in our center between 
1989 and 2009 (20 patients). 
Patients are strati fi ed according 
to received treatment: isolated 
bile duct resection (n = 6) vs. 
biliary and liver resection (n = 14)       

 

 



260 L. Capussotti and L. Viganò

case of papillary tumor without super fi cial cancer spreading. 
Regardless, further studies are needed to better de fi ne these 
indications, mainly because only two patients of the papil-
lary group have been treated by isolated local resection.    

      Conclusion 

 Local resection is not an adequate treatment for hilar cho-
langiocarcinoma involving the bile duct con fl uence 
(Bismuth-Corlette type II or more) and associated liver 
resection should always be recommended. In Bismuth-
Corlette type I hilar cholangiocarcinoma the bene fi ts of 
survival by association of biliary and liver resection have 
been reported, but further studies are necessary. At pres-
ent, local resection should be scheduled only for small 
papillary Klatskin tumor without bile duct con fl uence 
involvement (type I) and con fi ned to the bile duct wall 
(Tis and T1). Accurate preoperative staging is mandatory 
to correctly assess the tumor extension and to plan an 
adequate treatment strategy. An extension of the treat-
ment should always be decided according to the patient’s 
condition after an extensive evaluation of functional, vol-
umetric and anaesthesiological parameters.      
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          24.1   Introduction 

 Cholangiocarcinoma represents a dif fi cult cancer with poor 
prognosis. It is not a common disease, and may occur any-
where along the intrahepatic or extrahepatic biliary tree. 
Cholangiocarcinoma usually presents with painless jaundice, 
and this diagnosis should be considered in every case of 
obstructive jaundice. These bile duct cancers are best 
classi fi ed according to the anatomical location into three 
board groups: (a) intrahepatic, (b) hilar or perihilar, and (c) 
distal  [  1  ] . Intrahepatic cholangiocarcinomas occur with the 
lowest frequency and are usually managed with liver resec-
tion, as are other resectable liver tumors. Distal type cholan-
giocarcinomas are the second most common type accounting 
for about 25 %. Depending on whether the extrahepatic bile 
duct is involved above or below the upper border of duode-
num, treatment is usually with extrahepatic bile duct resec-
tion with or without pancreatoduodenectomy. Tumor that 
involves the con fl uence of the right and left hepatic ducts 
(hilar cholangiocarcinoma) is the most common. It accounts 
for about 60 % of all cholangiocarcinoma cases  [  2,   3  ] . 
Bismuth and Corlette further classi fi ed the hilar cholangio-
carcinomas into four subtypes  [  4  ] . Regardless of the biliary 
locations or the subtypes of cholangiocarcinomas, surgical 
resection of the tumor, whenever possible, is the preferred 
treatment and is the only effective treatment modality that is 
capable of offering a chance of cure. However, for many 
patients with metastatic or peritoneal spread, surgical tumor 
clearance is not possible and is not recommended. 

 For locally advanced tumor, frequently surgical resection 
is not possible for technical reasons. This is especially the 
case for hilar cholangiocarcinomas (or Klatskin tumor) due 
to its anatomical close proximity to crucial structures. Even 

for those patients who have undergone surgical resection, 
long-term survivals of only 27–32.8 % are reported in most 
series. Negative resection margin and tumor clearance is the 
most important factor in achieving long term survival  [  5  ] . 
Therefore, aggressive surgical management including com-
plex liver resections has been advocated to increase the 
resectability and the subsequent survival. Meanwhile, there 
are no effective and curative non-surgical treatment modali-
ties, in selected cases of locally advanced cholangiocarcino-
mas that are considered unresectable with conventional 
techniques, ex situ ex vivo resection and autotransplantation 
as a last resource is being discussed.  

    24.2   Impact of Liver Transplantation 
on Ex Situ Ex Vivo Resection 
and Autotransplantation 

 Since the  fi rst successful human orthotopic liver transplanta-
tion took place in 1963  [  6  ] , liver transplantation has reached 
a new height. Not only the number of liver transplants per-
formed worldwide has signi fi cantly increased, the mortality 
rate among elective transplant cases has decreased to less 
than 10 %  [  7  ] . There are many reasons for the improved out-
comes, but surgical innovations have contributed a great 
deal. The development of veno-venous bypass during the 
anhepatic phase was a signi fi cant milestone in the evolution 
of liver transplantation surgery  [  8  ] . This stabilizes the hemo-
dynamic conditions of the patient during caval and portal 
vein clamping. The bypass helps to reduce venous conges-
tion, thereby the blood loss and blood transfusion require-
ments. The bowel is less congested and the renal function is 
better preserved afterwards. It eases pressure on the surgical 
team to rapidly perform dif fi cult vascular anastomoses and 
encourage trainees to undertake the procedure during the 
learning curve. Although used routinely in the past, veno-
venous bypass is now used selectively by most units, based 
on the individual physiological parameters encountered dur-
ing the surgery. In another modi fi cation, the full length of the 
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recipient inferior vena cava (IVC) was preserved, and the 
new liver was placed “piggyback” onto its anterior surface. 
A particularly appealing feature of the piggyback operation 
in children or some adults for whom veno-venous bypass 
might not be feasible was that vena caval occlusion could be 
avoided during hepatectomy and sewing in of the graft. The 
technique had been used in some of the earliest patients, but 
the formal description and widespread use of the piggyback 
operation took place much later  [  9  ] . This technique has 
simpli fi ed the graft implantation procedure. The donor supra 
hepatic cava is anastomosed end to side to the recipient’s 
IVC. This further reduces the need for veno-venous bypass, 
as caval clamping can be removed after only one anastomo-
sis. Another landmark improvement in organ transplantation 
in general came from the introduction of the University of 
Wisconsin (UW) preservation solution by Belzer and col-
leagues  [  10  ] . The UW solution has increased safe cold stor-
age of the liver graft up to 24 h. The signi fi cantly longer 
preservation time allows for a less hurried operation with 
much greater  fl exibility and precision in the planning and 
execution of liver transplantation. All these have been instru-
mental to the development of ex situ ex vivo liver resection 
and partial autotransplantation. 

 Allograft liver transplantation in patients with hepatic 
malignant conditions remains highly controversial, mainly 
because of the shortage of donor organs. If not conducted 
properly, this can become a divisive issue in the transplanta-
tion community about the allocation of organs. In the allograft 
transplant settings, organ recipients after transplantation are 
required to be on long term immunosuppression which is bad 
for the recipient’s immunity against tumor growth and recur-
rence. In fact, allograft liver transplantation for cholangio-
carcinoma has been shown to deliver very poor results and is 
not justi fi able  [  11  ] . Most transplant centers have abandoned 
transplanting cholangiocarcinoma in light of poor outcomes 
and donor organ shortage  [  12  ] . Ex situ ex vivo liver resection 
and autotransplantation has the advantage of not requiring a 
donor liver graft, and can circumvent the need and the inher-
ent complications of long term immunosuppression. 

 The persistent ongoing shortage of organs in allograft 
transplantation has led surgeons to develop innovative surgi-
cal techniques to expand the donor pool. With respect to 
allograft liver transplantation, these techniques include 
reducing adult-sized livers for children or small sized recipi-
ents, split liver transplantation by which a single donor liver 
is split into two grafts for two recipients, and living related/ 
unrelated donor liver transplantation. All of these procedures 
involve ex vivo or bench surgery that are based on clear 
understanding of the detailed segmental anatomy of the liver. 
With exception of living donor transplantation, in which only 
part of the liver is removed from the live donor, otherwise, 
during these procedures, the liver is completely removed 
from the donor and is  fl ushed with cold preservation solu-

tion. A bloodless transection of hepatic parenchyma can then 
be performed allowing complex reconstruction of hepatic 
veins, portal structures after which the liver graft is implanted 
into the recipient. Such techniques, together with the knowl-
edge of hypothermic organ perfusion in organ preservation 
have made possible the technique of ex situ ex vivo resection 
and autotransplantation. In this setting, the entire liver is  fi rst 
removed from the patient. The liver then undergoes bench 
surgery of resection and reconstruction. Afterwards, a por-
tion of the liver considered disease free will be re-implanted 
back into the same patient. Indeed, such an approach was 
pioneered by Rudolph Pichlmayr and his team in 1988  [  13  ] . 
Application of these techniques allows liver surgeons today 
to rede fi ne indications for resectional surgery and possibly 
expand the group of patients with liver tumors to whom a 
chance for cure may be offered. 

 Parallel to the re fi nement of the surgical techniques, there 
was more effective monitoring of intra-operative coagulopa-
thy, using thromboelastographs, the advent of rapid infusion 
device and blood autotransfusion. The bleeding problem 
associated with liver transplantation was largely overcome. 
Meanwhile, improvements in various surgical and monitor-
ing equipments, advances in anesthesia and intensive care 
medicine have reduced the risk of morbidities and mortali-
ties from liver transplantation. Many of these are applicable 
to complicated hepatic surgery.  

    24.3   Technical Aspects in Ex Situ Ex Vivo 
Resection and Autotransplantation 

 In many ways, the procedure is similar to that of living donor 
liver transplantation in that only portion of a healthy liver is 
implanted. The difference is that there is no donor required. 
As such, there is no issue concerning organ rejection and 
immunosuppression is not necessary. However, the medical 
team needs to ensure that the liver portion to be implanted 
should have an adequate functional mass in spite of injury 
from bench resection and preservation. There is a lot of data 
and discussion in the  fi eld of living donor liver transplanta-
tion in the literature on what a minimum liver mass should 
be. In general, the graft/ recipient’s body weight ratio should 
be >0.8 %  [  14  ] , or the liver graft volume should not be <30 % 
of the standard liver volume  [  15  ] . These rules should act as 
guidance and best be respected during the process of assess-
ment before autotransplantation. While there is no concern 
of on- going injury from rejection after the surgery, the tech-
nical challenge from reconstructions of vessels and bile ducts 
in ex situ ex vivo surgery is probably more dif fi cult and can 
be more complicated. This type of surgery should only be 
performed in specialized centre where surgeons are familiar 
with all aspects of both complex hepato-biliary surgery and 
liver transplantation. 
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    24.3.1   Initial Exploration and Dissection 

 Like in standard allograft liver transplantation, the routine 
approach is through a bilateral transverse incision in the 
upper abdomen with an upper midline extension upwards to 
the xiphoid sternum (Mercedes-Benz incision). A retractor 
which is able to lift up the costal margins bilaterally and 
cephalically is crucial in order to provide adequate exposure 
and access. Although tumor extent has been carefully evalu-
ated by various radiological means before the surgery, a thor-
ough examination of the abdominal cavity at the beginning 
of the surgery is mandatory. The liver is completely freed of 
its ligamentous attachments for easy access and accurate 
assessment. The extent of intrahepatic involvement by the 
tumor and possible unexpected tumor spread is assessed by 
palpation and intra-operative ultrasound. Only when there is 
no contraindication such as metastatic tumors and there is a 
reasonable chance of achieving resection with tumor free 
margins should one proceed with the complex procedure. 

 The diaphragm is  fi rst detached from the suprahepatic 
IVC. The dissection at this site is a useful technique to 
achieve an extra length of IVC for extrapericardial or intrap-
ericardial caval clamping during vascular exclusion for total 
hepatectomy. This can also facilitate caval anastomoses dur-
ing implantation of the liver later on. For oncological and 
diagnostic reasons, as well as for improved exposure, usually 
all the lymphatic, neural, and connective tissue from the hep-
atoduodenal ligament should be removed entirely in most 
cases. In case there is no need to resect the common bile 
duct, then the adjacent tissue with its blood supply around 
the duct should be preserved. Obviously, in such situation, 
the duct is to be shortened and biliary drainage will be recon-
stituted by hepatico- jejunostomy. Lymphadenectomy is usu-
ally extended along the hepatic artery up to the celiac trunk. 
Depending on the location of the tumor and its involvement 
to the IVC, the liver may be dissected away from the cava, or 
can be removed en bloc together with the cava. If the IVC is 
involved by the tumor as in the latter scenario, the IVC will 
need to be reconstructed afterwards.  

    24.3.2   Veno-venous Bypass 

 The main aim of veno-venous bypass is to lower the portal 
venous pressure and thereby minimize bleeding, hemody-
namic instability, venous hypertension and intestinal edema 
during the anhepatic phase. The duration of the anhepatic 
period is expected to be long in ex situ ex vivo resection and 
autotransplantation. Different to cases in allograft liver trans-
plantation for often cirrhosis, patients in autotransplantation 
do not have signi fi cant portal collateral circulation, veno-
venous bypass is therefore almost always necessary in ex situ 
ex vivo resection and autotransplantation. 

 The veno-venous bypass allows venous return without 
interruption via the axillary vein (alternative is via internal 
jugular vein) from the trunk and the lower limbs during caval 
clamping. Up to 50 % of the cardiac output can be returned 
to the heart from the lower body and the viscera through the 
bypass. The bypass is applied exactly the same as in allograft 
liver transplantation  [  16  ] , with bypass from the portal circu-
lation and the left femoral vein to the left axillary vein using 
heparin- coated shunts (Gott) and a roller pump. The Y shunt 
and the blood pump are  fi rst primed with normal saline con-
taining a small amount of heparin (500 U/L). Blood is taken 
from the iliac vein by means of a cannula inserted via the left 
saphenous vein (the left limb of the Y) and from the portal 
vein or the inferior mesenteric vein via a cannula (forming 
the right limb of the Y). The blood passes through a centrifu-
gal blood pump (with an “air” alarm) and is delivered to the 
left axillary vein thereby returning blood to the heart. Blood 
 fl ow via the bypass can vary from 1 to 2 L/min. This can be 
adjusted according to the patient’s condition. Hypothermia 
of the patient is prevented using a heat exchanger. 

 All portal triad structures are individually dissected free. 
The liver is fully mobilized and is attached only by the main 
vascular pedicles. In order to get the veno-venous bypass 
working prior to cross clamping, the portal vein may or may 
not be transected. The bypass shunt may be inserted into the 
proximal end of the portal vein (in case of transection) or 
into the inferior mesenteric vein (in case of portal vein clamp-
ing). In any case, the arterial blood supply to the liver is 
maintained until cold perfusion of the liver is ready, just 
before and removal of the organ. 

 Veno-venous bypass is not without complications. These 
include unique problems including air embolism, throm-
boembolic complications and mechanical injury associated 
with global capillary leak, leading to third- spacing of  fl uid 
after surgery  [  17  ] . Therefore, the duration of the veno-ve-
nous bypass should be shortest possible. Surgically creation 
of a temporary an end-to-side porto-caval shunt replacing 
portal part of the veno-venous bypass shunt whenever pos-
sible during surgery is a good strategy. This helps to reduce 
the duration and the degree of dependence on the machanical 
shunt, and its associated complications. At this stage, due to 
the scarcity of performing ex situ ex vivo surgery, the experi-
ence gathered in any single unit may not be enough to pro-
pose selective utilization of veno-venous bypass.  

    24.3.3   Hypothermic Perfusion 

 The UW solution is commonly used as the preservation solution 
in allograft liver transplantation. However, in autotransplanta-
tion, the preservation solution histidine-tryptophan-ketoglu-
tarate (HTK) solution is preferred  [  18  ] . This is because of its 
relatively low potassium content as compared to other 
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 preservation  fl uids, which minimizes the risk of cardio- circula-
tory complications after liver re-perfusion. This solution also 
has added advantage of having a low viscosity, which allows 
fast and homogeneous perfusion of the organ. 

 In ex situ ex vivo surgery, the exact approach may depend 
somewhat on the circumstances. The hepatic side of portal vein 
can be cannulated with a shunt in preparation for  fl ushing and 
cooling. Blood circulation from the hepatic artery and the IVC 
are still being maintained until this stage. When the veno- 
venous bypass is working and both the hepatic arteries are 
divided, hypothermic liver perfusion is started in situ immedi-
ately after clamping of the suprahepatic and infrahepatic IVC. 
In other words, the liver is now in a state of total vascular exclu-
sion. Out fl ow of preservation  fl uid is provided by an opening at 
any of the hepatic vein or on the cava. This cold out fl ow  fl uid 
should be effectively removed by suction to minimize hypo-
thermia. After the initial  fl ushing and cooling, the entire liver is 
removed from the patient. Cooling is continued and maintained 
during the time when bench surgical procedures including 
resection of tumor, reconstruction of vessels, and repair of leak-
age from vessels and the resection plane are performed.  

    24.3.4   Bench Surgery and Implantation 

 After the liver is thoroughly perfused with HTK solution, the 
resection on bench is performed similar to that in liver 
allograft reduction or splitting into two liver grafts. The liver 
is placed in a bowl containing iced perfusion  fl uid. At this 
stage, the gall bladder would have been removed already and 
much of the dissection around the vessels would have been 
performed. Also similar to conventional liver resection sur-
gery, Cavitron Ultrasonic Aspirator (CUSA; Valley Lab) is 
used for parenchymal transection. The liver transection is 
totally bloodless. In all cases, the liver segmental planes are 
followed as much as possible in order to preserve the viability 
of liver parenchyma. Individual vicryl ties are preferred for 
ligations, the vessels and bile ducts crossing the resection line 
can also be closed with prolene sutures, or with the aid of 
titanium hemoclips, depending on their size. Ultrasound map-
ping of important structures including the tumor margin may 
be useful. Frozen section tissue biopsy may be done at this 
stage to con fi rm tumor free margin whenever it is indicated. 

 After the tumor bearing part of the liver is removed, perfu-
sion of the healthy liver portion is repeated to identify any 
potential leakage of bile or blood. All these potential sources 
from the resection plane are carefully repaired with prolene 
sutures. The resection surface may be sealed with  fi brin glue. 
Likewise, any small branches from the arteries and veins are 
perfused and any small branches that are left untied are ligated 
or sutured with a 6/0 prolene at this stage. Vessels reconstruc-
tions are to be performed next. In contrast to allograft liver 
transplantation, there is no luxury of long vessel length,  vessel 

patch, or spare vessels available as in cadaveric liver trans-
plantation, or to a lesser degree as in living donor 
transplantation. Therefore, extra care and precision during 
dissection and re-anastomoses of vessels is required in this 
procedure. The principles of implantation of the remnant liver 
and the anastomoses of vessels are performed exactly the 
same way as in living donor transplantation. 

 During this hypothermic period, complicated reconstruc-
tions of vessels are almost always required prior to re-im-
plantation of the liver (partial autotransplantation). For 
vascular reconstruction of the hepatic artery, portal vein, 
hepatic veins, and the IVC, autologous veins are preferred 
and should be used whenever possible. Some of these can be 
obtained from the liver specimen itself such as the portal 
vein or the hepatic veins provided that the vessels are far 
away from the tumor. Other convenient sites to obtain autol-
ogous veins should include the internal jugular vein from the 
neck and the saphenous veins from the thighs. Prosthetic 
material such as Gortex may have to be used if autologous 
veins are not available or are not suitable.  

    24.3.5   Anesthesia 

 Patient’s physiological parameters may  fl uctuate widely during 
the time of total vascular exclusion. The anesthetic team has an 
important role to stabilize the hemodynamic conditions of the 
patient. Because of the long duration of the anhepatic phase, 
and the subsequent implantation of a reduced sized and dys-
functioned liver, the risk of severe bleeding can be a problem 
 [  19  ] . Coagulopathy is caused by marked  fi brinolysis and the 
depletion of hemostatic factors. The situation can be improved 
by early and prophylactic replacement of fresh frozen plasma 
and platelets. Acidosis is common and can be alleviated by 
sodium bicarbonate and hyperventilation. Because the cold 
perfusion of the liver takes place while it is still in vivo, patient 
should be protected from hypothermia. Anesthetists should be 
experienced in all aspects of liver transplantation. Close intra-
operative monitoring is an integral part of the entire procedure. 
In fact, many of these treatments and stringent measures should 
be continued till at least after the initial post- operative phase 
when the patient has become stable.   

    24.4   Liver Tumors that May Be Suitable 
for This Procedure 

 Surgical resection has been an effective treatment option for 
liver tumors, be it benign or malignant, primary or second-
ary. The good outcome would be more assured if complete 
removal of all tumor tissue is achieved. For malignant cases, 
the role of surgery is even more important as untreated 
patients are destined for a poor prognosis with short survival. 
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However, there is a small group of patients having tumors 
that are unresectable due to its size, its local extension or its 
location in close proximity to critical structures. Under such 
circumstances, resection using conventional techniques 
could be either too risky or even impossible. Besides the 
technical dif fi culties in vascular control trying to control 
bleeding and without causing too much ischemic damage to 
the liver, the inability to achieve adequate resection margin 
are the main concerns. For unresectable tumors that have no 
effective non-surgical treatment, ex situ ex vivo resection 
and autotransplantation represents a possible viable option. 

    24.4.1   Tumors that Involve the IVC 

 Until the recent past, patients with tumor involvement of the 
inferior vena cava (IVC) were considered contraindicated for 
standard liver resection. However, it is now known that the 
IVC can be partially or segmentally resected when tumor 
involvement occurs. After resection, depending on the size of 
the defect, available reconstruction methods include simple 
suture, patch repair with synthetic materials including Dacron 
and polytetra fl uoroethylene (PTFE, Gortex) or with autolo-
gous veins or pericardium. Whole segment of IVC can be sub-
stituted with autologous vein in the form of a composite graft. 
The IVC can also been replaced with synthetic material such 
as ringed PTFE or Dacron tube graft  [  20–  22  ] . If prosthetic 
materials are used, anticoagulation after surgery to reduce the 
risk of vascular graft thrombosis would be required. 

 Nowadays, with advances in surgical techniques, ex situ 
ex vivo resection and autotransplantation approach is seldom 
required for tumors involving the IVC. There are many 
approaches that enable resection of the tumor and the 
involved cava. Total vascular exclusion that involves a Pringle 
maneuver with clamping of the IVC above and below the 
liver is a good relatively simple method. Both the vascular 
control and repair of the caval defect can be safely achieved 
 [  23  ] . The normothermic ischemia imposed by this technique 
only allows for a quick resection/ repair that last for a short 
time. Veno-venous bypass may or may not be introduced. 
However, in extremely rare situations where tumor resection 
can only be achieved with prolonged clamping of both the 
suprahepatic and infrahepatic IVC, or the IVC resection 
would involve the con fl uence of hepatic veins (described 
below), hypothermic liver perfusion approaches including ex 
situ ex vivo surgery may have to be considered  [  20  ] .  

    24.4.2   Tumors at Hepatic Hilum or at the Hepatic 
Veins and IVC Con fl uence 

 Selected cases of liver tumors located at or near the bifurca-
tion of the portal pedicle, or tumors in close proximity to the 

con fl uence of the IVC and hepatic veins are probably the 
types of tumors that are most commonly considered for ex 
situ ex vivo resection and autotransplantation so far  [  24  ] . 
For tumors in such locations, there is currently no other way 
that one can technically resect the tumor safely with a mar-
gin and at the same time overcome the problems of vascular 
control and ischemic damage to the remaining liver (as men-
tioned above). Nevertheless, the overall number reported of 
such cases having undergone ex situ ex vivo surgery is small. 
The reasons for the rarity are easily understood. Firstly, 
tumors with such characteristics are genuinely uncommon. 
Secondly, such surgery is complex and only a few sophisti-
cated centers are willing to perform such procedures. Most 
other cases are probably discarded as inoperable. Thirdly, in 
the surgical community, the usefulness of this approach, 
given the costs and the risks, is yet to be con fi rmed. Although 
the number reported is small, this technique has been applied 
for a variety of tumors including cholangiocarcinoma, hepa-
tocellular carcinoma, liver metastasis from colorectal cancer 
or renal cell carcinoma, leiomyosarcoma, neuroendocrine 
tumors and benign tumors. It is accepted that such an 
approach offers a way to resect tumors radically and pro-
vides a better, if not the only, chance for complete resection. 
It also does it without the need for allograft liver transplan-
tation in which a donor liver graft would be required. 
Nevertheless, ex situ ex vivo surgery being a costly and 
complicated technique should be justi fi able by the 
outcomes.   

    24.5   Variations to the Ex Situ Ex Vivo 
Technique 

 As described above, the main problems in major liver sur-
gery are bleeding and warm ischemic insults to the liver. The 
time period allowed by conventional vascular clamping and 
resulting ischemia is too short to allow complex liver resec-
tions and lengthy vascular reconstructions, as well as re- 
implantation. In order to overcome such problem, cooling 
the liver with chilled preservation solution (HTK solution) 
would enhance tolerance of the remnant liver to cold isch-
emia. Besides the ex situ ex vivo technique in which the liver 
is completely removed from the abdominal cavity by transec-
tion of both afferent and efferent vessels, there are two other 
similar approaches but with difference:
    1.    In situ surgery  [  25  ] —the liver, albeit completely mobi-

lized, remains in the right hypochondrium and the integ-
rity of both afferent and efferent vessels is conserved.  

    2.    Ex situ in vivo surgery  [  26  ] —the efferent vessels i.e. all 
three hepatic veins, or the vena cava (after fully mobilized 
from its dorsal attachments) above the con fl uence of the 
hepatic veins are transected. The afferent vessels, included 
in the portal pedicle, remain intact and in vivo. The 
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 additional mobility of the liver allows it to be exteriorized 
from the abdominal cavity (ex situ).     
 Including the ex situ ex vivo technique, all three approaches 

involve total vascular exclusion as well as cold perfusion of 
the liver. A long period of total vascular exclusion which 
includes occlusion of IVC is frequently necessary. The con-
sequential venous congestion in patients without pre-existing 
collateral circulation may cause major problem. Therefore, 
the veno-venous bypass is usually indispensable to avoid any 
pressure of time during the delicate procedure in all three 
approaches. 

 For the in situ technique, the portal vein does not need to 
be transected. The vessel may be clamped below the incision 
and the portal limb of the veno-venous bypass shunt can be 
inserted into the inferior mesenteric vein. The in fl ow of pres-
ervation  fl uid can be given via cannulation through an inci-
sion of the portal vein above the portal vein clamp. The 
out fl ow is let out through a drain placed through a vena cavo-
tomy inferior to the liver. In the ex situ in vivo technique, the 
liver remnant, after resection and sometime after reconstruc-
tion, needs to be re-implanted onto the IVC. The main differ-
ence between the three approaches is the extent of liver 
mobilization. However, if the surgery involves complicated 
resection and reconstruction, these two in vivo approaches 
do not support a prolonged anhepatic period as well as what 
can be provided by the ex situ ex vivo approach. Therefore 
in vivo approaches by comparison have been used even less 
frequently.  

    24.6   Outcomes of Ex Situ Ex Vivo Surgery 
and Autotransplantation 

    24.6.1   Overall Results 

 Pichlmayr et al.  fi rst performed ex situ ex vivo liver resection 
and autotransplantation in 1988  [  27  ] . This group in Germany 
has the largest experience with such technique of surgery in 
the world to-date. In their most recent publication, 24 cases 
of ex vivo liver resection performed between 1988 and 1998 
 [  21  ] . The procedure was completed in 22 of 24 cases. In two, 
the completed back- table work left the liver remnant unsuit-
able for auto transplantation, so both of these patients under-
went cadaveric transplant 17 and 19 h after hepatectomy. In 
4 out of the 22 patients, liver failure ensued following the 
procedure, also requiring cadaveric liver transplantation. 
Fifteen patients survived the postoperative period and were 
discharged after 36.5 ± 16 days. The median survival time of 
the six patients who had colorectal metastases was 21 months. 
The two patients with benign disease were alive 5 and 9 years 
after the procedure. From this experience, it becomes appar-
ent that the procedure carries high postoperative mortalities 
and morbidities. 

 There are other isolated cases of ex situ ex vivo resection 
reported in the literature  [  22,   28  ] . Although these reports 
focused primarily on the technical aspect of the procedure, 
the gathered results showed that benign tumor or less malig-
nant tumor types such as neuroendocrine tumor do reason-
ably well after such treatment  [  29  ] . The procedure can be 
quite worthwhile for such selected cases. Among patients 
with malignant tumors, some tumor types do better than oth-
ers. However, the overall long term results can best be 
described as modest. For some malignant tumors like cho-
langiocarcinoma, the results have been disappointing. Early 
tumor recurrence seemed to be a common problem for these 
patients. This remains a major concern for applying such 
technique in malignant tumors, and therefore thorough con-
sideration and careful selection of tumor types are 
warranted.  

    24.6.2   Cholangiocarcinoma 

 Curative treatment of patients with localized cholangiocarci-
noma is only possible with complete resection  [  5  ] . This can 
be dif fi cult to achieve as re fl ected by the suboptimal long- 
term survival after conventional resectional surgery. The 
dif fi culty becomes much more paramount in advanced cases 
of hilar cholangiocarcinoma in which, for example, the tumor 
has invaded the portal vein or the hepatic artery or the tumor 
has involved second order biliary branches. Under these cir-
cumstances, conventional surgical approach cannot effec-
tively circumvent the problems of bleeding and ischemic 
insult to the liver while the same time to achieve tumor clear-
ance. Ex situ ex vivo resection and partial liver autotrans-
plantation is able to overcome the two problems and offers a 
much better chance of securing clear resection margins. 

 Among hilar cholangiocarcinomas, Bismuth type IV cho-
langiocarcinoma in particular has a very poor prognosis  [  4  ] . 
Although ex situ ex-vivo resection and autotransplantation 
represent a viable treatment option, only six cases of auto-
transplantation for hilar cholangiocarcinoma have ever been 
performed and reported in the English literature. According 
to the world’s largest experience from the Pichlmayr’s cen-
ter, Oldhafer  [  21  ]  reported the long term outcomes of 22 
patients. Among them, those who had hilar cholangiocarci-
noma and required this surgery were among the worst results. 
According to their experience, three out of four hilar cholan-
giocarcinoma patients treated with this procedure did not 
survive the operation. The other remaining patient survived 
the surgery but died of early tumor recurrence. Oldhafer also 
suggested that ex situ ex vivo liver surgery should be avoided 
in patients with cholestasis, thinking that long- standing 
cholestasis may reduce the liver’s tolerance to ischemia. 

 There have been no other long term results reported in the 
literature for hilar cholangiocarcinoma treated with this 
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 technique except for one patient treated by the author 
(described below) with a 17 month survival without recurrent 
disease  [  30  ] . This patient had done well in spite of presence 
of pre-operative cholestasis. At the time of reporting, this was 
the  fi rst successful case with the longest tumor free survival in 
the world after such treatment for a locally advanced hilar 
cholangiocarcinoma. For about 2 years after the surgery, she 
was able to return to work and lived a normal productive life. 
Sadly, she also developed tumor recurrence at 2 years and 
subsequently died 2 ½ years from the time of surgery. 

 In the literature, there was another successful case report 
of a long term tumor free survival  [  31  ] . This case involved a 
41 year old patient who had an advanced intrahepatic, a non-
hilar type, cholangiocarcinoma involving the left lobe of 
liver. Again, the tumor could not be resected by conventional 
technique. After surgical treatment of ex situ ex vivo resec-
tion and autotransplantation, the patient was still alive and 
tumor free 23 months afterward. 

  Case Illustration —The technique is being exempli fi ed 
by the following patient. 

 The patient was a 26 years old female with no past medi-
cal history. She presented to her primary care physician with 
a history of jaundice and tea-colored urine. She did not have 
any fever, chills, or abdominal pain. Laboratory investigation 
revealed elevations in her bilirubin (334  m mol/L), alkaline 
phosphatase, and liver transaminases. Hepatitis serologies 
were negative. Ultrasound examination of her abdomen 
revealed gross biliary ductal dilatation with abrupt truncation 
at the ductal con fl uence. The gall bladder was normal, and no 
gallstones were seen. An endoscopic retrograde cholang-
iopancreatography was performed but failed cannulation of 
the common bile duct. Marked dilatation of right and left 
intrahepatic ducts (IHD) down to the level of the porta hepa-
tis were shown on CT scan (Figs.  24.1–24.2 ) and on the mag-
netic resonance cholangiogram.  

 A percutaneous cholangiogram (Fig.  24.3 ) was performed 
and showed right side dilated IHD with obstruction at the 
ductal con fl uence. She was initially managed with percuta-
neous transhepatic biliary drainage (PTBD), one on either 
side of the biliary tree. She was complicated by an episode of 
hemobilia from the right PTBD. A hepatic angiogram showed 
no active bleeding but a hypovascular tumor with portal vein 
involvement. Hemobilia settled after the original PTBD was 
replaced with a new one. In addition to a 2.3 cm hilar mass, 
an MRI scan (Fig.  24.4–24.5 ) showed bilateral tumor involve-
ments up to the origins of the left medial and lateral segmen-
tal ducts, and the origins of the right anterior and posterior 
segmental ducts (Bismuth type IV hilar cholangiocarci-
noma). The con fl uence of the portal vein was also involved 

  Figs. 24.1–24.2    Preoperative CT scan demonstrating a mass at the portal con fl uence and intrahepatic ductal dilatation       

  Fig. 24.3    Percutaneous cholangiogram showing that segment IV duct 
was involved by the tumor       
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by the tumor. FNA of the lesion showed suspicion of cholan-
giocarcinoma. Laparoscopy and laparoscopic ultrasound 
con fi rmed that the con fl uence of the portal vein and the right 
hepatic artery had been encased by the tumor. The rest of the 
abdomen was clear of tumor. In view of the patient’s young 
age and that there was no other more effective treatment, 
after careful consideration and deliberation with the patient 
and her family, consent was obtained and an ex situ and ex 
vivo liver resection with partial liver autotransplantation was 
performed on 10 May 2001.    

    24.6.3   The Surgical Procedure 

 The surgery lasted for 15½ h with an anhepatic period of 5½ h. 
Segments 1, 5, 6, 7, 8 and part of segment 4 were resected on 

bench. A veno-venous bypass was used initially during hepa-
tectomy until an end to side portocaval shunt was established 
while the patient was anhepatic (Fig.  24.6 ). The harvested 
right internal jugular vein was used to reconstruct the now 
short left portal vein (Fig.  24.7 ). The harvested right hepatic 
vein was used to lengthen the left hepatic vein (Fig.  24.8 ). 
Before implantation, repeated (three times) frozen sections 
on the margins of the segments 2, 3 and 4 biliary ducts were 
performed until tumor clearance was ensured. Liver remnant 
composed of segments 2, 3 and part of 4 was autotransplanted 
in a piggyback fashion. A roux-en-Y loop was fashioned and 
anastomosed individually to the segment 2, 3 and 4 bile ducts 
(Fig.  24.9 ). The resected specimen weighed 1,160 g 
(Fig.  24.10 ). Final histology reported a 3 cm well differenti-
ated mucinous adenocarcinoma, accompanied by perineural 
invasion and portal vein in fi ltration however the intima of the 

  Fig. 24.4–24.5    Magnetic resonance cholangiogram demonstrating the location of the tumor within the biliary system       
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portal vein was spared. The resection margins were all clear 
of tumor. Post- operatively, the patient was cholestatic with 
large ascitic output for a prolonged period. She was dis-
charged on day 45. MRI scan at 3 months and CT scans at 6 
(Fig.  24.11 ) and 9 months showed a regenerated liver without 
any evidence of tumor recurrence.         

    24.7   Summary 

 Technical improvements and organ preservation in the  fi eld 
of liver transplantation have added to the success in the devel-
opment of ex situ ex vivo surgery. Experience with redu ced 
sized, split liver and living related liver transplantation has 

  Fig. 24.6    Porto-caval shunt, clamp was on the hepatic artery       

  Fig. 24.7    Internal jugular vein has lengthened the left portal vein for 
anastomosis       

  Fig. 24.8    Harvested right hepatic vein to lengthen left hepatic vein       

Artists diagram of surgery

  Fig. 24.9    Illustration of surgery. A roux-en-Y loop was fashioned and 
anastomosed individually to the segment 2, 3 and 4 bile ducts       
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  Fig. 24.10    The resected specimen weighed 1,160 g       
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provided the skill available for bench surgery and complex 
reconstructions required for partial liver autotransplantation. 
The use of vein grafts taken from the resected liver as well as 
patient’s own veins can make portal vein or hepatic vein 
reconstruction feasible and make the implantation easier. 

 Cholangiocarcinomas generally are associated with one 
of the worst prognosis, especially if surgical resection is not 
possible. Unfortunately, patients frequently present late and 
are considered inoperable at the time of diagnosis. For local-
ized cholangiocarcinomas, surgery achieving a negative 
resection margin is by far the most important independent 
predictor of outcome. Although many experts have recom-
mended aggressive surgical approach to these patients, often 
traditional techniques of liver resection prove dif fi cult if not 
impossible. Hilar cholangiocarcionomas with involvement 
of vascular structures or extension into secondary biliary 
branches are usually considered unresectable. 

 There has been tremendous improvement in the surgical 
technical aspects with ex situ ex vivo surgery and auotrans-
plantation over the years. Many of the technical dif fi culties 
have been overcome. Tumors usually considered for such 
treatment are those involving the hepatic hilum or the proxi-
mal hepatic veins. There is no doubt that the ex situ ex vivo 
resection and autotransplantation technique will continue to 
improve. There will be more patients bene fi ted from this sur-
gery to remove otherwise unresectable tumors. However, 
taken into account the cost, the complex surgical procedure 
and the associated morbidities and mortalities, perhaps only 
the young or highly selected otherwise healthy patients 
should be considered for this procedure. 

 Previous results have shown that benign and some malig-
nant tumors do reasonably well after such treatment. The 
results for cholangiocarcinoma have been less than satisfac-
tory so far. There has been some improvement, as evident by 
two reported successful cases in recent years. In absence of 

effective treatment for advanced cholangiocarcinoma besides 
surgery, ex situ ex vivo surgical approach may be considered 
as a last resort for highly selected cases. Continual surgical 
advances will encourage more attempts to treat advanced 
cholangiocarcinoma with this technique. Reduction in surgi-
cal morbidities and mortalities will further improve the out-
comes. There is still a long way off before it should become 
a recommended treatment. 

 The biological and the oncological aspects of cholangio-
carcinoma have yet to be fully understood. Until we have 
breakthroughs in the  fi eld of non-surgical treatments such as 
effective neo adjuvant or adjuvant treatments, there will not 
be signi fi cant improvement in long term survival despite the 
technical feasibility of such complex procedure. As a treat-
ment for cholangiocarcinoma, its future role depends on 
availability of effective non-surgical treatment. On one 
hand, the application of ex situ ex vivo surgery could be 
much more frequent. On the other hand, the technique could 
become unnecessary.      
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          25.1   Background 

 Hilar cholangiocarcinoma (CCA) is a rare but devastating 
malignancy that presents late and is notoriously dif fi cult to 
diagnose due to lack of effective screening tests. Treatment 
of hilar CCA is similarly challenging because of the lack of 
effective adjuvant therapy, aggressive in fi ltrative and longi-
tudinal growth pattern of CCA, and location of the tumor in 
close proximity to vital structures. Historically, the usual 
management for these patients was palliative despite the 
absence of distant metastasis at initial presentation and the 
prognosis has been poor. The development and evolution of 
liver surgery including orthotopic liver transplantation (OLT) 
over the past four decades has signi fi cantly improved the sur-
gical management of CCA. A complete extirpation of tumor 
including all microscopically detectable disease (R0 resec-
tion) offers the only possibility of long-term survival in 
patients with CCA. Unfortunately, many patients present 
with unresctable hilar CCA due to the presence of advanced 
liver disease and/or tumor extension to hepatic parenchyma 
and/or major vessels (hepatic artery and portal vein) of both 
right and left hemilivers, metastasis to regional lymph nodes 
or insuf fi cient future liver remnant volume (Table  25.1 ).   

    25.2   Orthotopic Liver Transplantation 
for Hilar Cholangiocarcinoma 

 While earlier studies on long-term survival outcomes with 
radical resection of early stage hilar tumors report a 5-year 
survival rate of up to 34 %  [  1  ] , outcomes for CCA with 
aggressive features, including multifocality and large tumor 
size >2 cm remain poor due to the limitations of resection as 
treatment modality in achieving clear margins  [  2–  5  ] . For 
tumors that are locally unresectable, total hepatectomy with 
regional lymphadenectomy and OLT addresses all relevant 
resection margins and treats the underlying liver disease. 
Historical experience with OLT for CCA was disappointing 
because of the universal recurrence of the disease and subse-
quent mortality (Table  25.2 )  [  6–  8  ]  and has led many centers 
to consider CCA as a contraindication for OLT until the 
introduction of a multidisciplinary approach of neoadjuvant 
chemoradiation therapy followed by OLT  [  9  ] .  

 The early reports from Thomas Jefferson University and 
the Mayo Clinic indicated the potential utility of radiation 
and chemotherapy in palliative therapy of CCA  [  10,   11  ] . 
Patients with unresectable CCA who received at least 55 Gy 
of radiation treatment demonstrated a 2-year survival of 
48 % compared to 0 for those without radiation treatment 
 [  10  ] . Furthermore, 14 % of the patients who received radia-
tion therapy survived for 5 years or more. The University of 
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   Table 25.1    Contraindications for surgical resection for hilar 
cholangiocarcinoma   

 Bilateral tumor extension involving left and right secondary biliary 
radicals 
 Unilobar involvement with encasement of contralateral portal vein or 
hepatic artery 
 Bilateral vascular involvement 
 Distant metastases 
 Underlying liver disease (advanced  fi brosis, cirrhosis) 
 Future liver remnant (FLR) <30 % and absence or inadequate FLR 
volume increase after portal vein occlusion 
 Severe co-morbidities 
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   Table 25.2    Collected series of liver transplantation for cholangiocarcinoma   

 Author  Period  n  Adjunctive therapy 
 Recurrence 
rate, % 

 Patient survival, % 

 2 years  3 years  5 years 

 Steiber  [  24  ]   1980–1988  10  Adjuvant  60  30  –  – 
 Goldstein  [  25  ]   1984–1992  17  Adjuvant  78  21  –  – 
 Meyer  [  6  ]   1968–1997  207  Adjuvant  51  48  –  23 
 Shimoda  [  27  ]   1984–2000  25  Adjuvant  41  –  35  – 
 Sudan  [  12  ]   1987–2000  11  Neoadjuvant  18  –  –  30 
 Robles  [  7  ]   1988–2001  59  Adjuvant  46  –  –  42 (Intrahepatic) 30 (Hilar) 
 Ghali  [  8  ]   1996–2003  10  None  80  –  30  – 
 Heimbach  [  15  ]   1993–2006  65  Neoadjuvant  17  –  –  76 
 Becker  [  28  ]   1987–2005  280  –  –  –  –  38 
 Morris-Stiff  [  29  ]   1981–2004  13  –  –  –  –  46 
 Hong  [  18  ]   1985–2009  38  41  52  38  32 

 None  40  27  20  20 
 Neoadjuvant + 
Adjuvant 

 28  88  75  47 

 Adjuvant  50  58  33  33 

Nebraska pioneered the use of neoadjuvant radiation therapy 
before OLT  [  12  ] . Their protocol used only intrabiliary 
brachytherapy delivered through iridium-192 wires, to a total 
dose of 6,000 cGy followed by daily intravenous 5- fl urouracil 
until the time of transplantation. Patients with extrahepatic 
malignancy discovered during exploratory laparotomy were 
ineligible for liver transplantation. The tumor-free survival 
of 45 % was observed with a median follow up of 7.5 years 
after OLT  [  13  ] . 

    25.2.1   Mayo Protocol for Hilar CCA 

 With the apparent bene fi ts of chemotherapy and radiation 
therapy before OLT, the group from the Mayo Clinic devel-
oped a protocol with the intent of treating a highly select 
group of patients with hilar CCA with a strict regimen of 
preoperative staging and neoadjuvant treatment followed by 
OLT  [  9  ] . The inclusion criteria for patients with CCA involve 
a strict selection of patients with early stage CCA either 
deemed locally unresectable or arising in the setting of 
underlying PSC (Table  25.1 ). Patients with hilar CCA were 
included only if there was no mass lesion below the level of 
the cystic duct (Table  25.3 ). The presence of microscopic 
disease suspected below this level and the absence of any 
other contraindication for OLT, warranted an addition of 
pancreaticoduodenectomy at the time of liver transplanta-
tion. Vascular encasement of the hilar structures was not a 
contraindication to transplantation. The upper limit of tumor 
size was 3 cm when the mass was visible on cross-sectional 
imaging studies, and there must be no evidence of intrahe-
patic or extrahepatic metastases by any imaging studies. The 
protocol speci fi cally excluded patients with intrahepatic 

(peripheral) CCA or gallbladder cancer. Surgical interven-
tion and percutaneous biopsy were avoided to minimize peri-
toneal seeding. Candidates must have no active infections or 
medical conditions that preclude neoadjuvant therapy or 
liver transplantation. Since 2002, an endoscopic ultrasound-
guided regional lymph node aspiration has been routinely 
done in all patients before beginning neoadjuvant therapy 
 [  14  ] . The identi fi cation of lymph node metastases obviated 
the need for staging exploratory laparotomy and disquali fi ed 
the patients from subsequent liver transplantation.  

 In the Mayo protocol, patients receive external beam 
radiotherapy to a target dose of 4,500 cGy followed by tran-
scatheter radiation (2,000~3,000 cGy) with iridium-192 
wires. These wires are placed by endoscopic retrograde cho-
langiography or percutaneous transhepatic cholangiography. 
Systemic 5- fl urouracil is given during radiation treatment 
followed by oral capecitabine (Xeloda) after radiation ther-
apy until the day of transplantation. Before transplantation, 
all patients undergo a scheduled staging laparotomy includ-
ing biopsy of at least one lymph node along the proper 
hepatic artery and another along the common bile duct as 

   Table 25.3    Mayo Clinic criteria for liver transplantation for hilar 
 cholangiocarcinoma  [  30  ]    

 Candidates must satisfy diagnostic criteria for hilar CCA: malignant-
appearing stricture on cholangiography, and biopsy cytology results 
demonstrating malignancy, carbohydrate antigen 19-9 > 100 U/ml, 
or aneuploidy 
 Unresectable hilar CCA 
 Tumor size <3 cm on cross-sectional imaging studies 
(CT scan, ultrasound, MRI) 
 No intra- and extrahepatic metastases on surveillance every 3 months 
 No regional hepatic lymph node involvement and peritoneal 
metastases 
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well as any lymph nodes or nodules suspicious for tumor. 
Only patients with negative staging operation remain eligible 
for transplantation. The  fi rst published result of this protocol 
showed a patient survival rate of 100 % among the trans-
planted patients with a median follow up of 44 months and 
only one case of tumor-recurrence. However, among the 19 
patients enrolled who received neoadjuvant therapy, only 12 
patients remained eligible for OLT; 1 died from biliary sepsis 
while 6 patients (33 %) had tumor progression that precluded 
transplantation. Since the application of the Mayo protocol, 
the survival analysis of patients with CCA has yielded 1- and 
5-year patient survival rates of 91 % and 76 %, respectively; 
and 5-year recurrence-free survival of 60 %  [  15  ] . Predictors 
for tumor recurrence include older patients, CA19-9 levels 
>100 U/ml on the day of transplantation, prior cholecystec-
tomy, mass on cross-sectional imaging, tumor grade, and 
residual tumor >2 cm as well perineural invasion in explant.  

    25.2.2   Complications of Neoadjuvant 
Radiation Therapy 

 The survival bene fi ts with this protocol were associated with 
signi fi cant morbidity. Cholangitis, intrahepatic abscess and 
sepsis were frequent infectious complications related to 
indwelling stent alone, neoadjuvant radiation-induced tumor 
necrosis, or in conjunction with other treatment-related neutro-
penia  [  9  ] . Severe in fl ammatory changes and dense  fi brosis in 
the porta hepatis attributable to radiation therapy may lead to 
dif fi culty in identifying and isolating the portal structures dur-
ing transplantation. The greatest concern, however, is the risk 
for long-term vascular complications after transplantation. The 
overall late vascular complication rate after transplantation was 
41 % in the Mayo Clinic series; 21 % of the patients developed 
hepatic arterial complications while 20 % experienced portal 
venous complications  [  16  ] . These vascular events have been 
attributed to the late effects of vascular tissue injury from radia-
tion therapy leading to  fi brosis and chronic ischemic injury. In 
order to avoid using the irradiated native hepatic artery, an 
infrarenal interposition arterial graft was routinely used to 
reconstruct arterial in fl ow to all deceased donor grafts while the 
native hepatic artery was used in living donor graft. The native 
portal vein was used in deceased donor transplants, whereas in 
living donor transplants, a portal vein interposition graft was 
constructed using a blood-group compatible third party iliac 
vein. In this analysis, hepatic arterial complications were more 
prevalent in recipients of living donor partial grafts who 
received neoadjuvant chemoradiation therapy for CCA than 
with recipients transplanted with living donor grafts for other 
indications. For patients who received deceased donor whole-
organ grafts reconstructed with interposition infrarenal aortic 
conduit, the rates of hepatic arterial complication were similar 
to those of recipients transplanted for other indications who did 

not received neoadjuvant chemoradiation therapy. In contrast, 
late portal vein stenosis was more prevalent in both deceased 
donor whole-graft and living donor partial graft with CCA 
when compared with controls. Most vascular complications 
were managed with a percutaneous endovascular approach and 
these complications were reported not to have adversely 
affected patient and graft survival.  

    25.2.3   The University of California Los Angeles 
(UCLA) Criteria and Treatment 
Protocol for CCA 

 While the application of strict Mayo Clinic patient selection 
criteria, regimen of preoperative staging and neoadjuvant 
chemoradiation treatment followed by OLT have resulted in 
excellent long-term recurrence free survival outcomes  [  17  ] , 
only 58 % of the patients had histologically proven cancer on 
explanted liver. Proponents for expansion of OLT criteria for 
CCA argue patient inclusion guidelines restricted to hilar 
tumors based only on size may exclude patients with locally 
advanced hilar CCA, Stage IIA, IIB, and III (American Joint 
Committee on Cancer, 6th Edition) from a potentially cura-
tive procedure despite the absence of metastatic disease. 
Hong and Busuttil have recently reported that survival 
bene fi ts can also be achieved in patients with locally advanced 
CCA (>3 cm in size, tumor extension to hepatic parenchyma, 
branches of the portal vein and/or hepatic artery, and pres-
ence of perineural and lymphovascular invasion) utilizing a 
similar neoadjuvant and adjuvant protocol  [  18  ] . The 5-year 
disease recurrence-free survival was 47 % in patients who 
received OLT in combination with neoadjuvant and adjuvant 
therapies compared to zero in the resection group. 

 The UCLA group proposed a post OLT tumor-recurrence 
risk strati fi cation system to identify patients with locally 
advanced intrahepatic and hilar CCA who would bene fi t 
from OLT. Independent multivariate predictors were assigned 
risk score points based on the log of the hazard ratio for 
tumor recurrence after OLT (Table  25.4 ). The risk score 
points were summed and patients strati fi ed into three predictive 

   Table 25.4    The UCLA Prognostic Scoring System for tumor- 
recurrence after liver transplantation for cholangiocarcinoma  [  31  ]    

 Risk factors  Risk score points 

 Multifocality  4 
 Perineural invasion  4 
 In fi ltrative tumor growth pattern  3 
 No neoadjuvant therapy  3 
 History of primary sclerosing 
cholangitis 

 2 

 Hilar CCA  1 
 Lymphovascular invasion  1 

  Reprinted from JACS  [  32  ] ; with permission from Elsevier  
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index category: low, intermediate and high risk groups. The 
5-year tumor recurrence-free patient survival was signi fi cantly 
higher in LR (78 %) compared to IR (19 %) and HR (0) 
groups ( P  < 0.001); survival bene fi t was also seen in IR com-
pared to HR groups (Fig.  25.1 ).   

 Inclusion criteria for the UCLA treatment protocol for 
unresectable CCA include tumor size  £ 8 cm for intrahepatic 
and  £ 3.5 cm for hilar CCA in patients, disease con fi ned 
within the con fi nes of the operative  fi eld for total hepatec-
tomy and regional lymphadenectomy for OLT, and absence 
of distant metastasis. Figure  25.2  shows our treatment algo-
rithm. A tumor biopsy is used prior to neoadjuvant therapy in 
all patients. Our neoadjuvant treatment protocol utilizes 
locoregional followed by chemotherapy for locally advanced 
intrahepatic and hilar CCA. Intrahepatic CCA  £ 6 cm or hilar 
tumors are treated with stereotactic body radiation therapy 
(SBRT) for a total dose of 40 Gy, fractionated into  fi ve treat-
ment sessions over 7~12 days  [  19,   20  ] . The short locore-
gional treatment course allows the administration of full, 
uncompromised doses of chemotherapy as early as 
10~14 days from the last radiation session. For intrahepatic 
tumors >6 cm, transarterial chemoembolization is given 
instead of SBRT  [  21  ] . Neoadjuvant chemotherapy includes a 
5- fl uorouracil or capecitabine-based regimen until the time 
of transplantation. Other agents include oxaliplatin, leuco-
vorin, and gemcitabine  [  22–  25  ] . Surveillance of tumor pro-
gression includes imaging with computed tomography or 
magnetic resonance imaging of the chest and abdomen as 
well as determination of serum tumor marker carbohydrate 
antigen (CA) 19-9 levels regularly every 3 months. Positron 
emission tomography scan is used selectively in patients 

with suspicion of metastasis on routine imaging. Progression 
of disease beyond the con fi nes of the operative  fi eld of total 
hepatectomy and regional lymphadenectomy for OLT, 
identi fi ed during neoadjuvant treatment or in pre-OLT surgi-
cal staging laparotomy, precludes transplantation.  

 Patients in the low and intermediate risk groups would 
receive OLT. This protocol includes patients deemed to have 
intermediate risk for tumor recurrence after OLT because 
only 27 % of the patients in the intermediate risk group 
received neoadjuvant therapy in the retrospective study. The 
potential utility of neoadjuvant therapies to achieve a survival 
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  Fig. 25.1    Disease recurrence-
free survival in locally advanced 
cholangiocarcinoma by risk 
categories (Reprinted from 
JACS  [  32  ] ; with permission from 
Elsevier)       
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  Fig. 25.2    Flow diagram of the UCLA treatment protocol for OLT 
 candidates with hilar cholangiocarcinoma (Reprinted from JACS  [  32  ] ; 
with permission from Elsevier)       
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rate of >50 % at 5 years after OLT in the intermediate group 
is currently being evaluated in a prospective study. For high-
risk patients, another biopsy of the tumor is performed after 
completion of neoadjuvant therapy to evaluate response to 
treatment. While OLT may still be considered for patients 
who exhibit disease down-staging, de fi nitive surgical therapy 
is not recommended in the absence of a favorable tumor 
response to neoadjuvant treatments. 

 Adjuvant chemotherapy is given based upon tumor biol-
ogy determined in pre-treatment biopsy and in explanted 
specimen. While the survival bene fi t with adjuvant chemo-
therapy after resection is unproven, post-OLT adjuvant che-
motherapy may have a role in reducing the risk for tumor 
recurrence by controlling potential occult disease in the face 
of impaired immune surveillance of the patient from immu-
nosuppressive therapy. Furthermore, we use a sirolimus-
based maintenance immunosuppression regimen in our 
treatment protocol because of its antiproliferative and antian-
giogenic properties  [  22,   23,   26  ] .   

    25.3   Summary 

 The management for CCA remains challenging because of 
the rarity and aggressive nature of the disease, lack of effec-
tive adjuvant therapy, as well as the diverse locations of 
tumor. In contrast to HCC, there has been no effective screen-
ing test for CCA such that patients oftentimes present with 
unresectable disease. Surgical extirpation of the tumor is the 
only chance for potential cure. During the last two decades, 
an R0 resection has constantly been reported the most impor-
tant predictor of prolonged survival. Although outcomes 
after radical bile duct resection with partial hepatectomy for 
hilar CCA have improved compared to two-decades ago, the 
long-term survival remains low. OLT in combination with 
neoadjuvant therapy provides tumor recurrence-free survival 
in a select group of patients.      

   References 

    1.    Chen XP, Lau WY, Huang ZY, et al. Extent of liver resection for 
hilar cholangiocarcinoma. Br J Surg. 2009;96:1167–75.  

    2.    Endo I, Gonen M, Yopp AC, et al. Intrahepatic cholangiocarci-
noma: rising frequency, improved survival, and determinants of 
outcome after resection. Ann Surg. 2008;248:84–96.  

    3.    Jonas S, Thelen A, Benckert C, et al. Extended liver resection for 
intrahepatic cholangiocarcinoma: a comparison of the prognostic 
accuracy of the  fi fth and sixth editions of the TNM classi fi cation. 
Ann Surg. 2009;249:303–9.  

    4.    Dinant S, Gerhards MF, Rauws EA, et al. Improved outcome of 
resection of hilar cholangiocarcinoma (Klatskin tumor). Ann Surg 
Oncol. 2006;13:872–80.  

    5.    DeOliveira ML, Cunningham SC, Cameron JL, et al. Cholangio-
carcinoma: thirty-one-year experience with 564 patients at a single 
institution. Ann Surg. 2007;245:755–62.  

    6.    Meyer CG, Penn I, James L. Liver transplantation for cholangiocar-
cinoma: results in 207 patients. Transplantation. 2000;69:1633–7.  

    7.    Robles R, Figueras J, Turrion VS, et al. Spanish experience in liver 
transplantation for hilar and peripheral cholangiocarcinoma. Ann 
Surg. 2004;239:265–71.  

    8.    Ghali P, Marotta PJ, Yoshida EM, et al. Liver transplantation for 
incidental cholangiocarcinoma: analysis of the Canadian experi-
ence. Liver Transpl. 2005;11:1412–6.  

    9.    De Vreede I, Steers JL, Burch PA, et al. Prolonged disease-free 
survival after orthotopic liver transplantation plus adjuvant chem-
oirradiation for cholangiocarcinoma. Liver Transpl. 2000;6:
309–16.  

    10.    Alden ME, Mohiuddin M. The impact of radiation dose in com-
bined external beam and intraluminal Ir-192 brachytherapy for bile 
duct cancer. Int J Radiat Oncol Biol Phys. 1994;28:945–51.  

    11.    Foo ML, Gunderson LL, Bender CE, et al. External radiation ther-
apy and transcatheter iridium in the treatment of extrahepatic bile 
duct carcinoma. Int J Radiat Oncol Biol Phys. 1997;39:929–35.  

    12.    Sudan D, DeRoover A, Chinnakotla S, et al. Radiochemotherapy 
and transplantation allow long-term survival for nonresectable hilar 
cholangiocarcinoma. Am J Transplant. 2002;2:774–9.  

    13.    Patel T. Increasing incidence and mortality of primary intrahepatic 
cholangiocarcinoma in the United States. Hepatology. 2001;33:
1353–7.  

    14.    Gleeson FC, Rajan E, Levy MJ, et al. EUS-guided FNA of regional 
lymph nodes in patients with unresectable hilar cholangiocarci-
noma. Gastrointest Endosc. 2008;67:438–43.  

    15.    Heimbach JK, Gores GJ, Haddock MG, et al. Predictors of disease 
recurrence following neoadjuvant chemoradiotherapy and liver 
transplantation for unresectable perihilar cholangiocarcinoma. 
Transplantation. 2006;82:1703–7.  

    16.    Mantel HT, Rosen CB, Heimbach JK, et al. Vascular complications 
after orthotopic liver transplantation after neoadjuvant therapy for 
hilar cholangiocarcinoma. Liver Transpl. 2007;13:1372–81.  

    17.    Rea DJ, Heimbach JK, Rosen CB, et al. Liver transplantation with 
neoadjuvant chemoradiation is more effective than resection for 
hilar cholangiocarcinoma. Ann Surg. 2005;242:451–8. discussion 
8–61.  

    18.    Hong JC, Jones CM, Duffy JP, et al. Comparative analysis of resec-
tion and liver transplantation for intrahepatic and hilar cholangio-
carcinoma: a 24-year experience in a single center. Arch Surg. 
2011;146:683–9.  

    19.    Tse RV, Hawkins M, Lockwood G, et al. PhaseI study of indi-
vidualized stereotactic body radiotherapy for hepatocellular carci-
noma and intrahepatic cholangiocarcinoma. J Clin Oncol. 2008;26:
657–64.  

    20.    Rusthoven KE, Kavanagh BD, Cardenes H, et al. Multi-institutional 
phase I/II trial of stereotactic body radiation therapy for liver metas-
tases. J Clin Oncol. 2009;27:1572–8.  

    21.    Gusani NJ, Balaa FK, Steel JL, et al. Treatment of unresectable cholan-
giocarcinoma with gemcitabine-based transcatheter arterial chemoem-
bolization (TACE): a single-institution experience. J Gastrointest Surg. 
2008;12:129–37.  

    22.    Toso C, Merani S, Bigam DL, et al. Sirolimus-based immunosup-
pression is associated with increased survival after liver trans-
plantation for hepatocellular carcinoma. Hepatology. 2010;51:
1237–43.  

    23.    Zimmerman MA, Trotter JF, Wachs M, et al. Sirolimus-based 
immunosuppression following liver transplantation for hepatocel-
lular carcinoma. Liver Transpl. 2008;14:633–8.  

    24.    Stieber AC, Marino IR, Iwatsuki S, et al. Cholangiocarcinoma in 
sclerosing cholangitis. The role of liver transplantation. Int Surg. 
1989;74:1–3.  

    25.    Goldstein RM, Stone M, Tillery GW, et al. Is liver transplantation 
indicated for cholangiocarcinoma? Am J Surg. 1993;166:768–71. 
discussion 71–72.  



280 J.C. Hong and R.W. Busuttil

    26.    Okada T, Sawada T, Kubota K. Rapamycin inhibits growth of 
cholangiocarcinoma cells. Hepatogastroenterology. 2009;56:
6–10.  

    27.    Shimoda M, Farmer DG, Colquhoun SD, et al. Liver transplanta-
tion for cholangiocellular carcinoma: analysis of a single-center 
experience and review of the literature. Liver Transpl. 2001;
7:1023–33.  

    28.    Becker NS, Barshes NR, Aloia TA, et al. Analysis of recent pediat-
ric orthotopic liver transplantation outcomes indicates that allograft 
type is no longer a predictor of survivals. Liver Transpl. 2008;
14:1125–32.  

    29.    Morris-Stiff G, Bhati C, Olliff S, et al. Cholangiocarcinoma com-
plicating primary sclerosing cholangitis: a 24-year experience. Dig 
Surg. 2008;25:126–32.  

    30.    Gores GJ, Gish RG, Sudan D, et al. Model for End-stage Liver 
Disease (MELD) exception for cholangiocarcinoma or biliary dys-
plasia. Liver Transpl. 2006;12:95–7.  

    31.    Hong JC, Petrowsky H, Kaldas FM, et al. Predictive index for tumor 
recurrence after liver transplantation for locally advanced intrahe-
patic and hilar cholangiocarcinoma. J Am Coll Surg. 2011;212:514–
20. discussion 20–21.  

    32.   JACS. 2011;212(4):514–20.      



281W.Y. Lau (ed.), Hilar Cholangiocarcinoma,
DOI 10.1007/978-94-007-6473-6_26, © Springer Science+Business Media Dordrecht and People’s Medical Publishing House 2013

          26.1   Introduction 

 Long-term control of hilar cholangiocarcinoma (CCA) 
and extrahepatic cholangiocarcinoma (CCA) in general 
can only be obtained with complete surgical removal of 
all neoplastic tissue in toto either via surgical resection or 
transplantation  [  1  ] . Most investigators have demonstrated 
that complete surgical resection with negative margins (R0 
resection) is the most important determinant of survival in 
hilar CCA  [  2,   3  ] . However, only a minority of patients are 
able to receive an oncologic resection  [  4  ] . Moreover, even 
after complete resection with negative margins the overall 
survival of patients with hilar CCA has been reported to 
range from 30 % to 52 %  [  5  ] . Murakami et al.  [  6  ]  suggested 
that patients with UICC stage II and III CCAs to receive 
adjuvant therapy due to the high recurrence rate compare 
to Stage I tumors. The most common site of  fi rst recurrence 
after oncologic resection of hilar CCA is locoregional which 
often leads to potentially fatal complications such as biliary 
obstruction, sepsis and liver failure  [  4,   7,   8  ] . Only approxi-
mately 10–15 % of patients develop distant metastases 
before locoregional recurrence  [  7  ] . 

 In an effort to improve the results after surgical resection, 
neoadjuvant and adjuvant treatment using various modali-
ties including chemotherapy (CT), radiotherapy (RT) and 
chemoradiotherapy (CRT) have been administered before 
and after surgical resection of extrahepatic CCA. Presently, 
there is lack of robust data supporting or refuting the use of 
neoadjuvant or adjuvant therapy. Most of the studies reported 

in the literature have been limited to small retrospective 
series, and prospective data are scarce  [  2,   4,   7  ] . A major 
limitation in performing a study analyzing the effective-
ness of neoadjuvant and adjuvant therapy in hilar CCA is 
the rarity of the disease. This is further compounded by the 
fact that only a minority of patients are able to undergo a 
potentially curative resection  [  1,   4  ] . Hence, it is not surpris-
ing that most investigators combine their analyses of hilar 
CCA and distal CCA together as extrahepatic CCA  [  9–  14  ] . 
In earlier studies, many investigators even combined their 
analysis of extrahepatic CCA with intrahepatic CCA and 
gallbladder cancers  [  15–  17  ] . 

 Before the twentieth century, the role of non-surgical 
therapy such as CT or RT was controversial and had been 
thought to be largely ineffective and possibly even detrimen-
tal  [  1  ] . Effective chemotherapy for bile duct cancers was lim-
ited by the absence of agents and combination of agents with 
adequate antitumoral activity  [  1  ] . At present, there remains 
no established adjuvant treatment for bile duct cancers, 
although newer chemotherapeutic agents such as gemcit-
abine and S-1 have proven to be promising in unresectable 
cancers  [  18  ] . It is highly anticipated that adjuvant treatment 
with these drugs may potentially be useful. 

 Presently, only data analyzing the potential bene fi t of 
adjuvant RT, CT and concurrent CRT have come predomi-
nantly from relatively small retrospective series  [  2,   4,   7  ] . All 
these studies are limited by small patient numbers, different 
tumor stages, uncontrolled heterogeneous patient charac-
teristics, selection bias and non-uniform treatment methods 
 [  4  ] . No prospective randomized controlled trial has been 
performed to date to address this issue. The rationale for 
adjuvant treatment in hilar CCA is the low potential for com-
plete R0 resection and the poor survival rates associated with 
incompletely resected or unresectable cancers. Recurrence 
patterns in hilar CCA and other extrahepatic CCA are most 
frequently locoregional  [  8  ]  emphasizing the importance of 
good locoregional adjuvant treatment especially after incom-
plete surgical resection.  
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    26.2   Treatment Modalities 

    26.2.1   Radiation Therapy (RT) 

 Although, bile duct tumors were initially thought to be 
radioresistant  [  15  ] , this hypothesis is not correct. RT has 
been used for the primary treatment of CCA, palliative treat-
ment of advanced CCA as well as neoadjuvant or adjuvant 
therapy with surgical resection with varying degrees of suc-
cess. Several series have demonstrated prolonged survival in 
patients with advanced, unresectable CCA who undergo RT 
 [  19–  22  ] . As a result, RT has subsequently been used as adju-
vant or neoadjuvant treatment. The theoretical bene fi ts of RT 
are that it may destroy tumor cells not removed during sur-
gery when used as adjuvant therapy; and avoid intraoperative 
tumor dissemination and increase tumor clearance when 
used as neoadjuvant therapy. 

 Various techniques have been used to administer radio-
therapy including external beam radiation therapy (EBRT), 
intraoperative radiation therapy (IORT) or intraluminal 
brachytherapy (ILBT) via percutaneously or endoscopically 
placed biliary stents containing iridium-192  [  1,   15  ] . Newer 
modalities using charged particles such as helium, proton 
and neon have also been reported  [  2,   23  ] . Charged particles 
offer the advantage over conventional photon energy of a 
more highly localized energy disposition  [  2  ] . 

 The optimal RT dose and schedule remains unclear as a 
wide range of doses and techniques have been reported in the 
literature  [  4  ] . An example of a typical RT regime is 45~50 Gy 
via EBRT over about 5 weeks with IORT of 15~20 Gy or 
ILBT of 20~30 Gy  [  24,   25  ] . It is logical that the higher the 
radiation dose, the more effective RT is in destroying tumor 
cells. However, the dose of RT is limited by the tolerance of 
normal surrounding tissues such as the liver, stomach, duo-
denum, kidney and spinal cord  [  26  ] . Radiation doses beyond 
50~55 Gy can result in bowel ulceration, perforation or 
obstruction from  fi brosis  [  2,   4  ] . In general, most studies have 
reported a low incidence of severe acute toxicity associated 
with RT  [  7  ] . 

 ILBT enables delivery of higher doses of irradiation to the 
tumor with minimal risk to adjacent normal tissue. This can 
be performed via radiation seeds inserted into a catheter 
within the bile duct  [  4  ] . The main limitation of ILBT is that 
the dose is effective only to a depth of 0.5~1 cm  [  4  ] .  

    26.2.2   Chemotherapy (CT) 

 Strategies for adjuvant chemotherapy for extrahepatic CCA 
are derived from treatment experiences with unresectable 
tumors. 5-FU, as a single agent or in combination with other 
chemotherapeutic agents, has been studied extensively in 
unresectable CCA  [  27  ] . Most of these trials were small and 

uncontrolled and overall response rates were only 0~40 % 
 [  27  ] . 5-FU has been used in combination with various drugs 
such as cisplatin, epirubicin, IFN- a , capecitabine and S1  [  18  ] . 
More recently, single-agent gemcitabine has been shown to 
be effective in bile duct malignancies  [  27  ] . The newer drugs 
appear to be more effective than those used in the past  [  16  ]  
and combinations of gemcitabine with other agents such as 
cisplatin have demonstrated response rates of 9–50 %  [  27  ] . 

 An extensive literature review of 65 clinical trials in 1998 
revealed no survival bene fi ts of CT in either the adjuvant or 
palliative settings for extrahepatic CCA  [  1  ] . Randomized 
controlled trials  [  28–  30  ]  comparing different CT regimens 
did not demonstrate superiority of any CT regimen for 
advanced CCA. However, a more recent pooled analysis of 
104 studies involving 2,810 patients suggested that gemcit-
abine combined with cisplatin or oxaliplatin resulted in the 
best response rates for CCA and gallbladder carcinoma  [  4,   23, 
  31  ] . A randomized, controlled trial by Glimelius et al.  [  32  ]  
demonstrated improved survival and quality of life compared 
to best supportive care in patients with advanced unresect-
able CCA, and CT is now commonly administered to eligible 
patients with unresectable CCA. The best response rates are 
obtained with gemcitabine combined with platinum-based 
agent regimens  [  23  ] .  

    26.2.3   Chemoradiation Therapy (CRT) 

 Preclinical studies support combination of RT with radiosen-
sitizing agents such as 5-FU, mitomycin and cisplatin  [  1,   15  ] . 
This strategy arose from the bene fi t seen with radiosensitiza-
tion in the treatment of other gastrointestinal cancers such 
rectal and pancreatic cancers  [  1,   4  ] . Most studies have dem-
onstrated that adjuvant CRT is well-tolerated in patients with 
CCA  [  33  ] .  

    26.2.4   Photodynamic Therapy (PDT) 

 PDT is a treatment modality composed of two-steps. First, 
a photosensitizing agent is administered intravenously 
(usually) and preferentially accumulates in cancer cells. 
Subsequently, light of a speci fi c wavelength is delivered 
directly to the malignant tissue. The light activates the 
agent resulting in tumor necrosis. PDT is effective for pal-
liation of unresectable CCA. A prospective randomized 
trial demonstrated superiority of PDT with stenting com-
pared to stenting alone with improvements in both survival 
and quality of life  [  34  ] . PDT has much fewer side-effects 
compared to traditional CT and RT. The major limitation 
of PDT is that it is only effective to a depth of 4–6 mm  [  5  ] . 
PDT has also recently been used as neoadjuvant treatment 
before resection  [  35  ] .   



28326 Neoadjuvant/Adjuvant Therapy for Liver Resection and Transplantation

    26.3   Adjuvant Treatment 

    26.3.1   Radiation Therapy (RT) 

 The rationale for adjuvant RT is the high likelihood of hav-
ing microscopic or gross residual disease after resection. 
Moreover, the pattern of recurrence after CCA has been 
shown to be predominantly loco-regional  [  8  ] . Adjuvant RT is 
administered to control the small remaining tumor load with 
the hope that improved loco-regional control will ultimately 
improve overall patient survival  [  4  ] . Initial concerns about 
toxicity and morbidity  [  7  ]  have been obviated by experience. 
Most of the complications from RT in the literature have not 
been severe and could be classi fi ed as GradeIor II based on 
the RTOG criteria  [  36  ] . 

 Most of the data available in the literature on the use of 
adjuvant RT is limited to small retrospective series  [  10,   11, 
  17,   37–  41  ]  and a single prospective case-controlled study 
 [  42  ]  (Table  26.1 ). The data supporting use of adjuvant RT in 
hilar CCA is equivocal. Some studies demonstrate a survival 
bene fi t  [  25,   38,   39,   41,   43  ]  whereas others show none  [  15,   37, 
  40,   42  ] . In general, adjuvant RT after R0 resection has not 
been shown to be bene fi cial  [  37,   39,   40  ] , whereas there may 
be a survival advantage for patients with positive resection 
margins  [  3,   11,   25,   43,   44  ] . Data from most retrospective 
studies also suggest a bene fi t of adjuvant RT after dose-scal-
ing irradiation  [  45,   46  ] . Stein et al. provided further evidence 
in support of adjuvant therapy by achieving similar patient 
survival for patients with R1 resection and adjuvant RT to 
those with R0 resection (median survival 21.5 months versus 
26 months,  P  = 0.45) in patients with node negative cholang-
iocarcinoma  [  44  ] .  

 Nonetheless, the only prospective study  [  42  ]  to date from 
the Johns Hopkins failed to demonstrate a survival bene fi t 
with adjuvant RT  [  12,   47  ] . The study showed similar survival 
between 14 patients who underwent resection with adjuvant 
RT versus 31 patients who had resection alone (median sur-
vival of 20 months in both groups). A major criticism of the 
study was the low radiation dose (median dose of 45 Gy) and 
only 8 of 31 patients received a radiation boost of 13 Gy 
 [  38  ] . RT dose is important  [  45,   46  ] ; patients who receive 
cumulative doses more than 45 Gy are more likely to bene fi t 
than patients receiving less than 45 Gy  [  38  ] . 

 Proponents  [  33  ]  of adjuvant treatment argue that several 
of the studies suggesting no bene fi t with adjuvant RT  [  15,   33, 
  42,   48  ]  in actual fact do indeed demonstrate a bene fi t. They 
point out that patients in the RT groups had more aggressive 
tumors so that the similar survival in both groups actually 
suggests that adjuvant RT is bene fi cial. In the study by 
Nakeeb et al.  [  15  ] , 43 % of patients in the RT group had pal-
liative surgery and there was a far higher rate of hepatic and 
portal vein invasion compared to the surgery only group  [  33  ] . 
On the other hand, it could be argued that in many of these 

retrospective studies, patients who were more  fi t with better 
performance status were selected for adjuvant treatment such 
as CT or RT whereas those who did not received adjuvant 
therapy were probably deemed to ill. Hence, prolonged sur-
vival in the treated group might be due to selection of health-
ier patients. 

 Further complicating matters, three recent larger studies 
utilizing the SEER database demonstrated con fl icting results 
(Table  26.1 )  [  49–  51  ] . In the study by Fuller et al., there was 
neither a bene fi t with adjuvant RT in patients who had total 
resection nor subtotal resection of their tumors  [  49  ] . The sur-
vival curves seem to suggest an early survival advantage with 
RT but the advantage seemed to dissipate over time  [  49  ] . 
Vern-Gross et al. found similar results showing no survival 
bene fi t with adjuvant RT in either patient with local or 
regional disease  [  51  ] . In contrast, the study by Shinohara 
et al. demonstrated a survival bene fi t in patients who had 
adjuvant RT compared to resection alone (16 vs. 9 months, 
 P  < 0.0001)  [  50  ] . A major difference in methodology could 
account for this difference. Patients who had follow-up of 
less than 3 months were excluded in the Vern-Gross study to 
allow patients an opportunity to undergo RT  [  51  ] . It is also 
important to note that after adjusting for confounders using 
the propensity score, no signi fi cant survival bene fi t was asso-
ciated with the use of adjuvant RT in the study by Shinohara 
et al.  [  50  ]  Studies using the SEER database share numerous 
limitations common to population databases such as incor-
rect data entry and important uncaptured data such as margin 
status and use of chemotherapy  [  49–  51  ] . 

 In summary, the majority of recent data from small retro-
spective studies suggest that improved survival may be 
obtained with adjuvant RT especially in patients with posi-
tive margins and with dose escalation  [  2,   4,   7,   47  ] . However, 
there was no survival bene fi t demonstrated from the only 
well-controlled prospective study to date. Data from large 
population-based studies also failed to demonstrate a sur-
vival bene fi t with adjuvant RT. It is obvious that more pro-
spective studies ideally conducted in a randomized fashion 
are needed to investigate the role of adjuvant RT after resec-
tion of hilar CCA.  

    26.3.2   Chemotherapy (CT) 

 Although the majority of initial recurrences after resection of 
hilar CCA occur locally and regionally  [  8  ] ; distant metasta-
ses do develop and are an important cause of mortality  [  6  ] . 
Hasegawa et al. reported that 60 % of patients who under-
went R0 resection of hilar CCA developed systemic recur-
rences in the peritoneum and liver  [  52  ] . Presently, data on 
adjuvant CT for hilar CCA is scarce (Table  26.2 )  [  4  ] , and 
most of the studies are on patients with advanced unresect-
able tumors. The most commonly used CT agents reported in 
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   Table 26.1    Summary of recent series studying the survival outcomes of adjuvant radiation therapy after surgical resection vs. surgical resection 
alone   

 Author, institution, year  Tumor type  Patients  Radiation  R0 resection 
 Median 
survival, months  P-value 

 Cameron, J Hopkins, 1990  [  37  ]   53 HiCCA  38 SRT  EBRT ± ILBT  39 (74 %)  21 % 3years OS  NS 
 15 S  21 % 3years OS 

 Gonzalez, EORTC, 1990  [  41  ]   55 HiCCA  38 SRT  EBRT ± ILBT  4 (7 %)  19 m  0.0005 
 17 S  8 m 

 Schoenthaler, UCSF, 1994  [  10  ]   HiCC + OEHCCA  6 SRT  EBRT/CP ± CT  6 (22 %)  21.5 m  NA 
 6 SCP  61 m 
 15 S  16 m 
 6 SRT  0 (0 %)  21.5 m  0.011 
 6 SCP  61 m  0.0005 
 9 S  11 m 

 Pitt, J Hopkins, 1995  [  42  ]   31 HiCCA  14 SRT  EBRT + IR-102 
seeds 

 9 (29 %)  20 m  NS 
 17 S  20 m 

 Zlotecki, U Florida, 1998  [  17  ]   GBCa + HiCCA + 
OEHCCA 

 8 SRT  EBRT + ILBT  10 (59 %)  43.4 m  NA 
 9 S  26.1 m 

 Todoroki, Tsukuba, 2000  [  25  ]   47 HiCCA  28 SRT  IORT ±/or EBRT  0  32 m  0.0141 
 19 S  10 m 

 Heron, Pittsburgh, 2003  [  38  ]   28 HiCCA  23 SRT  EBRT  12 (43 %)  24 m  0.023 
 5 RT  13 m 

 Gerhards, Amsterdam, 
2003  [  39  ]  

 91 HiCCA  71 SRT  EBRT+/−ILBT  11 (15 %)  24 m  <0.01 
 20 S  2 (10 %)  8 m 

 Itoh, Kanazawa, 2005  [  11  ]   10 HiCCA  11 SRT  EBRT  8 (42 %)  17 m  0.49 
 9 OEHCCA  8 S  16 m 

 7 SRT  EBRT  0  NA  0.035 
 2 S  NA 

 Sagawa, Hokkaido, 2005  [  40  ]   69 HiCCA  39 SRT  EBRT ± ILBT  21 (54 %)  23 m  0.554 
 30 S  13 (43 %)  20 m 

 Cheng, Shanghai 
prospective, 2007  [  43  ]  

 75 HiCCA  23 SRT  EBRT  NA  NA  0.02 
 18 SCT  5-FU  0.66 
 34 S 

 Fuller, SEER, 2009  [  49  ]   1,569 HiCCA + 
OEHCCA 

 Total resec  NA  NA  NS 
 275 SRT  26 m 
 464 S  25 m 
 Subtotal resec  NA  R2  NS 
 75 SRT  24 m 
 120 S  21 m 

 Shinohara, SEER, 2009  [  50  ]   HiCCA +
OEHCCA 

 701 SRT  NA  NA  16 m  <0.0001 
 1,372 S  9 m 

 Vern-Gross, SEER, 2010  [  51  ]   HiCCA +
OEHCCA 

 Localized  NA  NA  0.038 
 86 SRT  28 m 
 325 S  36 m 
 Regional  0.80 
 387 SRT  18 m 
 693 S  18 m 

  Sagawa: Stage III/IVa, RT had improved survival over S,  P  = 0.042 
 Schoenthaler: 22 % of surgical resection patients had CRT with no effect on survival, 11 m vs. 7 m,  P  = 0.227) 
 6 S with R0 resection, MOS–39 m 
  EBRT  external beam radiotherapy,  HiCCA  hilar cholangiocarcinoma,  ILBT  intraluminal brachytherapy,  IORT  intraoperative radiotherapy,  m  
months,  NA  not available,  NS  not signi fi cant,  OEHCCA  other extrahepatic cholangiocarcinoma,  OS  overall-survival,  S  surgery,  SCP  surgery + 
charged particles,  SCT  surgery + adjuvant chemotherapy,  SRT  surgery + adjuvant radiotherapy  
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the literature have been gemcitabine and 5-FU  [  4  ] . These 
have been used as single agents or in combination with other 
agents such as oxaliplatin, epirubicin, capecitabine, cisplatin 
and leucovorin  [  4  ] .  

 A large Japanese multi-institution randomized controlled 
trial of adjuvant chemotherapy using 5-FU for bile duct can-
cer demonstrated no survival bene fi t at 5 years  [  12  ] . The 
large phase III trial enrolled 508 patients with pancreatico-
biliary cancers, including 139 patients with CCA. Patients 
were randomized to receive surgical resection alone or resec-
tion with adjuvant CT. Adjuvant CT was two courses of 
mitomycin C plus infusion of 5-FU, followed by oral admin-
istration of 5-FU until tumor progression. There was no sur-
vival bene fi t of adjuvant CT in either patients who underwent 
curative resection (41 % 5 year survival with adjuvant ther-
apy versus 28 % with resection only,  P  = 0.48) or those who 
underwent non-curative resection (5 year survival, 8 % with 
adjuvant therapy versus 16 % for those treated with resection 
only,  P  = 0.30). Adjuvant CT was only found to be bene fi cial 
in patients with gallbladder carcinoma. 

 A prospective study subsequently conducted by Cheng 
et al. in 75 patients with hilar CCA also failed to demonstrate 
an improvement in survival with adjuvant CT  [  43  ] . They 
compared three groups of patients who underwent surgery 
alone, adjuvant CT and adjuvant RT. Choice of whether to 
receive adjuvant therapy or type of therapy was made by the 
patients. The study showed an improvement in survival with 
adjuvant RT but not with adjuvant CT. However, two more 
recent retrospective studies from China and Japan have sug-
gested a survival bene fi t with adjuvant CT. In the study by 
Yubin et al. of 115 resected patients, addition of adjuvant CT 
improved (mean or median) 5 year survival from 37 to 
43 months,  P  < 0.05  [  53  ] . Some of the patients also received 
adjuvant RT but its contribution was not analyzed. Murukami 

et al. in a small study of 42 patients also demonstrated a sur-
vival advantage in patients receiving adjuvant CT with gem-
citabine and S-1  [  18  ] . Moreover, they demonstrated that 
adjuvant CT was the only independent prognostic factor of 
survival after resection of hilar CCA. 

 In summary, data on adjuvant CT after resection of hilar 
CCA is scarce and results from the only randomized con-
trolled trial demonstrated no bene fi t. Hence, adjuvant CT 
alone cannot be recommended at present  [  4,   47  ]  outside the 
setting of a clinical trial.  

    26.3.3   Chemoradiation Therapy (CRT) 

 Adjuvant CRT for CC has been shown to be effective for 
patients with distal CCA  [  9,   14  ] , but not hilar CCA  [  2,   9,   14, 
  33,   54,   55  ]  (Table  26.3 ). In a historical case-controlled study 
at Johns Hopkins, patients who underwent resection for dis-
tal extrahepatic CCA with adjuvant CRT using 5-FU alone or 
in combination with other agents and EBRT had a median 
overall survival of 36.9 months with postoperative CRT 
(n = 34) versus 22 months with surgical resection alone 
(n = 30),  P  = 0.04  [  5,   14  ] . All 34 patients received CRT as part 
of a prospective institutional policy. A more recent study 
from MD Anderson in hilar CCA and distal CCA also dem-
onstrated promising results; patients with a high risk of loco-
regional recurrence (who had an R1 resection or nodal 
involvement) treated with adjuvant CRT had similar survival 
to patients with a standard risk of loco-regional recurrence 
(who had an R0 surgical resection without nodal involve-
ment) treated with adjuvant CRT  [  33  ] . Kim et al. in an uncon-
trolled study of 84 patients who had adjuvant CRT also 
reported similar  fi ndings  [  56  ] . Patients who underwent an R1 
resection had a similar survival compared to those who 

   Table 26.2    Summary of recent studies reporting the survival outcomes of surgical resection alone versus surgical resection and adjuvant 
chemotherapy   

 Author, institution, year  Tumor  Patients  Chemotherapy  R0 resection  Median OS  P-value 

 Takada, Japan (RCT), 2002  [  13  ]   HiCCA  58 CT  MMC + 5-FU  34 (59 %)  27 % 5-years  NS 
 OEHCCA  60 S  38 (63 %)  24 % 5-years 

 Cheng, Shanghai prospective, 2007  [  43  ]   75 HiCCA  23 SRT  EBRT  NA  Improved  0.02 
 18 SCT  5-FU  No difference  0.66 
 34 S 

 Yubin, Guandong, 2008  [  53  ]   HiCCA  48 CT  5-FU + MMC + Epi + 
hydro/Gem + Oxa + Cap 

 92 (44 %)  43 m  <0.05 
 67 S  37 m 

 Murukami, Hiroshima, 2009  [  18  ]   HiCCA  18 CT  Gem ± S1  13 (72 %)  57 % 5-years  0.026 
 20 S  15 (75 %)  23 % 5-years 

  Takada: no difference in 5-year OS in patients with curative resection (41 % vs 28 %, P = 0.482) or noncurative resection (8 % vs. 16 %, 
P = 0.303) 
 Yubin: some patients received RT 
 Murukami: only adjuvant CT was independent prognostic factor on multivariate analysis 
  CT  chemotherapy,  EBRT  external beam radiotherapy,  HiCCA  hilar cholangiocarcinoma,  ILBT  intraluminal brachytherapy,  IORT  intraoperative 
radiotherapy,  m  months,  NA  not available,  NS  not signi fi cant,  OEHCCA  other extrahepatic cholangiocarcinoma,  OS  overall-survival,  S  surgery, 
 SCT  surgery + adjuvant chemotherapy,  SRT  surgery + adjuvant radiotherapy  
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underwent an R0 resection (median survival, 24 vs. 
25 months,  P  = 0.78). Hence, data from retrospective studies 
suggest that adjuvant CRT is bene fi cial in patients with extra-
hepatic CCA, especially those with distal CCA. However, 
the data presently available for hilar CCA is less clear.    

    26.4   Neoadjuvant Treatment 

 Neoadjuvant treatment has the theoretical advantage of 
improving tumor resectability and minimizing perioperative 
tumor dissemination  [  51  ] . Experience with neoadjuvant 
treatment for CCA before surgical resection is limited  [  23  ] . 
McMasters et al.  [  57  ]  reported a series of 40 patients with 
resected extrahepatic CCA. Nine patients received neoadju-
vant CRT, and there was a complete pathologic response in 
three patients and negative resection margins in all nine 
patients. There was no difference in the survival of patients 
who received surgery alone (n = 11), neoadjuvant CRT (n = 9), 
adjuvant RT (n = 2) and adjuvant CRT (n = 18). More recently, 
Nelson et al. reported the results of neoadjuvant and adjuvant 
CRT in 45 patients with resected extrahepatic CCA  [  13  ] . 
Twelve patients with more advanced disease received neoad-
juvant therapy and their survival was 53 % at 5 years vs. 
23 % for the 33 patients that only received adjuvant CRT 
( P  = 0.16)  [  13  ] . The authors concluded that neoadjuvant ther-
apy may be superior to adjuvant treatment. 

 Small series in the literature have described the use of 
PDT as neoadjuvant treatment before surgical resection. In a 
phase II study of seven patients with advanced HiCC, R0 
resection was achieved in all patients after neoadjuvant PDT 
and the 1 year recurrence-free survival was 83 %  [  35  ] . 

Subsequent studies have also con fi rmed the safety of PDT in 
the neoadjuvant setting and its ability to downstage tumors 
 [  58,   59  ] . 

 Liver transplantation for hilar CCA remains controver-
sial. Early experiences with liver transplantation alone for 
hilar CCA showed very poor results with recurrence rates of 
>50 % and 5 year survival of only 10–20 %  [  60,   61  ] . The 
Mayo Clinic has combined neoadjuvant radiotherapy with 
chemotherapy, careful selection of patients with early stage 
disease, operative staging to rule-out patients with regional 
lymph node involvement and extrahepatic disease, and sub-
sequent liver transplantation. Results are promising with 
56 % 5 year survival after beginning of neoadjuvant therapy 
and 74 % 5 year survival after transplantation. Approximately 
30 % of patients would have  fi ndings at the staging operation 
which precluded liver transplantation, but this percentage is 
now less than 15 % with routine use of endoscopic ultra-
sound directed aspiration of regional lymph nodes prior to 
beginning neoadjuvant therapy  [  62–  64  ] . Diagnosis of CCA 
requires presence of a malignant appearing lesion on cholan-
giography and at least one of the following: elevation of 
CA-19.9 >100, polysomy by FISH, malignant cytology or 
histology, or a mass on cross-sectional imaging. Patients 
with tumors extending below the cystic duct or >3 cm in 
radial diameter are not eligible for treatment. Also excluded 
are patients with transperitoneal tumor biopsy or aspiration 
(due to seeding), intrahepatic and extrahepatic metastases. 
Vascular encasement does not preclude treatment. All 
patients have either unresectable disease or CCA arising in 
the setting of primary sclerosing cholangitis. Neoadjuvant 
therapy includes EBRT (40~45 Gy), followed by ILBT 
(20~30 Gy) with iridium wires placed preferentially by 

   Table 26.3    Recent studies comparing outcomes after surgical resection vs surgical resection and adjuvant chemoradiation therapy   

 Author, institution, year  Tumor  Patients  CRT  R0 resection  Median OS, months  P-value 

 Sera fi ni, S Florida, 2001  [  9  ]   47 HiCCA  SCRT  EBRT  NA  Mean 39 m  NS 
 S  5-FU   32 m 

 34 OEHCCA  SCRT  EBRT  NA  Mean 41 m  0.04 
 S  5-FU   25 m 

 Nakeeb, Wisconsin, 2002  [  54  ]   72 HiCCA  42 SCRT  EBRT  44 resected  16.4  <0.02 
 15 OEHCCA  12 SCT  5-FU/Gem  33 R0  10.7 
 29 GBCa  13 SRT  7.8 
 24 IHCCA  73 S  6.7 

 Kelley, S Florida, 2004  [  55  ]   52 I/HiHCCA  34 SCRT  EBRT  67 (71 %)  41  <0.05 
 42 OEHCCA  53 S  5-FU  24 

 Hughes, J Hopkins, 2007  [  14  ]   34 OEHCCA  34 SCRT  EBRT  8 (24 %)  36.9 m  <0.04 
 30 S  5-FU ± Leu ± Cisp ± IFN-a  23 (77 %)  22 m 

 Borghero, MDACC, 2008  [  33  ]   36 HiCCA  42 SCRT  EBRT ± ILBT ± IORT  15 (36 %)  32 m  0.6 
 29 OEHCCA  23 S  5 FU/Gem ± Cisp ± Cap  23 (100 %)  31 m 

  Sera fi ni—distal tumors 41 m vs. 25 m,  P  = 0.05 
 Nakeeb—multivariate analysis in resected patients: adjuvant CRT,  P  < 0.08 
  EBRT  external beam radiotherapy,  HiCCA  hilar cholangiocarcinoma,  ILBT  intraluminal brachytherapy,  IORT  intraoperative radiotherapy,  m  
months,  NA  not available,  NS  not signi fi cant,  OEHCCA  other extrahepatic cholangiocarcinoma,  OS  overall-survival,  S  surgery,  SCT  surgery + 
adjuvant chemotherapy,  SRT  surgery + adjuvant radiotherapy  
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ERCP. All patients undergo operative staging with biopsy of 
an hepatic arterial lymph node and a pericholedochal lymph 
node prior to transplantation. Transplantation is performed 
with either a living donor or deceased donor graft. 

    26.4.1   Future Developments 

 Newer RT techniques such as computer tomographic-based 
RT with more precise tumor targeting, proton therapy and 
4-D treatment techniques may result in better results  [  2,   4  ] . 
Furthermore, cytotoxic agents as gemcitabine based multi-
agent therapies have proved promising in the treatment of 
CCA  [  31  ] . In addition to traditional adjuvant and neoadjuvant 
treatment modalities with CT and RT, molecular targeted 
therapy is currently probably the fastest growing treatment 
modality in the  fi eld of oncology. Tumor expression pro fi les 
studied in CCA may be used as sites for possible targeted 
therapy as well as prognostication. Epidermal growth factor 
receptors (EGFR) such as ErbB2 and/or ErbB1has been 
shown to be over-expressed in CCA cells  [  4,   47  ]  and EGFR 
inhibitors may be useful in the treatment of CCA  [  64  ] . 
Erlotinib has demonstrated promising results in a recent Phase 
II study and sorafenib which is currently used in the palliative 
treatment of hepatocellular carcinoma has also demonstrated 
growth suppression of CC cells  [  4,   65  ] .   

      Conclusion 

 At present, data supporting the use of adjuvant and neo-
adjuvant treatment for surgical resection of hilar CCA 
are equivocal. Hence, the ef fi cacy and usefulness of 
neoadjuvant and adjuvant treatments remain debatable 
 [  23  ] . However, most centers treating CC would admin-
ister some sort of adjuvant treatment if the patient is 
deemed  fi t. A worldwide survey of 331 authorities from 
262 centers in 32 countries by Nakeeb and Pitt  [  15,   66  ]  
revealed that adjuvant CRT is administered in most cen-
ters, especially in Americas (71 %). The latest National 
Comprehensive Cancer Network (NCCN) guidelines 
also recommend adjuvant CRT for patients with high 
risk of recurrence after surgical resection which includes 
patients with positive margins and lymph nodes  [  67  ] . In 
lower risk patients, the guidelines suggest either obser-
vation after surgery or treatment with adjuvant CRT. 
Currently, it is almost universally agreed that the use of 
neoadjuvant CRT before liver transplantation for hilar 
CCA is mandatory and that liver transplantation alone 
should not knowingly be done for patient with CCA. In 
conclusion, strong level 1 evidence demonstrating the 
bene fi ts of adjuvant and neoadjuvant therapy in CCA are 
not available. Large multi-institutional phase III trials are 
needed to clarify the role of adjuvant and neoadjuvant 
therapy in patients with CCA.      
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          27.1   Introduction 

 Tumors at the biliary con fl uence at the hilum of the liver 
(also called Klatskin tumors) comprise 40–60 % of all cho-
langiocarcinomas. The preoperative evaluation of a patient 
with suspected hilar cholangiocarcinoma is directed toward 
the following four primary objectives: (1) an assessment of 
the extent and level of biliary tract and vascular involvement 
including portal vein and hepatic artery involvement; (2) an 
assessment of the liver for evidence of lobar atrophy or con-
comitant liver pathology; (3) an assessment of the extent or 
presence of nodal disease and/or distant metastases; and (4) 
an assessment of the patients overall  fi tness for operation. 
The three primary goals in the surgical management of hilar 
cholangiocarcinoma are complete tumor excision with nega-
tive histological margins, relief of symptoms relating to bil-
iary obstruction, and restoration of bilioenteric continuity 
 [  1,   2  ] . However, these are only achievable in the minority of 
patients (20~30 %). When advanced local disease, or obvi-
ous extrahepatic metastases are identi fi ed preoperatively or 
at the time of laparotomy, therapeutic interventions are 

directed toward the relief of biliary obstruction and its asso-
ciated symptoms and complications such as itching, cholan-
gitis, and liver failure in order to improve the quality of life. 
Different modalities are currently available to drain the bil-
iary system and include endoscopic, percutaneous, and sur-
gical bypass. The best technique remains controversial. 
Endoscopic biliary drainage can be achieved by plastic 
(polyethylene) or metallic stents. However, endoscopic stent-
ing for hilar malignancies is associated with a high failure 
rate. Percutaneous insertion of a biliary stent can be prefer-
able for hilar cholangiocarcinoma as the stent placement is 
more predictable than with an endoscopic approach. 
Intrahepatic biliary-enteric bypass has an advantage in this 
regard since the anastomosis can be placed some distance 
from the primary tumor, but requires a major operative pro-
cedure with associated morbidity. Surgery is associated with 
greater early morbidity and mortality but greater long-term 
patency and a lower incidence of recurrent jaundice. 
Percutaneous transhepatic biliary drainage (PTBD) is the 
preferred method if unresectability is determined before sur-
gery. If unresectability or the presence of metastatic disease 
is identi fi ed at laparotomy, palliative options include postop-
erative placement of transhepatic stents, operatively placed 
transtumoral stents, or the performance of an operative bilio-
enteric bypass. When deciding among these options, the 
general physical condition, age of the patient, and predicted 
life expectancy must be considered. Within the literature, 
there have been insuf fi cient data to show whether a surgical 
or a non-surgical approach provides the more cost effective 
and better palliation  [  3,   4  ] . The lack of randomized data and 
the heterogeneity within studies makes any direct compari-
sons dif fi cult. These studies need to be interpreted with cau-
tion also. The study population between the surgical and 
nonsurgical groups was dissimilar with the better risk patients 
receiving operative palliation and those with poor risk, 
advanced disease or severe co-morbidities referred for non-
operative biliary drainage.  
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    27.2   Different Types of Surgical 
Biliary Bypass 

 For patients with unresectable hilar cholangiocarcinomas, 
several surgical techniques have been described for biliary 
bypass  [  5  ] . Palliative biliary bypass can be performed by: 
(1) exposing the left hepatic duct by opening the umbilical 
 fi ssure, elevating the base of the quadrate lobe and lowering 
the left hepatic ductal system from the undersurface of the 
quadrate lobe; (2) exposing branches of the left hepatic 
ducts by dissection at the base of the ligamentum teres.; (3) 
by partial excision of the left lateral segment and perform-
ing a biliary-enteric anastomosis to the openings in branches 
of the left hepatic duct (Longmire procedure); or (4) 
Cahow’s intrahepatic cholangiojejunostomy—this is an 
alternative approach to dissect out a peripheral bile duct to 
perform a bilioenteric bypass if the approach to the left 
hepatic duct or its branches is technically impossible due to 
the tumor growth. Biliary bypass can also be performed to 
the right sectoral ducts. The type of bypass is usually dic-
tated by the location of the tumor. In general, segment III 
bypass is performed unless the left liver is atrophic or is 
heavily involved with tumors or the primary lesion extends 
to the umbilical  fi ssure of the liver. Internal biliary bypass 
to either the right or the left sided biliary system is enough 
for the jaundice to subside. Unless there is a special reason, 
e.g. cholangitis, bypass is usually done to one side of the 
biliary system. 

    27.2.1   Approach to Left Hepatic Duct 

 The Longmire procedure of intrahepatic cholangiojejunos-
tomy after partial hepatectomy was  fi rst described by 
Longmire and Sanford in 1948  [  6,   7  ] . Little was known about 
the anatomy of the liver at that time. The classic studies of 
Healey and Schroy were not to be published until 1953  [  8  ] . 
Couinaud in 1955  fi rst described the exposure of the left 
hepatic duct, and speci fi cally the bile duct to segment III, by 
dissection of the round ligament and anterior division of the 
umbilical  fi ssure  [  9  ] . In 1956, Hepp, in coauthorship with 
Couinaud, published an account of the  fi rst two intrahepatic 
biliary-enteric anastomoses approaching the left duct by 
detaching the hilar plate of the liver  [  10  ] . Subsequently, in 
1957, Soupault and Couinaud proposed a trans-scissural 
approach to identify the segment III duct, by following the 
round ligament into the recessus of Rex in the umbilical 
 fi ssure and construct an anastomosis between the left duct 
and a defunctionalized jejunal loop  [  11,   12  ] . This technique 
has become known as the “round ligament approach”. The 
procedure was later popularized by Bismuth and Corlette 
 [  13  ] , and Blumgart and Kelly  [  14  ] . 

    27.2.1.1   Extrafascial Approach to the Left Hepatic 
Duct 

 This approach may not be applicable to patients with hilar 
cholangiocarcinoma if the tumor is in fi ltrative to the hepatic 
plate and to the liver. It can be done occasional for an unre-
sectable tumor which is located mainly at the con fl uence and 
the right hepatic duct. 

 The ligamentum teres is divided and then elevated. The 
liver is elevated so as to expose its undersurface. An incision 
is made at the posterior edge of segment IV where Glisson’s 
capsule is attached to the hilar plate. The upper surface of the 
hilar plate can then be separated from the hepatic paren-
chyma and, by lifting the segment IV upwards, display of the 
left hepatic duct, sometimes up to the bile duct con fl uence 
which is always extrahepatic, can be effected. A side-to-side 
left duct to jejunum mucosa to mucosa anastomosis can then 
be made. In case of unresectable hilar or right ductal carci-
noma, the hilar plate can be opened at the anterosuperior sur-
face to identify the left hepatic duct. A side-to-side left duct 
to jejunum mucosa to mucosa anastomosis can then be made. 
This approach is also called the extrafascial approach to the 
left duct up to the con fl uence (i.e. approaching the left hepatic 
duct up to the con fl uence of the bile duct outside of the 
Glissonian sheath and the liver plate). 

 In the rare occasion when the extrafascial approach is 
hazardous because of the extent of the tumor, especially 
when anatomical deformity has been created by atrophy/
hypertrophy of liver segments, and in patients where there 
appears to be a very deep hilus which is displaced upwards 
and rotated laterally, a simultaneous opening of the deep-
est portion of the gallbladder fossa and the umbilical 
 fi ssure gives good exposure to the biliary con fl uence and 
the left duct without the necessity for full hepatectomy or 
liver resection. This procedure simply represents mobili-
zation of the inferior portion of segment IV from the mid-
plane (principal  fi ssure) to the intersectional plane 
(umbilical  fi ssure) to expose the left duct and the con fl uence 
of the bile duct. 

 The maneuver is of particular value when in exposing the 
extrahepatic segment of the left hepatic duct since it has a 
long course beneath segment IV. It is not effective in expos-
ing the extrahepatic right duct or its secondary branches, 
which are short.  

    27.2.1.2   Ligamentum Teres (Round Ligament) 
Segment III Approach 

 Segment III biliary bypass was the most studied surgical pro-
cedure in the past. The procedure is performed by using the 
round ligament approach to the duct of segment III in the 
base of the umbilical  fi ssure. The ligamentum teres is divided 
and then elevated. The liver is elevated so as to expose its 
undersurface. The segment III duct is exposed by  fi rst 
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 dividing the bridge of liver tissue (if present) connecting seg-
ment III to the quadrate lobe. The ligament teres is then 
pulled downwards. Incision of the overlying peritoneum and 
division of the vessels radiating from the round ligament into 
the umbilical  fi ssure exposes the segment III duct in a loca-
tion posterosuperior to the segment III portal vein. The seg-
ment III duct is exposed. The depth of liver tissue which 
needs to be opened will vary depending on the degree of left 
lobe hypertrophy. It is usually necessary to open the umbili-
cal  fi ssure to a depth of 5–6 cm to expose the segment III 
duct. The Cavitron Ultrasonic Surgical Aspirator (CUSA) or 
Water jet dissector can facilitate the dissection. The duct is 
opened longitudinally in preparation for side to side anasto-
mosis with a Roux-en-Y jejunal limb (Fig.  27.1 ). Segment 
III bypass is technically easier and preferred, because of the 
more constant anatomy and long extrahepatic course of the 
left hepatic duct, and because the anastomosis can be made 
away from the hilar tumor.  

 The anatomical basis for Segment III duct bypass was 
investigated by Vellar and his colleagues in Australia by 
dissection of 54 normal livers removed at autopsy  [  15  ] . In 
64.8 % of the anatomical dissections, the  fi ndings were 

favourable for a segment III cholangiojejunostomy. In 
these specimens the segment III duct bypass would have 
drained segments II, III and IV. In 35.2 % of the specimens 
the anatomical disposition was potentially unfavorable, 
mainly due to the segment II or IV ducts joining close to 
the con fl uence and therefore liable to obstruction by the 
tumor. In 9 of the 54 specimens the true left hepatic duct 
was less than 6 mm in length, making it unsuitable for a 
bypass procedure to drain the left liver. Several surgical 
series show that segment III bypass can be performed with 
peri-operative mortality and morbidity rates varying 
between 0~11.5 % and 13~45 %, respectively. Relief of 
jaundice can be obtained in 73~100 % of patients undergo-
ing bypass  [  16–  20  ] .   

    27.2.2   Longmire Procedure 

 The left liver is completely mobilized by division of the left 
triangular ligament. The mid-portion of the left lateral sector 
is then divided so as to expose the segment II duct and occa-
sionally the segment III duct. A Roux-en-Y loop of jejunum 

a

c
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Ligamentum teres

Exposure of
seg. III duct

Opening of
seg. III duct

  Fig. 27.1    Ligamentum teres (round ligament) segment III approach       
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is prepared and used for anastomosis. If there is dif fi culty in 
identifying a suitable sized duct, the Roux loop may be 
opened up a considerable length and sutured to the Glisson’s 
capsule (Fig.  27.2 ).  

 Since the cholangiojejunostomy in the Longmire proce-
dure is established utilizing the distal left hepatic duct, the 
dissection and anastomosis is far away from the hilum of the 
liver. Avoiding the porta hepatis is an advantage when deal-
ing with hilar cholangiocarcinoma where the hilum may be 
completely replaced by tumor. It was used commonly in the 
past, but it has been superseded by the more recent and less-
complicated surgical procedures of non-resectional hepa-
tico- or cholangio-jejunostomy. 

    27.2.2.1   Cahow’s Intrahepatic 
Cholangiojejunostomy 

 Cahow described an anterior approach to a segmental duct 
by cannulating one of the dilated subcapsular bile ductules 
with a probe and using this as a guide to the larger central 
ducts  [  21  ] . Technically this procedure is dif fi cult because of 
the small lumen and the thin and fragile ductal wall of the 
peripheral ducts.   

    27.2.3   Approach to Right Hepatic Duct 

 Right-sided drainage requires identi fi cation of either the right 
anterior sectoral or segmental ducts (V or VI), which are 
exposed by a hepatotomy at the base of the gall bladder fossa. 
The exposure of the right intrahepatic ductal system is much 
more hazardous and less precise than the left because of the 
lack of precise anatomical land-marks. The use of intra-oper-
ative ultrasound helps to identify the intrahepatic structures 
better. Anatomically the right anterior sectoral duct and its 
branches run on the left side of the corresponding vein. In 
essence, part of the liver is resected to open the anterior sec-
toral duct on the left aspect of the portal vein (Fig.  27.3 ). The 
relevant duct is then identi fi ed and opened longitudinally. A 
side-to-side biliary-enteric anastomosis is then performed to 
a Roux-en-Y loop of jejunum using interrupted absorbable 
sutures. An alternative method is to open into the segment V 
duct through the gallbladder fossa (Fig.  27.4 ). The tip of seg-
ment V/VI of the right liver can also be removed to expose 

Exposure of
seg. II & III duct

  Fig. 27.2    Longmire procedure       

Tumor

Tumor

Opening of right
anterior sectoral
duct

  Fig. 27.3    Part of the liver is resected to open the anterior sectoral duct       
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the bile duct for anastomosis. This is very rarely done because 
the ducts exposed are peripheral, with thin walls and small 
lumens which make the anastomosis technically dif fi cult.     

      Conclusion 

 In conclusion, the majority of patients who are diagnosed 
with hilar cholangiocarcinoma require a palliative approach. 
The type of bypass is usually dictated by the location of the 
tumor. In general, segment III bypass is performed unless 
the left lobe is atrophic or heavily involved with tumor or if 
the primary lesion extends to the umbilical  fi ssure of the 
liver. Surgery is associated with greater early morbidity and 
mortality but greater long-term patency and a lower inci-
dence of recurrent jaundice. Percutaneous transhepatic bil-
iary drainage (PTBD) is the preferred method if 
unresectability is determined before surgery. There is a need 
for randomized controlled data to identify the optimal 
approach for the various subgroups of patients, particularly 
with improvements in endoscopic and radiological prosthe-
ses. Such trials must include quality of life assessment since 
this is frequently ignored in previously reported series.      
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          28.1   Introduction 

 Endoscopic retrograde cholangiopancreatography (ERCP) 
with stenting has been used in the palliation of malignant 
obstructive jaundice for nearly three decades  [  1–  3  ] . The ini-
tial success of endoscopic internal biliary drainage  [  1,   2  ] , 
coupled with its low invasiveness  [  4  ]  as a form of palliation, 
led to the suggestion that it represented the treatment of 
choice for unresectable cholangiocarcinomas  [  2  ]  over the 
percutaneous or surgical alternatives. Endoscopic stenting of 
malignant hilar strictures, however, remains a technically 
challenging prospect. This, along with advances in interven-
tional radiology over the years amongst other reasons, has 
precluded the development of clear delineation of the ideal 
technique for palliating hilar cholangiocarcinomas. In most 
instances, the extent of the obstruction, the anatomical 
arrangement of the intrahepatic ducts and the available local 
expertise shall determine the approach. 

 An advanced hilar cholangiocarcinoma could lead to a 
unilateral or bilateral obstruction of the biliary tree at the 
hilum with resultant obstructive jaundice and pruritus, cho-
langitis, and reduced quality of life. Ideally, palliation would 
thus aim at relieving all the obstructed systems thereby pre-
venting the sequelae of biliary stasis with the potential added 
bene fi t of improved survival  [  5  ] . 

 The use of endoscopy as a form of palliation affords the 
bene fi ts of lower morbidity as well as the added bene fi ts of 
permitting the delivery of adjuvant therapies including radio-
therapy and photodynamic therapy. Stenting may also be 
done at the time of ERCP when this procedure has been 
undertaken for the diagnosis of jaundice. However, certain 
limitations exist; catheterizing the intrahepatic biliary tree 
may be technically impossible if the tumour has produced 

total blockage. Furthermore, placement of multiple stents is 
technically challenging  [  6  ] . 

 This chapter will provide an overview of the results of 
endoscopy in palliation of hilar cholangiocarcinomas, the 
indications for this approach and the problems, as well as 
future perspectives.  

    28.2   Technique 

    28.2.1   Stents 

 Stents for biliary drainage are primarily classi fi ed into plas-
tic and metallic. Table  28.1  provides a list of the available 
stents. Metal stents are also classi fi ed into coated (with 
polytetra fl uoroethylene– fl uorinated ethylene propylene) or 
uncoated (Fig.  28.1 ).   

 Metallic stents are associated with signi fi cantly higher 
patency rates than plastic stents. The difference may be as 
long as 4 months after insertion  [  7  ] . However, the cost of 
metal stents is higher when compared to plastic stents. On 
the other hand, an advantage of metallic stents over plastic 
stents is the ability to permit drainage of the side branches of 
the biliary tree through the mesh  [  8  ] .   
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   Table 28.1    Classi fi cation of endo-biliary stents   

  Plastic  
  Carey-Coons stent (Percu fl ex; Meditech/Boston Scienti fi c) 
  Silicone stents (Malecot; Cook, Inc) 
  Metal  
  Self-expandable  
  Gianturco-Rosch Z stent (Cook,. Bloomington, IN) 
  Wallstent (Boston Scienti fi c; Natick, Mass) 
  Luminex stent (Bard; Tempe, Ariz) 
  Smartstent (Cordis Endovascular; Miami, Fla) 
  Balloon-mounted  
  Palmaz stent (Johnson & Johnson/Cordis, New Brunswick, NJ) 
  Self-expandable requiring balloon dilatation after deployment  
  Strecker stent (BSIC Co, Hilden, Germany) 
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    28.3   Results of Endoscopy in the Palliation 
of Hilar Cholangiocarcinomas 

 Endoscopic biliary stenting for hilar cholangiocarcinomas 
has been shown to have a success rate ranging from 41 to 
91 %  [  9–  12  ]  in terms of early palliation. The need for rein-
tervention is correspondingly higher for plastic stents com-
pared to metallic stents. Issues which arise when considering 
stenting include the following (Fig.  28.2a, b ):  

    28.3.1   Stage of the Cholangiocarcinoma 

 Devierre et al.  [  2  ]  demonstrated a successful endoscopic 
intubation rate of 89 % including Bismuth type III lesions. 
They were able to show that achieving complete drainage 
was associated with low rates of cholangitis and mortality. 
While the bene fi t of endoscopic stenting in type I and II 
lesions is widely accepted, its role in more advanced lesions 
is uncertain. A number of studies compared the outcomes of 
endoscopic versus percutaneous stenting in more advanced 
tumours (type III and IV). The  fi ndings from these studies 
indicate that while successful complete biliary drainage may 
be achieved endoscopically in type III lesions, in some type 
III and most type IV lesions, the percutaneous route may 
provide higher initial success rate and low level of proce-
dure-related cholangitis  [  13,   14  ] .  

    28.3.2   Endoscopy Versus Percutaneous 
Approach 

 The diagnosis of a hilar cholangiocarcinoma is often made at 
the time of ERCP. The endoscopist then has a choice of 
whether to proceed with insertion of an endoscopic stent or 
stop the procedure for a choice to be made on the form of 
drainage. The decision is not easy as it is well known that the 
procedure itself, i.e. the ERCP, may lead to infection proxi-
mal to the obstruction. In general, the weight of evidence 

  Fig. 28.1    Stents used for drainage of hilar obstruction: a Cotton-Leung 
plastic biliary ®  stent 10Fr/7 cm and a Zilver ®  self-expanding metal stent 
10Fr/4 cm (Courtesy Cook Medical)       

a b

  Fig. 28.2    ( a ) ERCP image showing a Bismuth type IV hilar obstruction. A wire is threaded through the obstruction into the dominant right 
hepatic duct. ( b ) A plastic stent has been inserted endoscopically through the stricture, thus draining the right hepatic duct       
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would support drainage via an endoscopic stent during the 
same procedure. In this scenario, percutaneous intervention 
would only be used if the endoscopic approach does not 
result in adequate drainage. 

 The  fi rst randomised trial comparing endoscopic versus 
the percutaneous approach for treating malignant biliary 
obstruction demonstrated a higher success and lower mortal-
ity rate for the endoscopic approach  [  4  ] . This trial was criti-
cised for the use of a rigid transhepatic catheter for the 
percutaneous approach as it led to problems associated with 
liver puncture (haemorrhage and bile leaks). The only other 
randomised trial comparing the two approaches was per-
formed by Pinol et al.  [  15  ] . 54 patients were randomised to 
receive a percutaneous self-expandable metallic stent (SEMS) 
(n = 28) or a 12-F endoscopic polyethylene prosthesis (n = 26). 
While the technical success rates of both techniques were 
similar, therapeutic success (71 % vs. 42%;  P  < 0.03) as well 
as the median survival (3.7 vs. 2.0 months;  P  <0.02) was 
higher in the percutaneous group. This was attributed to the 
metal stents being used in the percutaneous group as opposed 
to plastic stents in the endoscopic group. Major complica-
tions (related to bacterial infection), however, were more 
common in the percutaneous group (61 % vs. 35 %;  P  < 0.09). 
The SEMS alone was identi fi ed as an independent predictor 
of survival based on Cox regression analysis. 

 In a recent retrospective study, Paik et al.  [  14  ]  demon-
strated a higher success rate for biliary decompression in 
patients with type III and IV lesions using percutaneously-
inserted SEMS as compared to endoscopic stents. There was 
no difference in procedure-related complications between 
the two groups. So long as biliary drainage could be success-
fully achieved, median survival and stent patency rates were 
not different in the two groups. 

 The complementary use of the two approaches for hilar 
cholangiocarcinomas has also been described  [  16,   17  ] . In 
instances where an endoscopically-placed stent was required, 
percutaneous access allowed the passage of a wire through 
the liver and through the obstructing tumour. An endoscopic 
stent then could be introduced over the wire.  

    28.3.3   Unilateral Versus Bilateral 

 While a single stent is suf fi cient to drain the obstructed liver 
above type I tumours or tumours obstructing a single ductal 
system, multiple stents are required to drain the liver in type 
II, III and IV tumours. The data on unilateral versus bilateral 
drainage is far less convincing with studies reporting 
con fl icting results. It has been shown that drainage of 25 % 
of the liver volume is needed to achieve biochemical improve-
ment and relief of symptoms  [  18  ] . 

 The studies favouring unilateral only drainage have based 
their conclusions on the higher success rates at stent insertion 

and complete drainage coupled with lower rates of post-pro-
cedural cholangitis  [  10,   19  ] . One study comparing unilateral 
versus bilateral endoscopic insertion of plastic stents for type 
II and III lesions demonstrated no difference in mortality or 
survival  [  20  ] . In contrast, bilateral drainage in tumours 
obstructing both ducts, although technically demanding, has 
been shown to be feasible associated with a lower incidence 
of cholangitis, lower 30-day mortality, and even improved 
survival  [  2,   21–  23  ] . It is widely accepted that the injection of 
contrast at the time of ERCP into the biliary tree would pre-
dispose to cholangitis and even septicaemia from bacterial 
contamination of an undrained segment. 

 The only randomised trial comparing unilateral versus 
bilateral endoscopic drainage in hilar cholangiocarcinomas 
was published in 2001  [  19  ]  and utilised plastic stents in 
tumours that were Bismuth type I to III. No type IV tumours 
were included in this study. The study revealed a signi fi cantly 
lower success rate for bilateral stent insertion as opposed to 
unilateral stent insertion ( P  < 0.041) and a higher rate of early 
complications in patients with bilateral stents owing to a 
higher incidence of cholangitis. Other parameters such as 
successful drainage, 30-day mortality and median survival 
were not different between the two groups of patients. 
Despite these  fi ndings including the technical dif fi culty of 
endoscopic bilateral stenting, the perceived advantage of 
bilateral drainage continues to be advocated  [  2,   21–  23  ] . 

 Endoscopic bilateral drainage, when feasible, would be 
considered ideal in a bilaterally obstructed system. To facili-
tate bilateral stenting newer stents such as the Y stent (Niti-S 
Biliary Y stent; Taewoong, Seoul, Korea), a hybrid of spiral 
and Z stents have been developed. The feasibility of this stent 
has been demonstrated in smaller studies  [  24  ] . However, 
results from further, larger studies are awaited. Slimmer, open 
cell design stents  [  25  ]  have also been developed. In addition, 
the triple lumen catheter  [  26  ]  to facilitate selective cannula-
tion of multiply obstructed ducts has also been developed.  

    28.3.4   Plastic Versus Metal 

 The only randomised trial published to date  [  27  ]  comparing 
metal versus plastic stenting in 20 patients with hilar cholan-
giocarcinomas demonstrated a higher incidence of cholangi-
tis, higher stent failure rates and consequently a higher 
number of re-interventions in patients with plastic stents. 
However, plastic stents are considerably cheaper than SEMS. 
On the other hand, the cost-related bene fi ts of plastic stents 
were offset by an overall longer hospital stay required due to 
multiple stent changes for the plastic stents. 

 So while the available evidence  [  10,   12,   27,   28  ]  supports 
the use of SEMS over plastic stents in patients in whom the 
survival is expected to be more than 6 months (advanced dis-
ease but not metastatic to the liver), there do exist speci fi c 
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indications when plastic stents would be preferred. For 
instance, a plastic stent may be advantageous in patients 
requiring stent of both the right and left biliary systems as the 
use of plastic stents in this scenario is technically easier, as 
well as in those who are planned for photodynamic therapy 
 [  29,   30  ] . In the latter instance the metal stents cannot be used 
as the metal in the stents interferes with the therapy.  

    28.3.5   Quality of Life Bene fi ts 
Following Endoscopic Stenting 

 One of the few studies  [  31  ]  that assessed quality of life fol-
lowing biliary drainage for malignant biliary obstruction 
found that jaundice appeared to be prolonged in patients with 
hilar lesions as compared to distal bile duct lesions. However, 
in 80 % of patients, adequate symptomatic relief could be 
achieved. Although not speci fi cally studied in patients with 
hilar cholangiocarcinoma, endoscopic stent insertion in 
patients with malignant biliary obstruction, besides reducing 
pruritus and anorexia, has been shown to improve the quality 
of life parameters assessed by emotional, cognitive and 
global health scores  [  32,   33  ] . Similarly, the endoscopic relief 
of biliary obstruction in patients with pancreatic cancer has 
been demonstrated to reverse the negative metabolic effects 
and deranged T- and B-cell functions  [  34  ] .   

    28.4   Complications 

 Complications following endoscopic stenting can be classi fi ed 
into those related to the procedure (early) and those speci fi c to 
the stent (late). Table  28.2  provides a list of these complications.  

 The injection of contrast at the time of ERCP with failure 
to achieve complete drainage of the obstructed segments 
thereafter predisposes to the development of early cholangi-
tis. The use of air as a contrast agent (air contrast cholang-
iography) instead of iodine-based contrast medium has been 
suggested to reduce the incidence of immediate post proce-
dural cholangitis  [  35,   36  ] . Larger comparative studies are 
needed to evaluate this technique. 

 The 30-day mortality rate following endoscopic stenting 
has been reported to be as high as 18 %  [  11  ] . This is not sur-
prising considering that these patients are often in a terminal 
state due to the burden of their malignancy.  

    28.5   Widening the Scope of Endoscopy 
as a Palliative Tool 

 In recent years two centres have reported biliary drainage via 
intrahepatic duct puncture and stent placement under endo-
sonographic (EUS) guidance  [  37,   38  ] . Will et al.  [  37  ]  have 

used this approach in two patients with hilar cholangiocarci-
nomas. The utility of this approach is in instances where the 
endoscopist is unable to reach the papilla owing to pyloric or 
duodenal stenosis or inability to introduce the catheter into 
the bile duct  [  37  ] . The limitations of this procedure would 
include the need for multiple stenting as may be the case in 
complex hilar strictures as EUS may not be able to accu-
rately de fi ne such complex strictures  [  39  ] . Further studies 
are clearly required before its wider use.  

      Conclusion 

 Endoscopic palliation of jaundice in patients with hilar 
cholangiocarcinomas is best achieved in patients in whom 
preoperative drainage was achieved endoscopically. At 
the present time, percutaneous drainage of the biliary sys-
tem is a useful tool in patients in whom endoscopic drain-
age cannot be achieved due to technical reasons or for 
non-availability of advanced endoscopic facilities. The 
two techniques should not be regarded as mutually exclu-
sive but rather as complementary with the choice of pro-
cedure dependant on the technique most suitable to give 
the best outcome. Endoscopic stent insertion is a valuable 
tool to facilitate delivery of other forms of adjuvant ther-
apy including brachytherapy and photodynamic therapy. 
The development of newer stents and techniques for 
deployment as well as the rapidly emerging applications 
of EUS could widen the scope of endoscopy as a pallia-
tive tool in hilar cholangiocarcinomas.      
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          29.1   Introduction 

 Cholangiocarcinomas are malignant tumors arising from the 
biliary tract and have an worldwide incidence of 
0.5~2.0/100,000  [  1  ] . Complete resection of early stage 
tumors can be curative  [  2  ] . In cases when the disease is unre-
sectable, the prognosis is generally poor with a 1 year sur-
vival of 53 % and 5 year survival of less than 5 %  [  3–  6  ] . 

 As most patients present with unresectable disease, palli-
ation is a central goal in management of patients with cho-
langiocarcinoma. Over 75 % of cholangiocarcinomas are 
extrahepatic, which includes both hilar and distal bile duct 
tumors, and the most common presenting symptom with 
these tumors is painless jaundice from biliary obstruction, 
occurring in up to 90 % of patients  [  7  ] . Associated symptoms 
accompanying obstructive jaundice can include pruritus, 
weight loss, nausea, abdominal pain, and malabsorptive diar-
rhea. Additionally, biliary obstruction increases the risk for 
cholangitis, especially after procedural interventions, and 
also leads to metabolic and synthetic liver dysfunction. The 
natural clinical course of unresectable cholangiocarcinoma 
progresses with biliary obstruction followed by death from 
liver failure or cholangitis within 12 months  [  8  ] . In patients 
who progress with intrahepatic cholangiocarcinoma, they 
typically develop liver failure and local tumor symptoms or 
develop symptoms from distant disease, with biliary obstruc-
tion typically presenting later in the disease.  

    29.2   Goals of Palliation 

 Palliative care, as de fi ned by the World Health Organization, 
is an approach which improves the quality of life of patients 
facing life-threatening illness  [  9  ] . In advanced cholangiocar-
cinoma, palliation should focus on relief from the symptoms 
of biliary obstruction, and thus biliary decompression is crit-
ical to symptomatic palliation. Obstructive jaundice can also 
be accompanied by refractory pruritus, anorexia, malabsorp-
tive diarrhea, and progressive malnutrition, all of which can 
lead to generalized wasting. If left untreated, biliary obstruc-
tion can result in cholangitis or metabolic and synthetic liver 
dysfunction that can precipitate early death. For these rea-
sons, decompression of biliary obstruction leads to a dra-
matic improvement in the overall medical condition that 
contributes to a prolongation of comfortable survival. 

 A recent prospective cohort study evaluating patient qual-
ity-of-life before and after decompression of malignant bil-
iary obstruction determined that 84 % of patients demonstrated 
improvement in serum bilirubin levels and this was associ-
ated with signi fi cant improvements in both social function 
and mental health  [  10  ] . Another study demonstrated biliary 
decompression following stent placement improved appetite 
and reduced abdominal pain, in addition to relieving jaundice 
and pruritus  [  11  ] . Biliary decompression can be accomplished 
through endoscopic, percutaneous, or operative methods. 
While each technique has its advantages and should be con-
sidered complimentary rather than competitive, the percuta-
neous approach has proven to be an effective modality when 
palliating biliary obstruction from cholangiocarcinoma.  

    29.3   Distal Cholangiocarcinoma 

 When comparing methods for biliary decompression, perihi-
lar and distal tumors should be considered differently due to 
both technical and anatomic differences. For jaundiced 
patients with de fi nitively unresectable distal tumors found on 
preoperative evaluation, nonoperative palliative therapy is 
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generally indicated. Since its clinical inception in 1980, the 
use of endoscopically placed biliary endoprostheses has con-
tinued to evolve and now serves as the predominant modality 
for palliating obstructive jaundice. With experience and stan-
dardized equipment, biliary drainage can be accomplished 
successfully with a 10Fr endoprosthesis in over 90 % of 
patients during endoscopic retrograde cholangiopancreatog-
raphy (ERCP). A randomised trial in 1994 compared endo-
scopic and surgical bypass in malignant low bile duct 
strictures. This study revealed a lower procedural-related 
mortality (3 % vs. 14 %) and major complication rate (11 % 
vs. 29 %) rate in the endoscopic group compared to the oper-
ative approach, yet recurrent jaundice occurred more fre-
quently in the endoscopic group (38 % vs. 2 %)  [  12  ] . No 
difference in survival was seen between groups. The lower 
morbidity of the non-operative approach favored the less 
invasive technique in patients with limited life expectancy 
and the introduction of metallic stents increased the patency 
rate for endoscopic drainage. 

 A prospective, randomised trial of endoscopically placed 
metallic stents vs. polyethylene stents for distal malignant 
biliary obstruction found prolonged patency of the metallic 
stent group (273 vs. 126 days)  [  13  ] . As stent occlusion in 
bare metallic stents was often due to tumor in-growth, a 
number of trials compared covered stents with the bare metal 
stents and found no difference in the patency rate. However, 
the covered metal stents were associated with a higher com-
plication rate of stent migration  [  14,   15  ] . With increased 
experience at tertiary centers, standardized equipment, and 
the use of self-expanding bare metallic stents for increased 
patency, endoscopic biliary drainage is now successful in 
over 90 % of patients and is the preferred approach for distal 
cholangiocarcinoma  [  16,   17  ] . In cases when this approach is 
unsuccessful, technical failures usually result from tumor 
in fi ltration into the duodenal wall that prevents access to the 
ampulla. In the event that endoscopic management is unsuc-
cessful or not possible, percutaneous transhepatic cholang-
iography and stent placement should be performed to 
accomplish external biliary drainage.  

    29.4   Hilar Cholangiocarcinoma 

 Perihilar cholangiocarcinomas account for two-thirds of the 
tumors and present most frequently in the sixth or seventh 
decades. The most commonly used Bismuth-Corlette 
classi fi cation accounts for extent of biliary ductal involve-
ment: Type I tumors involve only the common hepatic duct 
and not the con fl uence of the left and right hepatic ducts, 
Type II tumors involve the bifurcation but do not extend into 
the left or right segmental hepatic ducts, Type III tumors 
extend into either the left OR right segmental hepatic ducts, 
and Type IV tumors extend into both the left and right 

 segmental hepatic ducts from the con fl uence. The involve-
ment of the bifurcation of the left and right biliary systems in 
addition to proximal segmental extension in Type III~IV can 
provide challenges for effective endoscopic drainage. 
Anatomic variations can introduce further complexity into 
strategies for biliary decompression. 

 While the palliation of periampullary tumors has been 
well-studied, the evidence comparing methods of palliation 
for perihilar tumors is currently evolving. In general, the suc-
cess rate of endoscopic stent decompression is only approxi-
mately 50 % and largely re fl ects technical experience. 
Despite technical dif fi culty, insertion of a plastic biliary 
endoprosthesis is the most common method used by experi-
enced endoscopists to palliate hilar obstruction. Two ran-
domised studies comparing endoscopic versus percutaneous 
biliary decompression in malignant biliary obstruction have 
been reported with con fl icting results. An early randomised 
trial comparing endoscopic and percutaneous rigid polyeth-
ylene stent insertion in patients with malignant obstructive 
jaundice demonstrated that the endoscopic approach had a 
signi fi cantly higher success rate for relief of jaundice (81 % 
vs. 61 %) and a lower 30-day mortality (15 % vs. 33 %)  [  18  ] . 
Introduction of internal self-expanding metallic stents which 
are associated with longer patency lead to a more recent ran-
domised study compared percutaneous self-expanding metal 
stents vs. endoscopic 12-Fr polyethylene endoprostheses for 
treating malignant biliary obstruction and found that while 
technical success rates were similar, the therapeutic success 
rate was higher in the percutaneous group (71 % vs. 42 %) 
 [  19  ] . Both studies were limited by combining both distal and 
perihilar tumors. In addition, the introduction of self-expand-
ing metal stents in the second trial complicates direct com-
parison, however the studies suggest that percutaneous 
introduction of metal stents was associated with higher clini-
cal success rate when compared with endoscopically placed 
polyethylene stents. 

 The choice of stent material remains contentious, regard-
less of the approach. Silastic biliary catheters or stents require 
repeat manipulations to maintain patency and prevent cho-
langitis. It is for this reason that primary or delayed place-
ment of a self-expanding metallic stent has become preferable 
for unresectable patients with in whom palliative interven-
tions alone are appropriate. Although metallic stents afford 
signi fi cantly better long-term patency compared to endo-
prostheses, occlusions can occur with tumor ingrowth. In 
such cases, reaccess to the biliary tree can be more problem-
atic. For this reason, novel biliary stents, incorporating an 
impermeable sheath or cytotoxic compounds, have recently 
been developed to avoid complications of re-occlusion. 
Furthermore, most clinicians feel uncomfortable placing 
metallic biliary stents during the initial endoscopic or percu-
taneous procedure, particularly if a de fi nitive opinion regard-
ing resectability has not been rendered. In most circumstances, 
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metallic stents are deployed at the time of a re-manipulation 
of an existing biliary drainage catheter. Another advantage of 
bare metal over plastic stents for the management of hilar 
tumors is the open mesh design which has the potential for 
permitting continued patency of the contralateral ducts which 
would otherwise be occluded by the closed-wall stent. 

 A small prospective trial directly comparing endoscopi-
cally placed metallic vs. polyethylene stents was underpow-
ered for statistical signi fi cance but found a trend toward 
greater long-term (>30 days) stent failure in the polyethylene 
group (43 % vs. 22 %) with a statistically signi fi cant higher 
incidence of cholangitis (36 % vs. 15 %)  [  20,   21  ] . Findings 
from a multicenter observational cohort study supported the 
superiority of metal stents with fewer adverse outcomes 
(which included cholangitis, stent occlusion or migration, 
and need for unplanned endoscopic procedures)  [  22  ] . Again 
these studies demonstrate that self-expanding metal stents 
are superior in maintaining biliary drainage for disease pal-
liation when compared to plastic stents. 

 A recent multicenter retrospective study compared percu-
taneous to endoscopic placement of self-expandable metal 
stents in patients with Bismuth III and IV hilar cholangiocar-
cinoma  [  23  ] . Baseline characteristics were similar in the two 
groups, but the rate of successful biliary decompression was 
signi fi cantly higher in the group with percutaneously placed 
metal stents (93 % vs. 77 %). Median survival was 
signi fi cantly higher in those patients with successful biliary 
decompression (8.7 months vs. 1.8 months). Stent patency 
was comparable in the two groups. This non-randomised 
study suggested that hilar cholangiocarcinoma may be best 
palliated through percutaneous introduction of bare metal 
stents. However as we await results from randomised clinical 
trials, palliation of biliary obstruction from hilar cholangio-
carcinoma may currently be best approached with a multi-
disciplinary strategy accounting for institutional expertise.  

    29.5   Techniques of Percutaneous 
Transhepatic Biliary Drainage 

 Percutaneous biliary decompression evolved from initial 
procedures for percutaneous transhepatic cholangiography 
 [  24  ] . Development of catheters with side holes allow percu-
taneous drains to traverse into the duodenum, allowing for 
external stent capping and internal biliary drainage  [  25  ] . The 
introduction of self-expanding metallic stents has potential 
advantages associated with drainage of intervening segments 
and longer patency rates  [  26  ] . 

 Percutaneous transhepatic biliary drainage can provide 
internal or external drainage. The goal is percutaneous place-
ment of an external or internal biliary drainage polyethylene 
catheter or internal biliary metallic stent for biliary decom-
pression. External drainage is commonly performed under 

ultrasound guidance as a temporizing measure in patients 
preoperatively prior to resection, patients failing endoscopic 
drainage, or during episodes of acute cholangitis for biliary 
decompression and further medical management. In the lat-
ter two situations, the patients can undergo eventual internal-
ization of drainage by clamping the external catheter or 
exchange for an internal stent. Preoperative imaging through 
MRCP or CT allows assessment of tumor location and 
hepatic biliary dilation. The general technique involves ultra-
sound or CT radiographic guided placement of a thin Chiba 
needle into the liver. Aspiration of bile con fi rms placement 
in the biliary system. Antegrade cholangiogram is then gen-
erally performed to localize site of obstruction allowing a 
0.014-in. guidewire to be passed across the stricture. Catheter 
placement over the guidewire with tip extending into duode-
num allows internal and external bile drainage. 

 A retrospective review comparing endoscopically placed 
10-Fr and 8-Fr biliary stents found that the larger stent was 
associated with fewer episodes of cholangitis and increased 
patency due to the larger diameter  [  27  ] . When 10-Fr stents 
were compared with 11.5-Fr stents in a retrospective study, 
there was no difference in patency of the two stent sizes  [  28  ] . 
These data suggest that 10-Fr stents are large enough to pro-
vide adequate drainage. In practice, recurrent symptoms of 
pain or cholangitis with a percutaneously placed 10-Fr stent 
may be an indication for PTBD stent upsizing. 

 Self-expanding metallic stents, as previously mentioned 
can be associated with high patency rates under  fl uoroscopic 
guidance. Technical advances now allow deployment of the 
metallic stents through 7-Fr catheters minimizing hepatic 
injury during placement and deployment. The catheter can 
then be left in place for several days and removed allowing 
for internalization of biliary drainage.  

    29.6   Unilateral Versus Bilateral Drainage 

 Biliary obstruction by hilar cholangiocarcinoma generally 
results in two separately obstructed systems—left and right. 
Literature from operative palliation of malignant hilar biliary 
obstruction compared those patients with free communica-
tion and those with no communication between the right and 
left draining systems after operative unilateral drainage 
through an intrahepatic biliary enteric bypass. There was no 
difference in median survival, decrease in serum bilirubin, or 
symptomatic palliation between the two groups indicating 
that unilateral drainage was suf fi cient for palliation  [  29  ] . 

 A prospective, randomised controlled study examined the 
role of unilateral vs. bilateral endoscopic hepatic duct drain-
age in patients with malignant hilar biliary obstruction. The 
unilateral group had a higher rate of technical success (89 % 
vs. 77 %). Surprisingly, unilateral stents also had a lower rate 
of both complications (19 % vs. 27 %) and cholangitis (9 % 
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vs 17 %)  [  30  ] . A retrospective review of patients undergoing 
endoscopic stent placement for palliation of unresectable 
malignant hilar biliary obstruction found no difference 
between right or left hepatic ductal drainage in terms of tech-
nical success, complications, 30-day mortality, and patency 
 [  31  ] . Taken together, unilateral drainage of malignant hilar 
biliary obstruction appears to provide adequate palliation, at 
least when performed through the endoscopic route. It 
remains to be determined in patients undergoing percutane-
ous stent placement for palliation whether unilateral access 
is suf fi cient or whether bilateral internalized stents afford 
improved and more durable palliation.  

    29.7   Intrabiliary Therapies for Palliation 

 While decompression of biliary obstruction is the primary 
goal of palliation for unresectable cholangiocarcinoma, the 
introduction of percutaneous catheter-based therapies are 
being investigated for local tumor control in order to provide 
more durable palliation and improved survival. 

    29.7.1   Photodynamic Therapy 

 Photodynamic therapy (PDT) involves the introduction of a 
photosensitizer to the target tissue. When the tissue is locally 
illuminated with a corresponding wavelength of light, the 
photosensitizer undergoes a type II photochemical reaction 
and generates cytotoxic oxygen-derived free radicals, which 
then mediates apoptotic and necrotic cell death. Three com-
pounds are currently being used as photosensitizers in cho-
langiocarcinoma: Photofrin (Axcan Pharma, Canada), 
Photosan (SeeLab, Germany), and Delta-aminolevulinic acid 
(Medac, Germany)  [  32  ] . 

 Promising results have been reported from a number of 
preliminary studies of PDT for palliation of cholangiocarci-
noma  [  33–  38  ] . Two recent prospective, randomised trial 
reported signi fi cant survival advantage with PDT. In the  fi rst 
multicenter trial, 39 patients with unresectable hilar cholan-
giocarcinoma were randomised to two groups: biliary stent-
ing followed by PDT with Photofrin versus stenting alone 
 [  39  ] . Only patients with successful biliary stenting through, 
either endoscopy or percutaneously, ful fi lled inclusion crite-
ria. The study found that addition of PDT resulted in a 
signi fi cant survival advantage (493 vs. 98 days). The second 
randomised clinical trial accrued 32 patients with unresect-
able bile duct cancer  [  40  ] . Both groups had undergone previ-
ous biliary stenting through endoscopic or percutaneous 
means. The experimental group underwent PDT with 
Photosan resulting in a mean survival of 21 months com-
pared to the control group which had a median survival of 
7 months. While these two small randomised trials are 

 promising, larger controlled trials are needed to con fi rm the 
ef fi cacy and applicability of PDT for the palliation of unre-
sectable cholangiocarcinoma.  

    29.7.2   Intraluminal Brachytherapy 

 Patients with unresectable disease are candidates for radio-
therapy. Although external beam radiotherapy is the most 
common application, the introduction of intraluminal 
brachytherapy has been studied in advanced cholangiocarci-
noma  [  41–  44  ] . The intraluminal radiotherapy is performed 
by loading a percutaneous biliary catheter with Iridium-192 
strands to the level of the malignant stricture. A single small 
prospective trial randomised 21 patients with unresectable 
cholangiocarcinoma to percutaneous biliary stenting alone 
versus biliary stenting followed by intraluminal Ir-192 
brachytherapy (30 Gy) and external radiotherapy (50 Gy) 
 [  45  ] . This study found an improvement in median survival 
from 298 days in the control to 388 days in the group under-
going radiation therapy. The addition of external beam radio-
therapy is a confounding factor which may have in fl uenced 
the survival difference, however further studies may clarify 
the role of intraluminal brachytherapy in the palliation of 
cholangiocarcinoma.   

    29.8   Summary 

 While relatively uncommon, cholangiocarcinoma can be 
associated with some of the most challenging patients to suc-
cessfully palliate. Although complete surgical resection with 
negative margins can result in cure, only approximately 20 % 
of patients may be candidates for curative-intent therapy. 
Moreover, compared to other hepatobiliary malignancies, 
these patients are often markedly symptomatic and dif fi cult 
to manage. Thus palliation is an important issue in disease 
management in unresectable and recurrent patients. 
Symptoms of cholangiocarcinoma are primarily related to 
biliary obstruction, and include jaundice, pruritus, weight 
loss, nausea, and abdominal pain. Additionally, patients are 
at an increased risk of developing cholangitis, especially 
after instrumentation. Endoscopic, percutaneous, and opera-
tive approaches to biliary decompression are effective. For 
distal cholangiocarcinomas, endoscopic stenting has a high 
success rate and is generally the primary approach, with per-
cutanous transhepatic biliary stenting reserved for endo-
scopic failures. In contrast, hilar cholangiocarcinoma is more 
often managed via a percutaneous approach. There is evi-
dence that unilateral stenting is adequate for palliation. Self-
expanding bare metal stents are associated with increased 
patency when compared to polyethylene plastic stents. 
Covered stents have a comparable patency rate to bare metal 
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stents, however are associated with a high rate of complica-
tion and stent migration. 

 Intrabiliary therapies for palliation include photodynamic 
therapy and intraluminal brachytherapy. Photodynamic ther-
apy is emerging as a promising option for palliative therapy. 
There is limited evidence regarding the role of intralumi-
nal brachytherapy. Both approaches remain, at this time, 
investigational for cholangiocarcinoma palliation. What is 
clear is that optimal management of patients with cholang-
iocarcinoma requires a multidisciplinary team of dedicated 
clinicians, including surgeons, interventional and diagnostic 
radiologists, gastroenterologists, and hepatologists.      
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          30.1   Introduction 

 The majority of patients with cholangiocarcinoma (CCA) 
present with advanced disease. Therefore, complete resec-
tion with negative margins (R0), the only treatment with the 
potential for cure, is achievable in less than 40 % of patients 
 [  1–  5  ] . Since the majority of patients present with nonresect-
able disease at the time of diagnosis, palliative modalities 
play a crucial role in the treatment of CCA. 

 Inoperable patients with advanced cholangiocarcinoma 
typically present with obstructive jaundice. Therefore, the 
primary standard goal of treatment is to relieve cholestasis 
by endoscopic or percutaneous biliary stenting. Although 
insertion of endoprosthesis improves jaundice in the major-
ity of patients and may provide a better quality of life  [  6–  10  ] , 
it seems to prolong survival only slightly  [  2,   11,   12  ] . 
Particularly in hilar cholangiocarcinoma invading multiple 
intrahepatic bile ducts, tumors greater than 3 cm and meta-
static tumors, survival is short. These patients survive for 
less than 100 days and die of liver failure and cholangitis 
 [  13–  15  ] . 

 The second goal of treatment is the prolongation of sur-
vival by reducing tumor burden. The classical methods are 
palliative chemo-and radiotherapy. Response rates of chemo- 
and radiotherapy are low. The only randomised trial compar-
ing chemotherapy with best supportive care in patients with 
cholangiocarcinoma did not show a survival advantage  [  16  ] . 
For a long time no chemotherapeutic agent has been classi fi ed 
to improve survival in advanced cholangiocarcinoma. 
However, chemotherapy seems to provide a clinical bene fi t 
with improvement of quality of life in half of the patients 

treated  [  17  ] . Recently it has been shown that gemcitabene 
combined with platinum demonstrates the highest response 
rates and improves survival compared to gemcitabene alone 
 [  18,   19  ] . 

 Results with radiotherapy in nonresectable cholangiocar-
cinoma are con fl icting. A retrospective comparison of stent-
ing alone with stenting plus radiotherapy did not show a 
survival advantage of radiotherapy  [  20  ] . There seemed to be 
a survival advantage in the radiotherapy group in the  fi rst 
9 months after diagnosis, but the length of hospital stay was 
considerably longer in the patients receiving radiotherapy. 
A prospective randomised trial indicated a survival advantage 
of brachytherapy in addition to stenting  [  21  ] . However, in the 
group with stenting alone, only patients with Bismuth type III 
and IV tumors were included, whereas in the group with addi-
tional radiotherapy, one third of patients had Bismuth type I 
and II tumors. Furthermore only 8 of 21 patients were treated 
with brachytherapy alone. Stereotactic body radiotherapy for 
unresectable cholangiocarcinoma seems to be a promising 
new option for patients with nonresectable cholangiocaric-
noma; this treatment warrants further investigation  [  22,   23  ] . 

 Despite improvement of radio- and chemotherapy, the out-
come with both modalities is still not satisfying. In the last 
few years it crystallized that photodynamic therapy (PDT) is 
an auspicious treatment option for nonresectable extrahepatic 
cholangiocarcinoma. This chapter describes the mechanism 
of action of PDT and gives an overview of the experience 
with this new local treatment of cholangiocarcinoma.  

    30.2   Photodynamic Therapy 

    30.2.1   History of Photodynamic Therapy 

 The  fi rst reports of photodynamic therapy date back to the 
Egyptians. It experienced a rebirth in the twentieth century. 
The use of combined dye and illumination for the treatment 
of skin disease was  fi rst proposed in 1903 by Tappeiner and 
Jesonik and the Nobel Prize was awarded to Niels Finsen in 
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1903 for his work on phototherapy. Photodynamic therapy at 
this time was limited to skin diseases. In 1961, Lipson et al. 
reported the development of hematoporphyrin derivative, a 
mixture of porphyrins, for tumor localization  [  24  ] . 
Application in the GI-tract was not possible before the devel-
opment of  fi berendoscopes and laser technology. The  fi rst 
reported application of photodynamic therapy in the gastro-
intestinal tract was by Kato et al. in 1986  [  25  ] . 

 Today photodynamic therapy is an approved anticancer 
treatment (brain tumor, lung cancer, head and neck cancer, 
esophageal cancer, pancreatic cancer, urinary bladder cancer, 
prostate cancer, various types of skin cancer, cutaneous recur-
rence of breast cancer). In the gastrointestinal tract it is further-
more approved for treatment of Barrett’s esophagus. Non-cancer 
indications of photodynamic therapy include age-related mac-
ular degeneration and cardiovascular disorders (restenosis).  

    30.2.2   Principle of Photodynamic Therapy 

 Photodynamic therapy utilizes two individually non-toxic 
components. A photosensitizing chemical called photosensi-
tizer and light are applied in sequence  [  26  ] . 

 The  fi rst step is local or systemic administration of a pho-
tosensitizing drug. This nontoxic photosensitizer is prefera-
bly uptaken by the tumor tissue. This targeted lesion is then 
illuminated with light. Its wavelength corresponds to the 
absorption spectra of the photosensitizer. Most photosensi-
tizers are activated by several wavelengths. For tumor treat-
ment usually the longest of the wavelengths is used since 
depth of necrosis correlates with wavelength (Fig.  30.1 ). The 
photochemical process is then initiated by illumination of 
the targeted lesion with light (Fig.  30.2 ).   

 In the presence of oxygen molecules various cytotoxic 
species are generated (e.g. singlet oxygen and other reactive 
oxygen species). Singlet oxygen is generated by a photo-
chemical process type II (Fig.  30.2 ). The photosensitizer in 
its ground state absorbs a photon of light and is thereby 
boosted into the activated singlet state  [  27  ] . This singlet state 
can fall back in the ground state and light is liberated as 
 fl uorescence. For the photodynamic effect the singlet state 
has to be transformed to the triplet state by intersystem cross-
ing. The likelihood of triplet formation increases with the 
life-span of the singlet state. The life span of the triplet state 
(half-life milliseconds) is considerably longer than the life 
span of the singlet state (<1  m s) since optical transitions to 
the ground state are rare. This allows contact to a lot of mol-
ecules of the surrounding. If the photosensitizer in the triplet 
state hits another molecule whose ground state is a triple 
state, energy transfer is possible and both molecules merge 
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to their singlet state. One of the few molecules with a triplet 
ground state is molecular oxygen. Since the energy of the 
activated photosensitizer is greater than required for trans-
formation of the oxygen to singlet oxygen, this energy trans-
fer can proceed. The photosensitizer returns to its ground 
state after transfer of electron energy to the oxygen. Singlet 
oxygen has a long life span concerning its crossover to the 
ground state. Due to its responsiveness it is able to oxygenize 
cell elements. Cellular sites of damage are membranes, mito-
chondria, microtubules or lysosomes. Quantity and location 
of photodynamic therapy induced cytotoxic species deter-
mine the nature and consequence of photodynamic therapy 
such as apoptosis and necrosis of tumor cells. 

 The alternative photochemical reaction type I leads to a 
direct interaction of the photosensitizer in its triplet state 
with other biomolecules by electron or hydrogen transfer. 
This interaction results in generation of free radicals. These 
radicals can interact with molecular oxygen to form hydroxyl 
radicals, hydrogen peroxide and superoxide anions  [  28,   29  ] . 
Photochemical reaction type I play a less important role in 
the mechanism of photodynamic therapy. 

 Photodynamic therapy also has a vascular “anti-angio-
genic” effect. It damages tumor endothelial cells and thus 
induces the release of vasoactive molecules. This leads to an 
increase of vascular permeability and also to platelet aggre-
gation, leukocyte adhesion, vessel constriction and blood 
 fl ow stasis. The consequences are tumor hypoxia and isch-
emic death of tumor cells via deprivation of oxygen and 
nutritient  [  30  ] . 

 Finally, PDT induces dose-dependent immune responses. 
At high doses, as applied for tumor treatment, damages of 
cellular membranes and the blood vessel wall lead to recruit-
ment of neutrophils, monocytes/macrophages and activation 
of pro-in fl ammatory cytokines like interleukin IL-1 b , IL-2 
and tumor necrosis factor TNF- a   [  31,   32  ] . This enhancement 
of the host immune system plays an important role in sec-
ondary cytotoxicity and tumor control. Serum IL-6, a bile 
duct epithelium growth factor correlating with tumor burden 
in cholangiocarcinoma, decreases after PDT  [  33  ] . 

 Since photosensitizers accumulate also in the skin, the 
major side effect of PDT is cutaneous photosensitivity.   

    30.3   Photodynamic Therapy for Hilar 
Cholangiocarcinoma 

    30.3.1   Photosensitizers 

 Three types of photosensitizers are currently used for photo-
dynamic therapy in cholangiocarcinoma: Exogenous hemato-
porphyrin derivates (Photofrin ®  and Photosan ® ), the prodrug 
of an endogenous porphyrin derivate (Gliolan ® ) and meso-
tetrahydroxyphenylchlorine (Foscan ® ). 

 The most frequently used photosensitizer is the hemato-
porphyrin derivate Photofrin ®  (Axcan Pharma Inc., Mount-
Saint-Hilaire, Canada). Human bile duct carcinomas grown 
in nude mice are highly sensitive to PDT with hematopor-
phyrin derivates  [  34  ] . Hematoporphyrin derivates reduce 
tumor volume and decrease regrowth rate. Quantitative 
 fl uorescence microscopy and digital image analysis has 
shown that Photofrin ®  preferentially accumulates in bile duct 
neoplasm’s, reaching peak values during the  fi rst 2 days  [  35  ] . 
The ratios of  fl uorescence in tumour versus normal tissue 
were 1.7 ± 0.7 and 2.3 ± 1.2 (mean ± SD) at days 1 and 2 after 
photosensitizer administration, respectively. 

 Photofrin ® , a complex mixture of porphyrin oligomers 
synthesized from hematoporphyrin dihydrochloride, is sup-
plied as a powder. It is manufactured at a label strength of 75 
and 15 mg/vial. The 75 mg/vial is reconstituted with 31.8 ml 
0.9 % sodium chloride or 5 % dextrose and each 15 mg/vial 
with 6.6 ml, respectively. For treatment of cholangiocarci-
noma it is administered intravenously at a dosage of 2 mg/kg 
body weight usually 48 h before laser light illumination. 
With activation at 630 nm wavelength and an energy dose of 
180 J/cm 2 , a decrease of tumor thickness between 4 and 
6 mm is obtained  [  2,   36  ] . The major side effect is skin pho-
tosensitization. The photosensitivity reactions are mostly 
mild to moderate with erythema. Swelling, pruritus, burning 
sensation, blisters, increased hair growth, skin discoloration, 
skin nodules and increased skin fragility occur seldomly and 
only if reasonable precautions for light exposure are not 
taken. Patients should be advised to stay indoors, away from 
bright light, for 3~4 days and then can cautiously increase 
exposure to sunlight. Strong sunlight has to be avoided for 
4~6 weeks. No interaction studies of Photofrin ®  and other 
drugs have been performed. However, it is possible that other 
photosensitizing agents (e.g. tetracyclines, sulfonamides, 
phenotiazines, sulfonylurea, hypoglycemic agents, thiazide 
diuretics, griseofulvin and  fl uoroquinolones) could increase 
the risk of photosensitivity reactions. Therefore, these drugs 
should, if possible, be avoided during the  fi rst 7 days of pho-
todynamic therapy. 

 Compounds that quench active oxygen species or scav-
enge radicals, such as dimethly sulfoxide,  b -carotene, etha-
nol, formate and mannitol can be expected to decrease 
photodynamic therapy activity. Preclinical data also suggest 
that allopurinol, calcium channel blockers and some prosta-
glandin synthesis inhibitors could interfere with Photofrin ®  
therapy. Furthermore, drugs that decrease clotting, vasocon-
striction or platelet aggregation e.g. thromboxane A 2 inhibi-
tors could decrease the ef fi cacy of photodynamic therapy. 
Glucocorticoids given before or concomitant with photody-
namic therapy are known to decrease the effect. 

 Other rare side effects reported are mild constipation, 
coughing, nausea, pain/swelling at injection site, mood 
changes (e.g. anxiety), fever and tachycardia. 
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 Photodynamic therapy with Photofrin ®  displays a safe 
pro fi le even with a second treatment session within 
45 days  [  37  ] . 

 Another hematoporphyrin derivate used is Photosan ®  
(SeeLab, Wesselburneerkoog, Germany)  [  38,   39  ] . So far the 
excitation wavelength used, drug dosage and the dose-light 
interval was the same as with Photofrin ® . However, light 
dosage was slightly different with 200 J/cm length of steno-
sis. Reported side effects are similar to those with Photofrin ®.  
Additionally, a metallic taste, liver-toxicity and anaphylaxis 
are reported with Photosan ®   [  40  ] . 

 Delta-aminolevulinic acid (Gliolan ® , Medac, Hamburg, 
Germany), an amino acid produced in every nucleated cell, is 
a prodrug  [  41  ] . Delta-aminolevulinic acid is a precursor of 
heme, and its enzymatic conversion to protoporphyrin IX is 
regulated by feedback inhibition. Following administration 
of an excess of exogenous delta-aminolaevulinic acid the 
natural regulatory mechanism is bypassed. Protoporphyrin 
IX accumulates, since the enzyme ferrochelatase, catalyzing 
chelation of ferrous ion into the protoporphyrin molecule, is 
decreased in malignant tissue. Endogenously generated pro-
toporphyrin IX is an excellent photosensitizing agent. Delta-
aminolevulinic acid accumulates also in bile duct tumor cell 
lines  [  42  ] . 

 For treatment of cholangiocarcinoma, a drug dose of 
60 mg/kg bodyweight is administered orally in orange juice. 
The activation wave length is the same as with the exogenous 
porphyrins, namely 630 nm. Light dose used was 200 J/cm 2  
 [  43  ] . Photosensitivity plays a minor role with Gliolan ®  last-
ing only 1~2 days. Other systemic side effects, such as 
abnormal liver function, hypotension, and vomiting, can 
occur. Due to a penetration depth of less than 2 mm it cannot 
be recommended for the treatment of cholangiocarcinoma. 

 Another photosensitizing agent is meso-tetrahydroxyphe-
nyl chlorine (mTHPC, temopor fi n, Foscan ® , Biolitec AG, 
Jena, Germany). The solvent- based formulation mTHPC 
(Foscan ® ) as well as a liposomal (water soluble) formulation 
(Foslip ® , Biolitec AG, Jena, Germany) turned both out to be 
potent photosensitizing agents killing about 90 % of cholan-
giocarcinoma cancer cells  [  44  ] . Cell lines with low cytoker-
atin-19, high vimentin and high proliferative phenotype 
preferentially show higher uptake of mTHPC  [  45  ] . 

 In cholangiocarcinoma, photoactivation is performed with 
non-thermal light at 652 nm 72 h after intravenous adminis-
tration of 0.15 mg/kg body weight of Foscan ®   [  46  ] . 
Photosensitivity is gradually getting back to normal after day 
15 onward and people will be able to go back to their normal 
routine light exposure by day 22. As with porphyrins there is 
a potential for exacerbation of skin photosensitivity if other 
photosensitizing agents are administered. Such a reaction 
has been reported with topical 5- fl uorouracil. Other reported 
side effects are: injection site pain, pain sensation in the 
treated tumor area, hemorrhage, fever, constipation, vomit-
ing, anemia, nausea and giddiness. 

 Phototoxicity is 100~200 times stronger than with 
Photofrin ®  leading to deeper tumor necrosis.  

    30.3.2   Technical Aspects of PDT in Hilar 
Cholangiocarcinoma 

 Lasers light producing high energy monochromatic light of a 
speci fi c wavelength is used for intraluminal illumination. As 
light source, an argon dye laser or diode lasers can be used. Up 
until now cylindrical diffuser  fi bers have been used to deliver 
light to the target side. Theoretically, balloon diffusers could 
be used as well. Fibers can be positioned into the bile duct 
strictures with the help of a standard cannula or a cholangio-
scope  [  47,   48  ] . Even and circumferential illumination is only 
obtained when the  fi ber is not covered by the cannula or an 
endoprosthesis. For adequate positioning the cylindrical laser 
diffuser should be equipped with radiopaque markers. In 
Europe,  fi bers speci fi cally designed for PDT in the bile duct 
are available. Plastic  fi bers (Medlight SA, Ecublens, 
Switzerland) can be smoothly introduced into the bile duct, 
whereas intubation is more dif fi cult with the quartz  fi bers 
(Ceram Optec, Bonn, Germany). In the United States only 
quartz  fi bers for the esophagus (Fibers Direct, Andover, MA) 
are approved by the US Food and Drug Administration (FDA). 
Due to the stiffness of the esophageal  fi bers breakage has been 
a problem and treatment could generally only be performed in 
the main hepatic ducts. Light doses used for PDT in the bile 
duct ranged between 154 and 242 J/cm 2 . Photoactivation is 
often performed under continuous saline perfusion and con-
current oxygen administration (4 l/min) via a nasal catheter 
 [  47,   48  ] . However, the effect of these additional measurements 
has not been evaluated and needs further investigation. 

 After PDT, plastic endoprosthesis are inserted to ensure 
biliary drainage. PDT can also be performed through metal 
stents  [  39,   46,   49,   50  ]  and percutaneously  [  47,   51  ] . However, 
it has to be taken into account that metal threads and joints of 
the stent cause a shadow effect leading to light absorption, 
thereby diminishing ef fi cacy  [  50  ] . Therefore, light dose has 
to be adjusted to counteract the reduction of light transmit-
tance caused by the metal stent. Since the endoluminal light 
irradiation is often carried out at the maximal power output 
allowed for the diffuser  fi ber, the light irradiation time has to 
be adjusted to compensate for the reduction of light transmit-
tance caused by the stent materials.  

    30.3.3   Photodynamic Therapy as Palliative 
Treatment for Nonresectable Hilar 
Cholangiocarcinoma 

 The  fi rst hint that photodynamic therapy may be a treatment 
option for advanced nonresectbale hilar cholangiocarcinoma 
(Table  30.1 ) came from uncontrolled studies  [  43,   46,   47, 
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  52–  54  ] . In all trials with haematoporphyrin derivates and the 
trial with mTHPC tumor regression and bile duct recanaliza-
tion was seen after PDT.  

 Thirty-day mortality between 0 % and 16 %, procedure 
related mortality of 0, median survival time between 276 and 
558 days, 6 month survival times between 89 % and 91 % 
and 1-year survival between 45 % and 78 % were remark-
ably good. 

 Observed side effects with Photofrin ®  were phototoxicity 
(4~25 %), stenosis (0~10 %), cholangitis (0~25 %), bilioma 
(0.3 %), abscess formation (0.2 %), biliary leakage (0.2 %) 
and hemobilia (2 %). With Gliolan ®  cholangitis was observed 
in 50 % of patients and hypotension in 25 % and with Foscan ®  
cholangitis in 15 %, gallbladder emypema in 8 %, liver 
abscesses in 8 % and hemobilia in 15 %. 

 In one retrospective trial  [  49  ] , metal stent insertion plus 
photodynamic therapy was compared with a historical 
control group treated with metal stents alone. The authors 
did not observe a bene fi cial effect of PDT. This failure of 
photodynamic therapy could be caused by insuf fi cient 
drainage in the photodynamic therapy group, since in only 
45 % of patients with hilar cholangiocarcinomas, two 
metal stents could be inserted. Another explanation could 
be that light dose was not adjusted to the reduction of light 
transmittance caused by the stent materials. The incom-
plete follow-up data of the historical controls is a further 
problem of this trial. 

 All other comparative trials showed a survival advantage 
for photodynamic therapy (Table  30.2 ). A recently published 
paper  [  39  ]  from the same group demonstrated a survival 
advantage of photodynamic therapy compared to bilateral 
metal stenting alone. In one prospective trial endoprosthesis 
alone were compared with endoprosthesis plus photody-
namic therapy  [  55  ]  and another retrospective analysis dem-
onstrated that photodynamic therapy can also be successfully 
applied percutaneously  [  56  ] . One year survival was 28 % 
with percutaneous drainage only (n = 20) and 52 % ( P  < 0.05) 
with additional photodynamic therapy (n = 27).  

 A large retrospective study  [  2  ]  analyzed the outcome of 
184 patients with hilar cholangiocarcinoma treated with 
either surgery, stenting alone or stenting with photody-
namic therapy. Survival was longer after additional photo-
dynamic therapy (Table  30.2 ). Photodynamic therapy and 

stenting resulted in lower serum bilirubin levels and better 
quality of life compared with stenting alone. Survival was 
similar after photodynamic therapy (360 days) and after 
incomplete resection (R1/R2) (366 days), although patients 
in whom photodynamic therapy was performed had more 
advanced tumor stages and higher Bismuth grades at inclu-
sion. Best survival time was reported with R0 resection 
(684 days). 

 In a recent retrospective trial these results were con fi rmed 
 [  11  ] . It was shown that palliative photodynamic therapy 
resulted in survival similar to those with curatively intended 
R1/R2 resection, despite the fact that photodynamic ther-
apy patients had more advanced tumor stages, higher 
Bismuth grades and were older. In patients undergoing 
attempted curative surgery the median survival time was 
570 days compared with 360 days for photodynamic ther-
apy, 240 days for radio/chemotherapy and 90 days for 
patients who received no additional treatment other than 
biliary drainage. One-year survival was 87 %, 69 %, 55 %, 
51 %, 37 % and 20 % for R0 resection, attempted curative 
resection, R1/R2 resection, photodynamic therapy, chemo-
and/or radiotherapy and biliary drainage only groups, 
respectively. 

 A prospective clinical cohort study  [  57  ]  has demonstrated 
that radical surgery (mean survival 1,278 days) and palliative 
photodynamic therapy with Photofrin ®  (mean survival 
512 days) are associated with an increased survival in patients 
with hilar cholangiocarcinoma compared to stent and che-
motherapy (mean survival 173 days,  P  < 0.0001). 

 Two prospective randomised trials  [  38,   48  ] , comparing 
PDT and endoprosthesis insertion with endoprosthesis inser-
tion alone, con fi rmed the encouraging results of the pilot 
studies and comparative trials (Table  30.3 ).  

 In the  fi rst study 39 patients with large (<3 cm) advanced 
hilar tumors were included  [  48  ] . Exclusion criteria were 
porpyhria, previous chemo-or radiotherapy, recent use of 
photosensitizing or dermatotoxic drugs, prior insertion of 
metal stent, peritoneal carcinomatosis and diagnostic ERCP 
more than 1 month previously. Antioxidant products and bile 
stimulating herbal medicines interacting with the PDT effects 
were withheld from the 7th days before to the 7th days after 
photosensitizer administration. 

 Median survival times was 498 days with additional pho-
todynamic therapy with Photofrin ®  (n = 20) and 98 days 
( P  < 0.0001) with endoprosthesis insertion only (n = 19). 
Only patients with a bilirubin decrease of less than 50 % 
after successful stenting were included into the study. PDT 
relieved jaundice in these patients and improved quality of 
life. Enrollment was limited to patients with unsuccessful 
drainage, and this was criticized as a bias. 

 In a second randomised trial 32 unselected patients with 
less advanced non-resectable cholangiocarcinoma the sur-
vival advantage was con fi rmed  [  38  ] . The photosensitizer 
Photosan ®  was administered. Median survival was 630 days 

   Table 30.1    Uncontrolled trials of photodynamic therapy in nonresect-
able hilar cholangiocarcinoma   

 Author  Photosensitizer  Median survival time 

 Ortner et al.  [  47  ]   Photofrin ®   439 days 
 Berr et al.  [  52  ]   Photofrin ®   330 days 
 Rumalla et al.  [  53  ]   Photofrin ®   Not reported 
 Zoepf et al.  [  43  ]   Gliolan ®   Not reported 
 Harewood et al.  [  54  ]   Photofrin ®   276 days 
 Shim CS et al.  [  51  ]   Photofrin ®   558 days 
 Pereira et al.  [  46  ]   Foscan ®   Not reported 
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with additional photodynamic therapy and 210 days with 
endoprosthesis alone ( P  = 0.019). 

 In the  fi rst randomised trial patient’s quality of life was 
poor at study entry and improved after PDT, whereas in the 
second trial patient’s performance status was normal from 
the beginning and did not improve further. Only few speci fi c 
side effects occurred in both trials (stenosis 0~10 %, photo-
sensitivity 0~10 %). No difference in cholangitis rate was 
observed between the PDT and endoprosthesis only group. 
Hemobilia was observed in one patient. 

 The presence of a visible mass on imaging studies and 
increasing time between diagnosis and PDT predicted a 
poorer survival rate after PDT  [  58  ] . Photodynamic therapy 
should be performed within the  fi rst month after diagnosis 
 [  47,   48  ] . 

 Repeat photodynamic therapy is safe  [  37  ]  and effective. 
Local response de fi ned as opening of more than 50 % of 
occluded segmental bile ducts, after the  fi rst, second, third and 
fourth PDT are 75 %, 70 %,58 %, and 50 %, respectively  [  2  ] . 

 Multimodality strategies with chemotherapy and radio-
therapy are feasible and well tolerated  [  36,   59  ] . However, at 
the moment it is unclear if combined treatment modalities 
prolong survival further.  

    30.3.4   Photodynamic Therapy for Recurrent 
Tumor After Resection or as Neoadjuvant 
Treatment 

 A small uncontrolled study showed marked destruction of 
the recurrent tumor with 75 % of patients disease free after 
2-year  [  60  ] . 

 Neoadjuvant PDT was evaluated in seven patients with 
advanced Bismuth type III and IV carcinoma which were 
thought to be unresectable after staging  [  61  ] . After PDT a 
curative resection could be performed in all patients; 83 % 

were recurrence free after 1- and 5-year survival was 71 %. 
No relevant side effects of PDT occurred except for a minor 
intraoperative phototoxicity in one patient.   

      Conclusion 

 PDT is the  fi rst palliative treatment option that has shown 
its ef fi cacy in patients with nonresectable biliary cancer in 
two randomised prospective studies. PDT improves sur-
vival, jaundice and quality of life, is well tolerated and 
can be repeated without losing its ef fi cacy. PDT can be 
combined with radiotherapy and chemotherapy. It has, 
however, to be shown if multimodality strategies improve 
survival further. PDT for recurrent tumors after surgery 
and neoadjuvant PDT is still experimental.      
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          31.1   Introduction 

 Cholangiocarcinoma is an uncommon tumor that may occur 
anywhere along the intrahepatic or extrahepatic biliary tree. 
In the United States approximately 5,000 cholangiocarcino-
mas are diagnosed per year while many more biliary malig-
nancies occur in Asia. The hepatic duct bifurcation is the 
most frequently involved site, and approximately 50–70 % 
of cholangiocarcinomas are found in this perihilar region  [  1  ] . 
The role of radiation therapy, chemoradiation and chemo-
therapy as adjuvants to surgical resection in patients with 
perihilar cholangiocarcinoma remains controversial. 
Aggressive surgical resection obtaining a negative micro-
scopic margin offers the only chance for long-term survival. 
However, many patients will only be candidates for nonop-
erative stenting or palliative surgery aimed to provide biliary 
drainage and prevent cholangitis and hepatic failure. 
Radiation therapy, chemoradiation and/or chemotherapy also 
can be used in these patients with nonresectable disease in an 
attempt to palliate symptoms and extend survival. 

 Five-year survivals of 30–40 % have been reported for 
perihilar cholangiocarcinomas in the subset of patients that 
can be resected with negative microscopic margins  [  1–  12  ] . 
Despite recent advances in radiological imaging and 
improved staging of perihilar cholangiocarcinoma, in most 
series approximately half of the tumors are resectable at the 
time of exploration. In patients undergoing potentially cura-
tive resection for hilar cholangiocarcinomas local-regional 
recurrence is found approximately 60 % of the time 
while  distant metastases are seen with or without local 

 recurrence in almost 40 %  [  13  ] . Therefore, many authorities 
 recommend the addition of adjuvant radiation, chemoradia-
tion or  chemotherapy for patients with resected perihilar 
cholangiocarcinoma.  

    31.2   Radiation Therapy 

 Initially, bile duct tumors were thought to be radioresistant, 
but several studies have shown that radiotherapy can palli-
ate symptoms and may contribute to improvement in sur-
vival. Ionizing radiation likely acts by the production of 
free radicals that cause damage to deoxyribonucleic acid 
(DNA) resulting in double-stranded DNA breaks. These 
DNA lesions are unable to be repaired or are repaired inad-
equately in tumor tissue; and as a result, the malignant cells 
are unable to divide. Therapeutic gain is achieved by the 
difference in repair capacity and  fi delity of repair of DNA 
lesions in tumor as opposed to normal tissue. Radiotherapy 
is delivered as a fractionated daily dose allowing normal 
tissue to repair DNA damage between treatments. Tumors 
repair this damage less well. Factors which limit the useful-
ness of radiotherapy in bile duct tumors include the inher-
ent sensitivity of tumors to radiation, hypoxic radioresistant 
regions within tumor, the repopulation of surviving tumor 
cells, and the initial number of viable tumor cells in the 
resected  fi eld. 

 Radiation therapy has been evaluated in patients with 
cholangiocarcinoma using a variety of methods including 
external beam radiotherapy, intraoperative radiotherapy, 
internal radiotherapy, radioimmunotherapy, and charged par-
ticle radiation. External beam radiotherapy has been the most 
commonly used modality and is typically administered to a 
total dose of 45–60 Gy. Internal radiotherapy is normally 
delivered through either percutaneous or endoscopically 
placed biliary stents using iridium-192 as the radiation 
source. Total radiation doses may vary from 20 to 60 Gy up 
to 1 cm from the source. Radioimmunotherapy has also been 
performed with iodine-131 anti-CEA. 

      Radiation and Chemotherapy       
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 Several retrospective analyses have suggested that radia-
tion therapy augments survival in patients with perihilar cho-
langiocarcinoma. In an analysis from Japan, Todoroki and 
colleagues  [  14  ]  examined 63 patients who underwent resec-
tion of a perihilar cholangiocarcinoma. Twenty-one patients 
underwent resection alone, and 42 patients received adjuvant 
radiation therapy. Intraoperative radiation therapy (IORT) 
alone was given to 12 patients (mean dose 21.0 ± 0.6 Gy), 
eight patients were treated with postoperative radiation ther-
apy (PORT) (mean dose 43.6 ± 1.4 Gy) and 22 patients 
received both IORT and PORT. The local-regional control 
rate was signi fi cantly better in the adjuvant therapy group 
compared to the resection alone group, 80 % vs. 31 % respec-
tively. The actuarial 5-year survival also was signi fi cantly 
better in the resection+IORT+PORT group (39.2 %) com-
pared to the resection alone group (13.5 %). 

 A 2003 report from the Academic Medical Center in 
Amsterdam  [  15  ]  examined 91 patients with resected hilar 
cholangiocarcinoma. Twenty patients had no adjuvant radia-
tion therapy, 30 patients had external beam radiotherapy 
(46.0 ± 11.3 Gy), and 41 patients had combination external 
beam therapy (42.3 ± 4.9 Gy) and intraluminal brachytherapy 
with Iridium seeds (10.4 ± 1.7 Gy). Overall median survival 
was signi fi cantly longer in patients treated with adjuvant 
radiotherapy than in those who underwent resection without 
additional radiotherapy (24 vs. 8 months). The combination 
of external radiation and brachytherapy did not result in lon-
ger survival than external irradiation alone (21 and 30 months, 
respectively). 

 In many of these retrospective reports, patients receiv-
ing radiotherapy tended to have more favorable, often 
resectable tumors, and were relatively  fi t. These radiated 
patients, expected to have good outcomes, have been com-
pared with patients with unresectable tumors, metastatic 
disease, or poor performance status who did not receive 
radiotherapy. Thus, the fact that patients receiving radio-
therapy in these analyses have survived longer is not sur-
prising. However, Sagawa and his Japanese colleagues  [  16  ]  
were unable to demonstrate any bene fi t for adjuvant radia-
tion therapy after surgery in 69 patients with hilar 
cholangiocarcinoma. 

 To more objectively assess the bene fi t, if any, of adjuvant 
radiotherapy, we have previously reported the results of a 
prospective trial of adjuvant radiation therapy for patients 
with operable perihilar cholangiocarcinoma at the Johns 
Hopkins Hospital  [  17  ] . All patients were surgically staged 
and found to have cholangiocarcinoma localized to the peri-
hilar biliary tree, with no evidence of intraperitoneal or dis-
tant metastases. All patients had histological con fi rmation of 
malignancy. Patients were included with either resected or 
unresected tumor, but were strati fi ed on the basis of extent of 
resection. A Karnofsky Performance Status of at least 60 at 
the time of hospital discharge was required for inclusion. In 

addition, patients had to be  fi t to begin radiation therapy 
within 8 weeks after surgery. 

 During the 5-year study period, 50 patients were evalu-
ated, whereas 34 were excluded. Radiation ranged from 45 
to 63 Gy and consisted of external beam plus iridium-I92 
seeds for resected patients and external beam plus cone 
down port for palliated patients. None of the patients 
received adjuvant chemotherapy. Patients undergoing cura-
tive resection survived signi fi cantly longer than patients 
undergoing operative palliation. Among 31 resected 
patients, radiation had no effect on mean (24 vs. 24 months), 
median, or  actuarial survival. Similarly, among 19 palliated 
patients radiation had no effect on mean (10 vs. 13 months), 
median, or actuarial survival. Thus, for all 50 patients, adju-
vant radiation therapy had no effect on overall survival 
(Fig.  31.1 ). Moreover, multivariate analysis identi fi ed resec-
tion as the only positive predictive factor for prolonged 
survival.   

    31.3   Chemoradiation 

 Combinations of chemotherapy with radiation have been 
attempted for many localized tumors. The bene fi t of combin-
ing chemotherapeutic agents with radiosensitizing properties 
such as 5-FU, mitomycin C, and cisplatin with radiation has 
been demonstrated with several gastrointestinal tumor types 
but not for biliary tract cancers. Nevertheless, chemoradia-
tion has been applied to patients with cholangiocarcinoma at 
several centers. In general, these regimens are well tolerated; 
however, the number of patients has been small, both resected 
and unresected patients have been treated, and no control 
patients have been included. In a 2001 report from the 
University of South Florida, Sera fi ni et al.  [  18  ]  found no 
bene fi t for chemoradiation. 

 In another retrospective review Kim et al.  [  19  ]  used adju-
vant external beam radiotherapy (40 Gy) combined with 
concomitant bolus 5-FU (500 mg/m 2 ) chemotherapy for the 
 fi rst 3 days of each 2 weeks of radiation in 84 patients with 
extrahepatic cholangiocarcinoma. Monthly maintenance 
chemotherapy with 5-FU (500 mg/m 2 ,  fi rst 5 days of the 
month) was then administered for 1 year. The overall 5-year 
actuarial survival rate was 31 %. When patients were strati fi ed 
by residual tumor, the 5-year survival rate was 36 % for 
patients with negative microscopic margins at the time of 
resection, 35 % for patients with positive microscopic mar-
gins, and zero for patients with gross residual disease. 
However, the 5-year actuarial survival was only 14 % overall 
for the subgroup with perihilar tumors. Thus, these results 
with adjuvant chemoradiation did not differ signi fi cantly 
from other reports of surgery alone. 

 In 2002 we reported 140 patients with biliary malignan-
cies managed at the Medical College of Wisconsin over a 
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12-year period  [  2  ] . One hundred eleven (79 %) had cholang-
iocarcinomas, and 72 of these (65 %) were perihilar. Over 
the past 4 years of this analysis, improved staging, active bil-
iary stenting and aggressive surgery led to improved survival 
( P  < 0.01, 70 % at 44 months) in resected patients (Fig.  31.2a ). 
Chemoradiation with confocal radiation, 5-FU and gemcit-
abine was employed more frequently in the patients resected 
since 1998. In addition, this regimen of chemoradiation 
resulted in better survival ( P  < 0.05) than a regimen with less 
sophisticated radiation and 5-FU alone which was used in 
the early 1990s (Fig.  31.2b ).  

 In 2001–2002 a questionnaire was sent to members of the 
International Hepato-Pancreato-Biliary Association, the 
American Hepato-Pancreato-Biliary Association and the 
American College of Surgeons Oncology Group to assess 
current trends in adjuvant therapy for biliary malignancies 
 [  12  ] . Responses were received from 331 authorities at 262 
centers in 39 countries worldwide. At that time, adjuvant 
chemoradiation is used at the majority of centers with this 
approach being employed most frequently in the Americas 
(71 %) followed by the Asia/Paci fi c region (55 %) and 
Europe (29 %) (Table  31.1 ). Interestingly, considerable 
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enthusiasm (88 %) for a prospective randomised trial was 
expressed by the respondents. However, to date, a multi-
institutional, multinational trial has not been performed.   

    31.4   Chemotherapy 

 Most early trials evaluating the ef fi cacy of chemotherapeutic 
agents in cholangiocarcinoma represented small single insti-
tution phase II trials  [  20  ] . These trials often combined both 
gallbladder cancers and intrahepatic and distal cholangiocar-
cinomas with perihilar cholangiocarcinomas. Several small 
studies of single agent systemic chemotherapy regimens for 
unresectable cholangiocarcinoma using drugs such as 
5- fl uorouracil, methansulfon-m-anisidide, cisplatin, rifampi-
cin, mitomycin C, and paclitaxel were reported. In general, 
these trials have shown little ef fi cacy with partial response 
rates ranging from 0 % to 9 % and median survivals between 
2 and 12 months  [  21  ] . 

 In the 1980s and 1990s the most extensively investigated 
chemotherapeutic agent for cholangiocarcinoma was 
5- fl uorouracil (5-FU). An early prospective randomised trial 
by the Eastern Cooperative Oncology Group (ECOG)  [  22  ]  
comparing oral 5-FU to oral 5-FU + streptozotocin (Stz) and 
oral 5-FU + methyl-CCNU (MeCCNU) in 34 patients with 
unresectable cholangiocarcinoma demonstrated a partial 
response rate of only 9 %. The addition of either streptozoto-
cin or MeCCNU to oral 5-FU therapy did not improve the 
response rate and was associated with a decrease in median 
survival from 26 weeks for 5-FU alone to 12 weeks for 
5-FU+ Stz and 8 weeks for 5-FU+MeCCNU. 

 Because of the poor response rates with single agent 5-FU 
for cholangiocarcinoma, several authors have used combina-
tion chemotherapy in an attempt to achieve better response 
rates and longer survival (Table  31.2 ). Cholangiocarcinomas 
are believed to have a large percentage of hypoxic cells since 
they appear as hypovascular lesions on abdominal imaging 
and angiography. Therefore, Mitomycin C (MMC) had been 
proposed as a potential chemotherapeutic agent for cholangio-
carcinoma because high levels of the drug can be achieved in 
bile and because it has a preferential toxicity in hypoxic cells.  

 In one study a regimen of intravenous bolus cisplatin 
(60 mg/m 2 ) and epirubicin (50 mg/m 2 ) on day one, and 

repeated every 3 weeks followed by 5-FU 200 mg/m 2 /day 
given as a continuous 24 h infusion throughout the treat-
ment course in nine patients with advanced extrahepatic 
cholangiocarcinoma (Table  31.2 ). Two patients (22 %) had 
a partial response with duration of response of 10 months, 
three patients (33 %) had stable disease, and four patients 
(44 %) had evidence of disease progression on therapy. The 
median survival was 5 months (range 3~13 months). In 
another study the ef fi cacy of combination therapy with 
5-FU, doxorubicin, and mitomycin C (FAM regimen) in 14 
patients with unresectable cholangiocarcinoma (Table  31.2 ) 
showed a partial response (50 % or greater reduction in 
tumor size by imaging) was obtained in four patients (29 %). 
The median duration of response was 8.5 months, and the 
median survival was 11.5 months. An additional 6 (43 %) 
patients had evidence of disease stabilization for a median 
of 6.7 months. 

 Patt and colleagues  [  23  ]  used systemic intravenous 5-FU 
and subcutaneous recombinant human interferon rIFN- a -2b 
in 25 patients with cholangiocarcinoma. Patients received a 
continuous infusion of 750 mg/m 2 /d of 5-FU on days 1–5 
and a subcutaneous injection of 5 MU/m 2  of rIFN- a -2b on 
days 1, 3, and 5. Treatment cycles were repeated every 
14 days for 8 weeks. Nine of 24 (38 %) assessable patients 
had a partial response. The median time to disease progres-
sion was 9.5 months, and the median survival time 12 months. 
Unfortunately, none of the above regimens has been proven 
to enhance survival in patients with cholangiocarcinoma. 
The  fi rst phase III study of adjuvant chemotherapy compared 
5-FU and mitomicin C to surgery alone in patients with bil-
iary malignancies was published in 2002  [  24  ] . In this multi-
center Japanese trial, chemotherapy did not improve survival 
in patients with hilar or distal cholangiocarcinoma. 

 Over the past decade, however, several studies have dem-
onstrated that gemcitabine  [  25–  30  ] , cisplatin  [  31,   32  ]  and 
S-1  [  11,   33,   34  ]  all have activity against biliary malignan-
cies. These observations have resulted in randomised phase 
II  [  35  ]  and phase III  [  36  ]  trials of gemcitabine alone versus 
gemcitabine plus cisplatin in patients with locally advanced 
or metastatic biliary cancer. In the phase II Advanced Biliary 

   Table 31.2    5-FU chemotherapy for unresectable perihilar 
cholangiocarcinoma a    

 Chemotherapy  N 
 Response 
rate (%) 

 Median 
survival 

 5-FU  12  9  6 months 
 5-FU, Cisplatin, Epirubicin  9  22  5 months 
 5-FU, Adriamycin, mitomycin C  14  29  11.5 months 
 5-FU, Methotrexate, Leukovorin, 
Cisplatin 

 10  30  4 months 

 5-FU, Interferon alpha  25  38  12 months 
 5-FU, Leukovorin, Mitomycin C  7  57  17 months 

   a Adapted from Todoroki  [  21  ]   

   Table 31.1    International use of adjuvant radiation therapy, 
 chemotherapy, and chemoradiation in biliary malignancies a    

 Treatment 
 Americas 
(%) 

 Asia/Paci fi c 
(%) 

 Europe 
(%) 

 Total 
(%) 

 Radiation therapy  70*  40  29  59 
 Chemotherapy  66  79  68  68 
 Chemoradiation  71*  55  29  63 

   a Adapted from Nakeeb et al.  [  20  ]  
 * P  < 0.05 versus other regions  
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Cancer (AISC-01) trial of 86 patients 6-month progression 
free survival increased from 48 % to 57 % when cisplatin 
was added to gemcitabine  [  35  ] . In the phase III ABC-02 trial, 
410 patients were randomised  [  36  ] . The two groups 
were  similar with respect to age, gender, extent of disease, 
performance status and extent of surgery as well as biliary 
stenting (Table  31.3 ). However, the patients who received 
gemcitabine plus cisplatin had increased overall and progres-
sion-free survival (Table  31.3 ). Adverse events were similar 
with the exception of neutropenia which was more common 
(25 vs. 17 %,  P  < 0.03) in the gemcitabine plus cisplatin 
group. Thus, the combination of gemcitabine plus cisplatin is 
currently the chemotherapy regimen of choice for appropri-
ate patients with hilar cholangiocarcinoma.   

    31.5   Summary 

 Despite signi fi cant advances in the surgical management of 
perihilar cholangiocarcinoma, the only chance for long-term 
survival remains complete resection with negative margins. 
Unfortunately, this goal is achievable in only a minority of 
patients. To date, radiation therapy alone has been disap-
pointing in prolonging survival in these patients. While some 
studies suggest that adjuvant chemoradiation may be helpful, 
more studies are needed with gemcitabine as the primary 
chemotherapeutic agent. Both gemcitabine and cisplatin 
have been demonstrated in recent years to have activity 
against hilar cholangiocarcinomas. Moreover, a recent phase 
3 trial suggests that the best results can be achieved with a 
combination of these two agents.      
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