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Foreword 

The detection and characterization of focal liver lesions remains a major challenge for 

every radiologist. It is of paramount importance to differentiate benign focal liver 

lesions - some of which, such as cysts and cavernous hemangioma, are quite common 

- from malignant tumors. 
During the past decade enormous progress has been achieved in the differential diag

nosis between benign and malignant liver tumors, mainly due to the improvements in 
Doppler and color ultrasonography, spiral CT and MRI. During the same period sever
al non-surgical, percutaneous radiological techniques, such as transcatheter emboliza
tion, percutaneous ethanol ablation, percutaneous radiofrequency thermal ablation and 

interstitial laser photocoagulation and cryotherapy, have been developed. Relatively 
broad experience of the value of these methods for the treatment of primary and sec

ondary liver malignancies has accumulated in several radiological centers, mainly in 
Europe and Japan. The Department of Radiology of the University of Pisa, under the 

chairmanship of Prof. C. Bartolozzi, has made important contributions in this field. 
I am very grateful to Prof. Bartolozzi for accepting my invitation to edit this 

volume in our series Medical Radiology, together with his co-worker of many years, 

Dr. R. Lencioni. They have been able to ensure the collaboration of many outstanding 
specialists to this book, which provides up-to-date information on the radiological diag
nosis and treatment of liver malignancies. I am convinced that radiologists, gastroen
terologists and abdominal surgeons will find it a very useful source of information and 

that it will be well received by our colleagues. We would, however, welcome any con

structive criticism. 

Leuven ALBERT L. BAERT 



Preface 

In recent times, few fields in medicine have witnessed such impressive progress as the 
diagnosis and treatment of primary and secondary liver malignancies. The growing 
interest in this field is due on one hand to the increasing incidence of neoplastic 

diseases of the liver in many countries of the world and on the other to the develop
ment of new technologies, which have been successfully applied both to the diagnostic 

tools and to the therapeutic methods. Nowadays, in fact, it is possible to detect small 
neoplastic lesions of the liver at an early, preclinical stage and to reliably characterize 

them - both of which are prerequisites for planning an effective and radical therapeu

tic approach. 
This book, written by leading experts worldwide, provides a comprehensive and 

up-to-date overview of the role of diagnostic and interventional radiology in respect of 
liver malignancies. Background chapters discuss anatomy, epidemiology, and clinico
pathologic features of liver tumors: in this section, special attention is dedicated to new 

concepts in hepatocarcinogenesis and current nosological classification of diseases. 
Next, imaging features of primary and secondary tumors of the liver, including rare 

malignancies, are presented. Each of the diagnostic imaging techniques is carefully dis

cussed and appraised, focusing on new developments in equipment and contrast agents. 

A large portion of the volume is dedicated to the interventional therapeutic approach 
to hepatic malignancies: full consideration, in particular, is given to newer sophisticat
ed techniques of liver tumor ablation, which have rapidly become a viable alternative 
to surgery in many instances. The last part of the volume is dedicated to specific aspects 
of the general subject of liver malignancies, in order to provide a comprehensive per
spective. 

We hope that the book will fulfill the expectations of all our colleagues who are inter
ested in this very important field. 

Finally, we would like to express our deep appreciation to the Editor-in-Chief of the 
Medical Radiology series, Prof. Albert Baert, who gave us the opportunity to publish this 
volume in such a prestigious book series and provided us with continuous suggestions 
and support. We would also like to thank most sincerely all the authors for having spent 
so much time and effort in preparing truly outstanding contributions. 

Pis a C. BARTOLOZZI 

R. LENCIONI 
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1 Segmental Anatomy of the Liver 

Y. MENU and R. LENCIONI 
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1.1 
Introduction 

The liver is the largest organ in the body. It occupies 
much of the right hypochondrial region of abdo
men. Its left lobe extends across the epigastrium and 
projects a variable distance into the left hypochon
drium. The liver has two major surfaces, a superior 
or diaphragmatic surface and an inferior or visceral 
surface. They are separated anteriorly and laterally 
by a sharply angled inferior margin. The diaphrag
matic surface is highly convex, since it is molded by 
the inferior aspects of the diaphragm. 

The liver can be subdivided in two different ways, 
an external lobation and segmentation (FRIEDMAN 

and DACHMAN 1994). The classical anatomic subdi
vision into four externally defined lobes is based on 
an approximately H-shaped or K-shaped series of 

Y. MENU, MD; Professor and Chairman, Department of 
Radiology, H6pital Beaujon, 100 Bd. du General Leclerc, 
F-92118 Ctichy, France 
R. LENCIONI, MD; Division of Diagnostic and Interventional 
Radiology, Department of Oncology, University of Pis a, Via 
Roma 67, 1-56125 Pisa, Italy 

indentations on the visceral surface of the liver. In 
contrast, the internal lobation and segmentation of 
the liver are based on the branching pattern of the 
portal vein, proper hepatic artery, and hepatic ducts, 
with the major hepatic veins occupying and helping 
to demarcate the planes between the lobes and seg
ments. 

1.2 
External Lobation 

The H -shaped indentations on the visceral faces of 
the liver divide it into four externally defined lobes: 
the right, left, quadrate and caudate lobes. The right
hand limb of the H is formed by the fossa for gall
bladder anteriorly and by a deep sulcus for the infe
rior vena cava posteriorly. The gallbladder fossa 
separates the anterior part of the externally defined 
right lobe from the quadrate lobe. The sulcus for the 
inferior vena cava separates the posterior portion of 
the right lobe from the caudate lobe. Between the 
gallbladder fossa and the sulcus for the inferior vena 
cava the right limb of the H is deficient where a cau
date process connects the caudate lobe to the right 
lobe. On axial images the caudate process is insinu
ated between the portal vein and inferior vena cava., 
The left limb of the H is formed by two deep fissures 
that contain true ligaments in their depths. Anteri
orly it is formed by the deep fissure for the ligamen
tum teres, which separates the anterior part of the 
externally defined left lobe from the quadrate lobe. 
Posteriorly it is formed by the fissure for the liga
mentum venosum, which separates the posterior 
part of the left lobe (FRIEDMAN and DACHMAN 

1994). 
The ligamentum teres is the obliterated embry

onic umbilical vein, while the ligamentum venosum 
is the obliterated embryonic ductus venosus. In the 
embryo these veins are continuous at their attach
ment to the left branch of the portal vein. The fissure 
for the ligamentum teres can be so deep that the left 
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lobe of the liver often appears to be completely sepa
rate from the rest of the liver. Similarly, the depth of 
the fissure for the ligamentum venosum can cause 
the bulbous anteroinferior part of the caudate lobe 
(papillary process) to appear to be separate from the 
rest of the liver, so that it may be mistaken for an ex
trahepatic mass (DONOSA et al. 1989). The porta of 
the liver forms the crossbar of the H and separates 
the quadrate from the caudate lobes. 

An appreciation of the inferior slope of the liver 
from its posterior to its anterior aspect allows one to 
understand why in high-level axial sections the pos
teriorly situated caudate lobe separates the exter
nally defined left lobe anteriorly and to the left from 
the externally defined right lobe posteriorly and to 
the right (FRIEDMAN and DACHMAN 1994). The cau
date lobe is called caudate because of its appearance 
as a short, stubby tail, and not because of its caudal 
location, since it is one of the most cranially situated 
parts of the liver. In intermediate-level axial sections 
the porta and caudate process separate the right and 
left lobes. 

1.3 
Segmental Anatomy of the Liver 

Segmental anatomy is crucial in order to precisely 
localize a focal lesion, to evaluate the possibility of a 
resection, find the adequate technique for resection, 
and finally to estimate the easiness or the difficulties 
of a biopsy or of any other percutaneous procedure. 
Segmental anatomy is the basis of modern hepatic 
surgery. Each segment, in fact, is supplied by a 
sheath containing branches of the hepatic artery and 
portal vein and a draining bile duct, which enters the 
middle of the segment. The venous drainage is by 
hepatic vein, which tends to run between segmental 
divisions (COUINAUD 1957; HEALY and SCHROY 
1953; HEALY 1970; MICHELS 1996; GOLDSMITH and 
WOODBURNE 1957; BISMUTH et al. 1988). 

The hepatic veins are the main guides to liver seg
mental anatomy. The middle hepatic vein separates 
:right and left liver, which is different from the left 
imd right lobes. Two other anatomical landmarks 
:tlso achieve separation between right and left liver: 
~he left aspect of the inferior vena cava and the gall
bladder (more precisely the gallbladder fossa). These 
three landmarks give the orientation of an oblique 
and slightly curved plane, which is very easy to de
lineate with real time ultrasound (US). This exami
nation is probably the most accurate to precisely 10-
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calize a focal lesion which would be located in the 
neighborhood of the separation between right and 
left liver (Fig. 1.1). Excepting the gallbladder fossa, 
there is no external landmark to localize the separa
tion. 

The right hepatic vein separates the anterior sec
tor (between the middle and right hepatic veins) and 
the posterior sector (between the right hepatic vein 
and the posterior aspect of the right lobe). The left 
hepatic vein separates the left medial sector (be
tween the left and the middle hepatic veins) and the 
left lateral sector (on the left of the left hepatic vein). 
The caudate lobe is limited by the portal trunk, the 
inferior vena cava (posteriorly), and the three he
patic veins (superiorly). 

Right and left liver is not similar to right and left 
lobe. The separation between the right lobe and the 
left lobe is the transverse ligament, with a recogniz
able external fissure on the liver surface. It is dear 
that the right lobe is larger than the right liver, as it 
includes both the right liver and the left medial sec
tor. The left lobe is smaller than the left liver as it 
does not include the left medial sector. Left lobe and 
left lateral sector are therefore two names for the 
same part of the liver. 

1.3.1 
Hepatic Segments 

Sectorial anatomy, guided by the hepatic vein 
anatomy, is important, but it may be not sufficient to 
localize a lesion, and to understand localized liver 
resection. The basis of functional anatomy of the 
liver is the segment, which corresponds to the 
amount of liver parenchyma fed by a segmental por
tal vein. 

1.3.1.1 
Left Liver (Segments /I, 11/, and IV) 

The left portal vein divides into three branches: 
lateral posterior, lateral anterior and medial. The 
lateral posterior runs in the posterior part of the 
left lateral sector, and feeds half of it, also called 
segment II. The lateral anterior runs along the 
anterior part of the left lateral sector and feeds tht~ 
other half, called segment III. The medial brand, 
feeds the entire left medial sector, also called seg
ment IV. 
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Fig.l.la-d. Segmental anatomy of the liver. US images showing a confluence of left and middle hepatic veins with identifica
tion of segments IV and VIII; b confluence of middle and right hepatic veins, with demonstration of segments VII and VIII; 
bifurcation of portal vein with segments IV, V, and VII; and inferior vena cava and left portal vein with evidence of segments 
I, II, III, IV, VII, and VIII 

1.3.1.2 
Right Liver (Segments V, VI, VII, and VIII) 

The right portal vein divides into two branches, one 
anterior (for the right anterior sector) and one pos
terior (for the right posterior sector). The anterior 
branch divides into a superior branch, for the seg
ment VIII, and inferior branch, for the segment V. 
Segment VIII is localized between the middle he
patic vein (left), the right hepatic vein (right), and 
the inferior vena cava (superior and posterior). It 
lies over the segment V. Segment V is localized be
tween the middle hepatic vein and the gallbladder 

fossa (left), the right hepatic vein (right), and the 
surface of the liver (inferior and anterior). It lies 
under the segment VIII. Segment V does not reach 
the inferior vena cava. The posterior branch divides 
into a superior branch, for the segment VII, and infe
rior branch, for the segment VI. Segment VII is local
ized behind the right hepatic vein (right), and the 
inferior vena cava medial. It lies over the segment VI, 
and is hidden by the segment VIII when looking at 
the liver from the front. Segment VI is localized be
hind the right hepatic vein (right) and the surface of 
the liver (inferior and anterior). It lies under seg
ment VII. Segment VI does not reach the inferior 

b 

d 
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vena cava, but is usually located in front of the right 
kidney. 

1.3.1.3 
Segment I 

Segment I is not fed by a single portal vein, and 
drains through multiple short hepatic veins to the 
inferior vena cava. Segment I is located between the 
portal trunk (anterior), the inferior vena cava (pos
terior), the liver surface (left), and is in complete 
continuity with segment VII on its right side. 

1.3.1.4 
Segment IX 

Individualization of segment IX is a recent proposal 
from the major author of modern liver segmenta
tion (COUINAUD 1998). This segment would be lo
cated in the right liver, in close relationship with the 
inferior vena cava. Segment IX is in close contact 
with the right aspect of the vena cava, rather sym
metrical to segment I on the left side. Segment IX 
separates the segment VII from the vena cava, ex
cepting the entrance of the right hepatic vein in the 
vena cava. Segment IX lies under the plane of the 
hepatic veins and extends from the posterior aspect 
of the liver posteriorly to segment I medially. No 
clear landmarks are available to delineate the ante
rior limits of segment IX and segments VII and VIII. 
Individualization of segment IX relies on the fact 
that many small portal branches arise from the por
tal arch. Branches arising from the left portal vein 
may feed some parts of segment IX. Also, as segment 
I, segment IX is drained by small hepatic veins enter
ing either the caval axis directly, or the major hepatic 
veins. Segment IX and segment I together are the 
«dorsal sector:' which is different from right and left 
liver. Individualization of dorsal sector may be im
portant in understanding bleeding problems in re
section or split liver transplantation. 

1.3.2 
Liver Resections 

The terminology of different surgical procedures for 
resection of a focal process is as follows: left lobec
tomy is a resection of the left lateral sector (i.e., left 
lobe, or segments II and III); left hepatectomy is a 
r·:~section of left lobe and segment I; right hepatec
tomy is the resection of segments V to VIII (and 
IX?); right lobectomy, also called trisegmentectomy, 

Y. Menu and R. Lencioni 

is the right hepatectomy associated with the resec
tion of segment IV. Wedge resection and atypical 
resections try to make a resection with margins over 
1 cm out of the tumor, but sparing liver parenchyma. 

In a cirrhotic patient, only limited resections are 
possible, due to expected liver insufficiency. It is 
therefore crucial to define exactly the location of a 
neoplasm, for the most economic resection, or to de
cide an alternate treatment like percutaneous abla
tion. 

1.4 
Hepatic Vessels 

1.4.1 
Hepatic Artery 

The origin and course of the hepatic artery can vary 
from person to person. Aberrant hepatic arteries are 
seen in up to 30-40% of individuals. Arteries wi1 hin 
the liver travel with the portal vein radicles, which 
are normally larger. Within the porta hepatis, the 
hepatic artery may be seen anterior and slightly 
medial to the main portal vein, whereas the common 
hepatic duct is generally anterior and slightly latE ral 
to the portal vein. 

1.4.2 
Portal Vein 

As the portal vein approaches the liver, it is directed 
superiorly and to the right. The right portal vein 
appears to continue the course of the main portal 
vein but angles somewhat more to the right, forming 
a large obtuse angle with the main portal vein. The 
right portal vein varies from 0 to 3 cm in length be
fore dividing into anterior and posterior segmental 
branches (PAGANI 1983). On axial sections the right 
portal vein is often directed somewhat posteriorly as 
well as to the right, because the right lobe is a rela
tively posteriorly situated lobe. The anterior seg
mental branch of the right portal vein courses to the 
right, superiorly and slightly anteriorly. The poste· 
rior segmental branch courses almost directly poste
riorly. Hence, in anterior view or an anteroposterior 
(AP) porto gram, it is seen end on (TAKAYASU et al. 
1985). Both the anterior and posterior segmental 
veins give off a number of superiorly and inferiorly 
directed branches that supply their superior and in
ferior subsegments or areas (Fig. 1.2). 
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Fig.1.2a-d. Cross-sectional imaging anatomy of the liver. Spiral CT images after intravenous injection of contrast material and 
hydric repletion of the digestive tract. Image through the superior aspect of the liver shows the right, middle, and left hepatic 
veins (a). Images caudal to a show left (b) and right (c) branches of the portal vein. Relationship with digestive tract is well 
depicted in d 

The left portal vein arises from the main portal 
vein at a more acute angle than the right portal vein 
and courses to the left and forward for about 3-4 
cm in what is called its transverse segment (PAGANI 

1983). It then turns directly forward in the depths 
of the fissure for the ligamentum venosum (umbili
cal fissure), in what is its umbilical segment. The 
umbilical segment ends blindly in the ligamentum 
teres. The umbilical segment of the left portal vein 
and the ligamentum teres are both surrounded by 
fat derived from the fat within the falciform liga
ment. Since in the average liver the umbilical seg
ment of the left portal vein courses relatively di
rectly forwards; it is seen end on in an anterior view 
or AP porto gram. 

The left portal vein gives off a number of what are 
typically called medial segmental branches into the 
quadrate lobe territory and a number of what are 
usually called lateral segmental branches into the 

area defined externally as the left lobe of the liver. 
Hence the medial segment of the internally defined 
left lobe includes the externally defined quadrate 
lobe and all of the liver volume directly above, where 
the quadrate lobe projects into the visceral. The lat
eral segment of left lobe of the liver is synonymous 
with the externally defined left lobe of the liver. 
However, the segmental terminology of the inter
nally defined left lobe is somewhat confusing, since 
in the average-size liver the externally defined left 
lobe of the liver is typically in the midsagittal plane 
of the body while the quadrate lobe is to the right of 
the midsagittal plane. Therefore in most livers the 
internally named lateral segmental is actually me
dial to the more laterally located medial segment 
(FRIEDMAN and DACHMAN 1994). Both the medial 
and lateral segmental veins give off superiorly and 
inferiorly directed branches to supply superior and 
inferior subsegments or areas of these sub segments. 

b 

d 
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The caudate lobe of the liver is supplied by 
branches that arise from the proximal parts of both 
the right and left portal veins. Hence it is said to be 
split between right and left lobes of the liver. 

1.4.3 
Hepatic Veins 

There are three major hepatic veins, which for part 
or all of their course run in the planes that separate 
each of the four major liver segments (GOLDSMITH 
and WOODBURNE 1957; BISMUTH et al. 1988; PAGANI 
1983; SCHWARTZ 1989; LAFORTUNE et al. 1991; 
NAKAMURA and TSUZUKI 1981). In the proximal 
part of their course, near their termination in the 
inferior vena cava, the right, middle, and left hepatic 
veins have a relatively horizontal course (Fig. 1.2). 
Here they are visualized coursing relatively longitu
dinally in high-level axial sections and images. As 
they course distally, they gradually turn inferiorly to 
assume a more vertical course. Therefore in lower 
level axial sections and images the hepatic veins are 
cut more in cross section. In three dimensions, the 
hepatic veins are therefore oriented much like the 
staves of an open umbrella (FRIEDMAN and 
DACHMAN 1994). 

In high-level axial images the left hepatic veins 
project almost directly forward relative to the infe
rior vena cava, and course temporarily in the inter
segmental plane between the medial and lateral seg
ments of the left lobe before entering the lateral seg
ment, which they exclusively drain. They also usually 
receive a few tributaries from the upper portion of 
the medial segment. In high-level axial sections the 
middle hepatic vein courses to the right and anteri
orly at an angle of 30-60° from the midsagittal or 
coronal planes. It enters the interlobar plane be
tween the medial segment of the left lobe and the 
anterior segment of the right lobe. In this position it 
lies above and approximately parallel to the long axis 
of the gallbladder. The middle hepatic vein drains 
most of both the medial segment of the left lobe and 
the anterior segment of the left lobe. In about 85% of 
;:ases the middle hepatic vein joins the left hepatic 
.. ein just before the latter reaches the inferior vena 
(ava (NAKAMURA and TSUZUKI 1981). In the other 
.5% of cases the middle hepatic vein empties inde
pendently into the inferior vena cava. In high-level 
II xial sections and images the right hepatic vein typi
cally courses to the right and slightly posteriorly to 
enter the intersegmental plane between the anterior 
and posterior segments of the right lobe. As it de-

Y. Menu and R. Lencioni 

scends vertically, it runs in the interval between the 
bifurcation of the right portal vein into its anterior 
and posterior segmental branches. Therefore, in 
axial sections near the level of the liver porta, the 
transversely running right portal vein and its ante
rior and posterior segmental branches have a Y con
figuration, and the right hepatic vein is seen in cross 
section between the limbs of the Y. 

A line constructed from the right hepatic vein to 
the point of bifurcation of the portal vein locates the 
intersegmental plane of the right lobe of the liver. 
The right hepatic vein drains the posterior segment 
and a small upper portion of the anterior segmt~nt of 
the right lobe. 

In addition to receiving the main hepatic veins, 
the inferior vena cava also receives a highly variable 
number of smaller dorsal hepatic veins that typically 
enter the inferior vena cava at lower levels than the 
main hepatic veins. The number of significant dorsal 
hepatic veins can range from 3 to 14 (NAKAMURA 
and TSUZUKI 1981). These veins most commonly 
drain the posterior segment of the right lobe and the 
caudate lobe, which are the liver areas that are di
rectly around the inferior vena cava. 

1.4.4 
Normal Variants 

Major normal variants should be known as they may 
interfere with liver surgery. Liver resection and liv
ing related hepatic transplantation require an ad
equate evaluation of the precise anatomy of major 
vessels. 

A large right inferior hepatic vein, draining seg
ment VI is found in 15-20% of normal subjects. 
When a right inferior hepatic vein is present, the 
right hepatic vein is usually smaller, as it does not 
drain segment VI. In some cases, the right hepatic 
vein is absent, or limited to a very small vessel, when 
a large inferior right hepatic vein is associated with a 
predominant middle hepatic vein. There is a balance 
in territories drained by each hepatic vein. For surgi
cal purposes, evaluation of the approximate territory 
drained by each hepatic vein is interesting, especially 
in order to prevent intraoperative bleeding. 

Portal vein variants occur in 20% of cases. In mosl 
instances, the portal bifurcation is located higher 
than usual, and may be strictly intrahepatic, which 
may represent a surgical problem, when ligation of 
the right or left portal vein is required. The most 
usual abnormality is the left portal vein arising from 
the right portal vein or from the anterior branch or 
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the right portal vein. Rarely, the right portal vein 
arises from the intrahepatic left portal vein; usually, 
the anterior branch of the right portal vein arises 
from the segment IV branch of the left portal vein. 

1.5 
Peritoneal Relationship of the Liver 

The liver has some unique peritoneal and mesen
teric relationships, which cause the upper portion of 
the greater peritoneal sac to be subdivided into four 
perihepatic recesses or spaces. The falciform liga
ment attaches anteriorly to the midline of the ante
rior abdominal wall above the umbilicus, and also to 
the diaphragm. From this point it extends upward 
and to the right, as a broad mesenteric sheet with a 
curved lower free border, to attach to the anterior 
portion of the superior or diaphragmatic surface of 
the liver. The falciform ligament is not a true liga
ment in the sense of being formed by dense, regu
larly arranged connective tissue. It is a mesentery 
made up of the two layers of visceral peritoneum 
separated by some loose connective tissue contain
ing a variable amount of fat. However, within the 
lower, curved free margin of the falciform ligament 
there is a true ligament, the ligamentum teres, which 
as the obliterated embryonic umbilical vein begins 
below, at the umbilicus. At the inferior margin of the 
liver the ligamentum teres passes onto the visceral 
surface of the liver, where it occupies the deep fis
sure for the ligamentum teres and eventually be
comes continuous with the left portal vein. The rest 
of the falciform ligament attaches to the diaphrag
matic surface of the liver along a parasagittal plane 
situated to the right of the midline of the body. As 
the falciform ligament reaches the posterosuperior 
aspect of the liver, its right and left peritoneal leaves 
split apart like a T, to depart from the parasagittal 
plane and enter a nearly coronal plane where they 
form the right and left sides of the anterior or supe
rior layer of the coronary ligament. Near the right 
and left borders of the liver, the anterior layer of the 
coronary ligament doubles acutely back on itself to 
form the respective right and left triangular liga
ments, and then becomes the posterior or inferior 
layer of the coronary ligament. Between the anterior 
and posterior layers of the coronary ligament the 
liver is not peritonealized and therefore lies in direct 
contact with the diaphragm as the bare area of the 
liver. 
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The falciform and coronary ligaments delimit 
four important recesses or spaces of the greater peri
toneal cavity around the liver. These are best visual
ized in sagittal sections. Between the liver and the 
diaphragm are two subphrenic or suprahepatic re
cesses that are separated from each other by the fal
ciform ligament. The right subphrenic or suprahe
patic recess or space is bounded superiorly and ante
riorly by the diaphragm, inferiorly by the liver, pos
teriorly by the left side of the anterior layer of the 
coronary ligament, and on the right by the falciform 
ligament. 

The coronary ligament helps to define two subhe
patic recesses or spaces beneath the liver. The right 
subhepatic space is also known as the hepatorenal 
pouch of Morrison or Morrison's pouch. It is 
bounded superiorly by the posterior (inferior) layer 
of the coronary ligament, anteriosuperiorly by the 
right lobe of the liver, posteriorly by the diaphgram, 
and posteroinferiorly by the right kidney. When the 
patient is lying supine, as in the case for most imag
ing procedures, Morrison's pouch is the most gravi
tationally dependent area of the abdominal portion 
of the greater peritoneal sac. Hence it is the most fre
quent site of accumulation of ascitic or infectious 
fluids, which when the patient is supine tend to as
cend the right lateral paracolic gutter to puddle in 
this recess. 

The left subhepatic recess or space is also known 
as the hepatogastric space or pouch. It is bounded 
anterosuperiorly by the coronary ligament and the 
left lobe of the liver and posteroinferiorly by the 
stomach and lesser omentum. The two layers of the 
left side of the coronary ligament are in apposition at 
this point, so that there is no intervening bare area. 

All of these perihepatic spaces assume a relatively 
gravitationally dependent position when the patient 
is in the supine position. Hence they can all puddle 
ascites or abscess fluid, with Morrison's pouch being 
most gravitationally dependent and also most likely 
to intercept fluid flowing superiorly in the right lat
eral paracolic gutter. The left subhepatic space is the 
least likely to puddle fluids, since it is relatively ante
riorly located and has no right or left bounding 
structures unless there are adhesions. Hence, fluids 
accumulating in this recess tend to flow to the right, 
into Morrison's pouch, or to the left, into the more 
gravitationally dependent perisplenic spaces. 

The caudate lobe of the liver has a relationship to 
the omental bursal (lesser peritoneal) sac. It is at
tached to the diaphragm above by the bare area of 
the liver. Inferiorly it protrudes into the superior 
part of the right side of the omental bursa. There is a 
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superior recess of the right side of the omental bursa 
that extends upward behind and to the left of the 
caudate lobe. This superior recess is the most gravi
tationally dependent portion of the omental bursa 
when the patient is supine. Hence, small fluid collec
tions within the omental bursa often tend to puddle 
posterior and to the left of the caudate lobe. 
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Hepatic malignancies include primary and second
ary (or metastatic) tumors. In children, primary tu
mors are the rule, and most are malignant. Primary 
liver malignancies are also more common in adult 
populations of sub-Saharan Africa, China, and other 
less industrialized areas of the world, but the major
ity of liver tumors diagnosed among adults in the 
developed areas are metastatic. 

From a histological point of view, primary hepatic 
malignancies can be divided into three types accord
ing to their origins, i.e., those derived from the hepa
tocytes, those arising from the bile-duct epithelium, 
and those originating from the mesenchymal tissues 
of the liver. Some rare tumors (mixed type) include 
all three elements (Table 2.1). 

Secondary liver tumors generally present the 
histotype of the primary neoplasm, and the clinical 
presentation will depend largely on the site of the 

primary tumor, as well as the size and number of he
patic metastases. For both primary and secondary 
tumors, the presence of underlying cirrhosis is 
highly significant since many of the initial symp
toms of neoplastic involvement can be mistakenly 
attributed to this condition. In both cases, the clini
cal picture will also depend on the hormone-secret
ing characteristics of the neoplastic tissue, which are 
responsible for the so-called para-neoplastic syn
drome. 

2.2 
Hepatocyte 

2.2.1 
Hepatocellular Carcinoma 

Hepatocellular carcinoma (HCC) is a common ma
lignancy throughout the world with an estimated 
incidence of 300000-1000000 new cases per year. It 
is the seventh most common cancer in men and the 
ninth in women. The highest incidence rates are 
found in sub-Saharan Africa and the Far East. Areas 
of low incidence include North America and north-

Table 2.1. Primary hepatic malignancies 

Hepatocyte 

Bile duct epithelium 

Mesenchymal tissue 

Hepatocellular carcinoma 
Pre-neoplastic lesions 
Fibrolamellar carcinoma 
Hepatoblastoma 

Cholangiocellular carcinoma 
Cystadenocarcinoma 

Angiosarcoma 
Epithelioid hemangio

endothelioma 
Sarcoma of the liver 

G. 1. RAPACCINI, MDj Professor, Department of Internal Mixed 
Medicine, A. Gemelli University Hospital, Largo A. Gemelli 8, 

Hepato-cholangio-cellular 
carcinoma 

1-00168 Rome, Italy 
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ern Europe, while certain Mediterranean countries 
such as Spain, Italy, and Greece are in an intermedi
ate position (PARKIN et a1. 1992; BOSCH and MUNOZ 
1991). 

The geographic distribution of HCC is related to 
the etiology of the disease. In countries with low or 
intermediate incidence, most cases can be attributed 
to chronic hepatitis B (HBV) and / or C (HCV) that 
results in cirrhosis (MUNOZ and BOSCH 1987; Co
LOMBO et a1. 1989). In contrast, environmental and 
dietary factors are known to play major etiological 
roles in high-incidence areas. In Africa and Asia, for 
example, HCC seems to be related to the contamina
tion of rice, grain and peanut stores by aflatoxin, a 
mycotoxin produced by the mold Aspergillus flavius, 
which is believed to have a direct carcinogenic effect 
in the liver (ENWONWU 1984; COLLIER et a1.1991). In 
these populations, HCC frequently develops in non
cirrhotic livers, but in some areas of Africa hepatitis 
B virus and aflatoxin may act as co-carcinogenic fac
tors (LUTWICK 1979). There is currently no experi
mental or clinical evidence that ethanol has direct 
carcinogenic effects in the liver. Nonetheless, it is 
thought to promote hepatic malignancy indirectly 
via: (a) its immunodepressant effects, which facili
tate the development of HBV and HCV infections; 
(b) the induction of alcoholic cirrhosis; and (c) its 
well known oxidative effects, which deplete the anti
oxidative defense systems (HARDELL et a1.1984). The 
suspicion that oral contraceptives might playa role 
in the genesis of liver cancer has yet to be confirmed 
in experimental or epidemiological studies. 

On gross pathology, most HCCs fall into one of 
two categories. The nodular form, which is charac
terized by the presence of one or more encapsulated 
or non -encapsulated nodules, is seen predominantly 
in cirrhotic livers. The massive form, which consists 
in a large solitary tumor, is more frequent in devel
oping countries, and, in most cases, there is no un
derlying cirrhosis. There is also a third so-called dif
fuse form, which is much less common than either of 
',:he former and is characterized by miliary infiltra
lion of liver parenchyma (ANTHONY 1994). 

Four different histological patterns can be distin
guished: trabecular, pseudo-glandular, solid, and 
I'cirrhous (or sclerosing) (GIBSON 1978). Depending 
on the cellular characteristics, these tumors are also 
described as well differentiated, moderately differ
entiated, poorly differentiated or undifferentiated 
(anaplastic) (EDMONDSON and STEINER 1954; 
KONDO et al. 1989; NAKASHIMA et a1. 1995). Occa
sionally, the malignant liver cells contain glycogen or 
fat stores that give them a clear, transparent appear-
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anee. The presence of bile stasis in the tumor cells is 
a marker of hepatocellular carcinoma, as are eosino
philic cytoplasmic inclusions representing deposits 
of alpha-fetoprotein, alpha1-antitrypsin, or f,erritin 
(KONDO et a1. 1989). 

The clinical presentation of HCC depends largely 
on whether or not there is underlying cirrhosis. If so, 
the physical signs and symptoms of a small tumor 
will generally be indistinguishable from those of the 
chronic liver disease. When HCC develops in a nor
mal liver, the clinical picture is usually that of ad
vanced neoplastic disease. 

In a patient with cirrhosis, the development of 
HCC is often heralded by an abrupt worsening (if the 
clinical picture. In industrialized countries, where 
the typical HCC patient is an older individual (>50-
60 years) with a long history of chronic, frequently 
viral, liver disease, the most common presen ting 
symptoms are epigastric or right hypochondrial 
pain, weight loss or gain due to ascites (sometimes 
blood-stained), and jaundice (KEW and POPPER 
1984). 

In the areas of highest incidence, where the tumor 
often develops in the absence of cirrhosis, the course 
of the disease is generally turbulent, and the diagno
sis is always late (KEW and GEDDES 1982). These pa
tients are younger, generally about 40 years old, and 
they generally present with severe, often diffuse ab
dominal pain; weakness, weight loss, lack of appeti te, 
and constipation may also be present. A few cases 
have been reported in which the sole presenting 
symptom was obstructive jaundice caused by biliary 
tree invasion (CHEN et a1.1994). Rare cases have pre
sented with an acute abdomen due to hemoperit::>
neum caused by tumor rupture into the abdominal 
cavity or a septic picture with fever and leukocytosis 
(OKUDA et a1.1991). 

Late extra-abdominal symptoms include eo ugh 
and dyspnea caused by pulmonary metastases or 
right diaphragm involvement, and continuous back 
and/or chest wall pain due to osteolytic metastases 
in the ribs and vertebrae. 

Finally, para-neoplastic manifestations, which are 
due to secretion of hormone-like substances by the 
tumor, can appear at any time during the course of 
HCC. One of the more frequent elements of the para
neoplastic syndrome is erythrocytosis, which occurs 
in about 10% of all HCC patients. It is thought to be 
caused by the synthesis of erythopoietin by the tu
mor tissue, though the latter has never actually been 
demonstrated (KEW and DUSHEIKO 1981). Hypogly
cemia occurs in about 30% of all HCC patients, and 
in most cases it simply reflects high glucose con-



Clinico-pathological Classification of Liver Malignancies 

sumption by a large, generally undifferentiated tu
mor. In the true para-neoplastic syndrome, however, 
the patient experiences severe hypoglycemic crises, 
often accompanied by neurological signs and even 
coma, which are caused by an insulin-like growth 
factor precursor (IGF-II) secreted by the tumor itself 
(SHAPIRO et al. 1990). In rare cases, patients with 
HCC present profound weakness, drowsiness, and 
lethargy caused by a hypercalcemic syndrome. The 
syndrome is unrelated to bone metastases and has 
been attributed to a parathyroid-like hormone pro
duced by the tumor (TAMURA et al.1994). Occasional 
cases of HCC accompanied by hyperthyroidism 
(HELZBERG et al. 1985) or pseudoporphyria 
(PIERACH et al. 1984) have also been reported. 

2.2.2 
Preneoplastic Lesions 

Liver cell dysplasia (LCD) and dysplastic (or 
adenomatous hyperplastic) nodules are not, strictly 
speaking, tumors of the liver, but as pre-neoplastic 
lesions they play major roles in the natural history of 
hepatocellular carcinoma. Liver cell dysplasia is a 
microscopic alteration that may be confined within a 
focal lesion; in some cases, however, there is diffuse 
involvement of the liver parenchyma affected by 
chronic disease. The features defined by Anthony et 
al. in 1973 include increases in the dimensions of 
both the cell and its nucleus (so that a normal 
nuclear/cytoplasmic ratio is maintained), accompa
nied by nuclear pleomorphism and hyperchroma
tism. Multinucleated cells may also be seen. This so
called large-cell dysplasia is to be distinguished 
from a less common form identified some 10 years 
later by WATANABE et al. (1983): this type of LCD 
(small cell dysplasia) is characterized by hepato
cytes with a scarcity of cytoplasm and an increased 
nuclear/cytoplasmic ratio, which are sometimes 
crowded together in small foci. 

Recent reports have confirmed the pre-neoplastic 
natures of LCD in a cirrhotic parenchyma (BORZIO 
et al.1991) and within the small discrete liver lesions 
discovered by ultrasound examination in cirrhotic 
patients (CATURELLI et al. 1993). 

These latter are the second type of pre-neoplastic 
lesion associated with cirrhosis. They are variously 
referred to as "macroregenerative nodules," "bor
derline lesions," "adenomatous hyperplastic nod
ules," and "dysplastic nodules" (WADA et al. 1988; 
ARAKAWA et al.I986). These lesions display high cel
lular proliferative activity (ANTI et al.1994; ORSATTI 
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et al. 1993), and their neoplastic potential has been 
well documented. In our experience, macro
regenerative nodules that are negative at the histo
logiC'll examination became hepatocellular carcino
mas after a mean interval of 10 months (RAPACCINI 
et al. 1990). The co-existence of dysplastic nodules 
and small hepatocellular carcinomas has been dem
onstrated in explanted cirrhotic livers (Ferrel et al. 
1992), and HCC foci have also been found within 
these nodules (Fig. 2.1) (ARAKAWA et al. 1986; 
POMPILI et al. 1991). All of the above findings sup
port the theory that the development of HCC in cir
rhotic liver begins with the simple regenerative nod
ule, which at some point in time evolves into an 
adenomatous hyperplastic nodule with dysplasia 
and, ultimately, with foci of HCC. Nevertheless, the 
possibility of de novo carcinogenesis without the 
preliminary steps cannot be excluded (OKUDA et al. 
1991). 

2.2.3 
Fibrolamellar Carcinoma 

In 1980 CRAIG and co-workers described a variant of 
HCC characterized by large eosinophilic hepato
cytes embedded in abundant fibrous tissue arranged 
in parallel bands (Fig. 2.2). Some of the histological 
features of this tumor are similar to those of focal 
nodular hyperplasia, but the hypothesis that 
fibrolamellar carcinoma arises from this benign le
sion has been confirmed. 

There are several differences between typical 
HCC and fibrolamellar carcinoma. The latter strikes 
a younger population (5-35 years of age), and both 
sexes are equally affected. Unlike HCC, fibrolamellar 
carcinoma generally develops in the absence of cir
rhosis, does not appear to be related to previous 
HBV or HCV infection, and is not associated with el
evated alpha-fetoprotein levels. Early reports hy
pothesized a relatively good prognosis for this neo
plasm, the histological features of which are less ma
lignant than those of HCC. However, this optimism 
has not been justified since most patients with 
fibrolamellar carcinomas present with advanced dis
ease (manifested by abdominal pain and a palpable 
mass). 
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Fig. 2.1a,b. Histologic samplings obtained in two different areas of the same same nodule: adenomatous hyperplasia with 
dysplasia (a); well-differentiated hepatocarcinoma (b). (Illustrations kindly provided by Prof. Fabio M. Vecchio, Department 
of Pathology, Catholic University of Rome) 

2.2.4 
Hepatoblastoma 

Hepatoblastoma is the most common liver neoplasm 
during the first 4 years of life, but it is very rare in 

Fig. 2.2. Histologic features of fibrolamellar carcinoma: large, 
t~osinophilic tumor cells are intermingled with bile ducts. (Il
lustration kindly provided by Prof. Fabio M. Vecchio, Depart
ment of Pathology, Catholic University of Rome) 

adults. It affects both sexes, but is more frequent in 
boys (EXELBY et al. 1975). The tumor appears as a 
large mass (up to 25 cm in diameter), often encapsu
lated, with superficial vascular congestion; the core 
is composed of solid neoplastic tissue with areas of 
hemorrhage and sometimes calcification. In the 
mixed type (see below) fibrous septa may be present. 

From a histopathological point of view, hepato
blastomas are classified as epithelial or mixed (epi
thelial and mesenchymal) (HAAS et al. 1989). The 
former is composed primarily of fetal hepatocyks 
and embryonic cells arranged in thin plates or 
pseudo-acinar structures (Fig. 2.3); sinusoids con
taining hematopoietic cells are sometimes found bf
tween the cellular plates. The mixed type contains 
mesenchymal tissue in various degrees of differen
tiation (mesenchyma, cartilage, striated muscle and 
even osteoid tissue) adjacent to the epithelial tissue; 
foci of squamous cells are sometimes present 
(GURURANGAN et al. 1992). 

The clinical presentation of hepatoblastoma is 
that of a large mass that often distends the child'~ 

b 
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Fig. 2.3. Hepatoblastoma showing fetal epithelial pattern 
characterized by polygonal cells resembling hepatocytes ar
ranged in cords with variable fat and glycogen. (Illustration 
kindly provided by Prof. Fabio M. Vecchio, Department of 
Pathology, Catholic University of Rome) 

abdomen, accompanied by anorexia, vomiting, fever, 
and weight loss; jaundice is rare. Sexual precocity 
sometimes appears as a result of a pathological go
nadotropin secretion by the tumor. Serum alpha-fe
toprotein levels are usually high. Metastases can be 
found in the abdominal lymph nodes, the lungs, and, 
less commonly, the brain. 

Genetic studies have documented an association 
between hepatoblastoma and abnormalities of a 
gene on chromosome 11 (DING et al. 1994). 

2.3 
Bile Duct Epithelium 

2.3.1 
Cholangiocellular Carcinoma 

Cholangiocarcinoma is usually classified on the ba
sis of its site of origin: (1) the peripheral cholangio
carcinoma, which arises from intrahepatic bile 
ducts; (2) the hilar cholangiocarcinoma (Klatskin's 
tumor), which originates in the major bile ducts; and 
(3) the classical bile-duct carcinoma from the extra
hepatic bile ducts (Ros et al. 1988). 

Cholangiocarcinoma generally occurs during the 
sixth and seventh decades of life with a sex ratio of 
close to one. This tumor is rarer than hepatocellular 
carcinoma, but it is relatively frequent in some re
gions of the world such as the Far East. This geo
graphical distribution may be related to the high 
prevalence of chronic biliary-tract infestations 
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(Clonorchis sinensis, Opisthorchis viverrini) that 
characterizes these countries (SRIVATANAKUL et al. 
1991). In western countries the tumor generally 
complicates primary sclerosing cholangitis or con
genital anomalies of the biliary tree (KULKARNI and 
BEATTY 1977). Some cases have been correlated with 
previous administration of anabolic steroids or the 
radioactive contrast medium Thorotrast (WOGAN 
1976). 

Peripheral cholangiocarcinoma presents as a 
large hepatic mass; sometimes the tumor is multifo
cal. Cholangiocellular carcinoma differs from HCC 
in that it is poorly vascularized, and invasion of the 
portal tree is an infrequent and late finding. Hilar 
and ductal cholangiocarcinomas grow into the walls 
of the bile ducts with invasion of the lumen, so ob
structive jaundice is an early sign. There is dilatation 
of the biliary tree above the tumor, and in the rare 
longstanding cases that have been reported biliary 
cirrhosis was present (SUGIHARA and KOJIRO 1987). 
Serum alpha-fetoprotein levels are always normal. 

Histologically, cholangiocarcinoma resembles an 
adenocarcinoma with its tubular or acinar-glandu
lar structures, and it may be difficult to differentiate 
this primary neoplasm from hepatic metastasis of an 
adenocarcinoma. The epithelial structures are fre
quently embedded in abundant fibrous tissue. The 
tumor may secrete mucus, but never bile, and the 
histochemical reaction for keratin is positive 
(GOODMAN et al. 1985). Metastases to the regional 
lymph nodes and lungs are common. 

2.3.2 
Cystadenocarcinoma 

This rare neoplasm is seen predominantly in fe
males. It arises from a cystoadenoma or a congenital 
biliary cyst and is, therefore, classified as a primary 
biliary tumor of the liver. 

The patient reports a sensation of abdominal full
ness, sometimes with pain. There may be significant 
weight loss. The physical examination reveals a large 
abdominal mass often in the right hypochondrium, 
which can be confirmed with various imaging tech
niques. 

From a macroscopic point of view, cystadenocar
cinoma is a large cystic mass containing bile-stained 
mucus and divided by internal septa. Microscopi
cally the neoplastic tissue consists of epithelial cells 
arranged in papillary structures circumscribed by 
an abundant mesenchymal stroma (WHEELER and 
EDMONDSON 1985). 
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If surgical resection is possible, the prognosis is 
relatively good with survival up to 5 years. 

2.4 
Mesenchymal Tissue 

2.4.1 
Angiosarcoma 

Angiosarcoma (also known as malignant heman
gioendothelioma or Kupffer cell sarcoma) is a very 
rare neoplasm, but it is the most common hepatic 
tumor of mesenchymal origin. It displays a predilec
tion for males and generally occurs during the sixth 
and seventh decades of life. 

Angiosarcoma is a very interesting tumor because 
a number of etiologic factors have been identified in 
the last 50 years. The neoplasm was first described in 
German vintners who had been exposed to insecti
cides containing arsenic (ROTH 1955). The literature 
also contains several cases of angiosarcoma attrib
uted to past exposure (approximately 20 years before 
tumor diagnosis) to the contrast medium, thorium 
dioxide (Thorotrast), which is no longer used in ra
diology (VISFELDT and POULSEN 1972). Other iatro
genic cases have been caused by Fowler's solution, a 
potassium arsenite once used in the treatment of 
psoriasis (REGELSON et al. 1968). There are also well 
documented cases that developed 10 years after ex
posure to vinyl chloride monomers, the metabolites 
of which exert a direct carcinogenic effect involving 
covalent binding of host DNA (GREECH and 
JOHNSON 1974; TAMBURRO 1984). Rare cases have 
been described after prolonged use of anabolic ste
roids (FALK et al. 1979) or during the course of von 
Recklinghausen's disease (LEDERMAN et al. 1987). 

Angiosarcoma is a highly malignant tumor, and, 
therefore, symptoms and signs are those of a rapidly 
progressive and fatal disease. The patient complains 
of abdominal swelling and pain, weight loss, nausea 
and fever; jaundice may also be an early finding. The 
physical examination reveals hepatomegaly, and the 
liver is frequently tender with an irregular surface. 
Splenomegaly and ascites are sometimes present. An 
arterial bruit can sometimes be heard over the liver. 
In around 15% of all cases, acute hemoperitoneum 
occurs due to spontaneous tumor rupture. 

Angiosarcomas are often multifocal tumors con
sisting of solid masses alternating with the charac
teristic blood-filled cysts; the masses are generally 
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not encapsulated, and their borders are poorly de
fined. Microscopically the neoplastic tissue is char
acterized by elongated endothelial cells with clear 
cytoplasm and hyperchromatic nuclei that line di
lated sinusoidal spaces. As the tumor grows, the di
lated sinusoids become cavernous cavitie~; with 
poorly defined borders. Infiltration of portal and he
patic venous radicles is early and massive (ISHAK 
1987). The neoplastic cells may be positive for factor 
VIII -related antigen. 

The prognosis is usually quite poor because of the 
advanced stage at the time of the diagnosis. Radia
tion therapy is the only form of treatment that has 
proved palliative. Survival rarely exceeds 6 months, 
and death may be caused by fulminant dissemi'lated 
intravascular coagulation. 

2.4.2 
Epithelioid Hemangioendothelioma 

Epithelioid hemangioendothelioma, which is also 
quite rare, generally strikes young adult females. 
These tumors display a lower grade of malignancy 
than angiosarcoma, but the disease is somewhat 
progressive also with the appearance of distant me
tastasis. The first symptoms are abdominal pain, loss 
of weight and appetite, jaundice, and, occasionally, 
hemoperitoneum. 

Macroscopically the liver presents multJ pIe 
masses, which can complicate the differential diag
nosis based on imaging techniques (MILLER et al. 
1992). The neoplastic tissue is composed of epit1.e
lioid cells that proliferate into the sinusoids and cen
tral hepatic veins (Fig. 2.4). Histochemical positivity 

Fig. 2.4. Epithelioid hemangioendothelioma is characterized 
by dense fibrous stroma containing vacuolated spindle cell, 
forming vascular lumina. (Illustration kindly provided b~, 
Prof. Fabio M. Vecchio, Department of Pathology, Catholic 
University of Rome) 
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for factor VIII antigen and lectins confirms the diag
nosis. 

For a young woman with epithelioid heman
gioendothelioma, the treatment of choice is liver 
transplantation, which carries quite a good progno
sis (KELLEHER et al. 1989). 

2.4.3 
Sarcomas 

Primary liver sarcomas are even less common than 
angiosarcoma and epithelioid hemangioendothe
lioma. They occur in both children and adults 
(LEUSCHNER et al. 1990), are highly malignant, and 
survival rarely exceeds a few months. There is no 
effective treatment. The tumor presents as a large 
abdominal mass accompanied by fever and abdomi
nal pain. It consists of a single solid-cystic mass with 
calcifications; invasion of the hepatic veins and the 
inferior vena cava are generally present at diagnosis. 
The histologic examination reveals the typical fea
tures of a sarcoma: a monotonous tissue composed 
of neoplastic fibrous elements that are positive for 
reticulin. 

2.5 
Mixed Tumors 

2.S.1 
Hepatocholangiocarcinoma 

This tumor is also called mixed hepatocellular/ 
cholangiocellular carcinoma since it presents typical 
cells of both carcinomas (GOODMAN et al.1985). The 
elements of both tumors are variously combined 
within the same mass, so the neoplastic tissue may 
present stain positivity for both alpha-fetoprotein 
(HCC) and keratin (cholangiocarcinoma). These tu
mors mayor may not be associated with underlying 
cirrhosis. The clinical presentation and course are 
generally similar to those of hepatocellular carCI
noma. 
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3.1 
Introduction 

The fact that hepatocellular carcinoma (HCC) has 
different epidemiological distributions in different 
parts of the world has facilitated the identification of 
a series of associated risk factors (JOHNSON 1996). 
For instance, a clear association has been shown be
tween HCC and hepatitis B virus (HBV) in areas of 
the world where HCC has a high incidence (China, 
Southeast Asia and northern Africa) (JOHNSON 
1996). HCC is also now known to be associated with 
other risk factors such as hepatitis C virus (HCV), 
aflatoxins, sex hormones and some metabolic dis
eases (JOHNSON 1996; GRAHAM and AUSTAR 1996). 
Moreover, there is no doubt that different combina
tions of risk factors account for the variations in in
cidence to be found in different geographical areas: 
for example, exposure to aflatoxin and carriage of 
hepatitis B surface antigen (HBsAg) are both signifi
cant risk factors, but the combination of the two ex
poses the individual to a much higher risk (ZEMAN 
et al. 1985). Furthermore, new diagnostic methods 
have been developed that allow direct assessment of 
risk factors. Thus, in recent years it has been possible 
to detect the HBV surface antigen (HBsAg) and HCC 
antibodies, and it is now also possible to reveal afla
toxin adducts of DNA in biological fluids as a mea
sure of aflatoxin exposure (Ross et al. 1992). 

The identification and quantification of risk fac
tors and the development of cancer registries docu
menting the large geographical variations in the in
cidence of HCC allowed prevention strategies to be 
initiated, such as HBV immunization and ways of 
preventing exposure to aflatoxins. Moreover, in 70-
90% of H CC there is association with hepatic cirrho
sis, and all the factors linked to the development of 
HCC, including HBV, HCC and alcohol, also cause 
cirrhosis. Therefore, many screening programs are 
currently being implemented for secondary preven
tion of HCC in cirrhotic patients. Screening pro
grams to identify early resectable lesions have been 
practised since the early 1970s, following the clinical 
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observation that a substantial percentage of patients 
with HCC, particularly those with chronic HBV in
fection, have elevated serum levels of alpha-fetopro
tein (AFP) (MuNoz and BOSCH 1987; WANZ and 
BLUM 1991). Follow-up studies carried out in many 
countries on patients with cirrhosis with the appli
cation of sensitive and specific diagnostic methods 
such as real time ultrasonography and assays for se
rum AFP have made it possible to detect and treat 
HCCs at early stages (OKUDA 1986; COLOMBO et al. 
1991; EBARA et al. 1986). The identification of small 
liver lesions at early stages in the development of 
malignancy can greatly help to identify the morpho
logical precursors of HCC, thereby adding to our 
knowledge of the morphological sequence of human 
liver carcinogenesis. At the moment, many lines of 
evidence suggest that the morphogenesis of HCC in 
cirrhotic patients is not identical to that occurring in 
non-cirrhotic subjects (OKA et al 1990; SHINIGAWA 
et a11984; SAKAMOTO et a11991; TABARIN et aI1987). 

To understand the morphogenesis and prognosis 
of HCC, it is necessary to study the molecular 
mechanisms of liver cell transformation, and in the 
last few years the importance given to molecular 
markers has greatly increased. For example, dys
function of genes involved in cell growth, differen
tiation and cell cycle control such as oncogenes, tu
mor suppressor genes and cyclins have been impli
cated during sequential carcinogenesis in the liver 
and other organs. These genes are involved in what 
are generally considered to be the three main stages 
of multistep carcinogenesis: that is to say, "initia
tion:"'promotion" and "progression" (MEHTA 1995). 

3.2 
Risk Factors and Pathogenesis 

3.2.1 
Hepatitis B Virus 

The discovery of the HBsAg and the development of 
cancer registries in many countries allowed the as
sociation between HBV and HCC to be identified. 
The relative risk of patients with HBsAg of develop
ing HCC varies from as much as 90% in high risk 
areas to 10% in low risk areas (OKUDA et al. 1982). 
The association is known to be specifically confined 
to chronic HBV infection, as epidemiologic studies 
have found no increased risk among subjects who 
have cleared the virus after acute infection (OKUDA 
etal.1989). 

M. Vaccari et al. 

The development of transgenic mice with HBV 
genes has led to new insights into HBV-induced liver 
carcinogenesis. Overexpression of the HBV large en
velope protein leads to its cellular accumulation with 
consequent severe and prolonged cellular injury that 
triggers inflammation, regenerative hyper plasia, 
chromosomal aberrations and eventually HCC (LAu 
and LAI 1990). The increased expression of the spe
cific cytochrome p450 may lead to increased produc
tion of carcinogenic metabolites (BEEBE and 
NORMAN 1991). Ground-glass hepatocytes have 
been shown to be the direct precursors of foci of al
tered hepatocytes and their neoplastic descer dants 
(HUANG and CHISARI 1995). High expression of the 
Hbx gene of HBV induces progressive morphologi
cal changes beginning with the development cf foci 
of altered hepatocytes progressing into b,mign 
adenomatous hyperplasia (AH) and finally HCC 
(KIRBY et al. 1994). 

Viral integration into host DNA is found in 90% of 
HBsAg positive HCCs, as well as in liver tissue from 
chronic HBV hepatitis patients and healthy carriers 
(TOSHKOV et al.1994). Integrated HBV DNA has also 
been found in some HCCs from HBsAg negative pa
tients (KIM et al. 1991). Integrated HBV DNA is 
clonal (SHAFRITZ et al. 1981), implying that viral in
tegration precedes or accompanies malignant trans
formation. HBV integrates into DNA in a non-spe
cific fashion, and leads to a variety of chromosomal 
abnormalities, including translocations, deleti ons 
and duplications (PATERLINI et al. 1995). HBV hte
gration could lead to HCC through the 
transactivation of cellular genes by the gene prod
ucts of the integrated HBV DNA. The Hbx gene 
product is a novel serine-threonine protein kinase 
which acts as a non-specific transcriptional 
transactivator capable of altering cell growth £.nd 
differentiation by catalyzing the phosphorylation of 
cellular factors (SHAFRITZ and KEW 1981; 
YAIGINUMA et al. 1987). In addition to the Hbx ptO

tein, the truncated pre-S2/S sequences have been 
found to have transcriptional transactivating act lV
ity (SPANDAU and LEE 1988; Twu and SCHLOEMER 
1987). 

3.2.2 
Hepatitis C Virus 

The association ofHCC with HCV infection is not as 
strong as with HBV. However, evidence is accumulat
ing that HCV infection is an etiological factor in 
HCC development. Many cases of HCC are assoc-
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ated with the presence of HCV antibodies, although 
frequencies vary around the world (KEKULE et al. 
1990; CASELMANN et al. 1990; BRUIX et al. 1989). In 
addition, HCV RNA can be identified in the serum 
of HCC patients (NISHIOKA et al. 1991; BAUR et al. 
1992) and in HCC tissue (MANGIA et a1.l994), where 
it is capable of active replications (BWKH et al. 
1993). HCV is the cause of most cases of post-trans
fusional non-A non-B (NANB) hepatitis (CHOU et al. 
1991). 

However, since HCV has no reverse trancriptase 
and is not a retrovirus it should in theory have no 
direct oncogenic potential. Many authors have at
tributed the association with HCC to the chronic 
liver disease which HCV can cause, while others, on 
the basis of prospective studies, suggest that HCV is 
an independent risk factor in patients with cirrhosis 
(OKUNO et al. 1994; SRIWATANAKUL et al. 1991; 
SIMONETTI et al. 1992; NAUMOV et al. 1994; 
CAPOROSO et al. 1991). 

3.2.3 
Aflatoxin 

Aflatoxins are mycotoxins generated by the fungi 
Aspergillus flavus and Aspergillus parasiticus. Hu
mans are exposed following ingestion of nuts and 
meal stored under the hot humid conditions in 
which these molds flourish. The carcinogenic action 
of the aflatoxins, especially aflatoxin Bl (AFB1), has 
been extensively studied in experimental models 
(IARC 1993; NEWBERNE and BUTLER 1969). It has 
been found that the presence of covalently bound 
aibumin-AFBI adducts in serum is associated with 
an increased risk of HCC (GOOPMAN et al. 1988). 
AFBI is metabolized through an epoxidation path
way that produces an electrophilic DNA-binding 
metabolite which preferentially forms adducts with 
guanine. AFB 1-induced H CC expresses single nucle
otide mutations causing single amino acid substitu
tions. Gender-specific and genetic variations in 
phase I and II detoxification pathway enzymes may 
lead to differing levels of susceptibility to the effects 
of AFBI (MCGLYNN et al.I995).AFBl-induced HCC 
is thought to be independent of both direct DNA 
damage and the clonal selection of initiated hepato
cytes during mitogenesis. While AFBI alone is suffi
cient to induce HCC, AFBI is often encountered in 
the presence of other liver carcinogens with which it 
may act synergistically (SLAGLE 1995). 

3.2.4 
Chronic Liver Disease 

It is accepted that regardless of its etiology, cirrhosis 
is associated with the development of HCC, and that 
70-90% of cases of HCC arise from cirrhotic liver. It 
is likely that carcinogenesis is associated with the 
large amount of regenerative changes occurring in 
the cirrhotic liver (SHEU et al. 1985; OKA et al. 1990; 
COLOMBO et al. 1991; CRAIG et al. 1991; KEW and 
POPPER 1984; FATTOVICH et al. 1995). In addition, 
several metabolic diseases show an association with 
HCC, including aI-antitrypsin deficiency (PROPST 
et al. 1994), tyrosinemia and porphyria cutanea 
tarda (SALATA et al. 1985). The incidence of HCC is 
also higher in the presence of hemochromatosis, but 
it is unclear if iron itself is pathogenic, or whether 
the increased cancer risk results solely from the cir
rhotic process (DEUGNIER et al. 1993; STAL et al. 
1995). 

3.3 
Morphogenesis 

The main lesions involved in the morphogenesis of 
HCC in the cirrhotic liver are liver cell dysplasia, 
space occupying lesions, borderline lesions and 
minute HCCs in regenerative nodules of normal 
size. In non-cirrhotic liver, hepatocellular adenoma 
and hyperplastic tumor-like lesions are important. 

3.3.1 
Cirrhotic Liver 

3.3.1.1 
Liver Cell Dysplasia 

The term liver cell dysplasia (LCD) was coined by 
ANTHONY et al. in 1973 to define a complex of mor
phological alterations in cirrhotic liver of a puta
tively premalignant nature. The term refers to the 
presence of cellular enlargement with normal 
nuclear-cytoplasmatic ratio, nuclear pleomorphism 
with hyperchromasia and muItinucleation of liver 
cells. Enlargement is both nuclear and cyto
plasmatic, and is generally two- to threefold. Intra
nuclear inclusions may be seen and nucleoli are 
prominent. These changes, when present, are multi
ple throughout the liver, and either occur in groups 
of liver cells or affect a whole cirrhotic nodule {Figs. 
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Fig. 3.1. Liver cell dysplasia in cirrhosis. Some hepatocytes 
show cellular enlargement and nuclear pleomorphism. x40 

3.1,3.2). A close relation has been demonstrated be
tween these cells and the presence of HBsAg (AKAG I 
et al. 1984). Although the close relationship between 
dysplasia and HCC has subsequently been con
firmed elsewhere (OMATA et al. 1982; Ho et al. 1981), 
immunohistochemical studies on these cells led sev
eral groups of morphologists in Japan to reject the 
theory that the dysplastic cells are actually 
preneoplastic (UCHIDA et al. 1981; OKUDA et al. 
1980). AFP production was demonstrated by OKITA 
et al. (1967) and by POPPER (1979), but RONCALLI et 
al. (1985) found no significant differences in produc
tion of AFP, carcinoembryonic antigen, and alpha-l
antitrypsin between cirrhotic, dysplastic and malig
nant cells. UCHIDA et al. (1981) failed to show a pat
tern of enzyme deviation seen in liver carcinoma 
cells, either in dysplastic liver cells or in liver cells 
bearing HBsAg. Studies in South Africa by Cohen 
and co-workers also addressed the premalignant 
nature of LCD (CHOEN et al. 1979; CHOEN and 
BERSON 1986). WATANABE et al. (1983) later de
scribed a different type ofliver dysplasia, which they 
named "small cell dysplasia" and suggested that this 
variety was more likely to be precancerous (Fig. 3.3). 
They classified dysplastic liver cells into two types -
large and small both of which exhibited nuclear 
pleomorphism and multinucleation. However, 
whereas the large dysplastic cells had a normal 
nuclear-cytoplasmatic ratio and on electron micros
copy exhibited the morphological features of regen
erative cells, the small dysplastic ones were charac
terized by a decreased cytoplasm and an increased 
nuclear-cytoplasmatic ratio and had a tendency to 
produce small round foci or nodules. In the small 
dysplastic cells, the frequency of multinucleation 
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Fig. 3.2. Liver cell dysplasia in cirrhosis. The hepatocytes 
present large nuclei and cytoplasm. Several nuclei are pleo
morphic with prominent nucleoli and occa:;ionally 
multinucleations. x40 

Fig. 3.3. Liver cell dysplasia (small cell type) in cirrhosis. The 
nodule is composed of small hepatocytes showing increased 
cellularity, nuclear crowding, and prominent nucleoli. The 
grade of pleomorphism is smaller than in large cell dysplasia. 
x40 

was lower and the grade of pleomorphism smaller. 
WATANABE et al. (1983) suggested that these cells 
were more likely to be precancerous, owing to their 
greater similarity to cancer cells. Recently these data 
have been confirmed by several studies based on im
munohistochemistry, morphometric analysis of 
nuclear size, DNA content and ploidy by cyto
fluorometry (GIANNINI et al. 1987; RONCALLI et al. 
1988, 1989; HENMI et al. 1985; CHEN et al. 1984; 
KAGAWA et al.1984). Subsequently, the question as 10 

whether LCD is a premalignant lesion has been dis
cussed by several authors with contrasting findings 
(NAKASHIMA et al.1983; SUWANGOL and JIMARKORN 
1980; Ho et al. 1981; BARTOK et al.1981; PATERSON et 

al. 1989; KARHUNEN and PENTTILA 1987; RONCALLI 
et al. 1985, 1986; BORZIO et al. 1991). Some authors 
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argue that evidence supporting the preneoplastic 
nature of LCD comes from some experimental liver 
carcinogenesis models in which preneoplastic le
sions, such as hyperplastic nodules or areas, are 
known to regularly precede tumor development 
(PODDA et al. 1992; FABER and SARMA 1987; FABER 
1976; SCHIRMACHER et al. 1991; EVARTZ et al. 1990; 
SELL and DUNS FORD 1989; SELL 1990). However, no 
direct evidence has yet been found in humans to 
document the development of HCC from these dys
plastic cells. Indeed, in humans it is difficult to de
tect changes such as hyperplastic nodules, baso
philic foci, clear cell change, oval cell proliferation 
and megalocytosis that can be seen during experi
mental liver carcinogenesis (ANTHONY 1987). AN
THONY affirms that megalocytosis may be the 
equivalent of LCD, but the other changes are never 
or hardly ever seen in man. Although it is still a 
matter of debate as to whether LCD is a premalig
nant change, patients in whom LCD is found on liver 
biopsy should be closely monitored for early detec
tion of HCC by serial measurement of AFP and im
aging techniques, especially in subjects who are cir
rhotic or infected by HBV. 

3.3.1.2 
Space Occupying Lesions 

Space occupying lesions in cirrhotic livers have been 
variously defined as "adenomatous hyperplasia" 
(EDMONDSON 1976; TERADA et al. 1989b), "atypical 
adenomatous hyperplasia" (SAKAMOTO et al. 1991; 
TSUDA et al. 1988), "adenomatous hyperplastic nod
ules" (OHTA and NAKANUMA 1987; TERADA et al. 
1990; ARAKAWA et al. 1986a), "small mass lesions in 
cirrhosis" (ARAKAWA et al. 1986b), "hepatocellular 
pseudotumor" (NAGASUE et al. 1984) and "macro
regenerative nodules" (FURUYA et al. 1988, TERADA 
and NAKANUMA 1989a,b; TERADA et a1.1989b; WADA 
et al. 1988; GRIGJONI et al. 1989,1991). Despite the 
varied nomenclature, these lesions are basically the 
same and show the main morphological features re
ported by EDMONDSON (1976) as adenomatous hy
perplasia (AH). AH is usually detected in cirrhotic 
livers, sometimes with synchronous HCC, and 
ranges from 0.5 to 3 cm (or exceptionally even 
more) in diameter. These nodules can be distin
guished from parenchyma by virtue of their expand
ing growth (Figs. 3.4, 3.5). Histologically, AH consists 
of hepatocytes that are occasionally larger than nor
mal ones and are arranged in one-or-two-cell-thick 
plates, lacking a true capsule, and with a lobulated 

Fig. 3.4. Macroregenerative nodule. The cut surface of a cir
rhotic liver shows a bulging macro regenerative nodule 

Fig. 3.5. Macroregenerative nodule. In this case of liver cir
rhosis without hepatocellular carcinoma, there is present a 
sharply demarcated macro regenerative nodule of about 3 cm 

aspect. AH contains fibrous septa and frequently 
also portal tracts with portal veins, hepatic arteries 
and interlobular bile ducts. Although the majority of 
these nodules lack structural and cellular atypia, 
many cases of AH with internal foci of well differen
tiated HCC and/or foci with varying degrees of cel
lular and structural atypia - the so-called "atypical 
adenomatous hyperplasia" (AAH) - have been re
ported (Figs. 3.6,3.7) (EDMONDSON 1976; TERADA et 
al. 1990; ARAKAWA et al. 1986a; GRIGJONI et al.1989, 
1991; TAKAYAMA et al. 1990; KONDO et al. 1990; 
OHNO et al. 1990; NAKANUMA et al. 1990). Thus, the 
imputed precancerous nature of AH seems to be jus
tified. 
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Fig. 3.6. Macroregenerative nodule. Low magnification view 
of a "nodule-in-nodule" lesion. A thin fibrous septum divides 
an adenomatous nodule (left) from an area with atypical as
pects. xlO 

3.3.1.3 
Borderline Lesions 

In humans as well as in experimental models (SELL 
et al. 1991; BANNASCH 1976), liver carcinogenesis 
seems to be a multistep process starting from hyper
plastic nodules and reaching HCC via a continuous 
spectrum of lesions showing intermediate morpho
logical features. In some lesions, the differential di
agnosis between premalignant situations, expressed 
by cellular and/or structural atypia, and well-differ
entiated HCC (grade 1 on Edmondson's scale) is very 
difficult using routine histological procedures 
(Table 3.1). Acinar and trabecular arrangement, fi
brosis, nuclear crowding, cytoplasm basophilia 
(KONDO et al. 1987,1989), Mallory bodies (TERADA 
et al. 1989a; NAKANUMA and OHTA 1985, 1986) and 
mitosis are the most common morphological crite
ria evaluated for early malignancy (NONOMURA et al. 
1990; SEKI et a1.1990; SANO et al. 1989; GANJEY et al. 
1988; Kuo et al. 1986; GOVINDARAJAN et al. 1990; 
CHOEN et al. 1986; NAGATO et al. 1991; KONDO et al. 
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Fig. 3.7a,b. Macroregenerative nodule with HCC foci. a The 
cells of the nodule present mild distortion of cord stru:ture 
as well as increased cellularity and N/C ratio. b The :;ame 
nodule shows a focus of well-differentiated HCC with 
pseudo acinar formations. x40 

1988; TERASAKI et al. 1991;TERADA and NAKANUMA 
1991; KENMOCHI et al. 1987). Nevertheless, a mini
mal combination of these aspects sufficient for a 
sure diagnosis of grade 1 HCC has yet to be estab
lished. Use of monoclonal antibodies such as Ki-67 
(GRIGIONI et a1.1989), PCNA (MATSUNO et al. 1990) 

Table 3.1. Main pathological features of small nodular lesions involved in human hepatic carcinogenesis (cirrhotic patiens) 

Lesions Common range Nodule's Small septa Foci of mild Foci of Fibrous stroma Fibrous capsul,~ 

of size (mm) tendency containing cellular or histologically around the mass around the ma ;s 
to enlarge vessels and structural proved HCC and compression 

bile ducts atypia (grade II) of the sourrounding 
liver tissue 

::CN 1- 5 Absent Absent Infrequent Fibrous stroma only Absent 
.V1RN type I 5-15 Absent Present Absent Absent Present Absent 
Iv1RN type II 10-30 Present Present Present Infrequent Present Absent 
~ : I.. 10-20 Present Absent Present Infrequent Infrequent Infrequent 

CeN, common cirrhotic nodule; MRN, macroregenerative nodule; EL, equivocal lesion (possible HCC grade I); HCC, hepatocellular carci-
r 'Jma; Grade, Edmondson's grade 

a 

b 
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and bromodeoxiuridine (TARAo et al. 1989) seems 
to be promising in this respect. Cytochemistry of 
HCC tissue has yielded contrasting results, and in 
our experience its usefulness in evaluating the biol
ogy of borderline lesions is poor. 

3.3.1.4 
Minute Hepatocellular Carcinomas in Regenera
tive Nodules of Normal Size 

Several Japanese authors (KONDO et al. 1983; KANAI 
et al. 1987; HIROOKA et al. 1990; NAKANUMA et al. 
1986; FECHNER 1977) have reported minute HCCs 
(about 4 or 5 mm in diameter) without a back
ground of AH, and also in our experience with Ital
ian patients we have found very small HCCs lacking 
any apparent association with AH (GRIGIONI et al. 
1989). These observations suggest the possibility of 
a direct transition from common cirrhotic nodules 
to HCC without an intermediate AH step. Both path
ways (i.e. through the AH step and directly from a 
common cirrhotic nodule) are sometimes detected 
in the same liver, with the obvious diagnostic, thera
peutic and prognostic implications. A comparison 
between the important frequency variations among 
different geographical areas regarding clinical mor
phological aspects and especially overall survival 
rates among HCC patients treated with the same 
procedures allows us to postulate that the different 
morphological pathways of HCC are related to dif
ferent etiological and/or pathogenetic mechanisms 
involved in human liver carcinogenesis. 

3.3.2 
Non-Cirrhotic Liver 

Precancerous conditions in non-cirrhotic liver are 
poorly defined. The main difficulties are the variable 
nomenclature referring to the same kinds of lesions 
investigated and the difficulty in distinguishing his
tologically hyperplastic benign liver lesions from 
hepatocellular adenoma, and the latter from well
differentiated carcinoma. In this way, some well-dif
ferentiated lesions can only be theoretically classi 
fied, and only after a long period of follow-up is it 
possible to verify the biological implications related 
to the original diagnosis. 

3.3.2.1 
Hepatocellular Adenoma 

Hepatocellular adenoma (HCA) is a benign tumor of 
the liver that is often confused with focal nodular 
hyperplasia (FNH) or hamartoma (KERLING et al. 
1983; GOLD et a1.l978; ROOKS et al. 1979). It generally 
occurs in young women under the influence of oral 
contraceptives; a fact further corroborated by the 
detection of cytoplasmic progesterone receptors in 
the tumor cells and the occasional total regression of 
this tumor following discontinuation of the hor
mones (EDMONDSON 1976). These neoplasms have 
also been reported following anabolic androgen ste
roid therapy. Liver cell adenoma occurs in normal 
liver and usually ranges from a few cm to 15 cm or 
more in size (Fig. 3.8) (MARIANI et al. 1979; CHEN 
and BOCIAN 1983). Solitary HCAs normally do not 
display cytological atypias, while in HCAs some cel
lular and architectural abnormalities are frequently 
detected (Fig. 3.9) (LUI et al. 1980; SALISBURY and 
PORTMANN 1987). The magnitude of the risk for 
malignant transformation of both solitary and mul
tiple HCAs has yet to be defined. Conflicting experi
ences have been reported and the percentage of ma
lignancy ranges from 0% to 15%. A clear relation
ship between the number of HCA, their underlying 
etiologic factors and the risk of malignant transfor
mation has been proposed. 

Fig. 3.B. Hepatocellular adenoma. A hepatocellular adenoma, 
resected in a 29-year-old woman, shows a widely hemor
rhagic cut surface 
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Fig. 3.9. Hepatocellular adenomatosis. Many multinucleate 
and pleomorphic hepatocytes are evident in this hepatocellu
lar adenomatosis. Some cells show marked aspects of liver 
cell dysplasia. x40 

3.3.2.2 
Hyperplastic Tumor-Like Lesions 

FNH and nodular regenerative hyperplasia (NRH) 
are hyperplastic liver lesions with possible 
etiopathogenetic similarities. FNH is generally 
found in normal livers and appears as a single mass 
reaching less than 5 cm in size (Fig. 3.10). Histologi
cally, FNH is composed of a mass of normal hepato
cytes with a fibrous central stellate scar which di
vides the lesion into lobules (GOLD et al. 1978; 
STOCKER and ISHAK 1981 ; KNOWLES and WOLFF 
1976; VECCHIO et al.1984). Cellular and/or structural 
atypia are highly exceptional, even though some au
thors have suggested that the fibrolamellar variant 
of hepatocellular carcinoma could represent the ma-

Fig. 3.10. Focal nodular hyperplasia. The cut surface of local 
I10dular hyperplasia appears as a large, well-circumscribed 
mass with the typical central fibrous scar 
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lignant counterpart of FNH (STRMEYER and ISHAK 
1981). NRH is a diffuse nodular lesion of the entire 
liver parenchyma (Fig. 3.11). Microscopically, the 
nodules are composed of normal hepatocytes ar
ranged in liver plates two or three cells thick, com
pressing the peripheral parenchyma (STEINI:R 1959; 
REYNOLDS and WANLESS 1984; NAKANUMA et al. 
1984; SOGAARD 1981). Cytological and structural 
atypia and well-documented cases ofHCC arising in 
NRH have been reported, suggesting that thi1; lesion 
has a premalignant potential (STEINER 1959; 
REYNOLDS and WANLESS 1984; NAKANUMA et al. 
1984; SOGAARD 1981; CURRY and BEATTIE 1996). 

3.3.3 
Conclusions 

At present, it seems that the morphogenesis c,f hu
man liver tumors can occur through different path
ways. In non-cirrhotic liver, early development 
stages of HCC have been documented only in ~;ome 
hyperplastic tumor-like lesions, and the premalig
nant potentiality of various benign neoplastic le
sions is not yet well defined. In cirrhotic liver, two 
morphological progressions in human carcinogen
esis are well documented. Probably the most com
mon progression pathway is via AH, which some
times shows foci of cellular or structural atypia or 
clear-cut histologically proven HCC. A second possi
bility is a direct transition from common cirrhotic 
nodules to HCC without an intermediate step via 
AH. In some livers, both pathways are expressed. 

Fig. 3.11. Focal nodular hyperplasia. Microscopic aspect 0;
focal nodular hyperplasia: in the upper left corner, thin fi· 
brous septae with many small bile ductules are present. x25 
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3.4 
Molecular Markers 

Epidemiologic and molecular studies suggest that at 
least three independent steps are required for the 
transformation of a normal hepatocyte into a neo
plastic cell. It can be postulated that the genesis of 
HCC requires the activation of several oncogenes 
and the loss of two or more cancer suppressor genes 
(BUENDIA 1998). Liver carcinogenesis is therefore a 
multistep process involving DNA damage, fixation 
of mutation during cell proliferation, oncogene acti
vation and loss of tumor suppressor genes function 
with malignant progression, regardless of the initi
ating cause (HOLLSTEIN et al. 1991). 

The tumor suppressor gene p53 has been found to 
be abnormally expressed in a wide range of malig
nancies including HCC (OZTURK 1991). AFB1 is a 
well known mutagen and carcinogen which induces 
HCC.1t has been found to be an important factor in 
inducing a high frequency of codon 249 mutation in 
the p53 gene. Experimentally, a high rate of p53 mu
tations was found in mice treated with AFB1, where a 
transversion mutation G~ T is often observed on 
codon 247, as compared to codon 249 in humans 
(LEE et al. 1998). Independently of the 249 mutation, 
mutations and loss of heterozygosity in the p53 gene 
have been found in HBV-associated HCCs 
(FUJIMOTO et al. 1994; NG et al. 1994). Overex
pression of p53 has been described in some cirrhotic 
livers and in non-tumorous liver tissue from patients 
with HCC (LIVNI et al. 1995). This may indicate an 
abnormal or mutated p53 gene, which could precede 
development of HCC (AG UILAR et al. 1994). 

Mutational activation of the ras oncogene family 
occurs frequently in liver tumors in mice. Similar 
mutations have also been found in human HCCs 
(OGATA et al. 1991; CONTE et al. 1994). 

Other oncogenes such as c-myc and c-erb are also 
highly expressed during tumor development and 
progression. Although increased expression of 
proto-oncogenes is not necessary for cell prolifera
tion, changes in oncogene expressions probably rep
resent one of the multiple steps in HCC maintenance 
(PASCAL et a1.1993; LEDDA-COLUMBANO et a1.1993). 

Several growth factors have been implicated in 
liver carcinogenesis. Transforming growth factor p 
(TGF-P) levels are elevated in patients with HCC and 
increase tumor angiogenesis (SUN et al. 1955). Mes
enchymal-epithelial interactions are also important 
in tumorigenesis. Kupffer cells playa central role in 
intrahepatic growth factor and cytokine production: 
the hepatic depletion of liver macrophages in cirrho-

sis may contribute to HCC development by altering 
the local production of growth factors and cytokines 
(MANIFOLD et al. 1983; KAN et al. 1995). 

In the last few years, molecular markers present in 
liver carcinogenesis have been characterized: al
though their functions have not yet become clear, 
their presence seems to indicate a higher risk of de
veloping HCC. The markers most studied are silver 
staining nucleolar organizer regions (AgNORs) and 
the proliferating nuclear antigen (PCNA), an endog
enous protein involved in the synthesis of the en
zyme polymerase d, which is a marker for cellular 
proliferation (METHA 1995; DERENZINI et al. 1993) 

In summary, growing evidence supports a theory 
of liver carcinogenesis caused by multiple etiological 
agents via the dysregulation of biological signals and 
mechanisms controlling cell proliferation and death. 
To date, no molecular trigger has been identified, 
since most abnormalities seem only to aid tumor 
progression (GRAHAM and ALISTAR 1996). 

3.S 
Primary Hepatic Tumors 

Primary hepatic tumors are classified into three 
main groups: pseudo-tumoral lesions, benign le
sions and malignant lesions. Neoplastic lesions are 
then distinguished into epithelial and mesenchymal 
ones on histogenetic grounds. 

3.5.1 
Benign Lesions 

3.S.1.7 
Pseudo-tumoral Lesions 

3.5.1.1.1 
FOCAL NODULAR HYPERPLASIA 
Focal nodular hyperplasia (FNH) is the most fre
quent benign hepatocellular lesion. Although it can 
occur in any age group, it is most often observed 
between the third and fifth decades of life (BERTI et 
al. 1995). The male to female ratio is about 1:2. 

Pathologic findings: FNH is a generally solitary, 
well circumscribed superficial lesion without a cap
sule, measuring 1-15 cm in diameter (on average 
around 5 cm). On cutting, a whitish depressed area 
of fibrosis can be seen in the center of the lesion with 
broad strands radiating to the periphery in a stellate 
configuration, dividing the lesion into nodules. Ne
crosis and hemorrhage are rare events. 
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Microscopically, all the components of the normal 
liver lobule are present, but there is not a true lobular 
structure: centrolobular veins may be completely 
obliterated and the nodular area can be supplied ex
clusively by peripheral enlarged sinusoids. Fibrous 
septa containing eccentrically thickened vessels and 
newly formed bile ducts converge on the central scar, 
which contains arteries with intimal hyperplasia, 
mural thickening and narrowing stenosis of the lu
men in a dense connective tissue (GRAIG et al.I989). 
Fat degeneration, PAS-diastase positive globules and 
Mallory bodies are sometimes seen. Mitosis and cel
lular atypia are rare events. 

3.5.1.1.2 
BILIARY HAMARTOMA 
This lesion, also known as von Meyenburg's or 
Moschowitz complex, is a fibrolipocystic disease of 
the liver and can be found in congenital hepatic fi
brosis, Caroli's disease and polycystic autosomal 
dominant disease. Its detection is usually casual. 

Pathologic findings: biliary hamartoma generally 
presents as multiple small whitish subcapsular nod
ules scattered throughout the liver. Microscopically, 
these nodules appear as a focal disorderly collection 
of bile ducts and ductules surrounded by abundant 
fibrous stroma: angles, ramifications and cystic dila
tations are common. Isolated instances of malignant 
transformation have been reported (LEE 1994). 

3.5.1.1.3 
MACROREGENERATIVE NODULE 
Macroregenerative nodules can arise on hepatic ne
crosis of any origin or on cirrhosis (in this case it is 
termed AH). 

Pathologic findings: the lesion is composed of 
solitary or multiple nodules varying from 1 to 15 cm 
in size, which are found in the red-bluish necrotic 
liver stroma. It presents as an orange protruding 
nodule. Nodules arising in cirrhosis are usually 
green and their size is less than 3 cm. 

Microscopically, the nodules look like the paren
chymal nodules seen during cirrhosis: hepatocytes 
are arranged in two rows with connective septa con
taining bile ducts, vessels and various degrees of 
lymphocytic infiltration. Some nodules may present 
structural or cytological atypias and, in these cases, 
differential diagnosis with well-differentiated HCC 
is necessary. These latter lesions are also called type 
II macroregenerative nodules, atypical AH and bor
derline lesions, but it is still unclear whether they 
should be considered precancerous lesions (OKUDA 
1986; GRIGIONI et al. 1989). 
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3.5.1.1.4 
NODULAR REGENERATIVE HYPERPLASIA 
Nodular regenerative hyperplasia (NRH) indicates 
widespread hepatic nodules without fibrosis. NRH is 
a rare lesion detected by chance, and is associated 
with portal hypertension or other diseases such as 
Felty's syndrome. 

Pathological findings: multiple whitish small 
nodules are present on the cut surface of the liver, 
which may be mistaken by the surgeon for ::neta
static carcinoma. Microscopically, they appear as 
nodules of hyperplastic hepatocytes arranged in 
multiple rows and surrounded by compressed atro
phic parenchyma. Some authors have described rare 
cases with hepatocellular dysplasia and suggested 
this lesion may be precancerous (WANLESS 1990). 

3.5.1.1.5 
INFLAMMATORY PSEUDOTUMOR 
Inflammatory pseudo tumor is a benign lesion that 
can occur in either sex at any age. 

Pathologic findings: the lesion is solitary, and var
ies in size from 2 to 25 cm in diameter. Microsc:)pi
cally, an inflammatory infiltration of spindle-shaped 
cells, foamy macrophages, lymphocytes and plasm 
cells presents around a central area composed of 
dense connective tissue (HORIUCHI et al. 1990). 

3.5.1.2 
Benign Epithelial Lesions 

3.5.1.2.1 
HEPATOCELLULAR ADENOMA 
Hepatocellular adenoma (HCA) is a benign tumoral 
lesion that shows a predilection for females during 
the third to fifth decades of life. 

Pathologic findings: HCA is usually a solitary sub
capsular lesion measuring 5-15 cm in diameter. It 
displays a well-defined capsule and differs in its yel
lowish or hemorrhagic color from the surrounding 
liver (Fig. 3.12). 

Microscopically, the hepatocytes appear normal 
or slightly enlarged, with pale or eosinophilic cyto
plasm, and are organized in lamellae pervaded by si
nusoids with compressed lumens. The lobular struc
ture is not maintained and there are no portal fields 
or centrolobular veins. Vessels are thickened, and 
thrombi can sometimes cause hemorrhages, necro
sis and scars. Mitoses and cellular atypias are infre·
quent (KERLIN et al. 1983). If there are more than 
four nodules the lesion is referred to as hepatic ad
enomatosis; in this case, structural and cytological 
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Fig. 3.12. Hepatocellular adenoma. A well circumscribed 
hepatocellular adenoma with bulging yellowish cut surface 

abnormalities are often present (LUI et al. 1990; 
SALISBURY and PORTMANN 1987). This latter lesion 
may have acinar structure, biliary pigments and 
slight atypia, and could be considered a precancer
ous lesion (Fig. 3.13) (GRAIG et al. 1989). 

3.5.1.2.2 
BILE DUCT ADENOMA 
Bile duct adenoma is a rare benign tumor detected 
by chance which can be mistaken for metastatic car
cinoma. 

Pathologic findings: the lesion is generally soli
tary, subcapsular, less than 2 cm in diameter, well 
circumscribed and whitish with a dense central area. 
Microscopically, it is made up of small tubular struc
tures with a virtual lumen, surrounded by cuboidal 
epithelium and fibrous stroma. In this lesion, in
flammatory infiltration can be present. 

Fig. 3.13. Hepatocellular adenomatosis. Many multinucleated 
and pleomorphic hepatocytes are evident in this case of 
hepatocellular adenomatosis. Some cells show marked as
pects of liver cell dysplasia. x40 

3.5.1.2.3 
BILIARY CYSTADENOMA 
Biliary cystadenoma is a rare benign lesion which 
characteristically arises in women around 50 years 
old and is a cause of abdominal pain. 

Pathologic findings: grossly, the lesions measure 
2-25 cm, are multilocular and contain a mucinous 
or clear fluid. The tumors are lined by a single layer 
of cuboidal to tall columnar mucin-producing cells, 
which on occasion can be pseudostratified, poly
poid, or papillary. The underlying layer of connec
tive tissue is quite cellular and closely resembles ova
rian stroma. This lesion may undergo malignant 
transformation, and if its excision is not complete, 
tends to recur. 

3.5.1.2.4 
BILIARY PAPILLOMATOSIS 
Biliary papillomatosis is an extremely rare lesion 
characterized by a multicentric adenomatous prolif
eration of the biliary ducts. There are endoluminal 
brownish proliferations of the ducts which can be 
seen macroscopically. Microscopically, papillary bil
iary epithelium can be detected (STERNERG et al. 
1994; PADFIELD et al. 1988). 

3.5.1.3 
Benign Mesenchymal Tumors 

3.5.1.3.1 
HEMANGIOMA 
Hemangioma is the most common benign tumor of 
the liver. It can arise at any age and in either sex. In 
most cases it is found incidentally. 

Pathologic findings: the mass is usually solitary, 
smaller than 4 cm in diameter, and projects only 
slightly above the capsule. On cutting, a spongy ap
pearance and dark red color are characteristic. Mi
croscopically, it is constituted by widely dilated non
anastomotic vascular spaces lined by flat endothelial 
cells and supported by fibrous tissue. Thrombi in dif
ferent stages of organization are often encountered. 
Hemangioma may become calcified, jalinized or os
sified (ISHAK 1988). 

3.5.1.3.2 
RARE BENIGN MESENCHYMAL TUMORS 
Altogether exceptional benign tumors include li
poma, fibroma, leiomyoma, lymphangiomatosis, 
chondroma, hemangioblastoma and mixoma. 
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3.5.2 
Malignant Tumors 

3.5.2.7 
Malignant Epithelial Lesions 

3.5.2.1.1 
HEPATOCELLULAR CARCINOMA 
Pathologic findings: HCC may present as a single 
large mass, as multiple nodules, or in the form of 
diffuse liver involvement. Some lesions are sur
rounded by a grossly distinct capsule. Tumors can 
measure from 1 to 30 cm in size (Fig. 3.14). Over the 
years, many macroscopic classifications have been 
proposed. The most widely used is Eggel's, which 
distinguishes three architectural patterns: massive, 
nodular and diffuse. More recent classifications are 
based on the growth pattern of the lesion and its 
connection with the surrounding parenchyma: 
whether it is expanding with sharp contours or infil
trating with undefined margins. 

Microscopically, HCC shows many variations, not 
only among different histologic types, but also 
within different fields of the same tumor. The prin
ciple architectural structure is trabecular, from 
which the other variants derive. The main variants 
are the pseudoglandular one, with enlargement of 
bile ducts or lysis at the center of the trabeculae, and 
the solid variety, in which the trabeculae are clus
tered together with compression of the sinusoids 
(Fig. 3.15). The transformed hepatocytes can be very 
similar to normal ones or quite undifferentiated. Cy
tologically, the cells can be classified as hepatocytic 
(the most frequent finding, with elements very simi
lar to normal hepatocytes), clear cells, pleomorphic 
cells, giant cells, spindle cells or granular cells. Tu
mor differentiation is assessed in four grades ac
cording to Edmondson and Steiner's grading system. 
The tumor can be completely or partially capsulated, 
,)r may lack a capsule. Mallory's bodies, eosinophilic 
or PAS-positive intracytoplasmatic inclusions are 
frequent. The main histologic variants of HCC are: 
librolamellar, sclerosing, clear cell and sarcomatoid 
:GRAIG et al.1989; MACSWEEN et al.1987; COLOMBO 
1992; CALLELA et al. 1992; OKUDA and ISHAK 1987). 

:i.5.2.1.2 
CHOLANG IOCELLULAR CARCINOMA 
Cholangiocarcinoma is a malignant tumor arising 
from intra- or extrahepatic bile-duct epithelium or 
from hepatocytes. Intrahepatic cholangiocarci
nomas are subdivided according to their location: of 
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Fig. 3.14. Hepatocellular carcinoma. The pseudoadeno
matous pattern of this hepatocellular carcinoma with eden
sive necrosis is a large mass and arose in a normal liver 

Fig. 3.15. Hepatocellular carcinoma. Microscopic aspect of 
trabecular hepatocellular carcinoma with nuclear atypia al1d 
bile production by tumor cells. +40 

the hilus (Klatskin's tumor), of the central bile ducts, 
and peripheric. 

Pathological findings: cholangiocarcinoma pre
sents as a white-grayish solid mass from 2 to 15 crn 
in diameter, with undefined margins. Peripheric 
cholangiocarcinoma is seen as a single mass while 
the hilar and ductal varieties can be seen either as a 
single mass infiltrating the parenchyma, a mass sur
rounding a bile duct, or as a polyoid mass in the lu
men of a bile duct. They usually arise in healthy liv 
ers, seldom in cirrhotic ones. The lesions have a scar
like appearance with a shiny central retraction. 

Microscopically, the most common type is well
differentiated adenocarcinoma, showing glands with 
a small lumen; they are mucin producing (Klatskin's 
tumor) and are surrounded by abundant sclerotic 
tissue (Fig. 3.16). The possible variants of adenocar
cinoma, all of which have been described, are: cystic, 
pleomorphic, papillary, signet-ring, and squamous 
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Fig. 3.16. Cholangiocarcinoma. Glandular structures grow in 
cellular nests, separated by fibrous stroma. x40 

differentiation. Cholangiocarcinoma disseminates 
both via the blood and lymphatically, infiltrating 
perineural, periductal and portal spaces (NAKAJIMA 
et al. 1988; ISHAK et al. 1984). 

3.5.2.2 
Malignant Mesenchymal Lesions 

3.5.2.2.1 
ANGIOSARCOMA 
This rare neoplasm is associated with exposure to 
radiation or some chemical agents. Most cases occur 
in elderly people, usually men. Prognosis is poor. 

Pathologic findings: The entire liver is invaded by 
multiple spongy, white-grayish lumps of less than 5 
cm, with well-defined margins. The tumor may occa
sionally present as a solitary lump. The non-neoplas
tic portion of the liver can be sclerotic or fibrotic. 

Microscopically, malignant proliferating endothe
lial cells can be seen to line the walls of sinusoids or 
incompletely limited blood spaces. They proliferate 
into large clusters, sometimes forming pseudo
masses, but without true cohesion. The cells are 
spindle-shaped with pale cytoplasm and pleomor
phic or hyperchromatic nuclei. Frequent events are 
mitoses, thrombi and hemorrhages. The tumor also 
infiltrates the surrounding hepatic parenchyma, 
which can show hyperplasia, atrophy and fibrosis 
(NAKAJIMA et al. 1988). 

3.5.2.2.2 
EPITHELIOID HEMANGIOENDOTHELIOMA 
This endothelial tumor mainly affects adult females. 
Its prognosis is favorable. 

Pathologic findings: grossly the tumors are often 
multiple. The nodules are grayish, are smaller than 
10 em, and involve both hepatic lobes. 

Microscopically, small groups of neoplastic en
dothelial cells infiltrate sinusoids and veins. The 
stroma, which is usually abundant, may have 
myxoid, sclerotic or calcifying features. The cells are 
plump, with an acidophilic cytoplasm that is often 
vacuolated. On the basis of the cytoplasm, 
hemangioendotheliomas can been classified as 
hepithelioid (with round cytoplasm) or dendritic 
(with starlike cytoplasm) (LENNERT and FELLER 
1992). 

3.5.2.2.3 
RARE MALIGNANT MESENCHYMAL TUMORS 
Primary sarcomas in the liver are exceptional and 
must be distinguished from metastatic tumors de
rived from sarcomas in other sites (particularly the 
retroperitoneum) and sarcomatoid liver cell carci
noma. Primary liver sarcomas arise in adults in the 
fifth or sixth decade of life, and have a poor progno
sis (ISHAK 1988; MACSWEEN et al.1987; NAKAJIMA et 
al. 1988). 

3.5.2.3 
Malignant Lymphomas 

The liver is a very infrequent primary site of malig
nant lymphoma (LENNERT and FELLER 1992). Most 
malignant lymphomas of the liver disseminate from 
other sites, frequently when the spleen is involved. 
Secondary involvement of the liver by non
Hodgkin's lymphomas or Hodgkin's disease is com
mon in advanced stages. 
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4.1 
Epidemiology of Hepatocellular 
Carcinoma 

4.1.1 
Introduction 

Hepatocellular carcinoma (HCC) is the most fre
quent malignant tumor of the liver. Worldwide, HCC 
is the seventh most common form of cancer in males 
and the ninth in females (PARKIN et al. 1984): some 
310000 to 1 million new cases occur each year 
(PARKIN et al. 1992; TERRY 1978). 

There are variations in its frequency in different 
geographical areas; thus, it is the most common ma-
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lignant tumor among males in western, middle and 
eastern Africa, the second most common in southern 
Africa and Southeast Asia, and the third most com
mon among males in China. It is a relatively rare tu
mor in most parts of America, Europe, northern Af
rica and middle and eastern Asia (PARKIN et al. 
1984). 

There are various risk factors that contribute to 
the development of HCe. These risk factors are dif
ferent in different areas. During the last few decades 
a series of epidemiological and laboratory investiga
tions have established an association between hepa
titis B virus and HCe. There are laboratory and epi
demiological studies indicating that aflatoxin plays 
an important role in the development ofHCC in cer
tain areas. Hepatitis C virus (HCV) infection is now 
recognized to be a major risk factor for HCC, evi
denced by epidemiological and molecular studies. 

4.1.2 
Geographical Distribution 

In many countries information on incidence is de
rived from a limited number of cancer registries, 
and only then is it possible to classify countries into 
broad risk categories. Despite these sources of inac
curacy, HCC has a peculiar geographic distribution. 
We can distinguish high risk areas (sub-Saharan Af
rica, Southeast Asia and China) with incidence rates 
of more than 20 per 100 000 of the population per 
annum; intermediate risk areas (Japan and southern 
Europe) with incidence rates of 10-20 per 100000 of 
the population per annum and low risk areas (En
gland, North and South America, Scandinavia, India 
and Australia) with incidence rates of less than 5 per 
100 000 of the population per annum. 

The incidence rate has increased substantially in 
Japan during the past three decades (BOSCH and 
MUNOZ 1995), and slight increases have been re
corded in a number of European countries, in some 
parts of North America and in Israel, India, and 
Puerto Rico (PARKIN et al. 1992; BOSCH and MUNOZ 
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1995). Some of these increases may be apparent 
rather than real, being attributable to changes over 
time in the composition of population or to in
creased efficiency of diagnosis. 

Although mortality is a good indicator of inci
dence, considering the very poor survival in HCC, it 
also has serious limitations, particularly as a consid
erable proportion of cases are registered in national 
records as liver cancer of unspecified origin. World
wide, mortality for HCC is actually 4% (WHO 1982). 

4.1.3 
Sex and Age Distribution 

Men are generally more susceptible than women to 
HCC. The male/female ratio is 4/1. This higher pro
portion of males to females is especially evident 
among populations of high risk areas; moreover, this 
predominance is less marked in the low-risk popula
tions of America and Europe. In patients in devel
oped countries who have hepatocellular carcinoma 
but not cirrhosis, the sex distribution is approxi
mately equal. The high occurrence of HCC in males 
could be explained by a higher susceptibility, genetic 
or acquired, or by a higher exposure to the environ
mental factors associated with HCC. 

In all populations, independent of risk, the inci
dence rates increase progressively with age. In high 
risk populations, there is a shift toward the younger 
age group and the tumor is not infrequently seen in 
patients under 40 years of age. On the contrary, this 
phenomenon does not occur in populations with in
termediate or low rates. Age at exposure to suspected 
risk factors might explain the higher differential in 
risk observed in the younger age-groups between 
high- and low-incidence populations. HCC is rare in 
children (SHORTER et al. 1960). 

4.1.4 
Studies on Migrants 

Persons who migrate from countries with a low inci
dence to those with a high incidence usually retain 
the low risk of their country of origin, even after 
several generations in their new environment 
(PARKIN et al. 1992). The consequences for immi
grants from countries with high incidence to coun
tries where incidence is low differ, depending on the 
major risk factors for HCC in their country of origin 
and on whether hepatitis B virus infection, if this is 
the major risk factor, is acquired predominantly by 
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the perinatal or the horizontal route (PARKIN et al. 
1992; KEW et al. 1986, 1987). 

4.1.5 
Risk Factors 

Hepatocarcinogenesis is a complex incremmtal pro
cess that evolves over many years. Four major (and 
several minor) causal associations of the tumor have 
been identified, as shown in Table 4.1. 

Table 4.1. Risk factors for HCC in humans 

Major 
Chronic HBV infection 
Chronic HCV infection 
Repeated exposure to aflatoxin hI 
Cirrhosis 

Minor 
Oral contraceptive steroids 
Cigarette smokings 
Hereditary hemochromatosis 
Wilson's disease 
aI-Antitrypsin deficiency 
Type I hereditary tyrosinemia 
Glycogen storage disease (types 1 and 2) 
Ataxia telangiectasia 

4.1.5.1 
Hepatitis B Virus 

Several epidemiological studies and laboratory in
vestigations have established that there is a strong 
and specific association between HBV and HCC. 
This association is restricted to the chronic HBV in
fection, characterized by the presence of HBsAg in 
the serum of patients. 

Epidemiological Data. Chronic infection with HBV 
may cause as much as 80% HCC. Although an asso
ciation between the virus and the tumor ha~ been 
demonstrated in all populations, it is closest in eth
nic Chinese and black Africans, as many as 80% of 
whom are still infected when they develop HCC 
(BEASLEY et al. 1982; KEW 1981). 

Three types of epidemiological studies have been 
conducted: 
- Correlation studies: These studies have demon

strated that there is a positive correlation be
tween mortality from HCC and prevalen:e of 
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HBsAg (SZMUNESS 1978; MUNOZ and LINSELL 
1982). Thus, those countries with a high preva
lence of HBsAg (Southeast Asia and sub-Saharan 
Africa) also have the highest rates of HCC and 
populations with low rates of HCC (America and 
Europe) also have low prevalence rates of HBsAg 
carriers. An exception to this general pattern is 
represented by the Greenland Eskimo population, 
in which there is a high prevalence of HBsAg car
riers and a low incidence rate of HCC. 

- Case-control studies: These studies have shown 
that in the high-risk and in intermediate-risk 
populations the relative risk (RR) associated with 
the presence of HBsAg ranges from 10 to 20 
(PRINCE et a1. 1975; KEW et a1. 1979; LAM et a1. 
1982; YEH et a1. 1985; LINGAO et a1. 1981; 
TRICHOPOPOULOS et a1. 1987). 
On the contrary, the RR is higher in the low-risk 
populations, where the prevalence rates of HBsAg 
in the control population are very low. 

- Cohort studies: These studies have compared the 
occurrence of HCC among HBsAg carriers with 
that of a noncarrier control population, demon
strating that the HBV infection precedes the de
velopment of HCC. 

Indirect evidence that HBV infection precedes 
HCC is derived from the analysis of age-specific 
prevalence curves of HBsAg carriers in high-risk 
populations for HCC, showing a peak in the first de
cade of)ife (SZMUNESS et a1. 1973). In this popula
tion, HBV perinatal infection could be one of the 
crucial factors in determining the risk of developing 
HCC. The high prevalence of HBsAg carriers in 
childhood among high-risk populations could ex
plain the relatively common occurrence of HCC in 
younger age-groups in these populations. 

In addition, sex distribution provides further epi
demiological evidence of developing HCC on 
chronic HBV infection. The higher prevalence rates 
of HBsAg carriers among males fit quite well with 
the fact that males are more susceptible than females 
to developing HCC. 

Laboratory Studies. The first studies were on the 
oncogenicity of the Hepadnaviridae virus family, to 
which HBV belongs. These studies demonstrated 
that Eastern woodchucks infected with these 
oncoviruses develop HCC within 2 years of infec
tion. Similar outcomes have been obtained with 
Beechey ground squirrels infected with ground 
squirrel hepatitis virus (GERIN et a1. 1991; MARION 
et a1. 1987). 

HBV DNA is integrated into cellular DNA in about 
95% of patients with HBV-related tumors 
(ROBINSON 1992). The mechanism of viral involve
ment remains unclear. Evidence is accumulating, 
however, that both direct and indirect carcinogenic 
effects are operative. 

Both the X gene (KIM et a1. 1990) and the 3' trun
cated preS/S gene (KEKULE et a1. 1990) have 
transactivating properties; the introduction of the 
preS/S gene into DNA of transgenic mice induces the 
development of HCC in the absence of chronic 
necroinflammatory hepatic disease. Integration also 
perturbs the function of cellular oncogenes and tu
mor suppressor genes, contributing to hepatocellu
lar carcinogenesis (KEW 1996). Recently it has been 
demonstrated that pX (the product of the X gene) 
can interact with p53 protein, possibly interfering 
with its antitumor action (p53 is an important factor 
acting on regulation of apoptosis) (WANG et a1.1994; 
SHAFRITZ et a1.1981). 

In addition, by increasing the cell turnover rate, 
chronic or recurring cycles of hepatocyte necrosis 
and regeneration induced by the virus may act as a 
promoter of hepatocarcinogenesis: the DNA of di
viding cells is more susceptible to spontaneous mu
tation and to exogenous damage and there is insuffi
cient time to repair damage DNA before the cell di
vides again, thus fixing the altered DNA in the prog
eny. 

4.1.5.2 
Hepatitis C Virus 

Hepatitis C virus infection is now recognized to be a 
major risk factor for HCC, evidenced both byepide
miological and molecular studies (DI BISCEGLIE 
1997). 

HCV-related HCC appears to be most prevalent in 
areas with an intermediate risk for HCC, such as Eu
rope and Japan, whereas in countries where HCC is 
most common, infection with the hepatitis B virus is 
the dominant cause of HCC. 

Thus, in Japan, Italy and Spain, chronic HCV in
fection is the major risk factor for HCC, antibody to 
the virus or viral RNA being detected in the serum of 
as many as 83% of patients (KEW 1994). Not all coun
tries in southern Europe are the same in this regard: 
in Greece, for instance, fewer than 20% of patients 
with HCC were found to be anti-HCV positive 
(HADZIYANNIS et a1. 1995). A far smaller percentage 
of ethnic Chinese and black African patients have 
HCV-induced tumors, and in other countries HCV 
and HBV appear to account for a small but equiva-
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lent proportion of patients. It is not known if HBV 
and HCV interact in the hepatocarcinogenesis; pa
tients with HCV-induced tumors are substantially 
older than those with HBV-induced tumors (KEW 
1994). 

The precise mechanism by which HCV infection 
results in HCC is not known. HCV acts as an indirect 
carcinogen by inducing chronic necroinflammatory 
hepatic disease, as confirmed by the fact that all re
ported HCV-related HCC have arisen in cirrhotic 
liver (KEW 1994). 

HCV is an RNA virus and so its genome does not 
seem to become integrated in the host DNA. It has 
been noted recently that the HCV core protein has 
some potential direct carcinogenic effects in vitro 
(RAY et al. 1996a,b); several investigators have sug
gested that genotype 1b is associated with an in
creased risk of HCC compared with other genotypes 
(SILINI et al.1996; TANAKA et al.1996). This associa
tion between HCV genotypes 1 band HCC is not con
firmed by a recent, longitudinal study conducted in 
Italy (BENVEGNU et al. 1997). 

Because not all patients with HCV infection de
velop HCC, efforts have been aimed at determining 
which patients are at particular risk. Alcohol con
sumption appears to significantly worsen the course 
of chronic hepatitis C, perhaps accelerating the de
velopment of cirrhosis. In a study of patients with 
established cirrhosis (KEW et al. 1997), the 10-year 
rate of HCC was 19% in those with cirrhosis caused 
by alcohol alone, 57% in those with HCV-related cir
rhosis, and 81 % among those with HCV infection 
who consumed more than 120 g alcohol per day. 
Thus, it seems that alcohol consumption may both 
accelerate the development of cirrhosis and the ap
pearance of HCC after cirrhosis is established. 

4.1.5.3 
Aflatoxins 

Aflatoxins are mycotoxins elaborated by Aspergillus 
flavus, a ubiquitous fungus contaminating many 
staple foodstuffs in tropical and subtropical regions. 
There are four major members of this group (afla
toxins ~1' ~2' 11 and 12)· Aflatoxin ~l is a major risk 
factor for HCC in certain geographic regions 
(NEwBERNE 1984). 

Epidemiologic correlations studies have shown a 
positive correlation between exposure to this myc
otoxin and the incidence of HCC (NEwBERNE 1984; 
Ross et al. 1992). Each of them indicates that inci
dence of HCC rises with the increase of aflatoxin in 
the diet. 
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In the Philippines, assessment of aflatoxin expo
sure was attempted using a dietary recall question
naire and a table which provided measurements of 
aflatoxin in the local foodstuffs. In cases of HCC, 
there was exposure to a higher aflatoxin load per day 
than in matched controls (BULATAO-JAIME et al. 
1982). 

Epidemiological studies dealing with aflatoxin are 
often confounded by the simultaneous high rate of 
HBV infection in the same population. 

During recent years evidence has emerged of a 
possible link between heavy exposure to aflatoxin 
and the presence of a specific inactivating point mu
tation in the p53 tumor-suppressor gene in HCC, 
suggesting one way in which this mycotoxin may 
contribute to hepatocellular carcinogenesis (Hsu et 
al. 1991; BRESSAC et al. 1991). 

4.1.5.4 
Cirrhosis 

Cirrhosis is a dynamic condition of varied .!tiology 
with different malignant potentials. The simple mor
phological classification of macronoduhr and 
micronodular is useful in explaining the association 
of cirrhosis with liver cancer. In ethnic Chinese and 
black Africans cirrhosis appears usually in the 
macronodular form, being the consequence ,)f HBV 
infection, whereas in other populations it is com-· 
monly of the micronodular variety and is usually 
caused by chronic HCV infection, alcohol abuse or 
both. 

Whether HCC is an inevitable consequencf' of cir
rhosis per se is uncertain. 

There is no agreement as to the oncogenic poten
tial of the different types of cirrhosis. The essential 
point to determine is whether the etiological agents 
of the cirrhosis also cause HCC, the regenerative 
process associated with any cirrhosis leads by itself 
to HCC, or both mechanisms are involved. Probably, 
the role of cirrhosis is different in different incidence 
areas: in high risk areas, cirrhosis and HCC have the 
same etiology (viruses, alcohol or both); in low risk 
areas cirrhosis antedates the development of HCC 
and it is the cause of hepatocellular cancerogenesis. 

4.1.5.5 
Minor Risk Factors 

Tobacco Smoking. Controversy exists over whether 
this is a minor risk factor for HCC, but the bulk of 
evidence suggests it is. However, these results are 
based on death certificates, which are known to be 
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unreliable as diagnostic sources of primary liver 
cancer. 

Sex Hormones. A statistically significant correlation 
has been demonstrated between the use of contra
ceptive steroids and the occurrence of HCC (TAVANI 
et al. 1993). The study has been conducted in coun
tries with a low incidence of HCC. The risk is di
rectly related to the duration of use. Moreover, the 
increased risk persists for approximately 10 years 
after the drugs are stopped. 

Hereditary Hemochromatosis (HHe). This is a dis
ease characterized by iron overload, genetically de
termined by an inappropriate increase in intestinal 
iron absorption. All patients with HHC have in
creased hepatic iron stores; abnormalities in serum 
aminotransferase levels are present in 30-50% of 
patients and the majority of patients develop cirrho
sis (NIEDERAU et al. 1985; ADAMS et al. 1991; BACON 
and SADIQ 1995). As many as 45% of persons suffer
ing from hereditary hemochromatosis develop HCC. 
HCC occurs only in patients with cirrhosis; a few 
patients, however, develop the tumor in the absence 
of cirrhosis, suggesting a direct carcinogenic role of 
iron in hepatocarcinogenesis (KEW 1990), perhaps 
by generating oxygen radicals (LOEB et al. 1988). 

Wilson's Disease. This is an autosomal recessive dis
order of copper overload, which can lead to cirrho
sis. Patients with this disease rarely develop HCC, 
although in the presence of cirrhosis (POLIO et al. 
1989). This has been attributed both to the cirrhosis 
and to oxidant stress secondary to accumulation of 
copper in the liver (TOKOL et al. 1994). 

4.2 
Clinical Features of Hepatocellular 
Carcinoma 

4.2.1 
Introduction 

Patients with HCC are often unaware of its presence 
until the tumor has reached an advanced stage (KEW 
et al.1971; BAGSHAVE and CAMERON 1976; KEW and 
GEDDS 1982). 

Many patients with HCC have a past or current 
history of chronic liver disease, as shown in Table 
4.2. 

Table 4.2. Past history in patients with HCC (data from Liver 
Cancer Study Group 1982-1983) 

History No. of cases Percentage 
(yes/no) 

Acute hepatitis 
Confirmed 214/l378 15.5 
Suspected 7111378 5.2 

Chronic hepatitis 678/1365 49.7 
Liver cirrhosis 906/1485 61.0 
Alcohol 510/1749 29.2 
Drug-induced liver disease 8/1646 0.5 
Prolonged use of medicines 102/1700 6.0 

Before the late stage of HCC, the signs and the 
symptoms of patients are usually related to the con
dition underlying the tumor. 

Clinical recognition of HCC is difficult. There are 
several reasons for this: none of the early clinical 
manifestations of HCC (if present) are pathogno
monic; the liver is relatively inaccessible to the exam
ining hand, and its large size allows the tumor to 
reach a large size before it can be felt or before invad
ing adjacent structures. 

In the low-incidence regions (but also in Japan, a 
country with intermediate incidence), HCC com
monly develops as a complication of longstanding 
cirrhosis. The patient has few new symptoms, if any. 
One circumstance that should alert the clinician to 
the possible supervention of HCC in a cirrhotic liver 
is a sudden and unexplained change in the patient's 
condition: abdominal pain or weight loss can appear, 
ascites may become troublesome or blood-stained, 
and the liver can rapidly enlarge or hepatic failure 
may arise. In contrast, in populations at high risk of 
HCC, symptoms of coexisting cirrhosis are over
shadowed by those of the tumor. In these popula
tions the tumor has a large size and signs and symp
toms are more florid; this aspect can help the diag
nosis. 

4.2.2 
Symptoms 

The most common - and frequently the first - com
plaint is right hypochondrial or epigastric pain 
(KEW et al. 1971; BAGSHAVE and CAMERON 1976; 
KEW and GEDDS 1982) (Table 4.3). Although some
times severe, it is usually a dull continuous ache, 
which can become more intensive in the later stages 
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Table 4.3. Prevalence of clinical features of HCC 

Symptoms Prevalence (%) 

Abdominal pain 59-95 
Weight loss 34-71 
Weakness 22-53 
Abdominal swelling 28-43 
Nonspecific gastrointestinal symptoms 

25-28 
Jaundice 5-26 

of the disease. Two other symptoms often accompa
nying the pain are weakness and weight loss. 

Other complaints are anorexia, dyspepsia, aware
ness of a mass in the upper abdomen, and constipa
tion. 

Jaundice is rarely present and is often obstructive 
(KEW and PATERSON 1985). 

Rarely, HCC presenting with acute abdomen 
when the tumor ruptures causes an hemoperito
neum; with bone pain due to skeletal metastases; 
with sudden paraplegia due to spinal metastases; or 
with cough or dyspnea as a result of multiple pulmo
nary metastases (KEW and PATERSON 1985). 

4.2.3 
Physical Findings 

As symptoms, physical findings are different accord
ing to the stage of the illness (Table 4.3). When the 
tumor is advanced, the liver is almost always en
larged, particularly in black African and ethnic Chi
nese patients; hepatic tenderness is common and 
may be severe. The surface of the enlarged and ten
der liver is smooth, irregular or frankly nodular. An 
arterial bruit can be heard over the tumor (KEW et 
al. 1971; KEW and GEDDS 1982; CLAIN et al. 1976; 
OKUDA and NAKASHIMA 1984). It is rough in charac
ter, systolic in timing and not affected by the posi
tion of the patient. 

Ascites can be present (KEW et al.197l; BAGSHAVE 
and CAMERON 1976; KEW and GEDDS 1982).Ascites, 
in the bulk, is the result of portal hypertension due to 
cirrhosis, but there are cases in which ascites is 
caused by vascular invasion or by involvement of 
peritoneum by the primary tumor or by metastases. 

Splenomegaly can be present and it reflects cir
rhosis and portal hypertension (KEW et al. 1971; 
BAGSHAVE and CAMERON 1976; KEW and GEDDS 
1982). 

Physical signs 

Hepatomegaly 
Hepatic bruit 
Ascites 
Splenomegaly 
Jaundice 
Wasting 
Fever 

Prevalence (%) 

54-98 
6-25 

35-61 
27-42 

4-35 
25-41 
11-54 

L Bolondi et al. 

Progressive muscle wasting is the rule in the latter 
stages of the illness. A low-moderate and intermit
tent or remittent fever can be present (KE w et al. 
1971; BAGS HAVE and CAMERON 1976; KEW and 
GEDDS 1982). 

4.2.4 
Paraneoplastic Manifestations 

Like other tumors, HCC may synthesize and secrete 
substances that are biologically active and in this 
way it can cause deleterious effects. Clinically recog
nizable effects are most often caused by secretion of 
hormones or hormone-like substances. Some 
paraneoplastic effects can precede the local effects 
of the tumor; thus, they may attract attention. In 
addition, some, such as hypoglycemia or hype rcalce
mia, have therapeutic indications (Table 4.4), 

Polycythemia occurs in fewer than 10% of pa
tients. If a patient with cirrhosis develops poly
cythemia, it can be that HCC has supervened. The 
pathogenesis of this phenomenon is not clear; re
cently, it has been demonstrated that erythrocytosis 
results from the secretion of erythropoietin by the 
tumor (KEW and DUSHEIKO 1981). 

Another important paraneoplastic syndrome is 
hypoglycemia. It can be severe and manifests rela
tively early in the course of the illness; it can be the 
reason for which the patient is brought to medical 
attention. The hypoglycemia is believed to result 
from production by the tumor of a high-molecular 
weight form of the precursor of insulin-like growth 
factor II (pro-IGF II). This factor is bound less avidly 
as serum by IGF-binding protein than IGF II; conse
quently, it is far more readily accessible to peripheral 
tissues, where it can enhance glucose uptake to 
pathological levels (DAUGHADAY et al. 1990). 

Some patients can present hypercalcemia in the 
absence of skeletal metastases (TAMURA et al. 1994). 
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Table 4.4. Paraneoplastic syndrome associated with HCC 

Hypoglycemia 
Polycythemia 
Hypercalcemia 
Sexual changes: isosexual precocity, gynecomastia, femini
zation 
Systemic arterial hypertension 
Water diarrhea syndrome 
Porphyria 
Carcinoid syndrome 
Osteoporosis 
Hypertrophic osteoarthropathy 
Thyreotoxicosis 
Thrombophlebitis migrans 
Polymyositis 
Neuropathy 
Cutaneous markers: pityriasis rotunda, dermatomyositis, 
pemphigus foliaceus 

This phenomenon has been attributed to production 
by the tumor of parathyroid hormone-related pro
tein (TAMURA et al. 1994). Hypercalcemia can be se
vere and the patient can be drowsy and lethargic. 

Rarely, HCC can give cutaneous manifestations. 
In black Africans, a marker of the presence of HCC is 
pityriasis rotunda, consisting of single or multiple, 
round or oval, hyperpigmented, scaly lesions on the 
trunk that range in size from 0.5 to 25 cm 
(BERKOWITZ et al. 1989). 
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5.1 
Introduction 

Despite the advancements of CT and MR imaging, 
ultrasonography (US) has continued to improve and 
to develop as well as to have enormous applications, 
implications, and importance in diagnostic imaging 
of the liver. While gray-scale imaging has improved 
significantly, so that the definition of subtle lesions 
only a few millimeters in size is now possible, recent 
years have seen the most exciting advances in Dop
pler US technology. The development of power Dop
pler imaging has substantially improved perception 
of tumor vascularity. The introduction of US con
trast media in combination with harmonic imaging 
has even further enlarged the potential uses of this 
technique. This article explores the most recent ad
vances in gray-scale and Doppler US of the liver, 
with emphasis on their clinical applications for the 
study of hepatocellular carcinoma (HCC). US cur
rently plays a fundamental role in the diagnostic and 
therapeutic management of patients with HCC. 

5.2 
Gray-Scale Ultrasound 

5.2.1 
Technique 

In western Europe and North America, US repre
sents the largest sales among imaging machines. 
Among the radiological community, the market 
share of high quality machines is tending to in
crease, representing 500ft) of sales of the top ten ma
chines in 1997 in the United States. This is a conse
quence of the obvious improvement of the method 
during the last few years, and significant advances in 
image quality and color Doppler imaging. Although 
routine surveys of patients for the detection of liver 
masses can still be performed with machines of av-
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erage quality, special examinations like Doppler 
evaluation of liver tumors, with or without contrast 
media, require higher quality. The main advances in 
US rely on probe technology and computerization of 
the signal. Whatever the type of US scanner used, 
attention should be paid to probe frequency and 
image focusing. When purchasing a machine, gen
eral ergonomy is of major interest, as well as objec
tive (and subjective) image quality. 

5.2.1.1 
Ergonomy 

Ergonomy of the machine itself is an important 
topic. It should be stressed that not all machines 
would be convenient for mobile bedside us. Al
though very recent machines tend to benefit from 
the miniaturization of the computer components, 
and are high performance machines with acceptable 
size, many devices are not adapted for bedside ex
amination. This has to be considered because emer
gency and post-surgical bedside machines are being 
developed, especially in the case of liver transplanta
tion. Although smaller machines are necessary, the 
quality of color Doppler images has to be stressed, 
because the evaluation of vessels, and especially the 
hepatic artery, is the main interest with such pa
tients. 

For upper abdominal imaging, sector scanning, ei
ther with mechanical probes or curved arrays, is best 
adapted to patient morphology, because an intercos
tal approach is always necessary to examine the entire 
liver. It is observed that almost all probes are now 
curved arrays. These probes have many advantages: 
the absence of mechanics improves reliability; in
creasing the number of elements allows better focal
ization of gray-scale image, a higher rate of image ac
quisition, and a higher signal to noise ratio in Doppler 
signal sampling. It is now possible to acquire high
resolution images with a color Doppler signal, and 
multiple focal zones without having the penalty of a 
slowed rate of image refreshment. Mechanical probes 
still have two advantages: a better focalization in the 
perpendicular axis to the slice, and a smaller contact 
area with the skin allowing better examination 
through small windows. The former advantage will 
not last for more than a few years as electronic sector 
probes with perpendicular focalization develop. Con
cerning the size of the probe, phased-array sector 
probes - such as those dedicated to cardiac imaging -
provide the same advantage, and the image quality in
creases. It could be anticipated that most examina-
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tions of the abdomen would be made with electronic 
sector probes in the near future. 

Another advantage of ultrasonography is the 
guidance of intervention, for instance biopsy or per
cutaneous thermal ablation. A special needle guide 
could help guidance by itself, with a fixed route ap
pearing on the image. Most operators, especially ex
perienced ones, prefer the hand-held method. When 
purchasing a device, attention should be paid to the 
compatibility of the probes with the sterilization 
technique, which should be attested by the vendor. 

Machines which allow several transducers to be 
connected at the same time have a clear advantage, as 
the time required to shift from one probe to another is 
minimized. Three probes could be currently con
nected to many modern machines, but many still al
low only two simultaneous connections. Whether 
switching of the probe is easy or not is another inter
esting point to consider when purchasing the ma
chine, accessibility being very poor in some machines. 
Although liver imaging does not require more than 
two probes, and usually no more than one, in most 
cases, it should be anticipated that future develop
ments would include a specialized transducer, neces
sitating more frequent probe switching. As an ex
ample, 3D imaging may require dedicated probes. 

5.2.1.2 
Frequency 

Modern US devices are real-time, high-resolution 
machines. Many modern transducers allow ,1 large 
bandwidth emission/reception. Image pro:Jerties 
can be chosen in order to fit the patient's morpho
logic appearance. Preference can be given to higher 
frequency signals (5-7 MHz) in thin patients, and 
whether low frequency signals give better signals 
(2-4 MHz) in large patients. Spatial resolution in
creases when using higher frequency, but, con
versely, signal attenuation increases too. Depending 
on the device, selection of the main frequency is 
automatic or manual. In some machines, the opera
tor chooses the main frequency, whereas in other 
devices the best frequency is chosen while selecting 
"optimization" programs. 

In less sophisticated machines, the frequency can
not be changed, either due to fixed excitation of the 
probe, or more likely in relation to a simplified signal 
analysis, focussing on the nominal probe frequency. 
Even if large bandwidth analysis provides an opti
mized image, an excellent diagnostic examination 
can still be done with a simpler machine. As a o:om-
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promise, 3.5 MHz is the average frequency for all
purpose examinations. A 5-MHz probe is useful in 
thin adults and children. 

5.2.1.3 
Focusing 

Focusing is crucial as the spatial resolution of the 
image depends on the width of the US beam. In or
der to differentiate two spots, the beam width should 
be inferior to the distance between these two spots. 
Focusing is the method for narrowing the beam in 
the area of interest. Different methods can be used, 
depending on the transducer technology. With elec
tronic probes, focusing is obtained with a calculated 
delay of excitation of the different crystals, and ar
rangements in signal reception. Different groups of 
crystals are dedicated to a focal area. When multi
plying the focal areas, time for signal acquisition 
and signal treatment increases, leading to a slower 
rate of images. New probes with more than 128 crys
tals and improved computing capabilities allow ex
tensive focusing with no penalty for high-quality 
machines, but are not always available with low- or 
mid-segment machines. 

When examining the liver, the focus should be set 
from 5 to 12 cm in depth. With single focal area ma
chines, it is recommended to set the focal area to 
two-thirds of the distance between the skin and the 
diaphragm, as the resolution deteriorates more rap
idly distally than proximally to the selected area. No 
equipment can provide optimal focusing of the 
whole image. It is then mandatory to focus on differ
ent zones in order to obtain an optimal examination 
of liver depth and surface. 

5.2.1.4 
Gain Curve 

It is commonplace to stress the fact that attenuation 
of the US beam is different from one patient and 
examination to another, due to patient morphology, 
depth of the region of interest, and other patient 
characteristics. As a consequence, settings of the 
beam will not be convenient for every patient. It is 
recommended to start the examination with a test 
image of the liver through the intercostal approach, 
where fat planes are the smallest. On this image a 
general and localized gain should be set in order to 
make the liver appear homogeneous from the sur
face to depth, with a clear differentiation of liver sur-

face from the superficial planes, echo-free vessels 
and gallbladder, the liver appearing as mid-gray. 
Only minimal modification of the settings should be 
necessary for the rest of the examination. 

5.2.1.5 
Other Parameters 

Screen controls should not be modified, as they 
should be set to optimal for all examinations. Set
tings concerning pre- and post-processing are es
sentially subjective and the image appearance can be 
set in order to sharpen or smooth the image, de
pending on personal preference. 

5.2.2 
Ultrasound Screening of Hepatocellular 
Carcinoma 

The liver is an excellent organ for evaluation by 
means of US, especially for the detection of focal 
lesions. US is the preferred routine hepatobiliary 
imaging method worldwide: it is easy to perform, 
largely accessible, and has a low cost. Moreover, ac
ceptance by the patient is good to excellent, which is 
mandatory for a technique dedicated to routine sur
vey. Furthermore, even if high level equipment is 
required to perform cutting-edge techniques like 
harmonic imaging or quantification of enhance
ment after contrast media injection, adequate diag
nostic examinations can be performed with low- or 
mid-priced devices. 

Since the mid-1970s, the recognition of the close 
association of H CC with cirrhosis has stimulated the 
development of clinical programs for the early de
tection of HCC in cirrhotic patients (KABAYASHI et 
al. 1985; OKUDA 1986). Extensive screening for HCC 
was made possible by the application of sensitive 
and specific diagnostic methods, such as assays for 
serum alpha-fetoprotein (AFP) and real-time US. US 
has been the imaging method of choice for screening 
high-risk patient populations, such as cirrhotic pa
tients and patients infected with hepatitis Band C 
viruses (BRUIX et al. 1989; BEASLEY et al. 1981; 
TAKANO et al. 1995). This resulted in great success in 
detecting small HCCs less than 2-3 cm in diameter 
and early-stage well differentiated HCCs. Based on 
this screening protocol, approximately 20-30% of 
the HCC nodules currently detected are less than 2 
cm in diameter, and 50-60% are less than 5 cm in di
ameter. In only 15-20% of the small HCC cases 
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(less than 2 cm) is the AFP level increased to more 
than 20 ng/ml (COLOMBO et al. 1991). 

Thus, regular screening of high-risk patients by 
US is undoubtedly important in the early detection 
of small HCC in the clinical setting, especially in 
countries where HCC is prevalent (TANAKA et al. 
1986, 1990a; PATERON et al. 1994). The most com
monly used screening protocol includes regular fol
low-up of high-risk patients with US examination 
and serum AFP measurement every 3-6 months 
(BARTOLOZZI et al. 1995; CHOI et al. 1989a; RICCA 
ROSELLINI et al. 1992). 

5.2.3 
Ultrasound Features of Hepatocellular 
Carcinoma 

5.2.3.1 
Small Hepatocellular Carcinoma 

Morphologically, small HCC tumors less than 3 cm 
in greatest dimension usually show a nodular con
figuration and may be divided into four types: single 
nodular type, single nodular type with extranodular 
growth, contiguous multinodular type, and poorly 
demarcated nodular type (BUSCARINI et al. 1991, 
1996; IKEDA et al. 1994; TAKAYASU et al. 1990). 

Small, classical, nodular type HCC is a sharply de
marcated lesion, which mayor may not be encapsu
lated. Pathologically, the tumor capsule is seen in 
about 50-60% of small HCC lesions. On US, the 
shape of the tumor appears round or oval, and its 
boundary is sharp and smooth. The US detection 
rate of the capsule is low in small tumors because the 
capsule is thin and poorly developed. The fibrous 
capsule is seen as a peripheral hypoechoic halo. 
However, depiction of peripheral halo may also be 
due to compressed liver tissue at the periphery of the 
tumor (so called "pseudocapsule"). The presence of 
the fibrous capsule is commonly said to produce a 
typical US feature of HCC, represented by lateral 
shadows. More probably this phenomenon is not 
unique to HCC and depends on the incidence of the 
US beam on the lateral profile of a round mass acting 
as a refracting lens (Ros et al. 1990). The single 
nodular type with extranodular growth, the contigu
ous multinodular type, and the poorly demarcated 
nodular type show a nodular configuration with an 
irregular or blurred margin on US images (Fig. 5.1) 
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Fig. 5.1. Small hepatocellular carcinoma of the poorly demar
cated nodular type (arrow). The lesion shows an irregular 
and blurred margin on the US image 

(CHOI et al. 1989b; HONDA et al. 1992; OKUDA et al. 
1977; SHINAGAWA et al. 1984). 

There are three types of internal echogenicity in 
HCC: hypoechoic, isoechoic, and hyperechoic 
(KANNO et al. 1989). When the nodule is small, 
the internal echo pattern tends to be hypo echoic 
(Fig. 5.2). 

Sometimes small HCCs may exhibit a hyper
echoic pattern, which is indicative of fatty melamor
phosis, clear cell change, pseudoglandular arrange
ment of the cancer cells, peliotic changes of the vas
cular space in the tumor, or sclerotic changes in the 
tumor (Fig. 5.3). 

More than half of small HCC nodules present with 
a hypoechoic pattern, about one-third present with a 
hyperechoic pattern, whereas a minority of lesions 
present with an isoechoic pattern, frequently with a 
peripheral hypoechoic halo (Fig. 5.4). 

Many HCC are homogeneous, but some are found 
to be heterogeneous and consist of a mosaic. Internal 
mosaic architecture is a typical feature oflarge HCC 
and is characterized by components separated by 
thin septa. The different components may show vari
ous echogenicities on US images, particularly if ar
eas of different degrees of differentiation or diff.~rent 
degrees of fatty metamorphosis are present (Fig. 
5.5). 

Another characteristic US feature of HCC is pos
terior echo enhancement, which is produced by the 
softness of the tumor compared with the surround-
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ing cirrhotic tissue. This feature may serve to detect 
isoechoic lesions (Fig. 5.6) (BOULTBEE 1979; 
WERNECKE et al. 1992; TANAKA et al. 1983; 
SAKAGUCHI et al.1992). 

5.2.3.2 
Advanced Hepatocellular Carcinoma 

Advanced HCC lesions are classified into three ma
jor types: expansive nodular type, infiltrative type, 
and diffuse type (BUSCARINI et al. 1991, 1996). 

The typical expansive type of HCC is a sharply 
demarcated lesion, which may be unifocal or multi-

Fig. 5.2. Small hepatocellular carcinoma. The tiny lesion (ar

row) appears hypoechoic with respect to surrounding liver 
parenchyma 

Fig. 5.3. Small hepatocellular carcinoma with hyperechoic 
pattern (arrow). Biopsy showed a well-differentiated tumor 
of Edmondson grade 1 

Fig. 5.4. Small hepatocellular carcinoma (arrows). The lesion 
appears isoechoic to liver parenchyma with a peripheral 
hypoechoic halo 

focal. Most expansive HCC lesions have a well-devel
oped fibrous capsule. The capsule may be depicted 
by US in up to 60-70% of large, encapsulated lesions 
on macroscopic pathologic examination (Figs. 5.7, 
5.8) (Ros et a1.1990). Internal architecture is typi
cally characterized by mosaic pattern, with compo
nents of different echogenicity separated by thin 
septa (Fig. 5.9). In large lesions, mosaic architecture 
should not be confused with uneven US appearance 
caused by degeneration, necrosis, or bleeding. 

The infiltrative type HCC is characterized by an 
irregular and indistinct tumor-nontumor boundary. 
This type is demonstrated as a mainly uneven area 
with unclear margins (Fig. 5.10). The tumor forms 
strands into surrounding tissue, which frequently 
invade vascular structures, particularly portal vein 
branches. 

HCC, in fact, has a great propensity for invading 
and growing into the portal vein, eliciting tumor 
thrombi (Fig. 5.11). Infiltrative HCC may create a 
massive involvement of the liver, replacing large 
parts of the parenchyma. The diffuse type is by far 
the most unusual presentation of HCC. This type is 
characterized by numerous nodules of small size 
scattered throughout the liver. The nodules do not 
fuse with each other and are visualized as diffusely 
distributed hypo echoic lesions (OKUDA et al. 1977; 
HONDA et al. 1992). 

In addition to these morphological features, HCC 
has the typical tendency to give small or minute sat
ellite nodules, called "daughter" lesions. These nod-
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Fig.5.5a,b. Small hepatocellular carcinoma with internal mo
saic architecture. The lesion (arrows) shows hypoechoic and 
hyperechoic portions on the US image (a). On spiral CT, 
hypo echoic and hyperechoic areas showing different degrees 
of attenuation are depicted within the tumor (arrow). A 
daughter lesion is also depicted in the spiral CT image 

ules represent intrahepatic metastases developed via 
the portal vein branches and are frequently located 
in the vicinity of the main tumor. Identification of 
these satellite lesions is of the utmost importance for 
therapeutic planning, and represents one of the most 
challenging issues in HCC patients. Satellite lesions 
should be distinguished from multiple small HCC 
tumors caused by multicentric development. Such a 
distinction is important since the presence of intra
hepatic metastases indicates a more advanced stage 
and is associated with a worse prognosis (HAYASHI 
et al. 1987; OKUDA et a1.1985) (Fig. 5.12). 

Unusual histopathologic characteristics of HCC 
may modify the typical US appearance of this tumor 
(YOSHIKAWA et al. 1988). These unusual histopatho-
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Fig. 5.6. Hepatocellular carcinoma with hypoechok pattern 
and posterior echo enhancement (arrows) 

Fig. 5.7. Expansive type hepatocellular carcinoma. The lesion 
(arrow) appears well demarcated with respect to surround
ing liver parenchyma, although the capsule is not depicted 

logic characteristics include marked fatty change, 
massive necrosis, abundant fibrous stroma (scleros
ing type HCC), sarcomatous change, and calcifica
tions. When fatty metamorphosis is severe, US shows 
hyperechoic areas within the tumor. When the de
gree of fatty deposition differs among internal por-
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Fig. 5.8. Expansive type hepatocellular carcinoma. The lesion 
(arrows) shows an inhomogeneous internal pattern with a 
thick peripheral halo corresponding to the capsule 

Fig. 5.9. Large hepatocellular carcinoma (arrows) with inter
nal inhomogeneity due to hypo echoic and hyperechoic areas 

Fig. 5.10. Infiltrative-type hepatocellular carcinoma. The le
sion (arrows), which shows internal mosaic architecture, is 
demonstrated as an uneven area with unclear margins, which 
strands into surrounding tissue 

tions of the tumor, the typical mosaic architecture 
can be visualized. However, in the case of diffuse 
fatty metamorphosis of the lesion, differential diag
nosis from lipomatous tumors may not be achieved 
by US. Spontaneous massive necrosis within HCC is 
shown as an internal hypo-anechoic area, similar to 
other necrotic tumors. HCC with abundant fibrous 
stroma (sclerosing type HCC) and HCC with sarco
matous change (which is a very rare histotype) dem
onstrates internal inhomogeneity, frequently with 
hyperechoic pattern, but their appearance is nonspe
cific. The presence of calcifications is uncommon in 
HCC, being detected in about 0.2-1 % of tumors. Cal
cifications, however, are not rare in fibrolamellar car
cinoma and in mixed cholangiocellular-hepatocellu
lar carcinoma (TANAKA et a1.1983; SAKAGUCHI et al. 
1992; BOULTBEE 1979). 

5.2.4 
Differential Diagnosis by Gray-Scale Ultrasound 

The differential diagnosis of a suspected HCC raises 
different issues in the setting of a nodular lesion 
detected in a patient with liver cirrhosis or in the 
case of a tumor developed in an otherwise normal 
liver (TREVISANI et al. 1995). 
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Fig. 5.11. Infiltrative-type hepatocellular carcinoma. US im
age shows diffuse tumor involvement of the liver paren
chyma, without clear-cut evidence of a m ass. Neoplastic 
thrombosis (arrow) is depicted in the portal vein 

Fig. 5.12. Hepatocellular carcinoma with satellite lesions. The 
main tumor and the tiny satellite nodule (arrows) show simi
lar hypoechoic appearance 

5.2.4.1 
Differential Diagnosis of Lesions in Cirrhotic 
Liver 

Currently, efforts are directed toward making the 
diagnosis of HCC developed in cirrhotic livers at an 
early preclinical stage (SHEU et al. 1985a; OKA et al. 
1990; COTTONE et al. 1983). With this aim, particular 
attention is directed to characterizing even very 
small nodules detected by us screening. Along with 
progress in early diagnosis, various new information 
on the pathomorphologic characteristics and devel
opmental process of early-stage HCC has been ob
tained through the histologic examination of 
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resected lesions, explanted livers, and autopsy speci
mens (LENCIONI et al. 1994). 

HCC is currently thought to develop through two 
main pathways: a de novo carcinogenesis and a mul
tistep progression. Multistep development i, consid
ered to be the most frequent model of hepato
carcinogenesis in cirrhotic livers. This model in
cludes the transition from large regenerative nod
ules (or macroregenerative nodules) to dysplastic 
nodules (or borderline lesions), to early HCC (very 
well differentiated tumor of Edmondson grade 1), 
and, finally, to overt HCC (advanced tumor of 
Edmondson grade 2 or greater). HCC (EDMONDSON 
and STEINER 1954) usually develops as a focus of 
well-differentiated cancer within a dysplastic lesion 
(ARAKAWA et al. 1986). When the tumor groW's to 1-
1.5 cm in diameter, de-differentiation of well differ
entiated cancer cells occurs: cancer tissue at lower 
histologic grades proliferates within the well-differ
entiated cancerous nodule (early-advanced HCC), 
replaces the well-differentiated tissue that has weak 
proliferative activity, and then starts to grow expan
sively developing into advanced HCC (CALVET et al. 
1990; COTTONE et al. 1989; EBARA et al. 1986) (Fig. 
5.13). 

Therefore, when examining the echo texture of 
cirrhotic livers, we have to face a wide spectrum of 
hepatocellular nodular lesions, ranging from frankly 
benign nodules, to equivocal or borderline lesions, 
to clear-cut malignancies (Fig. 5.14). The disLnction 
between these different histologic entities appears to 
be essential because of course it substantially affects 
patient prognosis and treatment planning. Unfortu
nately, there is enough variability and overlaF in the 
US appearance of hepatocellular nodular lesions de
veloped on a cirrhotic background to make a definite 
distinction problematic. In addition, the possibility 
of a non hepatocellular nodular lesion incidentally 
found in a cirrhotic liver, like an hemangioma or a 
metastasis, should not be completely disregarded. 
The US appearance of HCC may be indistinguish
able from either a hemangioma or a metastasis (Fig. 
5.15). In view of the close association of HCC and 
cirrhosis, every solid focal liver lesion emerged in a 
cirrhotic liver should be regarded as an HCC unless a 
different diagnosis has been proved (CHOI et al. 
1993; FREEMAN et al.1986). 
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Fig. 5.13. Hepatocellular carcinoma developed within a dys
plastic nodule. The dysplastic lesion is isoechoic with respect 
to surrounding liver parenchyma (arrows) . Within the larger 
nodule, a hypoechoic area is depicted (arrowhead), reflecting 
malignant change 

5.2.4.2 
Differential Diagnosis of Lesions in Otherwise 
Normal Liver 

The diagnosis of HCC developed in a noncirrhotic 
liver is usually made at an advanced stage, as no US 
survey has been performed (SHEU et al. 1985b). Dif
ferential diagnosis is usually more difficult, as a 
number of different entities must be taken into ac
count (CHOI et al. 1993). 

If the tumor has an expansive growth, typical fea
tures suggesting HCC, such as tumor capsule and in
ternal mosaic architecture, should be accurately 
searched for (KAMIN et al. 1979). Expansive HCC le
sions should be distinguished in the first place from 
metastatic nodules and benign tumors. Liver me
tastases have a variety of presentations (YOSHIDA et 
al.1987), which are described in detail in the relevant 
chapter. Benign liver tumors include, among others, 
hemangioma, focal nodular hyperplasia, and hepa
tocellular adenoma (MELATO et al. 1989; KAWASAKI 
et al. 1978). 

Hemangioma is the most common benign tumor 
of the liver. The incidence has been evaluated as be
ing from 2% to 7% in autopsy series. The shape of an 
hemangioma is round or oval, and its boundary is 
lobulated and finely irregular. The hyperechoic pat
tern is by far the most frequent. However, about 20% 
of hemangiomas may appear hypoechoic or 
isoechoic with a peripheral hyperechoic rim. The 
most typical location is in apposition to either an 
hepatic vein or the hepatic capsule. Posterior echoes 
are even or enhanced, and lateral shadows are ab
sent. US usually allows a confident diagnosis of he-

Fig. 5.14. Dysplastic nodule in the vicinity of a small hepato
cellular carcinoma. The neoplastic lesion, which was proved 
to represent well-differentiated hepatocellular carcinoma 
with fatty degeneration on pathologic examination following 
liver transplantation, appears hyperechoic. The dysplastic le
sion, which did not contain tumor foci, is homogeneously 
hypoechoic (arrows) 

Fig. 5.15. Hepatic hemangioma (a) and small hyperechoic 
hepatocellular carcinoma (b) (arrows in a and b). The two 
lesions cannot be reliably distinguished based on US findings 

a 

b 
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mangiomas with typical hyperechoic appearance, 
provided that the lesion is detected in a patient with 
neither history of malignancy nor chronic liver dis
ease. 

Focal nodular hyperplasia (FNH) is a nodule 
composed of benign-appearing hepatocytes occur
ring in a liver that is otherwise histologically normal 
or nearly normal. The lesion is supplied by large ar
teries accompanied by fibrous stroma containing 
ductules. The stroma is usually prominent, forming a 
stellate "scar." FNH is a congenital or acquired 
anomaly of the arterial supply leading to focal 
hyperperfusion of the parenchyma. It is usually as
ymptomatic and detected as an incidental finding. 
All ages may be affected, with marked female pre
dominance. This lesion usually pursues a benign 
course, with no risk of rupture, hemorrhage or ma
lignant change. The US features of FNH are nonspe
cific: the lesion appears as a rounded or oval mass 
usually ranging from 2 to 10 cm. It can be isoechoic 
or slightly hyperechoic and can lead to a mass effect. 
In very few cases, a stellate hyperechoic structure 
corresponding to the central scar may be detected. 

Hepatocellular adenoma is a benign neoplasm 
composed of hepatocytes occurring in a liver that is 
otherwise histologically normal or nearly normal. 
Portal tracts, ducts, and ductular differentiation are 
usually not seen. Sinusoidal dilatation or peliosis 
may be present. There is usually no fibrous capsule. 
Adenoma usually arises in the setting of hepatocel
lular stimulation (oral contraceptive, anabolic ste
roids, or abnormal carbohydrate metabolism). Ad
enoma is often asymptomatic and detected as an in
cidental finding. It may regress after withdrawal of 
the stimulus. Adenoma may undergo possible rup
ture, hemorrhage, or malignant change (rare). As in 
the case of FNH, US usually allows recognition of the 
tumor, but has no histological specificity. The mass 
may appear round or oval, and its US structure may 
be variable. The center of the mass may appear het
erogeneous because of the frequency of necrosis or 
bleeding causing a hypo echoic area. 

In infiltrating lesions, invasion of portal vein 
branches suggests HCC. Other kinds of malignancy 
which may resemble infiltrative HCC include, beside 
rare primary tumors, intrahepatic cholangiocellular 
carcinoma and fibrolamellar carcinoma. 

Intrahepatic cholangiocellular carcinoma, origi
nating in small intrahepatic ducts, represents 10% of 
all cholangiocarcinomas. It is the second most com
mon primary malignancy and is usually seen in the 
seventh decade. There is no association between 
cholangiocarcinoma and liver cirrhosis. Character-
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istically, an abundant fibroblastic stroma is present 
in this tumor, which is histologically a sclerosing ad
enocarcinoma. The US appearance is usually that of 
a potato- or cauliflower-like mass and the boundary 
is coarsely irregular. There is frequently a thick mar
ginal hypo echoic zone and its internal side is 
blurred. The internal echoes have a target-like distri
bution, and a hypo echoic central area may be ob
served. Dilated bile ducts are one of the characteris
tic signs of biliary obstruction by the cholangio
carcinoma. A partially dilated bile duct with irregu
lar walls and partial occlusion are important find
ings of this kind of malignancy. 

Fibrolamellar carcinoma represents only 2% of 
hepatocellular malignancies. Typically, tHs neo
plasm occurs in young people and is not as.sociated 
with underlying cirrhosis. Most often, fibro:.amellar 
carcinoma appears as a solitary, large, firm circum
scribed mass with lobulated borders. More than two
thirds of reported cases have involved the left lobe. 
A prominent central fibrous scar with a radiating 
fibrous septa may be present (WERNECK:=<: et al. 
1992). 

5.2.5 
Ultrasound Staging of Hepatocellular 
Carcinoma 

Accurate staging is necessary to determine be best 
treatment method for HCC. US findings may pro
vide useful information regarding the extent of the 
tumor, although US alone is usually insufficient to 
define accurately the degree of intrahepatic and ex
trahepatic spread of the tumor (GARBAGNATI et al. 
1991). 

Staging of HCC includes the assessment of: (a) 
number, size, location, and characteristics of the tu
mor nodules; (b) vascular invasion by the tumor; 
and (c) extrahepatic metastases. All these factors 
should be accurately evaluated, as they affect thera
peutic options as well as the patient's prognosis 
(BUSCARINI et al. 1991, 1996). 

Gray-scale US may provide an accurate assess
ment of the number and size of HCC lesiom (Fig. 
5.16). However, US examination of the entire llver is 
sometimes impossible because of the patient's habi
tus, intervening bones, or colonic interposition, es
pecially in small cirrhotic livers. In addition, the US 
detection rate of small intrahepatic metastatic nod
ules is low. 

US location of the segment in which the tlmor 
exists is done in relation to hepatic and intrahepatic 
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portal veins. However, when a small lesion is located 
at the boundary of the segments, it is not easy to de
termine the segmental anatomy. The characteristics 
of the lesion, particularly with regard to the type of 
tumor growth (expanding or infiltrating), are usu
ally well defined by us. US identification of the tu
mor capsule is accurate in large tumors, but is less 
reliable in small lesions, which usually have a thin 
and poorly developed fibrous capsule (DODD et al. 
1992). 

Vascular invasion by the tumor is a crucial staging 
factor (SUBRAMANYAM et al. 1984; MATHIEU et al. 
1988) (Fig. 5.17). A tendency to grow into the portal 
veins, eliciting tumor thrombi, is a peculiar feature 
of HCC. US allows accurate identification of tumor 
thrombi in the main portal veins. Tumor thrombi are 
shown as solid masses in the blood vessels often in 
contiguity with the main tumor. Identification of tu
mor invasion in peripheral (segmental or sub
segmental) portal vein branches is unreliable by US 
(JACKSON et al. 1983; DODD et al. 1995). Lymphatic 
metastases in HCC are not common. They may be 
seen in about 10-15% of autopsy cases, especially in 
the hepatic hilar lymph nodes. Extrahepatic he
matogenous metastases are usually associated 
with advanced-stage tumors. The lung is the com
monest site of metastases, followed by the bone and 
the adrenal gland. US is valuable for the diagnosis of 
adenopathies and adrenal metastatic disease 
(BOULTBEE 1979; HONDA et al. 1992; SAKAGUCHI et 
al.1992; TANAKA et al.1983; YUKI et al.1990). 

Fig. 5.16. Tiny intrahepatic metastatic nodule of hepatocellu
lar carcinoma (arrow). US demonstration of the small lesion 
changed the therapeutic approach for the main tumor, which 
was located in a different hepatic segment (not shown) 

Fig. 5.17. Hepatocellular carcinoma. The large lesion dis
places the portal vein and causes initial invasion of the vessel. 
Tumor thrombosis has not yet developed 

5.3 
Doppler Ultrasound 

Doppler imaging is a part of liver examination. Ev
ery single US examination, particularly in a cir
rhotic patient, should include at least an evaluation 
of the portal vein flow. Continuous wave Doppler is 
an excellent method for the detection and analysis of 
flow, but the lack of spatial selection lessens its use 
for abdominal purposes, as multiple vessels are 
commonly seen, and recorded all together, within a 
single beam. Pulsed Doppler, color-coded, and 
power Doppler have the capability to record the sig
nal from an area that is chosen on gray-scale imag
ing. 

5.3.1 
Technique 

5.3.1.1 
Pulsed Doppler 

Pulsed Doppler remains the reference method for 
quantitative evaluation of the flow. Spectral analysis 
allows measurements of flow velocity and indices, 
unobtainable by color or power Doppler. No signifi
cant advances in pulsed Doppler have been encoun
tered in recent years. In most cases, pulsed Doppler 
recording of a flow in the vessel follows localization 
by color image. This is mandatory for small vessels 
that are very difficult to see in B-mode images, like 
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intrahepatic arteries or vessels in a tumor. One 
should be cautious as to the delay in spectrum ac
quisition. In some machines, it may take a few sec
onds to shift from color Doppler to pulsed Doppler 
recording. As we are looking at small vessels, in a 
very mobile area, due to breathing, any delay is del
eterious to the quality of the examination. The very 
first quality of a machine dedicated to liver imaging 
is to be able to perform a pulsed Doppler "on-the
fly:' with no delay at all, preferably with a single but
ton which is easy to switch without looking at the 
keyboard. Even with high-resolution machines such 
a delay may be encountered. 

Duplex scanning is the possibility of recording si
multaneously a B-mode image and a pulsed signal. 
There is a slight degradation of Doppler signal, but it 
still may be sufficient for the identification of the 
type of flow - i.e., is it a vein or an artery - or for a 
general survey of the liver. Triplex scanning is the 
association of B-mode image in real time, pulsed 
Doppler and color or power Doppler. 

Pulsed Doppler gain can be set in every machine. 
The optimal setting is as follows: during a spectrum 
record, gain is increased until noise signal appears in 
the background above and under the spectrum. The 
gain is then lowered, until the noise disappears. 

Frequency of emission depends on the transducer. 
On most probes, the frequency used for the image 
and for Doppler measurements is the same. Gener
ally, the Doppler signal is better with a lower fre
quency. On a large bandwidth transducer, the B
mode signal could be preferentially acquired with 
higher components of the spectrum, while the Dop
pler signal may benefit from lower frequencies. The 
main frequency may be manually switched on some 
devices. It is advisable to choose a lower frequency 
when Doppler is the main interest of the examina
tion, and higher when Doppler is ancillary. 

The angle of the ultrasonic beam with the vessel 
should be reduced as much as possible. Measure
ments of velocity are accurate only when the angle is 
inferior to 60°. This is the consequence of the basic 
equation of the Doppler effect. This is never a prob
lem within the liver, due to the orientation of most 
vessels, and the possibility of recording flow with a 
subcostal or an intercostal approach. Recording of 
the inferior vena cava or the portal trunk may be dif
ficult, especially in the lower part of the porta 
hepatis, as the beam is generally perpendicular to 
the vessel. Patient position should be changed, for 
instance from supine to lateral decubitus, to provide 
a more favorable approach. Other vessels are some
times difficult to record for the same reasons, like the 
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left gastric vein and the common hepatic artery. An
other problem is the evaluation of the beam angle 
with small tortuous vessels. When a very small vessel 
is recorded in a tumor, it is generally impossible to 
see it. This may be true with branches or h€'patic ar
tery. Exact calculation of the velocity is very hazard
ous. 

Pulse repetition frequency (PRF) is a major setting 
in pulsed Doppler. According to Shannon's law, a 
Doppler frequency could be correctly identified by 
samples only if sampling frequency is at least twice 
as high as observed frequency. This means that an 
artery with a Doppler frequency of 3 kHz needs a 
sampling frequency (PRF) of 6 kHz at least. PRF 
should be set manually in a few machines. [n most 
instances the optimal PRF is calculated depending 
on the depth of the sampling area and characl:eristics 
of the transducer, especially nominal frequency. 
Usually, a manual setting of the PRF remains avail
able. As a rule, the higher available PRF should be 
used in order to avoid aliasing. A "high PRF" (apabil
ity is implemented on most machines, allowing bet
ter differentiation of flow, but a high PRF also intro
duces a spatial aliasing represented on the images by 
multiple gates. One should be cautious, using high 
PRF, with the exact location of the vessel in order to 
identify precisely the examined vessel. Whm per
forming a Doppler examination of tumor va5cular
ity, low PRF values may be necessary to investigate 
tiny vessels with a low-velocity blood flow. 

Setting of the sampling gate is also important. For 
the examination of small vessels, the gate width 
could be as large or even slightly larger than the ves
sels, in order to be able to record the flow €~ven if 
there is a faint movement. In larger vessels, the gate 
should be smaller than the vessel in an artery, to 
minimize the artifacts linked to wall motion. Con
versely, if measurement of flow and mean velocity is 
required, sample volume should be set to cover ex
actly the diameter of the vessel. 

Different filters may be applied to the image, in 
order to minimize the noise and signal arising from 
the vessel walls, from the heart, and from body mo
tion. Most of these signals have a low frequency and 
are controlled by a "wall-filter:' One pitfall is that 
these filters, when switched on, may hide a venous 
signal, which is a low frequency. On most macHnes, 
there are preset settings called "slow flow", "high ve
locity" and "average" with predefined settings corre
sponding to expected flow velocity. 
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5.3.1.2 
Color Doppler Ultrasound 

Color Doppler has been one of the most significant 
advances in US. One of the major problems of color 
Doppler has been the considerable number of mea
surements and calculations required for the recon
struction of a single image. Each should be acquired 
several times, one for gray-scale recording, and two 
or more for evaluation of the Doppler signal. In or
der to maintain Doppler signal quality and image 
refreshment rate, analysis of only a small part of the 
image is recommended. This is still true with mid
sized machines, but high quality machines now have 
enhanced color Doppler function, due to probes 
with multiple channels and increased computing 
power. On these machines, an excellent color Dop
pler signal can be recorded in a large area, with no 
marked slowing of refreshment rate. 

It should be remembered that color Doppler, de
spite recent advances, remains a qualitative exami
nation, even if the color scale may give an idea of the 
flow. As color Doppler sensitivity is lower than that 
of pulsed Doppler, it may happen that despite nega
tive color imaging, pulsed Doppler is able to record a 
flow. Although this situation is becoming less and 
less frequent, it can still happen in the case of slow 
flow in the portal vein in a cirrhotic patient. As a rule, 
diagnosis of vein obstruction cannot rely on color 
Doppler examination only. Most settings are similar 
to those of pulsed Doppler. 

Gain is set as in pulsed Doppler: while acquiring a 
single slice the gain is increased until color signal 
clearly appears outside the vessels, in the liver paren
chyma. Gain is lowered until the extravascular color 
signal disappears. During this acquisition, the pa
tient is not breathing at all, and the slice is preferably 
made on the right lobe via the intercostal approach 
rather than on the left lobe, to avoid cardiac artifacts. 

Concerning the angle of the ultrasonic beam, it is 
crucial to remember that color Doppler will not de
tect all the vessels included in the image, as some of 
them might be seen with a large angle. The same 
slice, with only a slight reorientation of the trans
ducer, will show different vessels and/or a different 
appearance of the same vessels. 

When fishing for vessels, without any idea of the 
possible orientation, size and type of flow, it is pref
erable to start the examination with a higher sam
pling frequency and the lowest filters. When the ves
sels are detected, the correct sampling and filters are 
applied. 

5.3.1.3 
Power Doppler Ultrasound 

Power Doppler US is a relatively new Doppler tech
nique which was developed in an attempt to over
come some of the drawbacks of conventional color 
Doppler imaging. Conventional color Doppler US, in 
fact, is based on the mean Doppler frequency shift 
and is therefore subject to several limitations. In the 
mean frequency mode, in fact, noise can look like 
flow in any direction. Hence, if the color gain is too 
high or the Doppler display threshold too low, noise 
will dominate the image and make the identification 
of true flow impossible. Turning down the color gain 
will eliminate artifacts, but will also greatly reduce 
sensitivity. Moreover, color Doppler imaging is angle 
dependent, and therefore it loses sensitivity to flows 
that are perpendicular to the sound field. Finally, as 
it is a frequency detection technique, color Doppler 
US has the potential to alias. 

The principle of power Doppler US is simple: color 
Doppler cannot include low frequency signals be
cause the signal is so small that it is impossible to 
know if the blood is flowing forward or backward. 
Color Doppler also makes an attempt to identify the 
level of flow, although this remains semi-quantitative. 
With power Doppler, no attempt is made to detect the 
flow direction or to give an evaluation of blood veloc
ity. Only the quantity of signal is considered, and 
coded on B-mode image with a single color. Informa
tion is binary (flow or no flow), but this is very 
complementary to pulsed Doppler, which is able to 
provide flow direction and velocity identification. A 
crucial point is that in the power Doppler mode, noise 
- which has a uniformly low power - assumes a ho
mogeneous appearance (corresponding to a back
ground that can be cancelled from the screen) even 
when the gain is increased greatly over the level at 
which noise obscures the conventional color Doppler 
image. A color gain increase of 10-15 dB can therefore 
be attained, resulting in increased sensitivity to depict 
blood flow. Other advantages power Doppler has over 
color Doppler US are that it is essentially angle inde
pendent and is not subject to aliasing, so it elicits 
more precise, angiogram-like pictures without the 
salt-and-pepper appearance of conventional color 
Doppler imaging. The major pitfall of power Doppler 
is its sensitivity to the motion artifacts. 
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5.3.1.4 
Ultrasound Contrast Agents 

Although contrast media for US were developed a 
long time ago, few molecules are available on the 
market today. Nevertheless, it is an emerging topic in 
liver US, as new molecules are able to pass through 
the pulmonary filter, and then enhance the 
sonographic signal in the arterial compartment. 

Some products are only intravascular media, with 
an uneven distribution after injection. These agents 
are mainly microbubbles coated with a stabilized en
velope. Echo enhancement is in part due to the 
reflectivity of the microbubbles. These particles have 
a very different impedance from flowing blood and 
are strong reflectors. Reflectivity is proportional to 
the fourth power of the bubble diameter, and to the 
bubbles' concentration. Additional action is the so
called "stimulated acoustic emission" or 
"sonoscintigraphy": when a microbubble is hit by a 
strong sound wave, it may explode, producing a 
short and very strong noise which is read by the 
transducer as a Doppler signal, producing a color 
spot where the bubble exploded. Although prelimi
nary, this may give rise to additional work on appro
priate settings to especially enhance this mecha
nism, and to record the phenomenon. 

The first commercially available contrast media 
in Europe was Levovist, a galactose-based micro
bubble agent: trials show a marked increase in diag
nostic confidence in liver imaging, and a reduced 
percentage of nondiagnostic examinations 
(BOLONDI et al. 1998). Liver enhancement lasts for a 
few minutes (CATALANO et al. 1998), and Doppler 
signal in the vessels is constantly increased (+ 15 dB). 
There is a twofold enhancement of the detection of 
intratumoral vessels in a series of hepatocellular car
cinomas (TANAKA et al. 1998). Other molecules are 
expected to be available soon as many pharmaceuti
cal groups are developing research on US contrast 
media. A preliminary list would include Albunex 
from Molecular Biosystems Inc., Quantison from 
Andaris, Echogen from Sonus Pharmaceutical 
Abbott, Optison from Molecular Biosystems Inc., 
Sonovue from Bracco, Imagent from Alliance Phar
maceutical Co., and NC 100-100 from Nycomed 
Amersham, but other companies are still in the com
petition. This illustrates the fact that contrast media 
in US are now a major concern for companies, as 
even if only a small percentage of US examinations 
need contrast media, this would nevertheless repre
sent a large number of patients worldwide. Expected 
improvements are a longer lasting action. More re-
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cently, molecules which are intended to be more spe
cific have been presented, accumulating in target tis
sues like the reticulo-endothelial system, which 
would be of major interest for liver US (FORSBERG et 
al. 1998). Finally, it is not clear if settings of US scan
ners will be convenient for contrast imaging with 
any pharmaceutical, or if an adjustment of settings 
will be necessary for each agent. US may then be dif
ferent from other imaging modalities, like CT, where 
interaction of iodine with X-rays is similar from one 
agent to another. 

One track for research is the application of har
monic imaging to contrast enhanced US. Tt,e prin
ciple of harmonic imaging is described in be next 
topic. The advantage of harmonic imaging with con
trast media is that it eliminates backscattend echo 
and allows differentiation of backscatteI from 
microbubbles (SCHWARZ et al. 1997). Harmonic im
aging with contrast media has proved to allow the 
detection of very small vessels (down to 40 Iln), and 
very slow flow (CALLIADA et al. 1998). Contrast me
dia may be interesting for the examination of the 
portal system in patients with a very slow flow, in or
der to differentiate slow flow and thrombosis.] dent i
fication of abnormal vessels (collateral veins, tumor 
vessels) could also be an interesting area. 

5.3.1.5 
Harmonic Imaging 

Despite the fact that harmonic imaging was first 
dedicated to contrast media, it appears that it en
hances gray-scale images too. The basic idea of har
monic imaging is the following: any tissue recdving 
a sound wave may absorb it and then release a re
flected beam at different frequencies. In contrast 
harmonic imaging, the harmonic frequency energy 
is produced by the reflection on the microbubble it
self. In tissue harmonic imaging, the harmonic wave 
is generated gradually while the ultrasonic beam 
progresses through the tissue (THOMAS and RUBIN 
1998). Building the image with a second harmonic 
echo allows the image to be cleaned from the noise, 
especially in the superficial areas, because proximal 
echoes are less likely to produce harmonic wave. 
Second harmonic imaging may not be the only way 
to record the signal. It has been suggested, and ex
perimentally proved, that recording the 
subharmonics of the main frequency may be helpful 
(SHANKAR et al. 1998). Although the technology has 
not stabilized (narrow bandwidth vs large band
width), it appears that harmonic imaging is an inter
esting advance in liver examination. It is currently 
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available in most high-end scanners, but it will prob
ably be implemented within a few years on the mid
tier machines. One can anticipate that tissue har
monic imaging will be a standard method for the 
assessment of the liver in the near future. 

5.3.1.6 
Time-Intensity Curves 

Time-intensity wash-in-wash-out curves represent 
a recent development in the US technology applied 
to contrast-enhanced Doppler imaging. The objec
tive of this analysis is to evaluate time/intensity data 
of Doppler signals within the organ or the lesion 
under examination after intravenous bolus injection 
of an US contrast agent. High speed technology is 
needed to calculate the data analysis in different ar
eas of interest and to provide automatic data elabo
ration and curve visualization, allowing quick com
parison among curves obtained in healthy and 
pathologic tissues. Double-image display (color or 
power Doppler contrast-enhanced image plus wash
in/wash-out curves is currently possible, as well as 
visualization of multi-graphic displays. Selectable 
automatic measures (curve velocity, velocity ratio, 
curve area, point-to-point time calculation) may be 
performed on graphs, and row graph data may be 
saved in digital format. Box re-sizing and moving 
elaboration also enable the accurate calculation of 
enhancement curves even in small targets, such as in 
the case of hepatic lesions. 

Time-intensity wash-in-wash-out curves allow 
the contrast enhancement pattern of the lesion to be 
investigated and objectified. The Doppler US exami
nation is performed by injecting a bolus of a 
microbubble contrast agent and by performing con
tinuous imaging of the lesion, in the harmonic 
power Doppler mode, for 2-3 min. The enhancement 
curve of the lesion showing the variation of the aver
age pixel power inside the color box over time is then 
immediately provided by a dedicated software pro
gram implemented on the US system (LENCIONI et 
al. 1998). 

5.3.1.7 
Three-Dimensional Imaging 

Three-dimensional imaging was developed a long 
time ago, but has not yet gained wide acceptance for 
liver imaging. The principle is not different from 3D 
imaging in CT or MR. Acquisition of contiguous 
slices allows the calculation of the data in a volume. 
These data may then be displayed in 2D images on 

different planes. This is especially useful for the re
construction in a coronal plane, which could not be 
directly acquired during sonographic examination. 
The best application has been found in obstetrics 
ultrasonography, in order to show anatomical details 
like lips, or to obtain the exact plane for a specified 
measurement. Data can be represented in 3D images 
if a single element is extracted from acquisition vol
ume. Again, this has been helpful for the evaluation 
of the external morphology of a fetus. Liver volume 
in the fetus can be estimated (LAVDY et al. 1998). In 
liver imaging, 3D images can be useful for the repre
sentation of vessels, after a color Doppler acquisi
tion. Contrast media may help in enhancing the sig
nal from the examined vessel, especially using sec
ond-harmonic imaging in order to eliminate the ar
tifacts (CAMPANI et al.I998). Three-dimensional im
aging may be performed on the ultrasound scanner 
or reconstructed after data transfer on another 
workstation. Three-dimensional imaging is a reality 
from a technical point of view, but application to the 
adult liver has not yet been studied. 

5.3.2 
Doppler Ultrasound Features of Hepatocellular 
Carcinoma 

On color Doppler US, HCC is usually displayed as a 
vascular-rich region containing intratumoral signals 
with a pulsatile arterial Doppler spectrum, corre
sponding to the characteristic findings of hypervas
cularity on angiography. A basket pattern, which is a 
fine blood-flow network surrounding the tumor 
nodule, and tumor vessels flowing into the tumor 
and branching within it, are the characteristic find
ings of HCC (CHOI et al. 1996; LENCIONI et al. 
1996b). 

These findings are almost always depicted in large 
HCC lesions, and are frequently associated with very 
high Doppler shifts (NVMATA et al. 1993, 1997; OKA 
et al.1990; SHIMAMOTO et al.1987, 1992). It has been 
reported that, when employing Doppler shifts of 4.5 
kHz or more as a positive finding for HCC, the speci
ficity may be as high as 95%, and the sensitivity is 
also rather high at 70%. In small HCC lesions, how
ever, the sensitivity of such findings is substantially 
lower. Indeed, the current technology of color Dop
pler imaging is still inferior to angiography 
(REINHOLD et al. 1995; LENCIONI et al. 1996b). Ac
cording to our experience, color signals may be de
tected in no more than 70% of HCC lesions 3 cm or 
less in greatest dimension. The observed features 
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were those of vessels running toward the center of 
the tumor or along its periphery. On Doppler spec
tral analysis, a pulsatile flow with a typical arterial 
waveform was demonstrated in less than 50% of le
sions: the peak systolic frequency shift ranged from 
0.44 to 3.85 kHz (mean, 1.21 kHz) and the resistive 
index ranged from 0.31 to 0.64 (mean, 0.49). The lack 
of arterial flow in some small HCC lesions may sug
gest that their neovasculature has not yet fully devel
oped, due to their small size; however, in several 
other instances, hypervascularity was already 
present (as confirmed by angiography or other im
aging studies), but color Doppler US was not suffi
ciently sensitive to demonstrate it. 

In our series (LENCIONI et a1. 1996b), some small 
HCC lesions in which no arterial flow was detected 
on color Doppler US showed the presence of a drain
ing venous vessel with constant-flow at the periph
ery of the tumor. This feature was first reported by 
TANAKA et a1. (1992), who demonstrated that the de
tection of a constant-flow efferent tumor vessel con
tinuing to a portal branch was a characteristic find
ing of HCC, probably reflecting an overflow into the 
portal system caused by tumor blockade of the nor
mal outflow route from the sinusoid space to the he
patic venous system. 

Power Doppler US proved to be significantly more 
accurate than color Doppler US in assessing vascu
larity of HCC (RUBIN et a1. 1994; BUDE and RUBIN 
1996). In our study, among 75 HCC lesions which 
showed an arterial hypervascular supply on angiog
raphy, intratumoral pulsatile flow was detected in 
92% of cases by power Doppler US and in only 73% 
of cases by conventional color Doppler imaging. 
Correlation of Doppler studies with angiographic 
findings also showed that power Doppler US, like 
conventional color Doppler US, had no false posi
tives in diagnosing tumor hypervascularity. All le
sions in which arterial signals were seen on power 
Doppler US, in fact, were confirmed to be truly 
hypervascular tumors on angiography (LENCIONI et 
a1.1996b). 

Of interest, the detectability rate of power Dop
pler signals in angiographically hypervascular tu
mors was not affected by the size of the lesion or by 
its location within the liver parenchyma. In contrast, 
with conventional color Doppler imaging, the de
tectability rate of pulsatile arterial flow was signifi
cantly lower in lesions smaller than 2 em or located 9 
em or more from the skin surface (LENCIONI et al. 
1996b). This proves that power Doppler US is more 
sensitive than color Doppler US in depiction of weak 
signals coming from tiny or remotely located nod-
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ules (BUDE and RUBIN 1996; RUBIN et a1. 1994). In
deed, the mean peak systolic frequency shift calcu
lated on power Doppler spectra in our series was sig
nificantly lower than that obtained with conven
tional color Doppler imaging, which suggests that 
also low and fine blood flows - not detected by using 
the mean-frequency mode - were rleasured 
(LENCIONI et a1. 1996b). 

The use of US contrast agents may add further in
formation to the color and power Doppler studies 
(TANO et a1.1997; FUJIMOTO et a1.1994; ALBRECHT et 
a1.1998).After administration of a US contrast agent, 
hypervascular HCCs show strong, rapid intra
tumoral enhancement in the arterial phase (i.e., 
within 45 s after the start of the injection). The ob
servable features included the evidence of several 
well-defined intratumoral vessels running toward 
the center of the tumor and along its periphery or 
multiple internal vascular pedicles (FUJIMOTO et a1. 
1994; KIM et al. 1998). In our experience (BARTO
LOZZI et a1. 1998), contrast-enhanced Doppler imag
ing studies significantly outperformed un en hanced 
Doppler US, and provided information similar to 
that obtained with more complex imaging modali
ties, such as dual-phase spiral CT, dynamic MR im
aging, or angiography (Fig. 5.18). 

In our series, on un enhanced color Doppler US 
performed before PEl, intratumoral blood flow sig
nals were depicted in 35 (65%) of 54 lesions. Twenty
four to 35 s after injection of the US contrast agent 
(mean±standard deviation, 27±4 s), 47 (87%) of the 
54 lesions (in 40 of the 42 patients) showed strong 
intratumoral enhancement, including 12 lesions 
with no signs of internal vascularity at the pre
contrast examinations. The augmentation of the 
color Doppler signal persisted for 204- 362 s 
(mean±standard deviation, 261±41 s). 

Color Doppler US studies are very useful in evalu
ating portal vein thrombosis. As patients wilh cir
rhosis are at high risk of developing portal vein 
thrombosis, this phenomenon cannot be immedi
ately related to the presence of HCC, despite th€' well
known propensity of this tumor of invading the por
tal vein branches. Moreover, in rare situations, portal 
vein thrombosis is the unique detectable feature of 
the tumor. With color Doppler US, the peculiar as
pect seen in cases of malignant thrombosis is the 
presence of pulsatile arterial flow within the throm
bus. This finding is the expression of hypervascular 
neoplastic tissue growing into the portal vein and 
corresponds to the arteriographic "thread and 
streaks" sign first described in 1975 by OKUDA et a1. 
(1975). In our experience, this sign always indicated 
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Fig. 5.18a-f. Doppler US study of hepatocellular carcinoma. 
Conventional color Doppler US shows small color dots 
within the tumor (a) . On power Doppler US, intratumoral 
vessels are clearly depicted (b). Following the administration 
of a microbubble contrast agent, the tumor shows early en
hancement in the arterial phase on color Doppler US (c). 
Spectral analysis confirms the presence of arterial vessels 
with a pulsatile Doppler waveform (d). Contrast-enhanced 
power Doppler US provides an accurate depiction of the vas
cular network of the lesion (e) . Spiral CT in the arterial phase 
confirms a hypervascular tumor (f) 

b 

d 

f 



a 

b 

64 

tumor extension into the portal vein and was never 
observed in benign thromboses (LENCIONI et al. 
1995). The sensitivity of color Doppler US in detect
ing pulsatile flow within tumor thrombi may be in
creased by using the power mode in combination 
with microbubble contrast agents: enhancement of 
the thrombus in the arterial phase will indicate ma
lignant thrombosis (Fig. 5.19). 

Fig. 5.19. Contrast-enhanced Doppler US of portal vein 
thrombosis in the color (a) and the power (b) mode. En
hancement within the thrombus is seen in the early phase 
following contrast injection, and pulsatile arterial flow is re
corded. These findings indicate malignant thrombosis due to 
vascular invasion by hepatocellular carcinoma 
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5.3.3 
Differential Diagnosis by Doppler Ultrasound 

The use of Doppler US aims to aid differential diag
nosis of tumors by its ability to demonstra;:e tumor 
vessels. In the case of focal hepatic lesions, color 
Doppler US attempts to identify the vascularity of a 
lesion and provide a diagnosis on the basis of mor
phologic and quantitative assessment of blood flow. 

5.3.3.1 
Differential Diagnosis of Lesions in Cirrhotic 
Liver 

In patients with liver cirrhosis and a nodular lesion 
detected by US screening, color Doppler US may 
help differentiate HCC from nonneoplastic hepato
cellular lesions, such as macro regenerative or dys
plastic nodules. Along with progression from regen·· 
eration to cancer, in fact, hepatocellular nod liar le
sions show a change in the blood supply: the 
intranodular portal blood supply tends to decrease 
and, in contrast, the intranodular arterial supply 
tends to increase in the path from benign to malig
nancy (TANAKA et al. 1990b; YASHURA et aL 1988; 
TAYLOR et aL 1987; OHNISHI and NOMURA 1989). 

Macroregenerative and dysplastic nodules, IS well 
as early HCC, have a predominantly portal blood 
supply, while overt HCC lesions are supplied cllmost 
exclusively by hepatic arterial branches. The 
neoangiogenesis of nontriadal arteries, which is the 
pathologic substratum of tumor hypervascularity, 
relates especially to the presence of HCC tis~;ue of 
Edmondson grade 2 or greater. 

The different blood supply to the lesion is there
fore an important feature that may help differentiate 
among small hepatocellular lesions emerging: in a 
cirrhotic liver. In fact, while small, overt H CC tu mors 
show a typical hypervascular pattern, with clec.r-cut 
intratumoral pulsatile flow on color or power Dop
pler US and early, arterial-phase enhancement after 
administered microbubble US contrast agents, early
stage HCC and regenerative or dysplastic lesions fail 
to exhibit this hypervascular feature (Figs. 5.20,5.21) 
(TANAKA et al.1992; MATSUI et aL 1991; LENCIONI et 
al. 1996a). 

The different blood supply of overt HCC tumors 
and dysplastic or early-stage HCC lesions is I~ven 

better depicted by analysis of time-intensity en
hancement curves with harmonic power Doppler 
US. In a pilot clinical study, overt HCC lesions (tu
mors confirmed as hypervascular lesions by spiral 
CT or dynamic MR imaging) showed a rapid peak of 
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Fig.5.20a-d. Doppler US study of a small nodular lesion which has emerged in a cirrhotic liver (same case as in Fig. 5.2). 
Unenhanced color (a) and power (b) Doppler US fail to show intratumoral blood flow. After contrast injection, rapid enhance
ment is seen with harmonic color Doppler US within the small lesion, reflecting an arterial hypervascular supply (c). Spectral 
analysis of harmonic signals confirms pulsatile arterial flow (d) 

enhancement in the early arterial phase (25-48 s af
ter the start of injection; mean±SD, 34±6 s),followed 
by a rapid decrease during the delayed phase (type I 
curve) (Fig. 5.22). In contrast, early-stage, well-dif
ferentiated HCC tumors of Edmondson grade 1 
(which were seen as hypovascular tumors on spiral 
CT or dynamic MR imaging) showed a type 2 curve, 
characterized by slight, progressive enhancement 
but no peak in the early phase and a slow decrease in 
the delayed phase (Fig. 5.23). 

In our series, macroregenerative or dysplastic le
sions showed either a type 2 curve (similar to that of 
early-stage HCC) or a complete absence of enhance
ment throughout the harmonic power Doppler im
aging study (type 3 curve). 

We therefore found a strong agreement between 
enhancement pattern on harmonic power Doppler 
US and tumor vascularity as assessed by spiral CT or 
dynamic MR imaging. Hence, we believe that evalua
tion of the enhancement pattern in harmonic power 
Doppler imaging is a valuable noninvasive means for 
investigating tumor vascularity in hepatocellular le
sions and that, despite considerable overlap between 
early-stage tumors and macroregenerative or dys
plastic nodules, this technique might have the poten
tial to help characterize nodular lesions which have 
emerged in a cirrhotic liver (LENCIONI et al. 1999). 
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Fig. 5.21a-c. Doppler US study of a small hepatocellular car
cinoma which has emerged in a dysplastic lesion (same case 
as in Fig. 5.13). Unenhanced power Doppler US does not 
show intratumoral flow (a). Contrast-enhanced color Dop
pler US image shows tumor vessels located around the neo
plastic focus (b). On spectral analysis, arterial blood supply is 
observed (c) 
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Fig. 5.22. Time-intensity curve of hepatocellular carcinoma 
(same case as in Fig. 5.5). The lesion demonstrates a clear-cut 
hypervascular pattern, with a rapid peak of enhanc,ement in 
the early arterial phase followed by a rapid decrease during 
the delayed phase. Spiral CT and angiography conjrmed a 
hypervascular tumor 

Fig. 5.23. Time-intensity curve of well-differentiated 
(Edmondson grade 1) hepatocellular carcinoma (same case 
as in Fig. 5.3). The lesion shows slight, progressive enhance
ment with no peak in the early phase and a slow decrE'ase in 
the delayed phase. Spiral CT and angiography confirmed a 
hypovascular tumor 

5.3.3.2 
Differential Diagnosis of Lesions in Otherwise 
Normal Liver 

As previously discussed, the diagnosis of H CC dt'vel
oped in a noncirrhotic liver is far more difficult, as a 
number of different entities must be taken into ac
count. It is important to state that the color Doppler 
features described above for HCC may help make the 
diagnosis in the context of a cirrhotic patient, but 
are less helpful in the clinical setting of a patient 
with a focal lesion and an otherwise normal liver 
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(YASHURA et al. 1988; TAYLOR et al. 1987; TANAKA et 
al. 1990b; OHNISHI and NOMURA 1989; NINO
MURCIA et al. 1992; BARTOLOZZI et al. 1997). 

The detection of a pulsatile arterial blood flow 
within the lesion is not specific for HCC. Some other 
benign and malignant tumors are typically 
hypervascular. Morphologic analysis of tumor vas
cularity is also nonspecific: the typical color Doppler 
features of HCC, namely the "basket pattern" and the 
"vessel within the tumor;' may be depicted also in 
other kinds of lesions. Hepatocellular adenoma, for 
instance, typically shows a basket pattern with 
peritumoral arteries, frequently associated with 
intratumoral vessels with a venous Doppler spec
trum. Intratumoral arteries, however, are not a typi
cal finding in hepatocellular adenoma, but are char
acteristically found in FNH. In FNH, vessels with a 
pulsatile Doppler spectrum typically radiate from 
the center to the periphery of the lesion, and may be 
associated with either pulsatile or continuous pe
ripheral flow (BARTOLOZZI et al.1997; YASHURA et al. 
1988; TAYLOR et al. 1987; TANAKA et al. 1990b; 
OHNISHI and NOMURA 1989; NINO-MuRCIA et al. 
1992). 

5.4 
Conclusions 

US is the initial examination performed in most pa
tients clinically suspected of having an hepatic ma
lignancy, as it enables a rapid, accurate, and 
noninvasive assessment of liver parenchyma. US is 
an ideal technique for screening patients with 
chronic liver disease for early detection of HCC, and 
has been a fundamental tool for understanding the 
natural history of this tumor. In many cases, US find
ings enable a confident characterization of the tu
mor, especially when the HCC develops on a cir
rhotic background. US examination can also provide 
useful information regarding the stage of the tumor, 
although it is easy to underestimate the presence of 
tiny satellite nodules or tumor invasion into seg
mental or subsegmental portal vein branches 
(TANAKA et al. 1986). 

With recent advances in instrumentation and the 
introduction of US contrast media, color Doppler US 
currently provides an accurate depiction of tumor 
vascularity in HCC (TANAKA et al. 1989). Doppler US 
studies may help differentiate HCC from nonneo
plastic hepatocellular lesions arising in cirrhotic liv
ers, such as macro regenerative or dysplastic lesions. 

Moreover, information on tumor vascularity may 
help select the most appropriate nonsurgical treat
ment for small HCC lesions. Tumors showing an ar
terial hypervascular supply at Doppler US, in fact, 
might well be suitable for treatment by transcatheter 
arterial chemoembolization, as the response of HCC 
to therapeutic arterial embolization is closely related 
to the degree of neovascularization of the lesion. In 
contrast, tumors without signs of hypervascularity 
on power Doppler imaging might be best treated 
with percutaneous ethanol injection, whose efficacy 
is not impaired by the lack of arterial blood supply to 
the tumor. Finally, Doppler US is a tool for monitor
ing the therapeutic response of the tumor to inter
ventional treatments. 
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6.1 
Introduction 

Computed tomography (CT) currently plays a fun
damental role in the screening, differential diagno
sis, staging, and evaluation of response to treatment 
of hepatocellular carcinoma (HCC) (OLIVER et al. 
1996). HCC is a hypervascular tumor which is best 
depicted by CT images obtained during the pre
dominantly arterial phase of contrast enhancement. 
Hence, the use of a spiral scanner is mandatory 
when studying this kind of malignancy to perform 
an accurate examination of the entire liver paren
chyma (RUMMENY and MARCHAL 1997). This article 
will focus on spiral CT features of HCC lesions and 
on the role of CT for screening, differential diagno
sis, and staging of HCC. The usefulness of spiral CT 
for the assessment of tumor response will be dis
cussed in the relevant chapter. 

6.2 
Technique 

6.2.1 
Dual-Phase Spiral (T 

Evaluation of patients with suspected HCC requires 
a carefully standardized examination protocol 
(MITSUKAKI et al. 1996; OLIVER et al. 1996; TUBLIN 
et al. 1999). Obtaining unenhanced scans is manda
tory. In fact, since patients with HCC usually also 
have liver cirrhosis, macro regenerative or dysplastic 
nodules containing iron deposits may be occasion
ally found. These lesions are well depicted on 
unenhanced CT images, as they have a higher at
tenuation than liver parenchyma owing to the 
intranodular content of iron (Fig. 6.1). 

Unenhanced and dual-phase contrast-enhanced 
spiral CT examination is performed by obtaining a 
volume acquisition covering the entire liver paren
chyma during a single suspended respiration. 
A 7-mm collimation and a 1:1 pitch in a cranial-cau-
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Fig.6.1a,b. Macroregenerative nodule containing iron depos
its. The lesion appears hyperdense in the baseline scan (a), 
and fails to enhance in the arterial phase image, becoming 
undetectable (b) 

dal direction beginning at the top of the liver are 
used. For the dual-phase contrast-enhanced study, 
patients receive 130-150 ml nonionic contrast mate
rial at a rate of 3-5 mIls. CT is initiated 20 s (if using 
an infusion rate of 5 mIls) or 25 s (if using an infu
sion rate of 3 mIls) after the start of contrast injec
tion to obtain arterial-phase images. The liver is im
aged in 20-30 s (BONALDI et a1. 1995). Portal venous 
phase images are then obtained beginning at 65-70 s 
(if using an infusion rate of 5 mIls) or 70-75 s (if us
ing an infusion rate of 3 mIls) after the start of con
trast injection (CHOI et a1. 1996; MITSUKAKI et a1. 
1996). Delayed phase images may also be useful in 
selected cases, particularly to evaluate tumor charac
teristics such as the presence of a capsule (Fig. 6.2). 

6.2.2 
AngiographicaJly Assisted CTTechniques 

The combination of CT and angiography allows the 
performance of accurate CT studies for the detec-

C. Bartolozzi et al. 

tion and characterization of HCC (KANEMATSU et a1. 
1999). There are three combinations of C1 and an
giography: CT during the injection of contrast mate
rial into the hepatic artery (CT arteriography), CT 
during arterial portography (CTAP), and CT per
formed after the intra-arterial injection of iodized oil 
(Lipiodol CT). These are accurate but invasiye proce
dures that are mainly used to overcome th,~ limita
tions of conventional CT in the detection and evalua
tion of small HCC lesions (MERINE et a1. 1990). Fol
lowing the introduction of spiral scanners, the indica
tions for angiographically assisted CT techniques 
have been restricted to selected cases (NELSON et al. 
1990; SMALL et al. 1993; TOUREL et al. 1995). 

6.2.2.1 
CT Arteriography 

In CT arteriography (CTA), contrast material is in-
jected directly into the proper or common hepatic 
artery or, if not possible, into the celiac artery. With 
conventional nonspiral CT scanners, 10-15 ml of con
trast material are injected at a rate of 1-3 mlls during 
the scanning of each slice of the liver. After thf intro
duction of spiral machines, it has become pos~ible to 
obtain high-quality CTA images of the entire liver 
during a single breathhold. Contrast material is in
jected at a rate of 3-5 mIls during the scanning of the 
entire liver. Scanning is initiated 5 s after the s tart of 
contrast injection (RUBIN et al. 1993). 

6.2.2.2 
CT during Arterial Portography 

Before spiral CTAP, limited visceral angiography must 
be performed to place the tip of a 5F catheter in the 
proximal superior mesenteric artery. With conven
tional nonspiral machines, 70-100 ml of contrast ma
terial are injected at a rate of 0.5-1.5 mIls during se
quential scanning of the liver with incremental 
changes in the position of the table. The scanning is 
started around 20 s after the initiation of the infusion. 
With spiral systems, it is possible to increase the rate 
of injection up to 3 mIls, examining the whole liver 
parenchyma during a single suspended respiration. 
Scanning is started 30 s after beginning of comrast 
administration (BLUEMKE et al. 1995; HORI et al. 1998; 
KANEMATSU et al. 1997, 1998; MERINE et al. 1990). 

6.2.2.3 
Lipiodol CT 

To perform Lipiodol CT, a complete angiographic 
study of the arterial supply to the liver must per-
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Fig.6.2a-d. Small hepatocellular carcinoma. The lesion is isoattenuating with respect to liver parenchyma in the baseline scan 
(a), and stands out in the arterial phase image (b). The tumor is nearly isodense to liver in the portal venous phase (c) and in 
the delayed phase (d). The tumor capsule is not depicted in the baseline scan (a), in the arterial phase image (b), and in the 
portal venous phase image (c), but may be appreciated in the delayed phase image as a peripheral rim of enhancement (d) 

formed as a preliminary step. Then, 10-20 ml of io
dized oil (Lipiodol UltraFluid, Laboratories Guerbet, 
France) mixed with 50-100 mg of epirubicin hydro
chloride are injected. The anticancer-in-oil emul
sion must be injected with the catheter tip advanced 
into either the proper hepatic artery, after the emer
gence of the gastroduodenal and cystic arteries, or 
in both the right and left hepatic arteries. When ac
cessory or replaced hepatic arteries are found, re
peated catheterizations and injections must be per
formed so that the emulsion could reach the whole 
liver parenchyma to identify any possible lesion. The 
final step of the procedure is the injection of absorb
able gelatin sponge particles. 

Three to 4 weeks after the procedure, unenhanced 
CT of the liver is performed to evaluate areas of re
tained Lipiodol (LENCIONI et al. 1997). If the wash
out of the iodized oil from the liver parenchyma is 

still incomplete on CT scans obtained 3-4 weeks af
ter Lipiodol injection, CT may be repeated 1-2 weeks 
later (BISOLLON et al. 1998; CHOI et al. 1997; MERINE 
et al. 1990). 

6.3 
CT Features of Hepatocellular Carcinoma 

6.3.1 
Dual-Phase Spiral (T 

6.3.1.1 
Small Hepatocellular Carcinoma 

Along with progress in early diagnosis, various new 
information on the pathomorphologic characteris
tics and developmental process of early-stage HCC 
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has been obtained through the histologic examina
tion of resected lesions, explanted livers, and au
topsy specimens (CHOI et al. 1993). 

Currently, HCC is thought to develop through two 
main pathways: a de novo carcinogenesis and a mul
tistep progression. Multistep development is consid
ered to be the most frequent model of hepato
carcinogenesis in cirrhotic livers. This model in
cludes the transition from frankly benign nodules 
(large regenerative nodules or macro regenerative 
nodules) to equivocal lesions (dysplastic nodules or 
borderline lesions), to early H CC (very well differen
tiated tumor of Edmondson grade 1), and, finally, to 
overt HCC (advanced tumor of Edmondson grade 2 
or greater) (KANAI et al.1987; TAKAYAMA et al.1990). 
HCC usually develops as a focus of well-differenti
ated cancer within a dysplastic lesion. When the tu-

C. Bartolozzi et al. 

mor grows to 1-1.5 cm in diameter, de-differentia
tion of well-differentiated cancer cells occurs: cancer 
tissue at lower histologic grades proliferate;; within 
the well-differentiated cancerous nodule (euly-ad
vanced HCC), replaces the well-differentiated tissue 
that has weak proliferative activity, and then ;;tarts to 
grow expansively, developing into advanc€d HCC 
(KIM SR et al. 1998). 

Along with progression from regeneration to can
cer, hepatocellular nodular lesions shows a change in 
the blood supply. In fact, the intranodular portal 
blood supply tends to decrease and, in contrast, the 
intranodular arterial supply tends to increas,~ in the 
path from benign to malignancy. Macroregererative 
and dysplastic nodules, as well as early HCC, have a 
predominantly portal blood supply, while overt HCC 
lesions are supplied almost exclusively by hepatic ar-

Fig. 6.3a-d. Small, overt, hepatocellular carcinoma. The tumor is slightly hypo attenuating in the baseline scan (a) . The lesion 
shows a clear-cut hypervascular pattern and stands out in the arterial phase spiral CT image (b) against the faintly enhanced 
liver parenchyma. Rapid wash-out of contrast material is observed in the portal venous phase image (c), in which the lesion 
is not detectable. The tumor is hypoattenuating in the delayed phase (d) 
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Fig.6.4a-d. Early-stage, hypovascular hepatocellular carcinoma. The lesion is depicted as a slightly low-attenuating nodule in 
the precontrast spiral CT image (a). The lesion fails to enhance in the arterial phase image (b), and appears hypoattenuating 
with respect to surrounding liver parenchyma in the portal venous phase (c) and in the delayed phase (d) 

terial branches (NAKAKUMA et al. 1993). The neo
angiogenesis of nontriadal arteries, that is the patho
logic substratum of tumor hypervascularity, relates 
to the presence of H CC tissue of Edmondson grade 2 
or greater (LENCIONI et al. 1996). 

The different blood supply to the lesion is the 
single most important CT feature that may help dif
ferentiate among small hepatocellular lesions which 
have emerged in a cirrhotic liver (LEE et a1. 1997). In 
fact, while small, overt HCC tumors show a typical 
hypervascular pattern, with clear-cut enhancement 
in the predominantly arterial phase and rapid wash
out in the portal venous phase (Fig. 6.3), early-stage 
HCC and regenerative or dysplastic lesions fail to ex
hibit this feature and appear isoattenuating or 
hypoattenuating with respect to surrounding liver 

parenchyma on dual-phase spiral CT images (Fig. 
6.4) (BONALD! et a1. 1995; CHO! et a1. 1996; ROFFLETT 
et a1. 1995). These early-stage lesions usually appear 
hyperintense on T I-weighted MR images and almost 
isointense to liver on T2-weighted MR images. The 
lack of arterial blood supply is also well depicted by 
dynamic contrast-enhanced MR images (Fig. 6.5) . 

Morphologically, small HCC tumors less than 3 
cm in greatest dimension usually show a nodular 
configuration and may be divided into four types: 
single nodular type, single nodular type with 
extranodular growth, contiguous multinodular type, 
and poorly demarcated nodular type (HOLLETT et a1. 
1995). 

Small, classical, nodular type HCC is a sharply de
marcated lesion, which mayor may not be encapsu-
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Fig. 6.5a-c. Early-stage, hypovascular hepatocellular carci
noma (same case as in Fig. 6.4). The lesion is depicted as a 
hyperintense nodule in the unenhanced gradient-echo TI
weighted MR image (a). The lesion fails to enhance in the 
arterial phase gradient-echo image (b), and appears 
isointense with respect to surrounding liver parenchyma in 
the delayed contrast-enhanced spin-echo image (c) 
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lated (Figs. 6.6, 6.7). Pathologically, the tumor cap
sule is seen in about 50-60% of small HCC: lesions. 
The CT detection rate of the capsule by is low in 
small tumors because the capsule is thin and poorly 
developed. The capsule is seen as a peripheral rim 
that is hypoattenuating on unenhanced and arterial
phase contrast-enhanced images and hyper
attenuating on delayed contrast-enhanced images 
(Fig. 6.7) (Ros et al. 1990). 

The single nodular type with extra nodular 
growth, the contiguous multinodular type, and the 
poorly demarcated nodular type show a nodular 
configuration with an irregular or unclear margin 
on CT images (Figs. 6.8, 6.9) (OLIVER et al. 1996). 

Fig. 6.6a,b. Small, nodular type hepatocellular carciloma. 
The lesion is well depicted in the arterial phase spiral CT 
image (a). In the portal venous phase, the tumor becomes 
isoattenuating to liver (b). The tumor capsule is not depicted 
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Fig. 6.7a-c. Small, nodular type, encapsulated hepatocellular 
carcinoma. The thin capsule is seen as a peripheral rim that is 
hypoattenuating on unenhanced (a) and arterial-phase con
trast-enhanced images (b) and hyperattenuating on delayed 
contrast-enhanced images (c) 
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Fig. 6.8a-c. Small, nodular type hepatocellular carcinoma 
with extranodular growth. The tumor appears isodense in 
the baseline scan (a), hyperdense in the arterial phase (b) and 
hypodense in the portal venous phase (c). The lesion shows 
nodular configuration with irregular margins and incom
plete encapsulation 
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Fig. 6.9a-c. Small, poorly demarcated, nodular type hepato
cellular carcinoma. The tumor appears hypodense in the 
baseline scan (a), slightly hyperdense in the arterial phase (b) 
and isodense in the portal venous phase (c) of the spiral CT 
study. The lesion shows nodular configuration with irregular 
and unclear margin 
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6.3.1.2 
Advanced Hepatocellular Carcinoma 

Advanced HCC lesions are classified into three ma
jor types: expansive nodular type, infiltrative type, 
and diffuse type. 

The typical expansive type of HCC is a sharply 
demarcated lesion, which may be unifocal or multi
focal. Typical features of expansive type HCC in
clude tumor capsule and internal mosaic architec
ture. Most expansive HCC lesions have a well-devel
oped fibrous capsule. The capsule may be depicted 
by CT in up to 70-80% of large, encapsulated lesions 
on macroscopic pathologic examination. The fibrous 
capsule is demonstrated by CT as a hypoattenuating 

Fig. 6.10a,b. Large, encapsulated hepatocellular carciroma. 
Spiral CT images obtained in the arterial (a) and the portal 
venous phase (b). The capsule is depicted as a thin enhncing 
rim in the portal venous phase image 
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rim which enhances in the delayed phase (Fig. 6.1O). 
Internal mosaic architecture is characterized by 
components separated by thin septa (Fig. 6.11). The 
different components may show various attenuation 
indexes on precontrast CT images, particularly if ar
eas of well-differentiated tumor with different de
grees of fatty metamorphosis are present (Ros et al. 
1990). 

The infiltrative type HCC is characterized by an 
irregular and indistinct tumor-nontumor boundary. 
This type is demonstrated as a mainly uneven area 
with unclear margins (Fig. 6.12). The tumor strands 
into surrounding tissue, and frequently invades vas
cular structures, particularly portal vein branches 

Fig. 6.11a,b. Hepatocellular carcinoma with internal mosaic 
architecture and intratumoral septa. Spiral CT images ob
tained in the arterial (a) and the portal venous phase (b). 
Different components of the tumor show various attenuation 
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Fig. 6.12a-c. Infiltrative type hepatocellular carcinoma. The 
tumor is hardly detectable in the baseline scan (a) and is de
picted by arterial phase (b) and portal venous phase (c) spiral 
CT images as an uneven area with irregular borders and in
homogeneous enhancement which strands into surrounding 
tissue. Tiny satellite nodules are also detected in the vicinity 
of the main tumor 
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(CHOI 1995). HCC, in fact, has a great propensity for 
invading and growing into the portal vein, eliciting 
tumor thrombi (Fig. 6.13). Identification of neoplas
tic thrombosis of the portal vein is a crucial staging 
and prognostic factor (NOVICK and FISHMAN 1998). 
Infiltrative HCC may create a massive involvement 
of the liver, replacing large parts of the parenchyma. 
The diffuse type is by far the most unusual presenta
tion of HCC. This type is characterized by numerous 
nodules of small size scattered throughout the liver. 
The nodules do not fuse with each other and are vi
sualized as diffusely distributed hypodense lesions 
(OLIVER et al. 1996). 

In addition to these morphological features, HCC 
has the typical tendency of giving out small or 
minute satellite nodules ("daughter" lesions), fre-

C. Bartolozzi et al. 

quently located in the vicinity of the main tumor. 
These nodules represent intrahepatic metastases 
that are usually developed via the ponal vein 
branches. Identification of these satellite lesions is of 
the utmost importance for therapeutic planning, 
and represents one of the most challenging issues in 
HCC patients (Fig. 6.14) (01 et al. 1996). Satellite le
sions should be distinguished from multiple small 
HCC tumors caused by multicentric development. 
Such a distinction is important since the pre~ence of 
intrahepatic metastases indicates a more acvanced 
stage and is associated with a worse prognosi~;. In the 
case of multicentric development, multiple small tu
mors may exhibit a different enhancement pattern on 
spiral CT, reflecting a different degree of tumor differ
entiation (CHOI et al.1997; LENCIONI et al.1997). 

Fig. 6.13a-d. Infiltrative type hepatocellular carcinoma with tumor thrombus in the portal vein. Spiral CT images obtained in 
baseline (a) , arterial (b), portal (c), and delayed phase (d) show a huge tumor mass replacing a large part of the liver paren
chyma, invading the portal vein branches and eliciting neoplastic thrombosis 
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Fig.6.14a-d. Hepatocellular carcinoma with multiple satellite lesions. The main tumor and the daughter nodules are well 
depicted in the arterial phase spiral CT images due to their clear-cut enhancement (a,b). In the portal venous phase images 
(c,d), the main tumor and the satellite lesions appear hypo attenuating with respect to surrounding liver parenchyma 

6.3.1.3 
Unusual CT Features of Hepatocellular 
Carcinoma 

Unusual histopathologic characteristics ofHCC may 
modify the typical CT appearance of this tumor. 
These unusual histopathologic characteristics in
clude marked fatty change, massive necrosis, abun
dant fibrous stroma (sclerosing type HCC), sarco
matous change, copper accumulation, and calcifica
tions (FREENY et al. 1992). 

When fatty metamorphosis is severe, CT usually 
shows areas of negative attenuation value within the 
tumor, allowing the diagnosis of the fat component 
(Fig. 6.15). When the degree of fatty deposition dif
fers among internal portions of the tumor, the mo-

saic architecture can be visualized and the diagnosis 
of HCC made. However, in the case of diffuse fatty 
metamorphosis of the lesion, differential diagnosis 
from lipomatous tumors may not be achieved by CT 
(YOSHIKAWA et al. 1988). 

Spontaneous massive necrosis within HCC is 
shown as a non-enhanced area, similar to other ne
crotic tumors (Fig. 6.16). HCC with abundant fibrous 
stroma (sclerosing type HCC) demonstrates 
hypovascularity on arterial -phase CT images and 
shows delayed enhancement (YAMASHITA et al.1993; 
YOSHIKAWA et al. 1992). The same enhancement pat
tern may be seen in HCC with sarcomatous change, 
which is a very rare histotype. These CT features are 
commonly seen in lesions with a rich fibrous compo
nent, such as confluent hepatic fibrosis in cirrhotic 
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Fig. 6.1Sa-f. Hepatocellular carcinoma with fatty metamorphosis. Spiral CT images obtained in the pre contrast phase (a), 
arterial phase (b), portal venous phase (c), and delayed phase (d). The lesion shows internal areas that are markedly 
hypoattenuating due intratumoral fatty accumulation. MR imaging confirms the presence of areas of fatty change, which 
appear hyperintense in the spin echo Tl-weighed image (e) and hypointense in the gradient-echo out-of-phase Tl-weighted 
image (f) 
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liver and cholangiocellular carcinoma (OHTOMO et 
al. 1993). 

Deposition of copper and copper-binding protein 
in some HCC lesions has been recognized, resulting 
in increased attenuation on precontrast CT images 
(KITAGAUA et al. 1991). The presence of calcifica
tions is uncommon in HCC, being detected in about 
0.2-1 % of tumors. Calcifications, however, are not 
rare in fibrolamellar carcinoma and in mixed 
cholangiocellular-hepatocellular carcinoma. 

6.3.2 
Angiographically Assisted CT Techniques 

6.3.2.1 
CT Arteriography 

CTA is based on the fact that all but very few HCC 
tumors are fed from the hepatic artery. On CTA im
ages, HCC lesions show high-attenuation blushes 
compared with the surrounding normal liver and 
stand out against the faintly enhanced normal pa
renchyma. Therefore, even small but overt HCC tu
mors may be well depicted. With CTA, however, 
early-stage, well-differentiated HCC tumors with 
immature neovascularity fail to enhance and are not 
distinguished from liver parenchyma (TAKAYASU et 
al. 1995b). 

Variations in vascular anatomy, flow-related arti
facts, and altered hemodynamics due to the associ
ated chronic liver disease may significantly change 
the patterns of enhancement and produce both 
false-negative and false-positive results. Familiarity 
with the hemodynamics and the disease processes, 
and correlation of the CT findings with those seen 
on hepatic angiograms, will help avoid these pitfalls 
(RUBIN et al. 1993; UEDA et al. 1998). 

6.3.2.2 
CT during Arterial Portography 

CTAP is based on the reverse pathologic substratum 
with respect to CTA, that is, on the fact that almost 
no HCC tumors are fed by the portal vein. This pro
cedure produces dense enhancement of portal 
venous blood, so that the arterially supplied overt 
HCC lesions are highlighted as negative defects (Fig. 
6.17). The liver is markedly increased in attenuation, 
and even small tumor deposits may be depicted as 
definitely hypodense areas. Well-differentiated, 
early-stage HCC tumors, however, maintain a portal 
blood supply (although usually decreased with re-
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Fig. 6.16a-c. Large hepatocellular carcinoma with internal 
necrosis. The necrotic portion is depicted as a low attenuat
ing area in the precontrast spiral CT image (a), which fails to 
enhance in the arterial (b 1 and the portal (el phases 

a 

b 

c 



a 

b 

84 

Fig. 6.17a,b. Spiral CT during arterial portography. Large tu
mor mass is detected in the left lobe by conventional spiral 
CT image (a). Further evaluation with spiral CT during arte
rial portography reveals a I-cm neoplastic nodule in the right 
lobe undetected by previous studies (b) 

spect to that of normal liver or regenerative nodules) 
and may exhibit a faint hypodensity with respect 
to liver parenchyma, being hardly detectable 
(BWEMKE et al. 1995; TAKAYASU et al. 1995b). 

Many reports have shown that this technique has 
a very high detectability rate for small, overt HCC 
tumors. However, CTAP lacks specificity, as almost 
every focal lesion in the liver, including benign le
sions such as hemangiomas and small cysts, assumes 
the same hypo attenuating appearance and therefore 
may simulate tumor (MATSUI et al. 1994). Moreover, 
this technique has the drawback that nontumorous 
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portal vein perfusion defects, unrelated to tumor de
posits, can occur due to altered hemodynamics, par
ticularly in the presence of liver cirrhosls. False
positive rates as high as 20-30% for patient analysis, 
in fact, have been reported, making CTAP unreliable 
for the correct prediction of positive tumor involve
ment (HORI et al.1998; KANEMATSU et al.1997, 1998; 
MERINE et al. 1990). 

6.3.2.3 
Lipiodol CT 

Lipiodol is the iodinated ethyl ester of the fatty acid 
of poppy seed oil and contains 37-38% iodine by 
weight. When Lipiodol is injected into the hepatic 
artery, most of the iodized oil droplets flow into 
HCC lesions by virtue of the increased blood supply 
to the tumor. Once deposited in the tumor, the 
Lipiodol droplets disappear at a far slower rate com
pared with those deposited in the normal liver tis
sue. In fact, while iodized oil undergoes rapil wash
out from the noncancerous liver parenchyma, usu
ally leaving an unappreciable amount 3-4 w~eks af
ter the intra-arterial injection, it remains for months 
or years within HCC nodules. 

The reason for the selective and prolonged reten
tion of Lipiodol in HCC lesions has yet to he fully 
clarified. Some authors suggested that trapping of 
the oil in the irregular, tortuous, and poorly c::mtrac
tile vessels of the tumor, as well as the abnormally 
increased permeability of these vessels, may be in·· 
volved. Moreover, it has been hypothesized that the 
slow disappearance of Lipiodol from HCC lesions 
may be explained with the absence of lymphatic ves
sels and Kupffer cells in the tumorous tissue. 

On CT scans acquired 3-4 weeks after intra-arte
rial injection of Lipiodol, HCC lesions appear as 
highly hyperattenuating areas compared with 
nontumorous liver tissue (Fig. 6.18). Many published 
reports have shown that Lipiodol-CT has a high de
tectability rate for tiny HCC nodules (BARTOLOZZI et 
al. 1996; MERINE et al. 1990; LENCIONI et al. 1997). 
Findings on Lipiodol CT are quite specific for the di
agnosis of HCC, provided that correct diagnostic 
criteria are used. Small, rounded, circumscril: ed ar
eas of dense Lipiodol retention on CT scans obtained 
3-4 weeks after the intra-arterial injection of the io
dized oil have a 90% positive predictive value lor be
ing true satellite neoplastic foci in the clinical setting 
of a cirrhotic patient with HCC (BISOLLON et al. 
1998; CHOI et al. 1997; LENCIONI et al. 1997; TOUREL 
et al. 1995). 
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Fig. 6.1Sa-c. Lipiodol CT. Hepatocellular carcinoma is de
picted by conventional spiral CT images acquired in the arte
rial (a) and the portal (b) phases. On un enhanced CT scan 
obtained 4 weeks after intra-arterial injection of iodized oil, 
the lesion appears homogeneously hyperattenuating due to 
massive retenlion of Lipiodol (c) 
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6.4 
Role of (T in Screening 

In Western countries, as well as in Japan, HCC 
emerge in cirrhotic livers in more than 90% of cases. 
Patients with liver cirrhosis, in fact, have long been 
identified as being a high-risk group for the devel
opment of HCC. Since the mid-1970s, the recogni
tion of the close association of HCC with cirrhosis 
has stimulated the development of clinical programs 
for the early detection of HCC in cirrhotic patients 
(NAKAKUMA et al. 1993). 

Extensive screening for HCC was made possible 
by the application of widely available diagnostic 
methods, such as assay for serum alpha-fetoprotein 
(AFP) and real-time ultrasonography (US). As a re
sult of widespread screening programs, an increas
ing number of tumors have been identified at a treat
able stage (TAKAYASU et al. 1990). The use of US as 
the imaging modality of choice for screening has 
been widely accepted, although US examination of 
the entire liver is sometimes impossible because of 
the patient's habitus, intervening bones, or colonic 
interposition, especially in small cirrhotic livers 
(DODD et aI1992). 

Conventional CT, performed by using nonspiral 
scanners, did not provide any substantial advantage 
over US for early detection of HCC. The sensitivity of 
conventional CT in the detection of small HCC le
sions, in fact, was inferior to that of US in most pub
lished series. 

Currently, the increasing availability of spiral 
scanners opens new prospects for HCC screening 
(OLIVER et al. 1996). Despite the low sensitivity in 
the detection of early-stage, hypovascular HCC nod
ules (well-differentiated tumors of Edmondson 
grade 1, which usually have weak proliferative activ
ity), spiral CT has a very high detection rate for 
small, overt, hypervascular HCC lesions (tumors 
that are small in size but have already undergone the 
de-differentiation process, starting their progression 
toward advanced HCC) (HOLLETT et al. 1995). Spiral 
CT can therefore guarantee an objective and com
prehensive survey of the liver parenchyma, detecting 
small tumors which necessitate timely therapeutic 
intervention (Fig. 6.19) (CHOI et al. 1996; LEE et al. 
1997; UEDA et al. 1995). The use of spiral CT could be 
recommended in high-risk patients, such as those 
with abnormal (above 200 ng/ml) or increasing AFP 
levels, and negative US findings (Fig. 6.20) 
(TAKAYASU et al. 1995a). 
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Fig. 6.19a,b. Small hepatocellular carcinoma detected by spiral CT. The lesion shows typical features in the arterial (a) and in 
the portal (b) phase images despite the small size 

Fig. 6.20a-d. Tiny hepatocellular carcinoma detected by spiral CT in patients with abnormal AFP level and negltive US 
examination. The small lesion is undetectable in the baseline scan (a), appears slightly hyperattenuating in the arteri al phase 
(b), and is again undetectable in the delayed phase (c). Contrast-enhanced gradient-echo Tl-weighted MR image in the 
arterial phase confirms the presence of the small neoplastic nodule (d) 
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6.S 
CT Differential Diagnosis 
of Hepatocellular Carcinoma 

The differential diagnosis of a suspected HCC raises 
different issues in the setting of a nodular lesion 
detected in a patient with liver cirrhosis or in the 
case of a tumor developed in an otherwise normal 
liver. 

6.S.1 
Differential Diagnosis of Lesions 
in Cirrhotic Liver 

Currently, efforts are being directed toward making 
the diagnosis of HCC developed in cirrhotic livers at 
an early preclinical stage. With this aim, patients 
with chronic liver disease are carefully followed with 
AFP level measurement and us examination per
formed at regular intervals. Hence, particular atten
tion is directed to characterizing even very small 
nodules detected by us screening (NAKAKUMA et al. 
1993; OLIVER et al. 1996). Every solid focal liver le
sion which has emerged in a cirrhotic liver should be 
regarded as an HCC unless a different diagnosis has 
been proved (LENCIONI et al. 1996). 

6.5.1.1 
Differential Diagnosis of Hypervascular Lesions 

If the lesion shows a typical hypervascular pattern, 
with clear-cut enhancement in the predominantly 
arterial phase and rapid wash-out in the portal 
venous phase, the diagnosis of HCC is very likely. If 
the additional features of a peripheral rim of delayed 
enhancement (corresponding to the capsule) or in
ternal mosaic architecture are seen, the diagnosis of 
HCC can be confidently assumed (Fig. 6.21) 
(BONALDI et al.1995; CHOI et al.1996; LEE et al.1997; 
Ros et al. 1990). Biopsy confirmation may not be re
quired in such instances. Mosaic architecture should 
not be confused with uneven CT densities in tumors 
caused by degeneration, necrosis, or bleeding. 

If these typical morphological features of HCC 
are not depicted, HCC must be differentiated from 
other hypervascular lesions which may be occasion
ally found in cirrhotic livers. These include, among 
others, small hemangiomas and hypervascular me
tastases (KIM TK et al. 1998; MATSUI et al. 1991; VAN 
HOE et al. 1997). 

Hemangiomas usually appear as low-attenuating 
lesions on pre contrast CT images, and show periph-
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eral nodular or globular enhancement in arterial
phase images with progressive centripetal fill-in. 
Prolonged enhancement is typically seen in the de
layed phase. On the other hand, classical HCC nod
ules are usually opacified throughout the entire tu
mor on arterial-phase images, and become 
hypo dense in the delayed phase. Tiny hemangiomas, 
however, may sometimes exhibit the same homoge
neously hypervascular pattern as small HCC 
(HANAFUSA et al. 1997; JANG et al. 1998). In these 
cases, CT differential diagnosis may be not be pos
sible and further investigation with MRI is recom
mended (Fig. 6.22). 

Hepatic metastases are uncommon in the clinical 
setting of a cirrhotic patient, and hypervascular me
tastases resembling HCC are uncommon among he
patic metastases. Nevertheless, this diagnostic di
lemma may occur if the patient has a clinical history 
of extrahepatic malignancy or there is any clinical or 
laboratory suspicion of an extrahepatic tumor. In 
this case, imaging findings alone may not allow a dif
ferential diagnosis, and biopsy may be recom
mended (Fig. 6.23) (OLIVER et al. 1997). 

6.5.1.2 
Differential Diagnosis of Hypovascular Lesions 

The detection of a small hypovascular lesion in a 
cirrhotic patient may be due to either a dysplastic! 
well-differentiated hepatocellular nodule or, less fre
quently, to a non-cirrhotic-related lesion, such as an 
hepatic metastasis (NAKAKUMA et al. 1993; MATSUI 
et al. 1991; VAN HOE et al. 1997). 

Differentiation among the histologically varied 
grades of dysplastic and well-differentiated neoplas
tic hepatocellular lesions is not achievable by CT. It 
has to be considered, however, that a reliable clear 
cut differentiation between dysplastic lesions and 
early-stage well-differentiated cancer is not possible 
either with imaging modalities or biopsy, as dysplas
tic nodules may contain microscopic foci of HCC. 
Following new information ofhepatocarcinogenesis, 
dysplastic nodules are now considered as lesions 
with high malignant potential (KRINSKY et al. 1998). 
Therefore, these borderline lesions are currently 
considered eligible for interventional procedures 
such as percutaneous ethanol lllJection or 
radiofrequency thermal ablation, like small HCC 
nodules. 

Hypovascular metastases may exhibit peculiar 
features such as a necrotic center and vascular rim. 
Enhanced rims of neovascularity, or peripheral 
high-density rims resulting from congested, dilated 
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Fig.6.21a-f. Small hepatocellular carcinoma characterized by 
spiral CT in patient with liver cirrhosis. The small lesion is 
hyperattenuating in the arterial phase (a), and isoattenllating in 
the portal phase (b). A thin peripheral rim of enhancerrent cor
responding to the tumor capsule is depicted in the portll phase 
image (b). Contrast-enhanced gradient-echo Tl-weighted MR 
images acquired in the arterial (c) and the portal venOliS phase 
(d) confirm CT findings. Digital subtraction angiography shows 
a small hypervascular tumor (e). On CT scan obtained 4 weeks 
after Lipiodol transcatheter arterial chemoembolization (f), 
dense and homogeneous retention of iodized oil is seen 
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sinusoids outside a hypovascular tumor, may be best 
depicted in arterial phase images. Prolonged en
hancement is sometimes seen in the center of me
tastases in delayed scans. The combination of de-
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Fig. 6.22a-e. Small hepatic hemangioma. The lesion appears 
hyperdense in the arterial phase image (arrow in a) and 
slightly hyperdense in the portal phase image (b) of the spiral 
CT study. The small nodule is hypointense for the spin-echo 
Tl-weighted MR image (c) . Fast spin-echo T2-weighted (d) 
and heavily T2-weighted MR images (e) show definitely 
hyperintense lesion, indicating hemangioma. In the delayed 
contrast-enhanced spin-echo Tl-weighted MR image the 
nodule is slightly hyperintense, confirming the diagnosis of 
hemangioma 

layed and prolonged central enhancement produc
ing high-central density and relatively low-periph
eral density mass strongly suggests metastatic carci
noma. 
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Fig. 6.23a-c. Hypervascular hepatic metastasis. The lesion is 
hypoattenuating in the baseline scan (a), and shows clear cut 
enhancement in the arterial phase (b). Persistent enhance
ment is seen in the delayed phase (c) 

C. Bartolozzi et al. 

6.5.2 
Differential Diagnosis of Lesions in 
Non-Cirrhotic Liver 

The diagnosis of HCC developed in a non-cirrhotic 
liver is usually made at an advanced stage, as no US 
survey has been performed. Differential dagnosis is 
usually more difficult, as a number of different enti
ties must be taken into account. 

If the tumor has an expansive growth, t~.'pical fea
tures suggesting HCC, such as tumor capsule and in
ternal mosaic architecture (including areas of fatty 
degeneration), may be observed. In infiltrating le
sions, invasion of portal vein branches may suggest 
HCC. Differential diagnosis of HCC in noncirrhotic 
livers includes a variety of benign and malignant en
tities (GROSSHOLZ et al. 1998; VAN HOE et al. 1997). 

Expansive HCC lesions without signs of vascular 
invasion should be distinguished in the first place 
from benign tumors. These include, among others, 
hemangioma, focal nodular hyperplasia, and hepa
tocellular adenoma. 

Hemangiomas are well-demarcated masses that 
are hypodense with respect to normal liver and typi
cally show peripheral nodular or globular enhance
ment in arterial-phase images with progre:.sive cen
tripetal fill-in. Prolonged enhancement is typically 
seen in the delayed phase. Large hemangiomas, how
ever, rarely fill in completely, as central regions of fi
brosis or thrombosis remain hypodense (HANAFUSA 
et al. 1997; JANG et al. 1998). 

Focal nodular hyperplasia and hepatoceJular ad
enoma typically occur in young patients and pre
dominantly in females. Focal nodular hyperplasia 
usually has a typical biphasic enhancement on spiral 
CT: in the arterial phase, the peripheral portion of 
the lesion shows clear cut enhancement, becoming 
definitely hyperdense with respect to adjacent he
patic parenchyma, while the central portion, which 
corresponds to the stellate scar, does not enhance. In 
the delayed phase images, the peripheral portion of 
the lesion appears isodense with respect to the sur
rounding normal liver, while the central scar demon
strates late enhancement. Hepatocellular adenoma is 
depicted as a nonspecific well-defined mass: areas of 
increased density may be observed on unenhanced 
scans, corresponding to recent intratumoral hemor
rhage. 

HCC which has emerged in noncirrhotic liver 
should also be distinguished from other kinds of 
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malignancy (FERNANDEZ and REDVANLY 1998). 
These include, beside metastases and rare primary 
tumors, intrahepatic cholangiocellular carcinoma 
and fibrolamellar carcinoma. 

Intrahepatic cholangiocellular carcinoma, origi
nating in small intrahepatic ducts, represents 10% of 
all cholangiocarcinomas.1t is the second most com
mon primary malignancy and is usually seen in the 
seventh decade. There is no association between 
cholangiocarcinoma and liver cirrhosis. Character
istically, an abundant fibroblastic stroma is present 
in this tumor, which is histologically a sclerosing ad
enocarcinoma. Two CT configurations predominate 
in cholangiocarcinoma. The first is a well-defined 
hypodense mass with a slightly denser internal com
ponent on un enhanced scans. Injection of contrast 
medium produces prominent enhancement of the 
large internal component. The second appearance is 
that of a hypodense mass of variable homogeneity 
(sometimes with low-attenuating internal regions), 
and variable shape and sharpness of contour show
ing peripheral enhancement. Septated or streaked 
internal enhancement may be seen. Delayed scans 
may show accumulation of contrast medium within 
the tumor after washout from the normal liver, 
which seems to be correlated with the fibrous com
ponent. Proximal biliary dilatation is often present 
in either of the two configurations of the disease, 
while it is relatively uncommon in HCC (Ros et al. 
1988; TILLICH et al.1998). 

Fibrolamellar carcinoma represents only 2% of 
hepatocellular malignancies. Typically, this neo
plasm occurs in young people and is not associated 
with underlying cirrhosis. Most often, fibrolamellar 
carcinoma appears as a solitary, large, firm circum
scribed mass with lobulated borders. More than two
thirds of reported cases have involved the left lobe. A 
prominent central fibrous scar with radiating fi
brous septa may be present. The scar usually does 
not enhance after contrast administration, although 
accumulation of contrast in delayed scans, resem
bling the behavior of the central stellate scar com
monly seen in focal nodular hyperplasia, has been 
reported. The major CT clue to the diagnosis of 
fibrolamellar carcinoma is the presence of central 
stellate or trabecular calcifications, which are seen in 
30-70% of cases. In HCC, calcifications may occur in 
the sclerosing type, which is characterized by intense 
fibrosis: this kind of malignancy, however, typically 
arises at an older age. 
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6.6 
CT Staging of Hepatocellular Carcinoma 

Accurate staging is necessary to determine the best 
treatment method for HCC. Spiral CT is an ideal 
technique for staging, as it provides reliable detec
tion of both intrahepatic and extrahepatic spread of 
the tumor. Staging of HCC includes the assessment 
of: (a) number, size, location, and characteristics of 
the tumor nodules; (b) vascular invasion by the tu
mor; and (c) extrahepatic metastases. All these fac
tors should be accurately evaluated, as they affect 
therapeutic options as well as patient's prognosis. 

Dual-phase spiral CT provides accurate assess
ment of the number and size of HCC lesions, en
abling identification of even small intrahepatic 
metastatic nodules (01 et al. 1996). These tiny tumor 
deposits, in fact, are usually hypervascular, like the 
main tumor, and therefore well depicted in the arte
rial phase images (Fig. 6.24). The availability of spi
ral scanners has substantially restricted the indica
tion of more complex and invasive angiographically 
assisted CT techniques, such as CTAP or Lipiodol CT, 
for detection of satellite lesions (KANEMATSU et al. 
1997; CHOI et al. 1997; LENCIONI et al. 1997). How
ever, if a surgical therapeutic approach is being con
sidered, more precise preoperative staging by 
Lipiodol CT is still recommended (BISOLLON et al. 
1998; NELSON et al. 1990; SMALL et al. 1993; TOUREL 
et al. 1995). 

CT location of the segment in which the tumor 
exists is done in relation to hepatic and intrahepatic 
portal veins. Segmental location is usually made on 
portal venous phase spiral CT images, in which in
trahepatic veins are well opacified. However, when a 
small lesion is located at the boundary of the seg
ments, it is not easy to determine segmental anatomy 
(FASEL et al. 1996, 1998). CTAP is the best CT tech
nique for this purpose, as it provides accurate delin
eation of the intrahepatic vein branches 
(KANEMATSU et al. 1997; SOYER et al. 1994). 

The characteristics of the lesion, particularly with 
regard to the type of tumor growth (expanding or 
infiltrating) are usually well defined by spiral CT. CT 
identification of the tumor capsule is accurate in 
large tumors, but is less reliable in small lesions, 
which usually have a thin and poorly developed fi
brous capsule (Ros et al. 1990). 

Vascular invasion by the tumor is a crucial staging 
factor (CHOI 1995). Tendency to grow into the portal 
veins, eliciting tumor thrombi, is a peculiar feature 
of HCC. Spiral CT allows accurate identification of 
tumor thrombi in the main portal veins. Tumor 
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Fig.6.24a,b. Small hepatocellular carcinoma with satellite le
sion. Spiral CT images obtained in the arterial (a) and the 
portal venous phase (b). The two lesions are well depicted in 
the arterial phase images 

thrombi are shown as solid masses in the blood ves
sels with a marked hypervascularity often seen on 
arterial-phase spiral CT images. Arteriovenous 
shunting may be present within thrombi. The he
patic segment in which the feeding portal vein is ob
structed demonstrates hyperperfusion abnormality 
on arterial-phase CT images, as a result of arterial 
compensation and lack of dilution of the enhanced 
arterial blood with the unenhanced portal blood. 
Identification of tumor invasion in peripheral (seg
mental or subsegmental) portal vein branches is un
reliable by spiral CT and requires the use of CTAP. 
CTAP visualizes portal vein perfusion defects caused 
by thrombi as wedge-shaped hypodense areas in
cluding the tumor (NOVICK and FISHMAN 1998). 

C. Bart olozzi et al. 

Lymphatic metastases in HCC are not common. 
They may be seen in about 10-15% of autopsy cases, 
especially in the hepatic hilar lymph nodes. Extrahe
patic hematogenous metastases are usually associ
ated with advanced-stage tumors. The lung is the 
most common site of metastases, followed by the 
bone and the adrenal gland. CT is valuable for the 
diagnosis of adenopathies and distant netastatic 
disease, except for bone metastases. 
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7.1 
Introduction 

Hepatocellular carcinoma (HCC) is extremely com
mon in sub-Saharan Africa and the Far East. In high 
incidence areas it presents in young to middle-aged 
adults with an 8: 1 male predominance, a relatively 
acute onset of symptoms, and a rapid clinical course. 
In contrast in the United States and Europe it is rela
tively uncommon and occurs predominantly in eld
erly individuals (2.5:1 male predominance). HCC 
frequently develops on the basis of alcohol- or 
hepatitis-related cirrhosis, which presents with an 
insidious onset of symptoms and a more protracted 
clinical course. In the following, imaging features 
concerning the morphology of HCC in unenhanced 
and contrast -enhanced MRI are presented. Special 
emphasis is placed on the differential diagnostic cri
teria versus other hepatic tumors. 

7.2 
Imaging Modalities 

For the diagnosis of focal liver lesions ultrasound 
and spiral computed tomography (CT) are recom
mended as screening modalities. These are defined 
to represent noninvasive fast imaging techniques 
with a high sensitivity in the detection of lesions and 
an efficient diagnostic accuracy in the differential 
diagnosis of liver tumors. In the pretherapeutic stag
ing of hepatic lesions, double phase spiral CT, CT 
during arterial portography (CTAP) and magnetic 
resonance imaging (MRI) provide detailed informa
tion concerning segmental anatomy with excellent 
delineation of the topographical relationship of vas
cular, biliary and abdominal structures (DE SANTIS 
et al. 1992; ITAI et al. 1986; ITOH et al. 1987; 
KANEMATSU et al. 1987; UEDA et al. 1995). 

Unenhanced MRI helps the diagnosis of focal 
liver lesions because of the qualitative information 
on morphology provided by T2- and Tl-weighted 
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sequences. Advanced MRI protocols, like gradient
echo, fast spin-echo and fat suppression, are becom
ing the noninvasive imaging techniques of choice for 
investigating the liver nowadays (RUMMENY et a1. 
1989a,c). Nevertheless plain imaging techniques 
have to deal with some limitations in the diagnosis 
of focal liver disease due to a lack of contrast be
tween the lesion and normal liver parenchyma and 
an overlap in the morphologic findings of benign 
and malignant tumors provided by different pulse 
sequences (BLAKEBOROUGH et a1. 1997). 

As shown in clinical studies, the use of liver con
trast agents is one way of obtaining higher contrast 
between normal liver tissue and tumorous tissue, to
gether with greater sensitivity. A variety of contrast 
media, extracellular, hepatobiliary and tissue-spe
cific MR contrast agents, have been investigated in 
clinical studies to improve the differential diagnostic 
potential of the modality. 

7.3 
MR Imaging 

7.3.1 
MR Protocols and Technical Factors 

Key factors that influence the diagnostic quality of 
MR imaging are: relative Tl and T2 relaxation times 
of lesion and liver, pulse sequences utilized and 
presence of artifacts. The first two factors can be in
fluenced via sequence selection and the use of spe
cial contrast agents. The third factor depends on the 
technical equipment of the MR scanner as well as the 
degree of field strength and the available software 
options. Moreover, the breathhold technique reduces 
artifacts and motion to a high degree and is becom
ing available with newer equipment (OHTOMO et a1. 
1997). 

The sequence protocol for imaging of the liver in
cludes unenhanced proton density, T2-weighted and 
Tl-weighted spin echo (SE) sequences as well as Tl
weighted gradient echo (GRE) sequences in axial 
orientation. Alternatively fat -suppressed T2- and T 1-
weighted sequences can be obtained. Newer scanner 
modalities offer the advantage of fast imaging tech
niques such as turbo spin echo, half-Fourier single
shot fast spin-echo (HASTE) sequences, and faster 
Tl-weighted GRE imaging (BLAKEBOROUGH et 
a1.1997; ICHIKAWA et al. 1998). 

Dynamic studies can be performed with a Tl
weighted GRE sequence during administration of an 
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extracellular or hepatobiliary contrast medium over 
a period of 5 min. Contrast -enhanced scms include 
Tl-weighted SE conventional and fat-suppressed as 
well as Tl-weighted GRE sequences. 

Iron oxide-enhanced studies should be per
formed using T2- as well as Tl-weighted sequences. 
Unenhanced and contrast -enhanced studies are 
compared. Dynamic studies during fast injection of 
iron oxides can be obtained using either T2- or Tl
weighted GRE-imaging protocols (STARK et a1. 1988). 

7.3.2 
MR Imaging Criteria 

A variety of quantitative and qualitative criteria are 
used for contrast -enhanced liver imaging to improve 
diagnosis of focal liver lesions (ITAI et a1. 1986; ITOH 
et a1. 1987; OHTOMO et a1. 1997). 

Qualitative criteria: images can be interpreted 
and assessed for homogeneity and form cf the le
sions, the presence or absence of morphol')gic fea
tures such as necrosis, central scar, surrounc'ing cap
sule, and contrast enhancement (BARTOLOZZI et a1. 
1994). 

Quantitative criteria are the number and size of 
the lesions, as well as involved hepatic segmE nts, SIN 
(signal to noise), CIN (contrast to noise), percentage 
enhancement and percentage signal intensJ ty loss. 
Signal intensity is read directly from the monitor for 
lesion and normal liver parenchyma using operator
defined regions of interest (ROI). For lesions with 
cystic components, care should be taken to measure 
signal intensity only in solid portions of the tumor 
(outside the regions of capsule or scar). Major he
patic and portal vessels should be avoided when 
measuring the signal intensity of normal liver pa
renchyma. ROIs are placed identically on 
unenhanced and contrast-enhanced sequences. 

The percentage signal intensity loss (PSIL) of le
sions and of normal liver parenchyma (region of in
terest technique) is calculated using unenhanced 
and superparamagnetic iron oxide (SPIO)-enhanced 
images as follows: 

PS1L = Slpostcontrast - Slprecontrast • (-100) 
SI precontrast 

where SIprecontrast=signal intensity of tissue using 
unenhanced scans and SIpostcontrast=signal intensity 
using contrast -enhanced scans. 
The degree of contrast enhancement is described 
using static and dynamic imaging after administra-
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tion of gadolium-chelates/hepatobiliary agents as 
follows: 

SIpostcontrast - SIprecontrast 
Percentage enhancement: PE = . 100 

SIprecontrast 

Depending on the clinical situation, a number of 
distinct objectives need to be achieved: 
- Identification or presence of liver disease (focal 

or diffuse) 
- Improvement in lesion detection 
- Characterization of liver lesions 
- Lesion localization: liver segments/anatomical 

situation concerning resectability 
- Vascular situation: invasion of vessels 
- Documentation of extrahepatic disease 

MR imaging helps in providing excellent diagnos
tic information as a general screening examination 
of focused protocol of liver disease. 

7.3.3 
Contrast Agents 

7.3.3.1 
Classes of Contrast Agents 

Concerning MR imaging of the liver there are two 
major classes of contrast agents: these substances, 
infact, act indirectly by their effects on Tl- and T2-
weighted imaging (relaxation time). There are posi
tive enhancing paramagnetic agents that increase 
tissue signal intensity. On the other hand, suscepti
bility agents produce a negative enhancement by 
decreasing signal intensity depending on the used 
MRI sequence protocol. Positive agents reduce Tl 
relaxivity to a greater extent than T2 relaxivity. At a 
higher concentration T2 could also be reduced. 
Negative agents usually reduce T2 relaxivity but to 
some extent also demonstrate a Tl effect (BRASCH 
1992). 

7.3.3.2 
Extracellular Contrast Media 

Extracellular contrast agents are nonspecific para
magnetic substances, enhancing the extracellular 
fluid spaces. Among other indications these contrast 
media are frequently applied in the diagnosis of tu
morous lesions, inflammation, vascular pathologies, 
and MR angiography. After intravenous administra
tion these substances are rapidly cleared from the 
intravascular space to the interstitial space 
(PETERSON et al. 1996). The biodistribution is non-
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specific, and they are rapidly excreted by the kidneys 
(MAHFOUTZ et al. 1993a,b; WEINMANN et al. 1984). 

The usual clinical dose of these gadolinium che
lates is 0.1 mmollkg body wt. This substance group 
includes several different products. Gadopentetate 
dimeglumine - Gd-DTPA - Magnevist (Schering, 
Germany) was the first MR imaging contrast agent 
approved for clinical use (ROCKLAGE et al. 1991; 
VOGL et al. 1992, 1997c). It exemplifies paramagnetic 
metal ion complexes, producing positive enhance
ment. Other gadolinium complexes include Dotarem 
(Guerbet, France), Omiscan (Nycomed, USA), 
Pro Hance (Bracco, Italy), and Gadovist (Schering, 
Germany). Additionally nonionic contrast agents are 
available with a lower osmolality than Magnevist po
tentially offering greater safety for high-dose studies 
and rapid bolus injection (TWEEDLE 1997). 

7.3.3.3 
Hepatobiliary Contrast Media 

Liver specific contrast agents require lower doses, as 
they accumulate in the liver, and functional informa
tion about the liver parenchyma may be obtained if 
contrast uptake is related to liver function. 
Hepatobiliary contrast agents are substances rapidly 
eliminated from the blood with excretion through 
the biliary and renal systems. They appear with high 
Tl relaxivity in liver parenchyma. Liver-specific 
contrast agents can be used in a similar way to non
specific contrast agents for lesion characterization 
in the early vascular phase using dynamic imaging 
with rapid bolus injection. 

Gd-EOB-DTPA - Eovist (Schering, Germany) - is 
a lipophilic modification of the chelate Gd-DTPA 
with hepatobiliary distribution (Reimer et al. 1996). 

Gd-BOPTA - MultiHance (Bracco, Italy) - is a 
novel lipophilic chelate with hepatobiliary distribu
tion. It is intravenously administered in a dose of 0.1 
mmol!kg body wt. (0.5 mol/I). 

Mn-DPDP - Teslascan (Nycomed, USA) - is a 
hepatobiliary contrast agent that enhances liver pa
renchyma, facilitating depiction of hypointense liver 
tumors (BERNARDINO et al. 1992; ELIZONDO et al. 
1991; LIOU et al.1994). 

Liver-specific contrast agents can be used in a 
similar way to nonspecific contrast agents for lesion 
characterization in the early vascular phase using 
dynamic imaging with rapid bolus injection. 

Gd-EOB-DTPA and Gd-BOPTA show an uptake 
by the hepatocytes through an organic anion trans
porter; Mn-DPDP demonstrates an uptake due to the 
ability of the hepatocytes to excrete metal ions. 
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7.3.3.4 
Tissue-Specific Contrast Media 

Superparamagnetic iron oxides (SPIO) are small par
ticles of iron oxide with crystals of small size sur
rounded by stabilizing agents such as mannitol, cit
rate and dextran. They produce a significant signal 
loss on T2-weighted images due to shortening of T2 
relaxation time. A Tl effect is observed as well. The 
specific uptake of intravenously administered AMI-
25 particles by the reticuloendothelial system en
ables visualization of phagocyte activity throughout 
the liver and spleen (HAMM et al. 1994; STARK et al. 
1988; WEISSLEDER 1994). 

The iron oxide AMI-25 - Endorem (Guerbet, 
Paris) - is available for clinical use. It is administered 
in a dosage of 10115 l..Imollkg body wt. The contrast 
medium is diluted in 100 ml of 5% glucose solution 
and infused over 30 min using a biphasic infusion 
protocol. Postcontrast MR images should be ob
tained between 30 min and 3 h after commencing in
fusion. 

Another SPIO SHU 555A - Resovist - is in clinical 
phase III trials. It contents of 0.5 mol Fell, 40 mg/ml 
mannitol and 2 mg/ml lactic acid. The 
microparticles have a mean di<!meter of 61 nm. The 
drug is administered via bolus injection and there
fore delivers dynamic imaging (BRASCH 1992; 
SHAMS I et al. 1998). 

7.4 
Precontrast MR Imaging 
of Hepatocellular Carcinoma 

The MR appearance of HCC can be divided into 
three basic categories: a solitary mass, multiple 
masses (multinodular) or diffuse parenchymal in
volvement. Furthermore the degree of fibrosis, the 
amount of fatty tissue within the tumorous mass, as 
well as the possibility of tumor necrosis and hemor
rhage will vary the appearance of the lesion 
(BARTOLOZZI et al. 1994; ITAI et al. 1986; MARTIN et 
al. 1995). 

In addition to the imaging sequences employed, 
the magnetic field strength, the technical design 
of the MR scanner and the accompanying propri
etary technology of the scanner's manufacturer 
enable a variety of imaging patterns (CHOI et al. 
1990). 
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7.4.1 
Solitary Hepatocellular Carcinoma 

On unenhanced Tl-weighted scans the solitary mass 
is often well defined and distinct from no rmalli ver 
parenchyma documenting a moderately hypoin
tense (Figs. 7.1,7.2) signal intensity (fibrotic lesions) 
relative to the liver (HIRAI et al. 1991; KELEKIS et al. 
1998; YAMASHITA et al. 1993). Patterns of isointense 

Fig. 7.1a,b. Multinodular hepatocellular carcinoma.~, A lesion 
in the right liver lobe (arrow) with inhomogeneiti,~s in the 
margin is documented in an un enhanced Tl-weighted GRE 
sequence (TR/TE/FA=lS4/6/700). Probable documentation of 
a satellite in the left liver lobe (arrowheads) . b Using a T2. 
weighted sequence a moderate hyperintense lesio.1 is de·· 
picted (arrows). The inhomogeneities in the margin of the 
lesion appear as infiltrations of the huge tumor mass (small 

arrows). There is a second lesion in the left liver lobe (arrow

heads) 

Fig. 7.2a-g. Large HCC tumor. a Using a moderate T2- [> 
weighted sequence (TR/TE=2000/4S), a hyperinten&e HCC 
nodule was visualized in the left liver lobe segment 3. b T2-
weighted imaging (TR/TE=2000/90) also documented a 
hyperintense tumorous lesion. c Using a Tl-weighted se
quence (TR/TE=SSO/lS), hypointense signal intensity of the 
HCC lesion was observed in the left liver lobe segment 3. 
Singular hyperintense foci were delineated. d Tl-weighted 
gadolinium-enhanced imaging documented a moderate en
hancement of the tumorous lesion demarcating the inhomo
geneous inner structure to a high degree. Delineation of a 
possibly capsular structure. e,f Dynamic Tl-weighted GRE 
sequence (TR/TE/FA=154/6/700). e Using an unenhanced 
scan a hypointense signal lesion was visualized with a hypo
intense pseudo capsule. f Fifteen seconds postinjection of ga
dolinium the HCC showed a hypervascular appearanct' with 
almost isointensity to liver parenchyma. Documentatioll of a 
nonenhancing capsule. g Five minutes postinjection of gado
linium a more hypointense enhancement of the tumorous 
lesion was depicted with the beginning of enhancement of 
parts of the capsule 
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signal intensity are often seen in well-differentiated 
(Figs. 7.3) and early HCC. High signal intensity on 
Tl may be due to steatosis, hemorrhagic necrosis, 
intracellular glycogen, or copper deposition (EBARA 
et a1. 1991; KITAGAWA et a1. 1991; MATSUZAKI et a1. 
1997; HONDA et a1.1997; MITCHELL et a1.1991). High 
signal intensity on Tl-weighted imaging is helpful 
due to the fact that only a few other lesions have this 
finding (benign conditions with fat). Fat and glyco
gen are more common in small, well-differentiated 
HCC nodules, probably reflecting a defective release 
of these components by partially functioning hepa
tocytes (MARTIN et a1. 1995). Because of the abnor
mal low signal of iron overloaded liver, variable 
grade of lesion hyperintensity relative to surround
ing parenchyma is a common finding of H CC super
imposed on hemochromatosis on all sequences 
(HONDA et a1. 1997). Mixed signal intensity is also 
depicted. The border of the lesion is smooth, irregu
lar, or lobulated (BARTOLOZZI et a1. 1994). 

The lesion is usually moderate hyperintense using 
T2-weighted imaging (Figs. 7.1, 7.2) (KELEKIS et a1. 
1998). Only in a few cases is an isointense pattern 
depicted, generally when well differentiated. It is 
therefore indistinguishable from metastatic disease 
and other tumors of the liver (7.4). The high 
intensity on T2-weighted imaging correlates with 
the grade of malignancy in nodular lesions of cir
rhotic liver according to histopathologic studies 
(BARTOLOZZI et a1. 1984; INOUE et a1. 1993; 
KANEMATSU et a1. 1997). No significant difference 
can be observed comparing signal intensities of tra
becular and pseudo glandular forms of tumors. 
Moreover, hyperintense foci on T2-weighted scans 
(Fig. 7.3) are found in large tumors with peliotic 
changes of intratumoral sinusoids. Spontaneous co
agulation necrosis may lead to hypo intense signal 
intensity on T2 in a few HCC nodules (DE SANTIS et 
a1. 1992; HIRAI et a1. 1991). 

7.4.1.1 
Inner Structure 

A mosaic pattern is a common MRI finding in HCC. 
Intratumoral, linear-like hypointense areas are de
tected on Tl-weighted scans and a nonuniform sig
nal on T2-weighted imaging. Histopathologic corre
lation reveals intratumoral septa and a variety of 
histopathological findings within the tumorous tis
sue (BARTOLOZZI et a1. 1994; INOUE et a1. 1993). 

The great majority ofHCC lesions appear with in
homogeneous signal intensity. Internal heterogene
ity is a common feature especially on T2-weighted 
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imaging. Large lesions are often more inhomoge
neous compared to smaller ones. 

Central necrosis presents itself uS:lally with 
hypointensity on Tl- as well T2-weighted imaging. 
In the case ofliquefaction a change in hyp,~rintensity 
may be documented. Hyperintense foci inside the 
nodules on T2-weighed scans are likely to be 
intratumoral sinusoidal dilation due to peliotic 
change (Fig. 7.3). 

Due to the frequent intrahepatic portal vein oc
clusion by the lesions, perfusion defects are seen 
with a difference of signal intensities in normal liver 
parenchyma. These areas are delineated with 
hyperintensity using T2-weighted imaging and 
hypointensity using Tl-weighted scans. 

Calcification is mostly documented in 
fibrolamellar HCC with hypointensity on T 1- as well 
as T2-weighted imaging (CASEIRO-ALVES e a1. 1996; 
TITELBAUM et a1. 1988). 

Fat-suppressed imaging techniques are LSeful for 
the diagnostic differentiation of present steatosis 
versus blood correlating with hyperintem e signal 
intensity on Tl-weighted imaging. The presence of 
fatty tissue is more likely combined with HCC than 
with metastatic disease, although the overall fre
quency of fatty tissue in the Western popu. ation is 
documented to be very low. 

The differential diagnosis of fat containing liver 
tumors includes various lesions such as lipoma, ad
enoma, angiomyolipoma, and focal fatty infiltration 
(MARTIN et a1. 1995). 

Fig. 7.3a-g. Solitary HCC nodule in distinct liver cir:·hosis. a t> 
Using a moderate T2-weighted sequence (PD-weighted; TR/ 
TE=2000/4S), a moderate hyperintense lesion is docu mented 
in liver segment 4 with a hypointense capsule and 
hyperintense foci inside and a heterogeneous inne- struc
ture. b T2-weighted imaging (TR/TE=2000/90) demonstrated 
the lesion with hyperintense signal intensity compared to 
distinct cirrhotic liver parenchyma. c A Tl-weighted spin 
echo sequence (TR/TE=SSO/IS) delineated the HCC as al
most isointense to moderately hypointense with a typoin
tense capsule compared to the surrounding liver paren
chyma. d The lesion was depicted with moderate enhance
ment using delayed gadolinium-enhanced static Tl-wdghted 
imaging with a moderate enhancement of the capsule. e Us-
ing a Tl-weighted GRE sequence (TR/TE/FA=IS4/6/700) de· 
lineated the HCC as almost isointense with an inholTIoge·· 
neous inner structure and a hypointense pseudocap mle. f 
Gadolinium-enhanced delayed breathhold imaging re'.'ealed 
the tumorous lesion with a hypo intense signal intensit} com
pared to the surrounding liver parenchyma. Inhomogeneous 
central structures were visualized much better compared to 
un enhanced imaging. Documentation of a hyperintem,e en
hancement of the pseudo capsule. g Dynamic imaging u:;ing a 
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TI-weighted GRE sequence (TR/TE/TI/FA a=7/3/350/8°) in a 
single slice technique imaging every 5 s over a time period of 
5 min. Un enhanced imaging (ga) presented a hypointense 
inhomogeneous lesion with a hypointense capsule. Imaging 
15 s postinjection of gadolinium (gb) documented an early 
uptake of contrast material in the lesion. No enhancement of 
capsule. In the medium dynamic phase (2 min pj.) (gc) sig
nal intensity of the lesion changed to isointensity compared 
to liver parenchyma. Again a nonenhancing capsular struc
ture was visualized. In the late dynamic study (5 min p.i.) 
(gd), a hyperintense enhancement of the pseudo capsule was 
detected. Documentation of a more hypointense signal of the 
tumor compared to the liver 
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Fig. 7.4a-d. Diffuse hepatocellular carcinoma. a Using an unenhanced Tl-weighted GRE sequence, no lesion could be clearly 
detected. b Gd-EOB-DTPA-enhanced imaging revealed a diffuse enhancement in the right liver lobe 20 min postinjection 
using a dose of 25 Ilmollkg body wt. A demarcation of the lesion in diagnostic quality was not achieved. c Excellent delineation 
of a diffuse HCC in the right liver lobe 45 min postinjection of Gd-EOB-DTPA. d Using Gd-DTPA in a standard dose the 
diffuse infiltration could not be visualized. Isointense demarcation of the HCC 

b 

d 

Fig. 7.5a-h. Nodular HCC in hepatic steatosis hepatis. a Delineation of isointense HCC lesions in the right liver lobe using an [> 
unenhanced Tl-weighted GRE sequence (TR/TE/FA=154/6/700). b Twenty minutes postinjection of Gd-EOB-DTPA (dose of 
12.5 ilffiol) better demarcation of the HCC nodules compared to liver parenchyma. Documentation of a hyperinten!:e rim 
enhancement. c Improvement in contrast and delineation ofiesions versus liver parenchyma 45 min postinjection of Gd · EOB
DTPA. Better visualization of rim enhancement. d Gd-DTPA revealed an isointensity of lesion with a reduced delint~ation 
compared to Gd-EOB-DTPA-enhanced imaging. e,f Dynamic imaging using Gd-EOB-DTPA-enhanced Tl-weighted GRE se
quence (TR/TE/FA= 100/5/70°). Unenhanced imaging (e) presented a hypointense tumorous lesion. Improvement ofiesion-to
liver contrast using Gd-EOB-DTPA-enhanced scans (f 45 s p.i.; g 20 min p.i.). Forty-five minutes (h) postinjection a 
hyperintense rim enhancement was documented 
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7.4.1.2 
Capsule 

Encapsulated lesions are rare in series from western 
countries compared to series from Asia. A thin rim 
with a hypointense signal intensity is documented on 
Tl-weighted imaging due to its fibrotic composition 
(Figs. 7.3, 7,5, 7,6, 7.7). T2-weighted scans delineate a 
single ring with hypointense signal intensity (Figs. 
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Fig. 7.6a-e. Well differentiated hepatocellular carcin(lma. a In 
an unenhanced PDw sequence (TR/TE=2000/45) a S+6-cm 
hyperintense lesion is seen in the right liver lobe segment 8 
with inhomogeneities in the margin. Possible visuali,ation of 
a capsule. bUsing SPIO-enhanced imaging the lesion demon
strates no significant signal loss (arrow). In the marg in inho
mogeneities show an uptake of SPIO anterior to the 
hyperintense lesion (open arrows). A capsule (black arrow) is 
clearly delineated using SPIO-enhanced imaging. : Spots 
with some enhancement are documented (curved arrow) us
ing T2-weighted fat-suppressed techniques. Infiltrations of 
vessels (small arrows) are delineated using SPIO-enhanced 
imaging. d Tl-weighted GRE (TR/TE/FA=lS4/6/700) imaging 
reveals a hypointense lesion (arrows) with a hypointense cap
sule (black arrows). e A hyperintense hypervascularized le
sion (arrows) is depicted with a hypointense capsule (small 

arrows) using SPIO-enhanced Tl-weighted GRE imaging 

7.3, 7.6a) or a double ring with inner hypointensit:r and 
outer hyperintensity. Capsules are more likely sem on 
Tl-weighed scans. Histopathology reveals two-layered 
capsules with a thin fibrous inner zone and an outer 
zone consisting of compressed small vessels and bile 
ducts (CHOI et al. 1990; IMAEDA et al. 1994). 

b 

d 
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7.4.1.3 
Central Scarring 

Inflammatory central scars have been reported in 
some cases with hypointense signal intensity on Tl
weighted images and hyperintensity on T2-weighted 
scans. Moreover, collagenous central scars are delin
eated within some HCC nodules with hypointensity 
on Tl- as well as on T2-weighted imaging 
(RUMMENY et al. 1989b). 

7.4.1.4 
Edema 

Edema is a diagnostic feature generally associated 
with malignant liver lesions. It is also observed in 
HCC nodules. Signal intensity of edema is 
hyperintense using T2-weighted images surround
ing the lesion. It might reflect the anatomic distribu
tion of venous or lymphatic infiltration as a wedge
shape sign. 

7.4.1.5 
Vascularity 

HCC nodules are generally hypervascular tumors, 
predominantly supplied by the hepatic arterial sys
tem. Hypovascular necrotic areas may be seen espe
cially in large tumors according to the heteroge
neous internal architecture. 

7.4.2 
Multinodular Hepatocellular Carcinoma 

Encapsulation is demonstrated in fewer multinodu
lar HCC lesions compared to solitary mass. On Tl
weighted unenhanced images, less contrast is docu
mented between lesion and normal liver paren
chyma. Using T2-weighted scans the nodules are 
most evident (Fig. 7.8, 7.9). 

7.4.3 
Diffuse Hepatocellular Carcinoma 

The diffuse form of HCC is poorly marginated and 
no capsule is seen (Fig. 7.10, 7.11) T2-weighted 
unenhanced images demonstrate an improved le
sion to liver contrast compared to Tl-weighted 
scans. 
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7.4.4 
Early Hepatocellular Carcinoma 

Adenomatous hyperplasia with malignant foci pre
sents a variable MRI appearance. Typically these le
sions have a lower diameter. They show isointense 
signal intensity on Tl-weighted imaging, in some 
cases hyperintense signal (Fig. 7.12). On T2-
weighted scans hyperintense signal is visualized. 
Nevertheless mixed patterns of signal intensity are 
observed (Fig. 7.12). A nodule-in-nodule appearance 
suggests early HCC in cirrhotic liver parenchyma 
(SABEK et al. 1995). The nodule demonstrates a hy
pointense periphery resulting from iron deposition 
with an isointense iron poor center (HONDA et al. 
1997). This pattern correlates with early carcinoma 
or dysplasia within a regenerative nodule 
(MuRAMATsu et al. 1991). 

7.4.5 
Fibrolamellar Hepatocellular Carcinoma 

Fibrolamellar HCC (FLHCC) is an uncommon, rare 
neoplasm of the liver. It usually occurs in a younger 
population, lacks specific association with cirrhosis 
or parenchymal liver disease, and has no definite sex 
predilection. Presently FLHCC is of unknown cause. 
It is frequently resectable and potentially curable 
(TrTELBAUM et al. 1988). 

Most often FLHCC is a solitary large lobulated 
mass. MRI reveals the tumor with a partial or com
plete capsule. Large thin-walled veins are verified 
within the capsule and fibrous septa. 

A depressed central fibrous scar with bulging 
margins and fibrous septa is documented. Classi
cally the scar is of low signal intensity on both Tl
and T2-weighted images in contrast to the central 
scar of FNH. In this tumor it appears hyperintense 
on T2-weighted images. In some cases, however, 
hyperintense scars have been reported in FLHCC. 
Therefore the findings of FLHCC are in some cir
cumstances confused with focal nodular hyperplasia 
(CASEIRO-ALVES et al. 1996). 

Large areas of necrosis are missing in most cases. 
Calcification is present in these tumors and more 
unusually in HCC. In general, tumors have been iso
or hypointense to the liver on Tl-weighted images 
and iso- to hyperintense on T2-weighted sequences 
(CASEIRO-ALVES et al. 1996). 
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7.4.6 
Secondary Signs 

Using unenhanced MR imaging generalized 
hepatomegaly or a localized bulge in the liver contour 
caused by HCC may be seen. Secondary signs of HCC, 
including ascites and hepatomegaly, are well docu
mented using T2- as well as Tl-weighted imaging. 

The disease has a propensity to invade the portal 
vein, hepatic veins, or both with frequently visual
ized intratumoral vessels. Extension into the inferior 
vena cava is depicted in some cases. Tumor throm
bus might be identified within the inferior vena cava 
and the portal vein. 

7.4.7 
Differential Diagnosis 

Regenerative nodules are a common feature of liver 
cirrhosis. Using MR imaging these lesions appear as 
small hypointense nodular lesions on both Tl- and 
T2-weighted imaging (Fig. 7.13). HCC are depicted 
usually with high signal intensity on T2-weighted 
images. Histopathological findings have shown he
mosiderin deposits in many of these nodules. Usu
ally these nodules are more homogeneous than HCC 
lesions. 

Adenomatous hyperplasia is defined as regenera
tive nodules with dysplastic histology. These lesions 
are iso-hyperintense using Tl-weighted imaging like 
well-differentiated HCC nodules. Unlike malignant 
lesions adenomatous hyperplasia provides a smooth 
margin. There is no evidence of capsule. 

Early advanced HCC may have a dominant early 
component with a small HCC nodule leading to a 
nodule-within-nodule appearance. It has been con
sidered as a transitional tumor between early HCC 
and advanced HCC associated with chronic liver dis
ease. Central hypo intensity surrounded by 
hyperintensity on Tl-weighted images is depicted. 
Using T2-weighted scans central hyperintensity is 
documented (Fig. 7.14) (SABEK et a1. 1995; WINTER 
et a1. 1994). 

The differentiation of adenoma versus well-dif
ferentiated HCC remains a diagnostic challenge due 
to the similarity of morphologic features (Fig. 7.15). 
A mixed pattern is also documented for adenomas 
such as internal heterogeneity due to central necro
sis, hemorrhage, a hypointense capsule, and central 
scarring. Clinical data may help the diagnosis. 

FNH shows typically moderate hypointense to 
isointense signal intensity using Tl-weighted imag-
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ing. On T2-weighted scans this lesion is isointense to 
slightly hyperintense (Figs. 7.16, 7.17). No capsule is 
evident, whereas a central scar is depicted in most 
cases with hypointensity on Tl-weighted (Fig. 7.17) 
and hyperintensity on T2-weighted imaging (Fig. 
7.16). 

7.S 
Extracellular-Agent-Enhanced MR Imag
ing of Hepatocellular Carcinoma 

7.5.1 
Dynamic Imaging 

Dynamic MRI scanning is provided by fast imaging 
techniques following bolus administration of gado
linium chelates. Dynamic enhanced Tl-weighted 
imaging is based on the comprehensive analysis of 
the arterial and venous phase enhanced sequences 
(TWEEDLE 1997; VOGL et a1.1992, 1997c; YAMASHITA 
et a1. 1994). 

The degree of enhancement on dynamic gado
linium-enhanced images corresponds to the degree 
of vascularity oflesion (KELEKIS et a1. 1998). Accord
ingly the enhancement of HCC nodules in the early 
arterial phase is delineated with a mixed pattern: pe
ripheral, central, mixed, complete or nonexistent. In 
most cases enhancement is present due to hypervas
cularity of lesions. HCC nodules enhance more than 
the surrounding liver parenchyma (Fig. 7.2). H CC le
sions show variable degrees of hyperintensity in re
lation to the normal liver parenchyma in th,~ first 
minute after injection of gadolinium. The max:mum 
lesion-to liver contrast is depicted in the very early 
arterial phase (Fig. 7.3). The peak of enhancement of 
the HCC nodules is reached about 45 s postinjection. 
A nodule-within-nodule appearance is observed in 
about 30% of the lesions in the early arterial phase 
imaging. Usually the enhancement is heterogen~ous. 
Tumor enhancement decreases in the middle phase 
leading to isointensity in comparison to surround
ing liver parenchyma (Fig. 7.3) (PETERSON tt a1. 
1996). 

Necrotic areas document no enhancement in the 
central zone (LENCIONI et a1. 1996; MARCHAL t't a1. 
1993). 

MAHFOUZ et a1. (1993b) reported the peripheral 
washout as a specific sign of malignancy in dynamic 
gadolinium-enhanced MRI. HCC lesions were de
picted on dynamic imaging most frequently with in
homogeneity of enhancement (heterogeneous en-
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hancement}, intralesional nonenhancing areas, and 
typical late enhancement of a pseudo capsule (Figs. 
7.2, 7.3) (CHOI et al. 1990; HAMMERSTINGL et al. 
1997; IMAEDA et al. 1994; KIM et al. 1995; MAFHOUZ 
et al. 1994). 

MURAMATSU et al. (1997) stated the so-called 
wedge sign on Tl-weighted contrast-enhanced im
ages associated with liver tumors, indicating intra
ductal tumor extension in intrahepatic bile ducts. 

7.5.2 
Delayed Imaging 

On delayed postcontrast scans a mixed or periph
eral enhancement is seen in HCC lesions. Enhance
ment is heterogeneous (Figs. 7.2, 7.3) (PETERSON et 
al. 1996). The pseudocapsule shows delayed en
hancement (Fig. 7.3). This is due to the large extra
cellular spaces of the capsular region, which in
clude vascular lakes within the compressed liver 
parenchyma. In some cases a peripheral hyper
intense halo is documented on early delayed 
postcontrast scans corresponding to a fibrous cap
sule with no enhancement in the early phase of 
dynamic imaging (CHOI et al. 1990; IMAEDA et al. 
1994; MAHFOUZ et al. 1994). 

7.5.3 
Differential Diagnosis 

Regenerating nodules are observed as hypovascular
hypointense nodules in the early phase of gado
linium-enhanced images. They reveal a lower posi
tive enhancement with postextracellular contrast 
agents with a better demarcation in contrast to sur
rounding liver parenchyma using delayed imaging 
(Fig.7.l3). 

Adenomatous hyperplasia shows enhancing fea
tures similar to the surrounding liver parenchyma, 
due to a prevalent portal vein vascular supply 
(LENCIONI et al. 1996). 

Early HCC reveals similar enhancement criteria 
as adenomatous hyperplasia. 

Early advanced HCC usually shows hypervascu
larity using dynamic studies. 

Adenomas show early enhancement on dynamic 
MR studies. They present as homogeneous lesions 
with isointensity in some cases using contrast-en
hanced imaging. In general adenomas present a 
mixed pattern in correlation with internal heteroge
neity due to necrosis/hemorrhage/capsule/scar. 
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In contrast to HCC a homogeneous enhance
ment of FNH nodules presents a rapid isointensity 
in the early to medium phase of gadolinium-en
hanced dynamic studies (Fig. 7.17). In comparison 
with HCC nodules a slightly stronger and earlier 
enhancement is reported (Fig. 7.17). In contrast en
hancement of FNH is homogeneous. In the early 
arterial phase the central scar is depicted with a 
nonenhancing hypointense signal (Fig. 7.17) 
changing to hyperintensity (enhancement) (Fig. 
7.17) in the late phase (CASEIRO-ALVEZ et al. 1996; 
MAHFOUZ et al. 1993a). 

For metastatic infiltrations a peripheral enhance
ment is delineated in the majority of cases. Also 
there is an overlap in the enhancement pattern be
tween hypervascular malignant HCC and FNH, the 
combination of unenhanced, dynamic and static en
hanced images enabling a differential diagnosis with 
a high degree of certainty (HAMMERSTINGL et al. 
1998). 

On dynamic gadolinium-enhanced evaluation of 
fibrolamellar HCC, a diffuse heterogeneous en
hancement is noted early with a prompt return to 
homogeneous, isointense signal intensity. This is 
nonspecific and overlaps with the enhancement pat
tern of other primary tumors (CORRIGAN and 
SEMELKA 1995). 

7.6 
Hepatobiliary-Agent-Enhanced MR Imag
ing of Hepatocellular Carcinoma 

7.6.1 
Gd-EOB-DTPA-Enhanced MR Imaging 

Gd-EOB-DTPA is a safe hepatobiliary contrast agent, 
which provides a strong and persistent enhance
ment of normal hepatic parenchyma based on its 
uptake by hepatocytes (HAMM et al. 1995). This con
trast agent can be administered as a bolus injection 
allowing additional dynamic imaging. The potential 
of adding diagnostic information can be achieved 
on the differences in vascularity and the extent of 
extracellular space of the focal hepatic lesions com
parable to extracellular contrast agents. Therefore 
both the characterization and the detection of liver 
lesions are improved in a single examination. More
over it allows good delineation of the biliary pas
sages. This helps the diagnosis of early infiltration of 
the bile ducts. 
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Our data showed a biphasic contrast effect in nor
mal liver parenchyma using dynamic T 1-GRE images. 
The maximum percentage enhancement was 45 min 
p.i. for Gd-EOB-DTPA (50 ~ol/kg body wt.). Lower 
signal intensities were documented for patients suf
fering from liver cirrhosis (REIMER et al. 1996). 

HCC nodules are surrounded by a rim of high sig
nal intensity in the early phase of dynamic imaging 
(starting 15 s up to 5 min p.i.) (50 Ilmol of Gd-EOB
DTPA). The peripheral enhancement of metastases 
is usually less than for HCC nodules (BELLIN et al. 
1994; VAN BEERS et al. 1994). In patients with FNH 
the dynamic Gd-EOB-DTPA-enhanced (higher 
doses) images revealed a contrast enhancement 
similar to Gd-DTPA. 

Our protocol documents a statistically significant 
difference of percentage enhancement of malignant 
liver lesions (HCC, metastases) compared to benign 
liver tumors (FNH, hemangiomas) for all five doses 
of Gd-EOB-DTPA tested in this study (20 min after 
injection of contrast medium) (P<0.05) (REIMER et 
al. 1997; HARISINGHANI et al. 1997). 

Improved detection of hepatic lesions is enabled 
using Gd-EOB-DTPA-enhanced imaging in com
parison with Gd-DTPA-enhanced MRI. Differential 
diagnostic information comparable to Gd-DTPA-en
hanced imaging is provided using Gd-EOB-DTPA in 
higher doses (HAMM et al. 1995; MARCHAL et al. 
1993; REIMER et al.1996; VAN BEERS et al.1994; VOGL 
et al. 1996b). 

7.6.2 
Gd-BOPTA-Enhanced MR Imaging 

Gd-BOPTA results in significant enhancement of 
normal liver tissue compared to unenhanced imag
ing (CAUDANA et al. 1996). A reproducibly increased 
enhancement of liver parenchyma is documented 
after intravenous administration of 0.1 mmol/kg 
body wt. due to the uptake of the contrast agent by 
the hepatocytes. Qualitative and quantitative analy
sis reveal a biphasic pattern of contrast enhance
ment using intravenous Gd-BOPTA. The maximum 
liver enhancement is yielded in the perfusion phase 
with a peak of signal intensities 10 min post
injection. A plateaulike constant signal intensity is 
documented over approximately 1 h. A statistically 
significant enhancement of normal liver tissue is 
seen up to 8 h postinjection. A high degree of en
hancement and contrast of the gallbladder as well as 
the biliary tract compared to surrounding liver tis
sue is recorded. 
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Improved lesion detection is documented using 
dynamic study protocols. Differential diagnostic in
formation is increased using dynamic Tl-weighted 
imaging as well as static postcontrast dela:red scans. 

Our group was able to document an improved 
characterization of HCC lesions using dynamic im
aging using Gd-BOPTA. A rapid increase in signal 
intensity during the early, arterial phase in well-dif
ferentiated HCC lesions was depicted followed by a 
progressive decrease in signal intensity. This is due 
to the fact that well-differentiated HCC retlin some 
hepatocellular function, with uptake of hepato
specific contrast agents. The enhancement was 
mainly seen in the periphery of the lesion. Dynamic 
sequences showed a substantial relation:;hip be
tween the rapid and high increase in signal intensity 
of HCCs in the perfusion phase and their morpho
logic features. Undifferentiated or poorly differenti
ated HCC lesions showed no rapid increase in signal 
intensity (INOUE et al. 1993). 

Well-differentiated HCCs presented themselves 
with a hypointense rim before injection and both 
hypo- and hyperintense rims immediately after in
jection compared to normal liver parenchyma. A 
double-ring sign in larger well-differentiatec nodu·· 
lar HCC lesions was delineated (IMAEDA et al. 1994). 

In the middle phase a single-rim enhancement 
was detected in most HCCs. Enhancement during 
the venous perfusion phase is generally an indica
tion of venous vascularity, and possibly increased 
cellular uptake in peri tumoral vital tissue. The 
non enhancing peripheral rim was defined as a cap
sule oflesions (CAUDANA et al.1996). 

7.6.3 
Mn-DPDP-Enhanced MR Imaging 

After intravenous administration of Mn-DPDF, nor
mal liver parenchyma enhances significantly with a 
persisting longlasting enhancement (hours). A wide 
imaging window is provided. 

Mn-DPDP is nonenhancing in undifferentiated 
HCC, metastases, intrahepatic cholangiocarcinomas, 
and lymphomas. Consequently, contrast-to-noise ra
tio and demarcation of malignant liver tumors im
prove compared to unenhanced imaging. Detection 
rate is increased versus non enhancing techniques 
(FRETZ et a11990; SENETERRE et al. 1996). 

Mn-DPDP accumulates in well differentiated 
hepatocellular carcinoma. Other liver specific con
trast agents are usually nonenhancing in this mdig-
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nancy (ROFSKY et al. 1993). According to the compo
sition of the hepatocytes liver tumors demonstrate 
an uptake of the contrast agent. Benign lesions such 
as FNH and regenerative nodules demonstrate an 
uptake of this liver-specific contrast agent and result 
in different enhancement compared with metastatic 
infiltration and undifferentiated HCC. Its role in the 
characterization of focal hepatic lesions is restricted 
to the rough differentiation of hepatocellular from 
nonhepatocellular (or hepatocyte versus nonhepato
cyte lesion) tumors (BERNARDINO et al. 1991; VOGL 
et al.1993; LJOu et al. 1994; MARCHAL et al. 1993). 

MURAKAMI et al. (1996) stated that the degree of 
tumor enhancement of HCC correlated with the his
tologic differentiation. Significantly greater en
hancement of Mn-DPDP was seen in well-differenti
ated lesions than in poorly differentiated ones. Imag
ing in cirrhotic liver demonstrated a decreased en
hancement of Mn-DPDP in patients with confluent! 
diffuse fibrosis and siderotic regenerating nodules. 
An increased enhancement was delineated in benign 
regenerating nodules (ELIZONDO et al. 1991; INOUE 
et al.1993; NI et al. 1993). 

7.7 
SPIO-Enhanced MR Imaging of Hepato
cellular Carcinoma 

7.7.1 
Imaging Criteria 

Using SPIO-enhanced imaging normal liver paren
chyma demonstrates an uptake of the contrast agent 
owing to its endothelial and Kupffer cells. A negative 
enhancement or loss of signal intensity of normal 
liver parenchyma is seen using moderate and 
heavily T2-weighted images because of the more ef
fective T2 shortening with these sequences (HAMM 
et al. 1994; STARK et al. 1988; VOGL et al. 1997a). 

Malignant liver lesions such as HCC usually dem
onstrate no change in signal intensity comparing 
unenhanced and SPIO-enhanced T2-weighted im
ages (Figs. 7.6,7.7). This leads to an improvement of 
the contrast-to-noise ratio but also of the signal-to
noise ratio of lesions with a decreased signal inten
sity of liver parenchyma and a high signal intensity 
of malignant tumors. Thus lesion demarcation as 
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Fig. 7.7a,b. Solitary huge hepatocellular carcinoma. a Docu
mentation of a nearly isointense huge HCC (arrows) in the 
left liver lobe segment 3 using a moderate T2-weighted se
quence (PD-weighted sequence: TR/TE=2000/45) . bUsing 
SPIO-enhanced T2-weighted sequences no signal loss of the 
lesion (arrows) is documented with hyperintense foci in the 
center due to fatty infiltration (black arrowheads) . A hypoin
tense capsule is observed (arrowheads). Documentation of a 
compressed vena cava inferior (curved arrow) 

well as visualization and delineation is improved and 
the detection rate of focal liver lesions is increased 
comparing un enhanced and SPIO-enhanced MRI 
(Fig. 7.9b) (DENYS et al.1994; VOGL et al.1996c). 

Nevertheless in some cases well differentiated 
HCC (Asian population, Japan) demonstrate an up
take of the contrast medium due to the presence of 
Kupffer cells. 

Low SPIO concentrations also increase the signal 
intensity on Tl-weighted imaging because of their 
Tl effect (Fig. 7.6). HCC nodules demonstrate a 
moderate hyperintense to hyperintense signal inten
sity according to their vascularity using Tl-weighted 
sequences (Figs. 7.6, 7.8) (OUDKERK et al. 1997). 
Therefore SPIO agents are available as positive en
hancers for a short period after intravenous admin
istration with the possibility of vascular information 
(HAHN et al.1990; SCHARF et al.1998). 

7.7.2 
Dynamic Imaging 

Minimal amounts of Resovist induce a high reduc
tion of signal intensity by shortening the T2 relax
ation time. Data from clinical studies proved that 
bolus injection of Resovist was well tolerated 
(REIMER et al. 1995). The quantitative evaluation a\-

a,b 
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lows more detailed information on the characteris
tics of liver tumors using early dynamic and late 
static enhancement. Clinical studies proved the ca
pability of dynamic SPIO-enhanced T z-weighted 
and T ,-weighted imaging protocols for the evalua
tion of the perfusion phase (HAMM et al. 1994; KIM 
et al. 1995; VOGL et al. 1997b). 

Using T2-weighted dynamic imaging hyper
vascular lesions like FNH, an earlier signal loss ap
peared than with normal liver parenchyma. To some 
extent the same phenomenon could be observed in 
hypervascular HCC. Using a dynamic T2-weighted 
protocol, a reproducible sudden drop-out phenom
enon was observed in hypervascular HCC nodules. 
This phenomenon resulted in a rapid signal loss in 
the perfusion phase followed by a short increase in 
signal (HAHN et al. 1990). 

No significant signal loss of the HCC could be 
documented using Resovist -enhanced static se
quences. Due to a high signal loss of the surrounding 
liver parenchyma the contrast between HCC nodules 
and the liver parenchyma was improved, also allow
ing a better delineation of the lesion (DENYS et al. 
1994). 
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Fig. 7.8a-d. Poorly differentiated hepatocellular carcinoma. 
a Documentation of a 2+2-cm large hyperintense lesion in 
the right liver lobe segment 6 (arrow) using an unenhanced 
T2-weighted sequence (TR/TE=2000/45). b On SPIO-en
hanced scans a significant signal loss of normal liver paren
chyma (L) is seen in contrast to no decrease of signal inten
sity of the hepatocellular carcinoma (arrow). c On 
unenhanced Tl-weighted GRE images a nearly isointen:;e le
sion with a hypointense capsule is detected (arrows). d Using 
the SPIO-enhanced sequence a nonenhancing hyperintense 
HCC nodule (arrow) is delineated compared with tht, de
crease in signal intensity of liver cirrhotic parenchyma. :jver 
transplantation verified this lesion 

Regenerating nodules presented a relatively low 
percentage signal intensity loss in comparison to 
normal liver parenchyma (KAWAMORI et al. 1992; 
YAMAMOTO et al. 1995). 

Resovist-enhanced proton density-weighted and 
T 2-weighted sequences greatly improve the depic
tion and delineation of liver tumors by modifying 
the liver-to-tumor contrast. Metastases lacking RES 
could be visualized with a better contrast to the nor
mal liver parenchyma (BELLIN et al. 1994; FRETZ et 
al.1990; HAMMERSTINGL et al.1998; MARCHAL et al. 
1989; SENETERRE et al. 1996). This refers to the 
lesion's rim and especially to the lesion's center, 
where isointense or slightly hyperintense liver pa
renchyma using unenhanced scans turns to hypoin
tense tissue using Resovist-enhanced images. The 
results of our study using Resovist enhanced MRI 
prove an increased detection rate and an improved 
depiction quality in patients with liver metastase;;. 

Regardless of histopathology of the lesion, we ob
served better results using proton density-weighted 
and T2-weighted Resovist enhanced images than 
FLASH-2D scans concerning the quality of delinea
tion and contrast. 

b 
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Fig. 7.9a,b. Multinodular hepatocellular carcinoma. a On a 
T2-weighted unenhanced sequence (TR/T£=2000/90) a large 
hyperintense lesion is documented in the right liver lobe (ar

row) . b Using a T2-weighted SPIO-enhanced sequence (TR/ 
TE=2000/90), improved delineation of the large hyperintense 
lesion in the right liver lobe (arrow) is seen with infiltration 
in the surrounding liver parenchyma (small arrows). A satel
lite lesion is depicted in the left liver lobe (open arrow) 

Further studies using the new SPIO formulation 
Resovist should be directed towards to a more de
tailed analysis of the dynamic protocol for its use in 
the characterization of hypervascular tumors like 
hepatocellular carcinoma and adenoma (HAHN et al. 
1990). Resovist enhanced MR imaging is going to be
come a diagnostic means with excellent capabilities 
for both the detection and differentiation of hepatic 
tumors with the advantage of a bolus intravenous 
injection (Kopp et al. 1997; SHAMSI et al. 1998; VOGL 
et al. 1996a,c). 
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Fig. 7.10a,b. Undifferentiated hepatocellular carcinoma in 
liver cirrhosis. a Using an unenhanced PDw image (TR/ 
T£=2000/45), a 7x6-cm hyperintense lesion (arrows) is delin
eated in the right liver lobe with central inhomogeneities and 
unsharp margins. b The PDw image (TR/TE=2000/45) after 
intravenous administration of SPIO allows an accurate delin
eation of the involved segments of the right liver lobe (ar

rows) due to marked signal loss of the normal liver paren
chyma, which is presented with an inhomogeneous texture 
due to liver cirrhosis 

7.7.3 
Differential Diagnosis 

Hyperplastic or regenerative nodules show a change 
in signal intensity postcontrast with a decrease (loss 
of signal) comparing sequences of unenhanced and 
SPIO-enhanced imaging (Fig. 7.12) (KAWAMORI et 
al. 1992). 

Adenoma shows hyper-isointense lesions on T2-
weighted SPIO-enhanced images (Fig. 7.15). Using 
Tl-weighted scans, lesions appear moderately 
hyperintense when SPIO-enhanced (Fig. 7.15). 

FNH nodules are moderately hyperintense on T2-
weighted images when unenhanced, revealing a de-

a 

b 
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Fig. 7.11a,b. HCC in liver cirrhosis (patient suffering from hepatitis C). a In a male patient pre liver transplantation a 
hyperintense lesion in segment 8 of the liver is delineated using T2-weighted turbo spin echo sequence (TR/TE=2000/S0). b 
Using T2w TSE sequence postcontrast almost no change in signal intensity of the lesion is documented. Significant signa . loss 
of liver parenchyma 

c d 

Fig. 7.12a-d. Hyperplastic regenerating nodules. a Using a Tlw GRE sequence (TR/TE/FA=154/6/700) unenhan:ed 
hyperintense lesions are delineated in the right liver lobe (arrows) in a female patient suffering from hepatitis and scheduled 
for liver transplantation. b On SPIO-enhanced TI-weighted GRE scans a signal loss of the les ions is documented with hypo
to isointensity in contrast to liver parenchyma (arrows). The diagnosis of regenerating nodules was revealed by histopatt 01-
ogy after liver transplantation. c In a moderate T2-weighted spin echo sequence (PD-weighted; TR/TE=2000/45), hypointelse 
nodules were delineated. d Using a moderate SPIO-enhanced T2-weighted sequence, a significant signal loss of cirrhotic lil'er 
parenchyma and of the nodules is documented 
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Fig. 7.13a-e. Acute stadium of Wilson's disease. a Proton-den
sity weighted sequence (TR/TE=2000/45). Using unenhanced 
scans hypointense nodules (arrows) and high intensity septa 
(open arrows) are seen. b SPIO-enhanced MRI reveals hypo
intense nodules with loss of signal intensity (arrows). Detec
tion rate has improved. c Tl-weighted sequence (TR/TE=550/ 
15). Documentation of hypointense nodules versus normal 
liver parenchyma (arrows) using un enhanced scans. d SPIO
enhanced images depict hypointense nodules (arrows). e Us
ing Gd-DTPA enhanced MRI a positive enhancement of nod
ules (arrows) versus liver parenchyma is seen 

crease in SPIO-enhanced signal (Figs. 7.16, 7.17). 
Lesions change from isointense to moderately 
hyperintense using Tl-weighted images (CASEIRO
ALVEZ et a1.1996; OUDKERK et al. 1997). 

Hemangiomas are lesions with a markedly 
hyperintense signal intensity using unenhanced and 
SPIO-enhanced T2-weighted sequences. A hypoin
tense intensity is documented for lesions on Tl
weighted images with a change to hyperintensity 
post SPIO due to a Tl effect (HARISINGHANI et al. 
1997). 

Metastastic infiltrations document no significant 
loss of signal intensity on T2-weighted SPIO-en-
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Fig. 7.14a-c. HCC in adenoma (nodule-in-nodule appearance). 
a A T2-weighted unenhanced fat suppressed turbospin echo 
sequence (TR/TE=2000/90) revealed a better demarcation of 
the hyperintense lesion compared to conventional scans (ar

row). Delineation of an isointense signal intensity in the pe
riphery (black arrowhead). bUsing SPIO-enhanced T2-
weighted fat suppressed turbospin echo sequence (TR/ 
TE=2000/90), the lesion is seen with hyperintensities in the 
center (arrow) and isointense signal in the peripheral zone 
(arrowhead) . A significant percentage signal intensity loss can 
be documented in the periphery. c Tl-weighted gradient echo 
sequence (TR/TE/FA=30/5/300), unenhanced. Documentation 
of a change of signal intensity postcontrast in the center to 
hyperintensity (arrow) . The peripheral zone provides an up
take of contrast material with near isointensity compared to 
cirrhotic liver parenchyma (arrowheads) 

a 
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Fig. 7.1Sa-d. Multinodular adenoma. a In a female patient pre liver transplantation a hyperintense lesion in segment 7 of the 
liver is delineated using a T2-weighted fat saturated turbospin echo sequence. b Using a SPIO-enhanced T2w TSE-F5 se
quence, a moderate decrease of signal intensity of the lesion is documented. Significant signal loss of liver parenchyma. c In 
a Tl w SE sequence a SPIO-enhanced hyperintense signal of the lesion is visualized due to a Tl effect. d Using a SPIO-enhanced 
Tlw GRE sequence in a sagittal slice orientation a second lesion is depicted 
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Fig. 7.16a,b. FNH. a In an unenhanced PDw sequence (TR/ 
TE=2000/45), a hyperintense lesion (arrow) is visualized in 
the right liver lobe segment with an inhomogeneous margin 
to the surrounding liver parenchyma. Compression of the 
gallbladder with postprandial clinical symptoms. No delinea
tion of capsule. Probable existence of central scar tissue (ar

rowheads). b After administration of SPIO a significant signal 
loss of the FNH nodule (arrow) and also of normal liver pa
renchyma is delineated. Documentation of a hyperintense 
unenhancing central scar (arrowheads). No additional nod
ules 

hanced images (BELLIN et al; 1994; FRETZ et al. 1990; 
HAMMERSTINGL et al. 1998; MARCHAL et al. 1989; 
SENETERRE et al. 1996). 

7.7.3.1 
Discussion 

The reticuloendothelial system with its Kupffer cells 
comprises only 2% of the liver volume, but its prop
erties make it interesting for use as a vehicle for 
superparamagnetic coated iron oxide particles such 
as AMI-25 for contrast-enhanced MR imaging 
(STARK et al. 1988). Superparamagnetic iron oxides 
have been thoroughly investigated and produce a 
significant signal loss on T2-weighted images due to 
shortening of T2 relaxation time. The potential of 
these small crystalline ferrite particles as a tissue
specific contrast agent for liver and spleen and 
therefore in the diagnosis of liver tumors has been 
reported (BELLIN et al. 1994; VOGL et al. 1997a). The 
specific uptake of intravenously administered SPIO 
particles by the reticuloendothelial system enables 
visualization of phagocyte activity throughout the 
liver and spleen. This is due to the significant signal 
loss in proton density-weighted and T2-weighted se
quences. The quantitative evaluation of this phago
cyte activity is not yet possible (HAMM et al. 1994). 
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Fig. 7.17a-c. FNH. a T2-weighted sequence (TR/TE=2000/45), 
unenhanced. Demarcation of a hyperintense lesion in the 
right liver lobe segment 4 (arrows) versus normal liver pa
renchyma. No visualization of scar tissue or capsule, 
unenhanced. b SPIO-enhanced T2-weighted imaging shows a 
decrease in signal intensity of the lesion with moderate 
hyperintensity versus liver parenchyma (arrows). Documen
tation of a central scar (arrowheads).c Tl-weighted GRE dy
namic imaging (TR/TE/FA/TI=6.5/3115°/350), unenhanced 
and during intravenous administration of gadolinium. ca 
Delineation of a hypointense (arrows) and central scar tissue 
(arrowhead) using unenhanced imaging. cb Hyperintense 
enhancement 15 s postintravenous injection of gadolinium 
(arrows). Documentation of hypointense scar tissue (arrow

head). cc Nearly isointense signal intensity of the lesion in the 
right liver lobe 5 min post intravenous injection of gado
linium (arrows). Enhancement of the central scar tissue 
(arrowheads) 

a 

b 
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SPIO-enhanced MR imaging has proven to be an 
effective imaging tool for the detection and differen
tiation of focal liver lesions (DENYS et a1. 1994; FRETZ 
et a1.1990; HAMMERSTINGL et al.1997). Optimal im
aging qualities can be achieved using a proton den
sity and T2-weighted sequence in conventional and 
fat suppressed techniques. Significant signal loss of 
primary benign liver lesions (FNH, adenoma, he
mangioma, and regenerating nodules) can be docu
mented in these sequences (KAWAMORI et a1. 1992). 
Additionally Tl-weighted sequences have to be per
formed in order to detect and define lesion specific 
enhancement especially for the differential diagno
sis of benign liver lesions (SCHARF et a1. 1998). 

HCC usually cannot absorb these agents because 
Kupffer cells are lacking, but this is variable and de
pends on the grading of these tumors and on the 
presence of normal liver parenchyma within the tu
mor. Clinical studies demonstrated a significant but 
variable signal loss of well differentiated HCC. In 
undifferentiated HCC no contrast enhancement was 
delineated and the signal loss was similar to the pat
tern seen for the secondary metastatic process. Me
tastases also show a lack of reticuloendothelial cells 
and therefore no appreciable signal loss (BELLIN et 
a1. 1994; FRETZ et a1. 1990; SENETERRE et a1. 1996). 

A long lasting signal loss of benign liver lesions 
after administration of SPIO was first described for 
hemangiomas by HAHN et al (1990), more recently 
for hemangioma and FNH by DENYS et al (1994). 
This phenomenon is probably based on the uptake 
of iron oxide particles by macrophages or endothe
lial cells of the hemangioma. Hepatic lesions which 
contain phagocytes, such as FNH, adenoma, regener
ating nodules, and some well-differentiated hepato
cellular carcinomas, demonstrate signal loss, which 
is comparable in intensity to that of normal liver pa
renchyma. 

Summing up, detection rate of focal liver lesions is 
increased using SPIO-enhanced sequences in com
parison to un enhanced protocols (HAMMERSTINGL 
et a1. 1997). The detection of smallest lesions using 
iron oxide particle MR imaging might be limited in 
some cases. T2-weighted SE sequences demon
strated some limitations in the differentiation of 
small secondary lesions from intrahepatic vessel 
structures. Using fat-saturated sequences and fast 
T2-weighted GRE sequences may help to solve this 
problem. MR imaging during the early period of 
contrast agent administration could be a better op
tion because of intrahepatic and intravascular signal 
loss due to circulating superparamagnetic particles 
(HAHN et a1.1990). Moreover, the use of Tl-weighted 
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SE sequences provides another alternative to solve 
the problem of the low signal of liver lesions. 

7.7.4 
USPIO-Enhanced MR Imaging of Hepatocellular 
Carcinoma 

Ultrasmall superparamagnetic iron oxides (USPIO) 
are tissue-specific MR contrast agents with a:1 in
creased Tl effect compared to SPIO. These dex:ran
coated particles have been used as blood-pool con
trast agents due to their long half-life in blood. This 
relatively long half-life provides a wide imaging win
dow during the intravascular phase. They arE not 
immediately phagocytized by the reticuloendothe
lial system due to their small size. Perfusion phase 
and enhancement phase show an increased delay 
between both phases. 

Intravascular contrast agents lead to improved le
sion detection due to the larger blood volume of liver 
parenchyma and a comparatively smaller blood vol
ume of solid tumors. 

Imaging during the intravascular phase aLows 
differentiation of vascularized lesions and other 
liver tumors/lesions due to their extent of vascular
ity. These agents can improve the lesion-to-liver con
trast on Tl-weighted imaging as positive enhancers. 
On T2-weighted imaging they act as negative en
hancers. One such substance (AMI-227, Siner em, 
Guerbet, France, Adv. M.) is in clinical phase III tri
als. 

MERGO et al. (1996) stated a ring enhancemert as 
a characteristic sign for malignancy using AMI-227 
intravenously in patients with focal liver lesions. 
This attests to the significant blood-pool effects of 
USPIO particles. HARISINGHANI et a1. (1977) dc·cu
mented a significantly lower degree of enhancerrent 
on Tl-weighted images and of signal intensity drop 
on T2-weighted images in malignant liver masses 
compared to hemangiomas. 

7.8 
Summary 

Various studies so far have documented the supt~ri
ority of MRI for the diagnosis and differential diag
nosis of the various patterns of hepatocellular carci
nomas. Contrast enhanced studies could further 
improve the diagnosis of this oncologic disease. 
Nowadays MRI is considered to be superior to ultra-
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sound, CT and even CTAP for the majority of clinical 
questions in liver cirrhosis and associated malig
nant liver disease (LENCIONI et al. 1996; VEDA et al. 
1995; KANEMATSU et al. 1997). Our data and the ex
perience of various groups favor the routine use of 
contrast agents to further improve the sensitivity 
and specificity of MRI. The diagnosis of focal he
patic lesion on MR imaging is improved concerning 
focal lesion detection and focal lesion characteriza
tion (DE SANTIS et al. 1992). 

We strictly favor the use of negative contrast 
agents in all patients with underlying liver cirrhosis, 
fibrosis or postinterventional therapeutic strategies. 
Moreover, detection rate is increased using SPIO-en
hanced MRI. It should therefore be used for the pre
operative evaluation of patients with primary or sec
ondary hepatic neoplasms. 

In patients without known underlying liver dis
ease, extracellular agents might be equal to hepato
cellular agents with an improved characterization of 
lesions (various differential criteria for diagnostic 
imaging). 

Further research is being currently directed to
wards the use of dynamic protocols and a more pre
cise differential diagnosis of HCC nodules versus re
generating liver disease. 
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8.1 
Introduction 

The past few years have witnessed a spectacular in
crease in the options for studying the hepatic and 
portal vessels, in part because of the introduction of 
new techniques and in part due to advances in tech
niques already in use. This chapter will illustrate the 
invasive methods for studying the hepatic vessels 
based on the equipment used for registering the im
age, such as the angiography unit (conventional an
giography), sonography (sonographic angiography), 
and computed tomography (CT) (CT during arterial 
portography and Lipiodol CT). In this context, the 
role of traditional angiography has changed, losing 
its previous diagnostic leadership to some of the 
newer techniques (and their various associations). 
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However, since percutaneous arterial catheterism 
is the basis for all these techniques, the execution of 
various examinations in association with each other 
during a single diagnostic imaging session has be
come the rule in centers where hepatocellular carci
noma (HCC) is studied and treated. 

Whereas the techniques based on segmentation 
using CT or US do not require a particularly selec
tive catheterization, arteriographic studies using 
hydrosoluble contrast agents require greater skill on 
the part of the operator, with execution of super
selective catheterizations (sometimes with coaxial 
techniques) or else simultaneous arterial and venous 
accesses. This type of approach is currently associ
ated with (or preceding) a therapeutic procedure 
performed through the catheter. Although the proce
dures described are usually performed in associa
tion (and frequently, it should be remembered, in a 
single session), the techniques and their results will 
be first addressed individually and, subsequently, the 
value of their various associations in reference to the 
defined goals (both diagnostic and/or therapeutic) 
will be examined. 

8.2 
Angiography 

The role angiography plays in the diagnosis of HCC 
has undergone considerable changes related, on one 
hand, to the evolution of the technique itself and 
angiographic materials, and, on the other hand, to 
the development of competing methods. Since the 
second half of the 1970s, in fact, the introduction 
and progressive growth of sonography and CT has 
gradually reduced the diagnostic role of angiogra
phy, and further competition has occurred with the 
subsequent growth of magnetic resonance imaging 
(MRI). Further competition has subsequently been 
developed in techniques based on arterial 
catheterism and injection of contrast media, but 
employing contrast agents other than iodated ones 



122 

and different methods of image extraction (US, CT). 
However, the terrain which angiography has lost 

in its diagnostic role has been amply compensated 
by what has been gained in its therapeutic role due to 
the transcatheter treatment techniques developed 
since the 1980s, so that today the diagnostic 
angiographic study constitutes the preliminary 
phase of a therapeutic plan aimed, more or less di
rectly, at treating the neoplasm. 

This different goal has, in any case, emphasized 
the importance of the technical aspect of arterial 
catheterization, which, in turn, has become less im
portant in the angiographic-type methods compet
ing on the diagnostic level (sonographic angiogra
phy using CO2 microbubbles, CT arterial portog
raphy, Lipiodol CT). 

S.2.1 
Equipment and Technique 

Technical advancements in the equipment have 
greatly influenced the evolution of angiographic 
techniques. Currently, angiographic examinations 
are exclusively performed using digital equipment, 
characterized by rather modest spatial resolution 
(particularly when the images are photographed on 
radiographic film) but high contrast resolution. 
These characteristics allow for a high sensitivity in 
demonstrating the capillary phase opacification 
and, in more general terms, the overall parenchymal 
opacification of the entire organ. The ideal equip
ment has a large format (14") intensifier and a 
512x512 matrix (or, even better, 1024xl024) with a 
generator power of 100 kW. This qualitative stan
dard is available in most angiographic suites. The 
employment of digital equipment permits use of 
modest flow rates for the contrast agent and, there
fore, the possibility of using fine caliber catheters 
(4-5F) and, sometimes, coaxial systems. 

A complete vascular study of the liver requires 
catheterization of the celiac axis and its branches as 
well as the superior mesenteric artery due to the fre
quent presence (20% of cases) of an accessory 
branch to the right hepatic lobe originating from the 
superior mesenteric artery, requiring its systematic 
opacification. On the other hand, the direct origin 
from the aorta of a branch of the hepatic artery is 
exceptional (LAMARQUE 1974). 

The arterial study is naturally completed with the 
opacification of the venous vessels of the portal cir
culation, which occurs during the late phase after in
jection of the superior mesenteric artery, the celiac 
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axis, or the splenic artery. To obtain good quality im
ages, it is important during digital subtraction an
giography (DSA) to maintain a good mask for the 
entire period of image acquisition. It is therefore in
dispensable that the patient maintains a good apnea 
and receives adequate instructions to this end (as 
well as be informed on the importance of his col
laboration). Some authors recommend administra
tion of oxygen to the patient (IKEDA et al. 1994). In 
this way, even patients in a precarious condition are 
able to maintain the 20 s of apnea necessary to ac
quire good images of the spleno-portal (or 
mesentero-portal) axis. In our experience, I:~ven a 
simple hyperventilation (60-120 s) immediately per
formed before the injection can significantly influ
ence the possibility of maintaining the apnea. 

With injection of the contrast agent into thE supe
rior mesenteric artery, the venous return can be en
hanced by employing a vasodilator (Venitrin or 
similar nitrates). Many authors also recommend the 
use of drugs with an antispastic action (Buscopan) 
in order to eliminate or reduce the effects of peristal
sis on image subtraction. 

A complete angiographic study of the liver 
should, therefore, be articulated by means of the fol
lowing selective studies: 
- Superior mesenteric artery (injection of 20-25 ml 

of contrast at 4-5 ml!s): in order to evalua:e the 
presence of the above mentioned anatomic vari·
ant and to obtain visualization of the mesenteric 
venous bed and, therefore, the portal vein with its 
intrahepatic portal branches. 

- Celiac axis (25-30 ml of contrast agent at 5-6 ml! 
s): in order to demonstrate the distribution of the 
hepatic vessels as well as anatomic variations in 
their origin; in particular, this study permits 
documentation of the eventual presence of 
branches supplying the left lobe segment (pre
dominantly segments II and III) originating from 
the left gastric artery (LAMARQUE 1974); during 
the venous return phase, the splenic vein is visible 
as well as the portal vein and its intra
parenchymal branches, in normal conditions; in 
pathologic situations, frequently found in the 
population of patients made up of cirrhotic pa
tients with portal hypertension, the anatomical 
and flow-related alterations are evident. 

- Splenic artery (25-30 ml of contrast agent at 5-6 
ml!s): selective catheterization of this vessel is 
performed when the venous return after injection 
of the celiac axis does not determine an adeq llate 
opacification of the spleno-portal axis or when
ever it is desirable to evaluate the portal circula-
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tion exclusively, with opacification only of the 
portal circulation without an arterial hepatic pa
renchymal phase (in alternative to mesenteric 
venous return). 

- Common or proper hepatic artery (8-12 ml of 
contrast agent at 2-3 mlls; many authors recom
mend greater quantity of contrast media, up to 20 
ml), with the goal of demonstrating the arterial 
alterations of the hepatic parenchyma with 
greater enhancement and in the absence of super
imposition of the venous return; in order to 
achieve this, it is advisable to maintain low injec
tion rates «3 mlls) even if it is necessary to inject 
a greater total quantity of contrast agent. 

The selective study of the common or proper he
patic artery is frequently followed by superselective 
studies particularly if a trans catheter treatment is 
planned. Injections using progressively lesser 
amounts of contrast media at a low flow rate ( < 1 mll 
s) are performed, even manually. Selective catheter
ization is a very variable technique, depending on 
both the operator's experience and the patient's ana
tomical configuration. 

Our group has developed a simple method, which 
allows a complete arterial evaluation in 90% of pa
tients: a flexible 5F Shepherd hook type catheter 
(Boston Scientific, Watertown, MA) is advanced into 
the abdominal aorta and selective injections of the 
celiac axis and superior mesenteric artery are then 
performed; next, superselective studies of the celiac 
axis are performed by catheterizing both the splenic 
and hepatic arteries using a 0.35- or 0.38-caliber hy
drophilic guidewire (Terumo, Japan), whose curved 
tip allows for easier guidability; once the guidewire 
has been advanced deep inside the vessel, the cath
eter is advanced over it; the minimal friction of the 
guidewire along with the good degree of rigidity al
lows for considerable selective advancement of the 
catheter along the vessel to be examined. 

The same procedure can be utilized for 
superselective study of the superior mesenteric ar
tery (particularly important when a hepatic branch 
originates from it). It is therefore possible to greatly 
reduce the examination time by using a single cath
eter for a complete angiographic study of the 
hepato-spleno-mesenteric arterial area. 

In certain anatomical conditions (in particular, in 
longilineal subjects whose mesenteric artery and ce
liac axis originate at an acute angle), it may neces
sary to employ some of the other catheters, such as 
Simmonds II and III. With an acute angle it may not 
always be possible to advance the guidewire into the 
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vessel's secondary branches or even to pass the cath
eter into the vessel. 

In relatively recent times, variations in technique 
have been proposed (above all by Japanese authors) 
designed to improve the sensitivity of angiography 
in detecting or in revealing afferent and efferent ves
sels. TAKAHASHI et al. (1990) prefers two successive 
injections in the celiac axis, separated by 25 s, acquir
ing the images only during the second injection. In 
this fashion, the mask comprises a portal parenchy
mal phase (due to the first injection) with the aim of 
increasing the sensitivity. With this technique, called 
hepatoportal subtraction angiography, the sensitiv
ity increases to 92% (in comparison to 71 % for con
ventional DSA, 42% for US, 39% for conventional CT, 
and 90% for Lipiodol CT in the same patients). 

KANAZAWA et al. (1995) subsequently proposed 
occlusion of the hepatic veins draining the portion 
of the hepatic parenchyma containing the nodule by 
using a catheter for venous occlusion. With this pro
cedure, the number of venous collecting vessels 
opacified is increased as well as the intensity of cap
illary blush within the lesion. Rather than increasing 
the amount of diagnostic information available, the 
authors use this method in order the improve. the 
therapeutic results during transcatheter treatment. 

8.2.2 
Radiologic Findings 

The images obtained by the angiographic examina
tion are directly dependent on the pathological char
acteristics of the lesion undergoing study. The most 
significant angiographic characteristic ofHCC is the 
hypervascularization of the lesion, which can be 
identified with greatest clarity in the capillary phase, 
during which a more intense accumulation of con
trast medium inside the lesion differentiates it from 
the surrounding parenchyma (tumor stain). This 
accumulation is not constant, being more apparent 
in approximately 80% of the nodular forms (KIDO et 
al.I971; SUMIDA et al.I986). The size of the node can 
influence the angiographic findings in that in small 
HCC, as IKEDA points out, an evident capillary 
hypervascularization is present in 73.7% of nodes 
measuring from 16 mm to 20 mm and in 59.2% of 
nodules measuring <15 mm (IKEDA et al. 1994). 

The two forms usually considered, the nodular 
type (single or multiple nodules, encapsulated) and 
the infiltrative type, are translated into characteristic 
and distinct angiographic patterns (SUMIDA et al. 
1986). 
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The nodular lesion (Figs. 8.1-8.3) is character
ized, in the arterial phase of the angiographic study, 
by a very rich tumor vascularization with a tree
branch pattern or, in contrast, by an artery of in
creased caliber supplying it (KIDO et al. 1971). The 
presence of neovasculature is very characteristic in 
the nodular forms and is found in 95% of cases 
(ROVERSI 1989) being found also in lesions which do 
not have a significant tumor stain. The dilatation of 
the artery supplying the neovasculature is also a 
constant finding, and demonstrable even in eventual 
satellite nodules. 

During the arteriolo-capillary and capillary phase 
(generally 15-20 s after the start of injection) the 
above cited tumor stain becomes apparent. This 
finding can be angiographically demonstrated 
with DSA in, at the most, 80% of cases and with 

Fig. 8.1a,b. Angiographic study of the nodular form of HCC. 
a Arterial and arteriolar phases: characteristic tree-branch
ing pattern of the nodule's afferent arterioles, with dilatation 
of the tributary arterial branch. b Tumor stain, intense even if 
not very homogeneous (as typically found in voluminous 
nodules, subject to necrosis). The nodule (accompanied by a 
small satellite lesion) is clearly delimitated, as usually seen in 
encapsulated tumors 
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Fig. 8.2a,b. Extensive multifocal HCC in both hepatic le.bes. 
a Arterial phase: ectasia of the tributary vessels supplying the 
large sized nodules. Anatomical variations of vascularization 
are frequently found: the origin of an hepatic vessel frorr . the 
superior mesenteric artery (in this case, not frequent, all the 
liver is supplied by the mesenteric artery, from which the 
gastroduodenal artery also originates). b A tumor stah of 
discrete intensity is seen in all the nodules, which appear well 
delimitated 

a 

b 



Angiography and Angiographically Assisted Techniques 

greater difficulty in small sized nodules (IKEDA et 
al. 1994). 

Prognostically, the absence of an angio
graphically demonstrable tumor stain is considered 
a negative factor. Probably, the absence of tumor 
stain is due, in most cases, other than its lightness, to 
the difficulty in differentiating the focal hyper
accumulation from the background inhomogeneity 
frequently found in cirrhotic livers . This seems con
firmed by the observation that some nodules (IKEDA 
et al. 1994) not demonstrated angiographically can 
be detected with other imaging methods (carbon di
oxide enhanced ultrasonography) also based on 
demonstration of the vessels (71.2% vs 59.2% of sen
sitivity in demonstrating nodules <2 em). 

Further confirmation can be found in the results 
reported by TAKAHASHI et al. regarding the tech
nique proposed by his group, called hepatoportal 
subtraction angiography, which presumes elimina
tion of the inhomogeneity of the parenchymal 
hepatogram. With this procedure, even though a less 
selective catheterization was used in comparison to 
traditional hepatic DSA (celiac axis, common or 
proper hepatic artery), in a series of 84 hepatomas 
the sensitivity increased from 71 % to 92% (P<0.002). 
Furthermore, as pointed out above, the tumor stain 
can be enhanced by altering the hemodynamic con
ditions employing sectorial occlusion of the drain
age system (KANAZAWA et a1.1995), a rather complex 
procedure which is justified only by the utility of the 
subsequent phase of therapy via the catheter. 

In the diffuse form (Fig. 8.4), the degree of 
hypervascularization is usually minor. Dilatation of 
the afferent vessels is generally not present and the 
tumor stain can be demonstrated with less fre
quency and intensity (SUMIDA et al. 1986). In con
trast to the nodular form, the delimitation of the 
mass appears indistinct and, usually, the capillary 
phase of enhancement is fleeting. 

With both forms (nodular and diffuse), additional 
angiographic signs can be found in a high percent
age of cases: 
- The presence of a shunt between the neoplastic 

arterial bed and the venous system 
- The presence of neoplastic thrombi in the portal 

system 
The arterio-venous shunts (usually arterio-por

tal) are present in a percentage of cases, which is very 
variable in the reported literature. The presence of 
small shunts with the peritumoral venules should be 
considered distinct from important hemodynamic 
findings of reflux portal filling (Fig. 8.4). This last 
finding has been reported by ROVERSI (1989) to be 
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Fig. 8.3. Voluminous HCC in the IV hepatic segment. Another 
frequent anatomic variant is seen: the origin of the hepatic 
vessels supplying the left lob e from the left gastric artery. In 
the case shown, the entire left lob e is supplied by this artery 

present in about 10% of cases of HCC, while the 
small perilesional fistulas, probably present in all 
cases, are angiographically demonstrable in two
thirds of cases (OKUDA et al. 1977). The arterio
venous fistulas, believed by some to be pathogno
monic of HCC, are actually present in other patholo
gies: cavernous hemangiomas, regenerative nodules, 
sequels of intervention on the parenchyma, and cir
rhosis (ROVERS! 1989). Angiography still represents 
today the most sensitive method for demonstrating 
arterio-venous fistulas. 

Neoplastic thrombi are present in various case 
studies in percentages as high as 33% 
(SUBRAMANYAN et al. 1984). The alteration is due to 
the progressive colonization of the portal vein by a 
mass of neoplastic tissue which finds, in the vessel 
wall, a kind of capsule. The mass has an arterial type 
vascularization, and the vessels which supply it are 
often visible during contrast injection of the proper 
hepatic artery, giving the finding of a typical appear
ance (thread and streak sign) . According to some au
thors, this finding (portal thrombosis associated 
with thread and streak sign) is pathognomonic of 
HCC, without any demonstrated false positives 
(OKUDA et al. 1977). It occurs both in the nodular 
form and in the diffuse form (even if it is more fre
quent in the former). 

8.2.3 
Current Role of Angiography 

In studies conducted with pathological correlation, 
angiography has a modest sensitivity in revealing 
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Fig. 8.4a-d. Infiltrative type HCC evaluated with selective 
study of the common hepatic artery. In the arterial phase (a) 
there is no ectasia of the vessels supplying the lesion, which is 
in the right lobe. In the capillary phase (b), the tumor stain 
appears inhomogeneous, with indistinct margins. The right 
branch of the portal vein is opacified by inverted flow, with 
the presence of arterio-venous fistulas within the tumor. This 
finding is more apparent in the late phase after injection of 
the celiac axis (c). In the same patient, during the venous 
return phase, the superior mesenteric vein is not opacified 
(d). The abdominal wall collateral circulation is evident, with 
recanalization of the umbilical vein 

HCC nodules, which does not reach 60% in detecting 
lesions less than 2 cm in diameter (IKEDA et al.1994), 
attributable to the frequent absence of hyper
vascularization (which is the only concrete positive 
sign for this method). Even in typification, the value 
of angiography is limited. The focal lesions to take 
into consideration in the differential diagnosis are 
cavernous hemangioma, regenerative nodule, focal 
nodular hyperplasia, adenoma (all benign lesions), 
as well as cholangiocarcinoma and metastases. 

In comparison to other non-invasive techniques 
(US, CT, and MRI), angiography does not offer supe
rior elements regarding lesion typification, even if it 
frequently provides some particular types of in for-

C. Fava et al. 

mation (characteristic disposition of the vessels in 
hemangioma; stellate aspect of the nodule in Focal 
nodular hyperplasia; intense and early blush, with
out any dishomogeneities, in adenoma) tied to the 
type of image extraction furnished by the method. 

With the exception of regenerative nodule in cir
rhosis, for which the ability of angiography to for
mulate a diagnosis is modest, the diagnostic a:cu
racy of the method reflects the values of noninva sive 
imaging techniques. 

The method offers some advantages in differEnti
ating cavernous hemangioma, where the diagncstic 
accuracy is close to 100% (ROVERSI 1989). In cases 
which are still equivocal after non-invasive studies 
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have been performed, angiography is justified, above 
all in cirrhotic patients. 

Therefore, more than for the detection of lesions 
and their differential diagnosis, the utility of angiog
raphy should be looked for in its other capabilities: 
- Furnishing information on the vascular (and 

pathological) anatomy 
- Providing the background information for a pos

sible transcatheter treatment 

Regarding the anatomical information, the 
method is still the most precise instrument for pro
viding a vascular map of the liver, both arterial and 
venous. On the arterial side, the examination is use
ful for demonstrating the presence of possible ana
tomical variants, whose knowledge is essential in 
planned transcatheter treatment. The angiographic 
study is also very effective in showing the morphol
ogy of the portal circulation and the rheological al
teration of the venous bed, due to arterio-venous fis
tulas, neoplastic thrombosis or possible cirrhosis. If 
present, collateral circulation can also be clearly de
picted. 

In demonstrating fistulas or other flow anomalies, 
angiography is currently the most sensitive instru
ment available to the clinician, with the only incon
venience being its invasiveness. 

The performance of a diagnostically oriented 
catheterization is a required first step when the 
eventual goal is therapy by means of trans catheter 
chemoembolization in that it provides the anatomic, 
pathologic, and functional information necessary to 
carry out an effective treatment. And it is in this 
phase of treatment, which usually follows the diag
nostic phase in the same session, that the technical 
component of catheterization finds its role, in order 
to place the embolization materials, both selectively 
and superselectively, in the most appropriate sites. 

8.3 
Sonographic Angiography with Intra
arterial Injection of CO2 Microbubbles 

Among the experimental techniques for the study of 
hepatic tumors, sonographic angiography per
formed with intra-arterial injection of CO2 

microbubbles has recently been introduced, first re
ported by MATSUDA and YABUUCHI in 1986 and then 
tested on more than 100 small HCC nodules by 
KUDO et al. (l992a,b). The technique utilizes the 
transcatheter injection of carbon dioxide, which al-
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lows for real-time visualization of the intralesional 
distribution of blood flow and provides sonographic 
angiography patterns correlated with the various 
tumor types; furthermore, the CO2 increases the 
sonographic contrast, facilitating the detection of 
small intraparenchymallesions. On the basis of data 
reported up to now, it is possible to recognize a typi
cal pattern for HCC (even if it is not pathogno
monic) and to further increase the sensitivity of 
sonography in the detection of additional satellite 
nodules surrounding a primary focus. 

8.3.1 
Methods and Results 

The technique consists of superselective catheteriza
tion of the hepatic artery followed by injection, at a 
velocity of 1-2 mlls, of a mixture of 10 ml of CO2, 10 
ml of heparinized saline solution and 5 ml of the 
patient's blood. The patient must hold a constant 
apnea for at least 15 s, during which the sonographic 
scanning plane which best shows the lesion and sur
rounding parenchyma is maintained. A conven
tional sonographic scanner equipped with a variable 
frequency (3.5-5 MHz) convex transducer is used to 
observe the arrival and distribution of the gaseous 
contrast agent. The examination is videotaped in 
order to review it at the end of the procedure; the 
arterial phase, during which the CO2 reaches the 
nodule and the surrounding parenchyma, lasts only 
a few seconds, and at the end of this phase the liver 
parenchyma becomes so hyperechoic as to be no 
longer explorable with sonography. Overall, the time 
added to the angiographic examination (always per
formed preliminarily in the reported studies to 
date), necessary in preparing the carbon dioxide 
microbubbles and injecting them under 
sonographic visualization, is less than 10 min. 

KUDO et al. (l992a,b) have divided the examina
tion into three phases, with a variable duration de
pending on the case. He has distinguished: an "early" 
phase which lasts 5-10 s and ends with the complete 
enhancement of the parenchyma surrounding the 
lesion; an "intermediate" phase which can last up to 
60 s after the injection of the contrast medium and 
during which the enhancement is immodified; and a 
"late" phase, lasting 2 min, during which the CO2 is 
progressively washed out of the liver. Based on this 
subdivision of the examination time, KUDO et al. 
(1992a,b) have described different possible 
sonographic angiography patterns. Above all, they 
distinguished hypervascular, isovascular, and 
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hypovascular lesions based on the comparison of the 
tumor's vascularity with that of the surrounding pa
renchyma. The hypervascular lesions are,in turn,di
vided into four types: (1) nodules with peripheral 
centripetal arterial flow, giving rise to a homoge
neous enhancement or to a "mosaic" pattern en
hancement; (2) nodules with "spotty" hyperechoic 
enhancement; (3) nodules which are hypervascular 
only in their peripheral portions; and (4) nodules 
with central arterial inflow and dense, marked cen
trifugal enhancement. The results obtained by KUDO 

et al. (1992a,b) regarding HCC demonstrate a 
hypervascular pattern in 90% of cases, an iso
vascular pattern in 6% of cases, and a hypovascular 
pattern in the remaining 4%. In particular, the pattern 
of centripetal arterial flow with homogeneous or mo
saic enhancement has, according to the Japanese au
thors, a sensitivity of 90% and a specificity of 89%, as 
well as a positive predictive value and a negative pre
dictive value of, respectively, 93% and 84%. 

Regarding the detection of small-sized (diameter 
less than 3 em) hypervascular HCC nodules, KUDO et 
al. (1992a,b) give sonographic angiography a sensi
tivity of 86%, significantly greater than that of tradi
tional angiography (63%) or digital subtraction an
giography (70%), and comparable only to that of 
Lipiodol CT (82%) . 

The technique was modified in a trial conducted 
on 48 patients (21 with multifocal or unifocal HCC) 
at the Institute of Radiology of the University of 
Turin (Italy). In particular, the subdivision of the 
phases was modified and standardized. Considering 
the greater importance of the early and late patterns 
of the lesions, the videotaping was interrupted after 
15 s (corresponding to the early phase according to 
KUDO et al. 1992a,b). Observation is then recom
mended after 10 min, outside of the angiography 
suite and after catheter removal, if necessary 
(VELTRI et al. 1994). If hemangioma is suspected, a 
check after 30-60 min should be performed because 
this type of lesion has longer-lasting enhancement. 
In the experience of the Italian researchers, HCC also 
is a hypervascular lesion (18121 cases or 85.7%), with 
rapid, centripetal, complete enhancement persisting 
into the late scans (Fig. 8.5). There are, however, two 
variants which are worth mentioning: the possibility 
of nodules enhancing mainly in their peripheral 
portion, found in two discrete-sized nodules (Fig. 
8.6); and the finding, in one case, of intense 
intralesional spotty enhancement in the late phase 
(considered typical for hemangioma by KUDO et al.). 
Both patterns were compared to the histological re
sults and seem to correlate with areas of necrosis . 
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Fig. 8.5a,b. Sonographic angiography before (a) and .Iuring 
injection of CO2 microbubbles through a catheter posi:ioned 
in the proper hepatic artery. b Early phase: typical vaE cular-
ization of HCC, with rapid and global enhancement of the 
nodule 

In many cases, sonographic angiography was bet
ter than angiography at demonstrating intralesional 
vascularization, allowing for detection of 1;ome 
scarcely vascularized HCCs. Persistence of the con
trast medium, which is washed out of healthy paren
chyma earlier than degenerative nodules, intci the 
late phase permits detection of additional small 
nodules not seen on preliminary US scanning due to 
the increased contrast resolution (KUDO et al. 1992; 
VELTRI et al. 1994) (Fig. 8.7). 

Overall, the method seems simple, sensitive, cost 
effective and without side effects or complications, 
except for the onset of transient epigastralgia <Ifter 
CO2 injection. 
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Fig. 8.6. a,b. a Angiography: large "hypovascular" HCC, vas
cularized only in its periphery. due to central necrosis. b 

onographic angiography, late pha e: "atypical" pattern, with 
inhomolteneous. mostly peripheral enhancement 

8.3.2 
Conclusion 

The early diagnosis of HCC is justified by the im
provement of surgical and non-surgical therapeutic 
choices which have significantly modified the prog
nosis of this pathology. This has brought about the 
improvement of the techniques already in common 
use (US, CT, etc.) and the development of new tech
niques (color-Doppler US, MRI, etc.) (TAYLOR et al. 
1987; HEIKEN et al. 1989); moreover, good results 
have been obtained by combined imaging, such as 
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Fig.8.7a,b. Diffuse small HCC nodules. a Digital angiography. 
b onographic angiography, late pha e: multiple hyperechoic 
lesions not vi ible on preliminary U scan 

Lipiodol-CT (PUECH et al. 1987; MERINE et al. 1990), 
CT during arterial portography (HEIKEN et al. 1989; 
MERINE et al. 1990) and CT arteriography (FREENY 
and MARKS 1983), all having high diagnostic accu
racy in typifying and staging the disease. Sono
graphic angiography also is a useful integration of 
two imaging methods: angiography has the advan
tage of highlighting the vasculature whereas 
sonography allows for real time intralesional obser
vation (MATSUDA and YABUUCHI 1986); it is there
fore possible to study the vascularization of a he
patic nodule optimally and dynamically. On the 
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other hand, the contrast medium renders even small 
nodules visible, increasing the sensitivity of 
sonography in determining the tumor extension. 
Sonography during the late phase can be essential in 
cases which are equivocal during sonography or an
giography. 

In conclusion, sonographic angiography utilizing 
CO2 microbubbles can provide additional diagnostic 
information in the characterization and staging of 
HCC. Considering the minimal added cost and 
operator's work, sonographic angiography should be 
performed at the end of the angiographic examina
tion; this integrated technique could be a new «arm" 
in the diagnosis of hepatic tumors. 

8.4 
CT during Arterial Portography 

The first experience with computed tomography 
during arterial portography (CTAP) for detection of 
hepatic neoplasm was reported by HISE et al. (1980). 
This technique is based on portal enhancement of 
the liver by infusion of contrast material through the 
superior mesenteric or the splenic artery. 

The portal vein is responsible for 70% of the 
liver's vascularization and the hepatic artery sup
plies the other 30% while hepatic tumors, especially 
HCC, are almost entirely supplied by the hepatic ar
tery. 

During CTAP the enhancement of the normal 
liver parenchyma is very intense; hepatic tumors are 
detected as areas of poorly enhancing focal lesions 
and the contrast difference between the lesion and 
the normal liver is greater during CTAP than during 
CT after intravenous contrast material injection 
(Fig. 8.8). 

CT during hepatic arteriography (CTA) had been 
described by PRADO et al. in 1979 but this technique 
has been used less frequently than CTAP; the reason 
is due to the high prevalence of perfusion abnor
malities caused by the anomalous origin of the he
patic artery, present in about 40% of cases, and by 
the arterial hemodynamic changes due to hepatic 
tumor and to cirrhosis. 

CTA has recently been proposed in combination 
with CTAP utilizing helical CT with promising re
sults not only in detecting hepatic tumors but also in 
characterizing the lesions (KANEMATSU et al 
1997a,b; MURAKAMI et aI1997). 

The techniques of CTAP and of CTA are standard
ized and will be described below. 
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Fig. 8.8. a CT during intravenous injection of contrast agent 
does not demonstrate any hepatic focal nodules. b CT during: 
arterial portography detects three focal lesions of variable 
size (5-12 mm) in the right hepatic lobe, probably secondary 
lesions 

8.4.1 
Technique 

Transfemoral angiography is performed with selec
tive studies of celiac axis and mesenteric artery us
ing a 5F visceral catheter (Shepered Hook or 
Mikaelson catheter). 

Digital subtraction angiography is performed to 
evaluate the hepatic vascular anatomy and the pa
tency of the portal vein; the amount of iodated con
trast material should be minimized (dose <50 mI). 

Some authors recommend not performing a pre
liminary angiographic study to reduce the contrast 
material injection before CTAP to 5/10 ml (LEONE et 
al. 1996); contrast medium retained inside the tu
mors reduces the difference in attenuation va .. ues 
between normal liver and hepatic tumors during 
CTAP. 
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The catheter for CTAP is most commonly placed 
in the superior mesenteric artery; in cases in which a 
replaced or accessory right hepatic artery arises 
from the superior mesenteric artery, the tip of the 
catheter is advanced sufficiently far into the artery to 
avoid reflux of the contrast agent into the hepatic ar
tery. 

Some authors have suggested that CTAP per
formed with catheterization of the splenic artery 
presents some advantages, such as greater hepatic 
enhancement, fewer non-tumoral perfusion defects 
and less discomfort for the patient, but these find
ings were not confirmed by McDERMOTT et al. 
(1996) (LITTLE et al. 1994). Splenomegaly can in
crease splenic venous blood flow by tenfold and is a 
limitation in utilizing the splenic approach, espe
cially in patients with cirrhosis. 

Injection of vasodilating agent into the mesen
teric artery (40 mg of papaverine hydrochloride or 
10 mg of tolazoline) before infusion of contrast ma
terial has been suggested in order to improve hepatic 
enhancement (SOYER et a11993; GRAF et aI1994). 

There are some differences in the technical proce
dure when CTAP is performed using either helical 
CT or non-spiral CT (SOYER et a11994; BARON 1994). 

Using non-spiral CT, 150 ml of nonionic contrast 
agent (iodine concentration 300 mg/ml) is injected 
with a power injector at a rate of 2.0 mlls; scanning is 
initiated after 20 s from start of injection. 

Using spiral CT, 150 ml of nonionic contrast agent 
(iodine concentration 200-220 mg/ml) is injected at 
a rate of 3 mlls; the scan delay is 30 s. A volumetric 
acquisition during a single breath-hold (acquisition 
time 24/30 s, slice thickness 8 mm with 4 mm over
lap) eliminates motion artifact and improves tumor 
detection. 

Different techniques are described for CTA com
bined with CTAP (KANEMATSU et al. 1997a,b; 
MURAKAMI et al. 1997; TOSHIYUKI et al. 1995). 
KANEMATSU et al. (1997a,b) propose using two SF 
angiographic catheters placed in the superior me
senteric artery and hepatic artery by the Seldinger 
technique bilaterally or unilaterally through the 
femoral artery; in the case of a unilateral approach, 
two catheters are placed in one femoral artery and 
the second access is performed 1 cm caudal to the 
first access site. MURAKAMI et al. (1997) employ a 
single cobra triple-lumen balloon catheter. 

CTAP is performed by injecting contrast agent ei
ther into the splenic artery through a side-hole in the 
catheter proximal to the balloon inflated into the 
common hepatic artery or into the superior mesen
teric artery through an end-hole in the catheter; CTA 
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is performed by injecting contrast material either 
into the common hepatic artery from the end-hole 
or into the accessory right hepatic artery through a 
side-hole proximal to the inflated balloon in the me
senteric artery. CTA is performed by injecting 70 ml 
of nonionic contrast material (iodine concentration 
150-200 mg/ml) at a rate of 1.7 mlls; scan acquisition 
begins 3 s after the initiation of the injection. CTAP 
is performed 10 min after CTA by KANEMATSU et al. 
(1997b), while MURAKAMI et al. (1997) first perform 
CTAP and then CTA. 

8.4.2 
Radiologic Findings 

With CTAP, hepatic tumors are visualized as 
rounded, low-attenuation, solid lesions, well delin
eated from the normal liver parenchyma enhanced 
by portography, provided that one completes the 
scanning rapidly before recirculation brings con
trast agent into the hepatic artery (SOYER et a11994; 
BARON 1994) (Figs. 8.8, 8.9). The tumors must be 
differentiated from non-tumoral perfusion defects 
or pseudo-lesions (OHASHI et al. 1995). 

The perfusion defects are categorized as flat, pe
ripheral wedge, lobar or segmental hypoperfusion 
and gravity defects. The flat perfusion defect, or 
pseudolesion, is an elongated lesion anterior to the 
porta hepatis, in segment 4A or 4B, present in 14% of 
CTAP and is due to anomalous drainage of the gas
tric vein (Fig. 8.10). The peripheral wedge defect is a 
small subcapsular area of low attenuation consid
ered to be a physiological variation in portal perfu
sion. Pseudolesions may also be recognized adjacent 
to the gallbladder and to the falciform ligament; 
these lesions have typical aspects and seldom cause 
false-positive results. 

The presence of cirrhosis and portal hyperten
sion may produce hemodynamic alterations causing 
problems in CTAP interpretation; the presence of ar
terial-portal venous shunt is also a possible cause of 
pseudolesion. 

HCC often involves the portal vein branch so the 
hypoattenuating areas are larger than the tumors 
and satellites nodules are not detected (Figs. 8.9, 
8.11).Also the central tumors may compress the por
tal hilum and be responsible for a diffuse non
diagnostic hypoperfusion of liver parenchyma 
(KANEMATSU et al. 1997). 

Despite the high sensitivity of CTAP for lesion de
tection, its specificity for lesion characterization is 
low; combining CTAP with CTA can significantly 
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Fig. 8.9. The neoplastic lesion (large arrows) appears 
hypo dense in comparison to the healthy hepatic parenchyma 
surrounding it. The small arrows indicate normal paren
chyma with lesser density posterior to the lesion. This arti
fact is due to compression of the portal system by the space 
occupying lesion 

Fig. 8.10. Typical triangular shaped perfusion defect of the IV 
hepatic segment, just anterior to the portal vein, due to 
anomalous perfusion in this region 

Fig. 8.11. CTAP demonstrates a peripheral perfusion defect 
(straight line sign) in the right hepatic lobe caused by com
pression of a portal vein branch 

C. Fava et al. 

improve the characterization and specificity of he
patic lesions that are detected compared with those 
obtained with CTAP alone. 

The enhanced characteristics on CTA may help to 
characterize portal perfusion defects seen during 
CTAP: HCC shows homogeneous to hetero~:eneous 
enhancement patterns, metastases show n ng en
hancement and non-tumoral perfusion abnormali
ties show homogeneous enhancement or do not 
show any focal enhancement on CTA. 

8.4.3 
Results 

Sensitivity of CTAP for tumor detection is very high 
and reported to be 84-93% and this techniqle pro
vides a tumor nodule detection rate exceeding con
ventional TC by 30-40% (SOYER et al 1994; BARON 
1994). In contrast with its high sensitivity, the speci
ficity of CTAP is low; many lesions during CTAP 
appear as an area of hypodensity including cysts, 
hemangiomas and other benign lesions; even 
though most of these lesions may be consider,~d be
nign based on prior imaging studies (US, MR). The 
frequency of false-positive lesions with CTAP has 
been reported to be approximately 15%, but rray be 
lower when CTA is associated with CTAP (SaYER et 
al. 1994). 

For HCC nodules less than 1 cm, the sensitivity of 
CTAP is 60% (UTSUNOMIYA et al. 1992); this low de
tection rate seems to be related to the hemodyr. amic 
alterations secondary to portal hypertension with 
hepatofugal collaterals and to the presence of regen
erative nodules and periportal fibrosis. 

In conclusion, CTAP has a very high sensitivity in 
detection of hepatic tumors but presents false posi
tives and some limitations in patients with cirrhosis. 
Its findings must be integrated with sonography and 
MR imaging to obtain the best results. 

8.S 
Lipiodol (T 

In the last 20 years, the introduction of new thera
peutic (both surgical and radiological) approaches 
for HCC has contributed to the significant increase 
of survival at 5 and 10 years (BRUIX 1997). Staging of 
this neoplasm is a fundamental part of the diagnos
tic work-up, since it will condition the therapeltic 
choices, particularly regarding the possibility of 
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liver transplantation (OLT). lt has, in fact, been dem
onstrated that the post-OLI survival of patients af
fected with HCC in early stages (I and II according to 
UICC classification) is similar to that of trans
planted patients without HCC (68-85%) (LOHMANN 
et al. 1995), while it drops below 50% when the tu
mor is in an advanced stage, even down to 0-15% in 
stage IVa (PICHMAYR et al. 1995). 

In order to correctly stage the neoplasm, numer
ous diagnostic imaging techniques have been pro
posed, including US, CT, MR, angiography, and 
Lipiodol CT, but no clear diagnostic protocol has yet 
emerged (BARTOLOZZI et al. 1996; DALLA PALMA et 
al. 1995). In particular, the use of Lipiodol-CT is still 
controversial due to the differing values of diagnos
tic accuracy and predictive values reported in the lit
erature (POZZI MUCELLI et al. 1995). 

8.5.1 
Method and Results 

Lipiodol ultra fluid (Guerbet, Aulnay-sous-Bois, 
France) is an oil-based contrast medium composed 
of folic acid ethylic esters (extracts of poppyseed oil) 
conjugated with iodine. Ethyl esterification, instead 
of glyceryl esterification, was preferred in order to 
obtain a more fluid preparation. The iodine is in a 
48% concentration, which is greater than the con
centration used in hydrophilic contrast agents. 

The contrast medium selectively accumulates in
side the HCC nodule (Fig. 8.12), but the mechanism 
of accumulation is only partially known. HCC is a 
highly vascularized nodule, with the arterial supply 
prevailing over the portal supply, which undergoes a 
progressive involution as the nodule increases in 
size; this creates a "siphon effect", which causes accu
mulation of Lipiodol inside the lesion. Furthermore, 
tumor neoangiogenesis favors the passage of con
trast medium into the intercellular space: arterial 
vessels are tortuous and irregular, with their caliber 
moderately increased and with segment lacking the 
tunica muscularis. Finally, the wash-out of Lipiodol 
from the lesion seems slow for at least two reasons: 
the insufficient portal vascularization (the main 
mechanism responsible for non-neoplastic wash
out) and the absence of reticuloendothelial cells; 
some authors also believe that the lack of lymphatic 
vessels in HCC delays wash-out of the contrast me
dium. Lastly, during the neoplastic transformation 
of hepatocytes, the plasma membrane may undergo 
a biochemical modification, rendering it more lipo-

Fig. 8.12. a Angiography shows two hypervascular HCC nod
ules in the right liver lobe. b Lipiodol-CT: the iodized oil se
lectively accumulates inside the lesions, with homogeneous 
enhancement of the nodules (type I according to Bruneton's 
classification) 

philic; this would favor adhesion of Lipiodol to the 
membrane and its subsequent endocytosis into the 
neoplastic cell (POZZI MUCELLI et al. 1995). 

The ability of Lipiodol to concentrate selectively 
in HCC cells was recognized in the 1970s and was 
employed in anatomical-radiological studies 
(NAKAKUMA et al. 1985). In the 1980s, this property 
was applied to both therapeutic purposes, being 
used as a vehicle for chemotherapy agents in 
chemoembolization (KONNO et al. 1984), as well as 
for diagnostic purposes, to detect on subsequent CT 
scan the nodules of HCC (MAKI et al. 1985). 

The method consists of slowly injecting into the 
proper hepatic artery (beyond the origins of the gas
troduodenal and cystic arteries) 10 ml of Lipiodol, 

a 

b 
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which is a sufficient quantity for eventual uptake 
into the neoplastic nodules. Follow-up CT scanning 
is then performed on the whole liver (contiguous 
scans of 1 cm thickness) at 3 weeks after administra
tion of Lipiodol, which is the time necessary for the 
non-neoplastic parenchyma to eliminate the con
trast medium. The method is, therefore, discretely 
invasive since it is necessary to selectively catheter
ize the proper hepatic artery via trans femoral arte
rial access (POZZI MUCELLI et al. 1995). 

The patterns of Lipiodol CT have been covered in 
the literature. Among the most complete studies are 
those of BRUNET ON et al. (1988) and the Liver Cancer 
Study Group of Japan in 1989. 

The Liver Cancer Study Group ofJapan (1989) has 
recognized two types of HCC based on its character
istics on Lipiodol CT: (1) massive form, with diffuse 
enhancement with Lipiodol of ample areas of the 
liver; (2) nodular form, which can present in various 
forms: as a single lesion, a single lesion with small 
satellite nodule(s), multiple separate lesions, and 
multiple confluent lesions. 

BRUNETON et al. (1988), on the other hand, have 
emphasized the anatomical-radiological correlation, 
describing four types of enhancement correspond
ing to four types of vascularization: type I: a 
hypervascular nodule with diffuse and homoge
neous enhancement; type II: a hypovascular nodule 
with no uptake of Lipiodol; type III: centrally 
hypovascular nodule, with peripheral enhancement; 
type IV: predominantly hypovascular nodule with 
areas of irregular uptake of contrast agent. Accord
ing to these researchers, and according to most case 
studies, the most frequent finding is that of a 
hypervascular nodule, with intense and homoge
neous uptake of Lipiodol (type I) (Fig. 8.12). 

Absence of lesion enhancement may possibly be 
explained by the lesion's scarce vascularization 
(more frequent in case of small-sized nodules) or by 
the insufficient quantity of Lipiodol employed. The 
presence of "spots" of Lipiodol within a solitary le
sion is due to the presence of necrotic areas within 
the tumor. The diagnostic accuracy and the predic
tive values of Lipiodol CT are still being discussed in 
the literature. 

Numerous studies have reported the sensitivity 
(in respect to lesion identification and not patient 
detection) with variable values (ranging from 53% to 
100%) (ARAKAWA et al.1996; BARTOLOZZI et al.1994; 
LENCIONI et al. 1997; NGAN 1990; ROVERSI et al. 
1989; TAKAYASU et al. 1990; TAOUREL et al. 1995; 
VALLS et al. 1994, 1995; VELTRI et aI. 1996), but most 
frequently with high values (greater than 90%); in 
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Table 8.1. Sensitivity of Lipiodol CT (literature data) 

Author Year Sensitivity 

Roversi 1989 100% 
Ngan 1990 97% 
Takayasu 1990 93% 
Bartolozzi 1994 95% 
Valls 1994 70% 
Valls 1995 74% 
Taourel 1995 53% 
Arakawa 1996 77% 
Veltri 1996 78% 
Lencioni 1997 70% 

our experience, comparing the results of Lipio dol CT 
with the histological study of the explanted lh'er, the 
sensitivity of the method is inferior (around 75°/c») 
(VELTRI et al. 1998) (Table 8.1). Many of the above 
mentioned studies, however, are inadequate in their 
reference standard, consisting in some cases of other 
radiological studies (POZZI MUCELLI et al. 1995; 
BARTOLOZZI et al. 1994; DALLA PALMA et al. 1997), 
and in other cases of biopsies or histological exami
nation of resected portions (BARTOLOZZI et al. 1996; 
LENCIONI et al. 1997); infrequently the histological 
study of the entire organ was performed. When the 
"gold standard" was the histological examination of 
all the hepatic parenchyma explanted during OLT, 
the results regarding the diagnostic accuracy of 
Lipiodol CT have been redimensioned; such studies 
are relatively rare in the literature: we cite the studies 
by VALLS et al. (1994, 1995) and TAOUREL et al. 
(1995), who report a sensitivity of 74% and 53(,6, re
spectively, with a high number of false negatives. In 
this regard, other authors have demonstrated that 
the number of false negatives increases when nod
ules less than 2 cm in diameter are considered: 
YOSHIMATSU et al. (1989), who have obtained a sensi
tivity of 64%, attribute the increase in false negatives 
to the greater degree of differentiation and to the 
lesser degree of vascularization of small lesions; 
lastly, also in detecting small lesions the sensitivity 
of Lipiodol CT was lower when the control selt'Cted 
was the pathologic examination (LENCIONI Et al. 
1997) instead of other radiological methods 
(BARTOLOZZI et al. 1994). 

Overall, our study, like other detailed studie;, re
cently reported in the literature, demonstrates that 
Lipiodol CT does not have a significantly gn ater 
sensitivity in comparison to other imaging methods. 

Studies on the specificity of Lipiodol CT are less 
numerous and many authors have emphasized the 
need to investigate this aspect (LENCIONI et al. 1 g97; 
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Fig. 8.13. False positive: at the pathological examination, the 
intense focal uptake of Lipiodol corresponded to a heman
gioma 

ITAI 1997). The number of false positives weighs 
heavily on the specificity and the positive predictive 
value, which are particularly low in our experience 
(specificity 63.8%, positive predictive value for 
single lesion 70.5%, positive predictive value for 
patient detection 72.9%) (VELTRI et a1. 1998). Even 
TAOUREL, in the above cited work, reports a posi
tive predictive value (75%) similar to ours 
(TAOUREL et a1. 1995). In these studies, the focal le
sions responsible for false positives were heman
giomas (VELTRI et a1. 1998) (Fig. 8.13), regenerative 
nodules and aspecific uptake areas (TAOUREL et a1. 
1995). 

For this reason, when Lipiodol is employed to take 
advantage of its sensitivity, a confirmation of the de
tected nodule must be obtained; in fact, FERRIS et a1. 
(1995), who have evaluated candidates for OLT, at
tribute to Lipiodol CT the capacity of detecting nod
ules not seen with other imaging methods, but em
phasize the need for histological confirmation due to 
the possibility of false positives. 

8.5.2 
Conclusion 

Lipiodol CT is one of the methods employed in stag
ing HCC. After the initial enthusiasm, its role is be
ing reviewed because of a more critical evaluation of 
its sensitivity and specificity and since more accu
rate methods have emerged (helical CT) or are 
promising (MR imaging with hepatospecific con
trast agents). Lipiodol CT, however, still remains an 
important prognostic indicator when performed af-
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ter chemoembolization, in order to evaluate its re
sult. In this case it evaluates the accumulation of 
Lipiodol within the lesion, which is proportional to 
the efficacy of therapy and considered indicative for 
the necessity of other complementary treatments, 
such as alcoholization. 

8.6 
Summary 

Angiographic studies and imaging techniques based 
on arterial catheterization, when considered indi
vidually, have a sensitivity and/or specificity which 
are generally modest. Regarding the sensitivity, the 
poorest results are those of DSA, especially for small 
sized nodules «60% in nodules whose diameter is 
less than 2 cm). The other techniques which have the 
advantage of presenting the information as a "tomo
graphic" image, and are therefore, by definition, 
more analytic, habitually give better results: sensi
tivity of 86% for sonographic angiography, 82% for 
Lipiodol CT in detecting nodules down to 3 cm in 
diameter, in comparison with the 70% sensitivity for 
DSA; sensitivity of 90% for CT during arterial 
portography. If the sensitivity for these techniques is 
satisfactory or even high, as in CT during arterial 
portography, the specificity remains modest for all 
of the methods. Even the technique which elicited, in 
our opinion, the greatest enthusiasm, Lipiodol CT, 
revealed itself to be plagued with a high rate of false 
negatives and false positives. The diagnostic accu
racy of the method is estimated to be modest in con
trolled studies comparing findings to surgical trans
plantation specimens, with a positive predictive 
value of 70-75%. The association of several tech
niques improves the diagnostic yield, in respect to 
both sensitivity and specificity. The association of 
techniques with an angiographic approach is fea
sible, with execution of several studies possible (for 
example, DSA +sonographic angiography+CT arte
rial portography; DSA + Lipiodol CT). In the litera
ture, the advantages of association with non
angiographic techniques has been emphasized. 
However, in daily practice, a significant port of the 
lesion-type diagnoses is still performed using fine 
needle aspiration (usually US-guided). In fact, the 
examinations performed with angiographic tech
niques, even in association, have a specificity such 
that, not infrequently, it is necessary to perform 
other diagnostic tests . 
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In conclusion, angiography, whose catheteriza
tion phase forms the basis of all the other types of 
examinations, is currently considered, from many 
viewpoints, to be an insufficiently reliable technique. 
But it is angiography's particular role in establishing 
access to the vascular bed by means of a more or less 
selective catheterization that is the qualifying ele
ment of this procedure, which constitutes the pre
liminary and essential phase of all forms ofloco-re
gional treatment of HCC via the catheter. 
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Epidemiology 
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Cholangiocarcinoma is a primary malignancy aris
ing from the bile duct epithelium (CRAIG et al.1989). 
The relative incidence of cholangiocarcinoma 
among primary liver cancer reported in autopsy 
series ranges from 5% to 30% (HOYNE and 
KERNOHAN 1947; EDMONDSON and STEINER 1954; 
MACDONALD 1956; MORI 1967; SAN JOSE et al. 1965; 
CRUICKSHANK 1961; PATTON and HORN 1964). Risk 
factors for cholangiocarcinoma are primary scleros
ing cholangitis, choledocal cyst, familial polyposis, 
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congenital hepatic fibrosis, infection with Clonorchis 
siniensis (Chinese liver fluke), and history of expo
sure to thorium dioxide (Thorotrast). 

Cholangiocarcinoma is a disease of older indi
viduals; the average age at diagnosis is 65 years; but 
most patients with risk factors often develop this 
neoplasm at a much younger age. The cancer occurs 
slightly more frequently in males than females. 

According to the site of origin, cholangio
carcinomas can be classified into two types: intrahe
patic and extrahepatic (Ros et al. 1988; OKUDA et al. 
1977; KLATSKIN 1965). The term cholangio
carcinoma should be used for intrahepatic lesions 
whereas bile duct carcinoma should be preferred for 
extrahepatic neoplasms (SAUL 1994). 

The intrahepatic or peripheral cholangio
carcinoma represents 10% of all cholangio
carcinomas, arises in small intrahepatic ducts, and, 
although rare, is the second most common primary 
malignant liver tumor after hepatocellular carci
noma. It is an adenocarcinoma arising from the in
ternal wall of the small bile ducts, peripheral to the 
right or left hepatic ducts and grows exophytically 
into the liver as a focal mass (Ros et al. 1988). 

Bile duct carcinomas include tumors occurring at 
the common hepatic duct and its bifurcation, also 
referred to as Klatskin's tumors (70%), and tumors 
arising in the distalmost common bile duct (CBD) 
(10-20%). In this latter location, sometimes tumors 
can be hardly differentiated from those originating 
from the ampulla, head of the pancreas, or duodenal 
wall; therefore malignancies of this area are usually 
lumped together under the term periampullary tu
mors, and will not be discussed in this chapter. 

9.2 
Clinical Findings 

The symptoms of peripheral cholangiocarcinoma 
are non-specific: anorexia, weight loss, vague 
gastrointestinal symptoms, ill defined upper ab
dominal discomfort, and elevated serum alkaline 
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phosphatase and bilirubin levels. All these symp
toms appear after the tumor has been enlarged. 
Therefore, early diagnosis is more unusual. On the 
contrary, the main signs and symptoms of hilar 
cholangiocarcinoma are similar to those of extrahe
patic bile duct carcinomas. Jaundice is usually the 
first sign and, if not, it begins shortly after the onset 
of pain in the right upper quadrant. If cholangio
carcinoma exists at the junction of the right and left 
hepatic ducts within the liver, the onset of jaundice 
is early and in such cases even a small tumor may 
cause jaundice. Cholangitis is unusual as a present
ing symptom (KLATSKIN 1965). 

9.3 
Pathology 

Cholangiocarcinoma has traditionally been divided 
into three separate types, based on the appearance 
and location of the lesion. Cholangiocarcinomas de
veloping in the peripheral duct system, referred to as 
intrahepatic or peripheral neoplasms, are clinically 
silent, allowing unchecked growth of the mass. Ac
cording to the tumor growth, it has been termed 
bulky exophytic because of its mass-like qualities, or 
diffuse sclerosing because of its smooth stricture 
effect on the intrahepatic biliary tree. 

Grossly, the liver involved with cholangio
carcinoma is usually enlarged partly due to the tu
mor itself and partly due to hydrohepatosis or to as
sociated cholangitis with or without abscess forma
tion. However, in some instances, especially in hilar 
cholangiocarcinomas, there may be no increase in 
the weight of the liver. The gross appearance of 
cholangiocarcinoma is that of a grayish white, firm, 
solid and fibrous mass. Cut surfaces are usually scle
rotic gray white or pale white, with dense fibrous 
stranding. Characteristically this malignancy has a 
large central core of fibrotic tissue relatively devoid 
of malignant cells. Most of the cancer cells are lo
cated in the tumor's periphery. 

Sometimes daughter nodules are irregularly dis
tributed throughout the liver. This form of tumor is 
not highly vascularized; hemorrhage, necrosis and 
cystic degeneration are uncommon. Portal thrombo
sis, when it does appear, is usually a result of second
ary cholangitis and not of tumor thrombosis. The 
surrounding liver parenchyma is smooth and usu
ally non-cirrhotic, but may be deeply stained with 
bile, a feature that contrasts with the tumor itself, 
which is not pigmented. 
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The majority of cholangiocarcinomas (up to 
70%) occur at the common hepatic duct (CHD) and 
its bifurcation, also referred to as Klatskin's tumor. 
At this location the tumor produces a localized stric
ture, giving rise to its descriptive terms: focal steno
sis or infiltrating stenosis. The frequent mode of 
spread is local extension from the biliary tree invad
ing the liver. This appearance has implications for 
radiologic diagnosis and prognosis given the uncer
tainty of obtaining a surgical cure after trans ductal 
spread. 

Bile duct carcinomas developing in the common 
bile duct appear as a rounded intraluminal mass, 
usually within the mid-extrahepatic biliary tree at 
the distal common hepatic duct or at the common 
bile duct. This polypoid of the papillary variety 
should bring the patient to medical attention rela
tively early, thus improving the prognosis. 

Microscopically, cholangiocarcinoma represent an 
adenocarcinoma with a glandular appearanc(' aris
ing from the epithelium of the bile ducts. Mucus se
cretion and calcification are sometimes found, but 
there is no bile production. Occasionally cholangio
carcinomas of larger hepatic duct branches an: pap
illary. The neoplastic cells provoke a variable d('smo
plastic reaction; therefore the tumor mass most of
ten lies in a connective tissue stroma, but the degree 
of desmoplastic reaction among the cholangio
carcinomas varies considerably. 

Most cholangiocarcinomas are well-differenti
ated adenocarcinomas but undifferentiated £Clrms 
may occur. It is often impossible to histologically dis
tinguish cholangiocarcinomas from carcinoma of 
the extrahepatic bile ducts and other adenocarcino
mas that have metastasized to the liver. 

The liver bearing a hilar cholangiocarcinoma 
(Klatskin's tumor) microscopically shows a typical 
appearance of biliary obstruction, the predominant 
features being moderate to marked bile stasis, portal 
fibrosis, ductal proliferation, and periportal inflam
matory reaction. 

9.4 
Imaging Findings 

The imaging findings of cholangiocarcinomas de
pend on the tumor location: intrahepatic and periph
eral to the hilus, hilar, or in the distal common hepatic 
duct or common bile duct. Other features determin
ing imaging findings are morphology of the tumor 
and its type of growth: (1) exophytic, to the ductal 
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Table 9.1. Pathologic-radiologic correlation 

Pathologic feature Imaging findings 

Calcification US: hyperechoic with shadowing 
CT: hyperdensity 

Fibrosis US: hypo echoic area 
CT: hypo dense area 
MRI: hypointensity 

Mucin CT: hypodensity 
MRI: hyperintensity 

Hypovascularity Doppler US: scanty signals 
CT: hypodensity during the arterial 

phase 
MRI: hypointensity during the 

arterial phase 
Angiography: early phase: peripheral 

enhancement; capillary phase: 
central zone of hypovascularity 

wall, with intrahepatic growth; (2) scirrhous infiltrat
ing neoplasm causing stricture; and (3) polypoid neo
plasm bulging into the bile duct lumen (Table 9.1). 

9.4.1 
Intrahepatic Cholangiocarcinoma 

About 20-30% of cholangiocarcinomas are exo
phytic, intrahepatic masses (THORSEN et al. 1984; 
NESBIT et al. 1988). Intrahepatic cholangiocarcino
mas may also be polypoid or focally stenotic. Ex
cluding the exophytic intrahepatic type, about 
three-fourths of cholangiocarcinomas manifest as a 
focal stricture, and one-fourth are polypoid or dif
fusely stenotic. Most polypoid cholangiocarcinomas 
are intrahepatic, whereas some affect the extrahe
patic bile ducts (KOKUBO et al. 1988). 

9.4.1.1 
Ultrasound 

The nodular pattern is more frequently seen (94.4%) 
compared to the infiltrative pattern (5.6%). In the 
nodular pattern, a single mass is frequently ob
served, predominantly located in the posterior seg
ments of the liver parenchyma. Small nodules «3 
cm) most frequently appear hypo- or isoechoic, 
whereas the nodules larger than 3 cm are predomi
nantly hyperechoic (Fig. 9.1). When multiple lesions 
are present, the larger mass shows higher 
echogenicity compared to the daughter nodules. An 
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Fig. 9.1. Intrahepatic cholangiocarcinoma: ultrasound. 
Sonography shows a cholangiocarcinoma, in the VI - V he
patic segments, that appears hypoechoic compared to adja
cent liver parenchyma 

hypoechoic halo is observed in one-third of cases. 
Because of the peripheral location of the mass, 

bile duct obstruction is not often seen and, when 
present, it is a helpful sign for the differential diag
nosis with hepatocellular carcinoma (Table 9.2). 
Sometimes, the central portion of the tumor may ap
pear hypoechoic, due to the presence of necrosis, or 
hyperechoic with acoustic shadowing, due to the 
presence of calcification. The infiltrative pattern of 
growth of cholangiocarcinoma appears as diffuse ar
chitectural changes of an hepatic lobe. Because of its 
hypovascular feature, cholangiocarcinoma shows 
scanty color signals on color Doppler ultrasound; 
this is a helpful sign for the differential diagnosis 
with hepatocellular carcinoma that is typically 
hypervascular. 

9.4.1.2 
Computed Tomography 

Unenhanced CT scan shows a hypodense mass, ei
ther solitary or with multiple satellite nodules 

Table 9.2. Criteria for differential diagnosis between 
cholangiocarcinoma and hepatocellular carcinoma 

Feature Cholangio- HCC 
carcinoma 

Biliary duct dilatation Yes No 
Calcification, fibrosis, Yes No 

mucin secretion 
Retraction of the liver capsule Yes No 
Portal vein infiltration Rare Frequent 
Extrahepatic extension Frequent Rare 
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Fig. 9.2a-d. Intrahepatic cholangiocarcinoma: CT. Unenhanced CT (a) shows an hypodense focal liver mass in the V-VI 
segment. A peripheral hypodense area is observed adjacent to the gallbladder (b). Because of its hypovascular nature, 
cholangiocarcinoma shows a peripheral incomplete rim-like contrast enhancement, during the arterial phase with progres
sive filling in with contrast medium during the portal venous (c) and equilibrium phase (d) 

Fig. 9.3. Intrahepatic cholangiocarcinoma with micro cystic 
changes: ultrasound. Sonography shows a large cholangio
carcinoma that appears hyperechoic, with hypoechoic cen
tral areas due to necrosis 

(Fig. 9.2). Calcification may be seen, in the cmtral 
portion of the lesions, on unenhanced CT scan, in 
mucin-secreting cholangiocarcinomas. The most 
common pattern of contrast enhancement in pe
ripheral cholangiocarcinoma is that of a peripheral 
area of thin, mild, incomplete, rimlike contrast en
hancement on CT scans obtained at both the hepatic 
arterial and portal venous phase (Fig. 9.2) (KIM et al. 
1997). 

The distinctive intratumoral appearance of pe
ripheral cholangiocarcinoma on two-phase spiral 
CT scans is that of markedly low attenuation mixed 
with amorphous areas of slightly high attenuation 
during both the arterial and portal venous phase 
(Fig. 9.2) (KIM et al. 1997). The areas of marked low 
attenuation in peripheral cholangiocarcinoma cor
responded to diffuse, micro cystic changes of ne cro
sis of the comedo type (Fig. 9.3). 

The areas of slightly high attenuation in the 
masses probably correspond to mucinous :mh-

b 

d 
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Fig.9.4a,b. Intrahepatic cholangiocarcinoma with microcystic changes: CT (same patient as in Fig. 9.3). a Dynamic CT scan 
during the arterial phase show a mild peripheral rim-like contrast enhancement. b CT scan during the equilibrium phase 
shows central low density areas due to microcystic changes of necrosis 

Fig.9.5a-d. MR imaging of intrahepatic mucin producing cholangiocarcinoma (same patient as in Figs. 9.3 and 9.4). a Axial 
Tl-weighted images show a hypointense lesion in the right hepatic lobe. On T2-weighted images (b) the lesion appears 
hyperintense, with cystic hyperintense areas due to mucin production. These areas do not show any enhancement following 
contrast medium injection (c,d) 

b 

b 

d 
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Fig. 9.6. Intrahepatic cholangiocarcinoma: delayed CT scan. 
Cholangiocarcinoma appears slightly hyperdense compared 
to adjacent liver parenchyma 

stances within those masses, which may be nicely 
depicted by either CT (Fig. 9.4) or MR imaging (Fig. 
9.5) (KIM et al. 1997). 

Intrahepatic cholangiocarcinomas show an en
hancement greater than that of normal liver paren
chyma, on post-equilibrium-phase contrast en
hanced images (Fig. 9.6). This occurs in 74% of the 
patients undergoing delayed imaging (LACOMIS et 
al. 1997). Delayed imaging is therefore useful in de
tecting intrahepatic cholangiocarcinoma nodules, 
differentiating them from dilated bile ducts or fatty 
infiltration of the liver, and better defining tumor 
margins. 

In addition, although not necessary for diagnosis, 
delayed enhancement can be helpful as a target for 
CT-guided biopsy. It has been suggested that the de
layed enhancement characteristics of cholangio
carcinoma may be due to contrast material retention 
within the fibrous stroma inherent within these tu
mors (TAKAYASU et al. 1990; HONDA et al. 1993). 

Besides fibrosis, other factors affect the delayed 
enhancement: distribution of fibrosis (LACOMIS et 
al. 1997), tumor grading, and better differentiated tu
mors are more likely to show delayed contrast mate
rial retention than poorly differentiated ones 
(LACOMIS et al. 1997). 

The contrast enhancement pattern of cholangio
carcinoma differs from that of hepatocellular carci
noma or other hypervascular tumors, which most 
commonly have predominantly high attenuation 
during the hepatic arterial phase and isoattenuation 
or low attenuation during the portal venous phase 
(OLIVER et al. 1996). Furthermore, most cholangio
carcinomas occur in non-cirrhotic livers, frequently 
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cause bile duct dilatation, do not h ave a 
pseudo capsule, may have intratumoral calcification, 
and rarely show vessel invasion. Extension through 
the hepatic capsule and invasion of organs adjacent 
to the liver is common in intrahepatic cholmgio
carcinoma, but rare in hepatocellular carcinoma. 
The invasion of vascular structures around the liver 
is rare in cholangiocarcinoma. All these criteria are 
helpful for the differential diagnosis between 
cholangiocarcinoma and hepatocellular carcinoma, 
which represent the two most common primary liver 
neoplasms (Table 9.2). 

Hypovascular metastases, especially from adeno
carcinoma of the gastrointestinal tract, may have a pat
tern similar to that of peripheral cholangiocarcinoma 
and the differential diagnosis can be very difficult 
(CHOI et al. 1995). Clues for the differential diagnosis 
between metastases and intrahepatic chola ngio
carcinoma are unknown primary tumor, a relatively 
large tumor size, and other ancillary findings su ch as 
segmentary or subsegmentary bile duct dilatation, and 
retraction of liver capsule (KIM et al.1997). 

Sometimes, a papillary intrahepatic chola1gio
carcinoma produces abundant mucin that may cal
cify, resulting in a well-marginated cystic mas~, that 
resembles biliary cystoadenocarcinoma. The mucin 
may also obstruct the duct lumen distal to the carci
noma (ITAI et al. 1983). 

9.4.1.3 
MRlmaging 

The MR imaging appearance of cholangiocarcinoma 
is that of a non-capsulated tumor, hypointens,~ on 
Tl-weighted images and hyperintense on T2-
weighted images (Fig. 9.7). The signal intensity of 
the tumor is variable according to the amount (If fi
brosis, necrosis, and mucinous material within the 
tumor. Central hypo intensity may be seen on T2-
weighted images, corresponding to fibrosis (central 
scar). Importantly, a central scar can be a reliable 
feature for differentiating primary liver neoplasm 
from metastases on MR imaging evaluation (ISHAK 
et al. 1984; RUMMENY et al. 1989). Mucinous 
cholangiocarcinoma is one of the subtypes of 
cholangiocarcinomas, according to predominant 
features, and can be extremely hypo intense on Tl
weighted images and hyperintense on T2-weighted 
images, due to large mucinous lakes within the tu
mor. 

On dynamic MR imaging studies the size of the 
tumor influences the enhancement pattern. Small 
tumors (2-4 cm) may enhance homogeneously .md 
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Fig. 9.7a,b. Intrahepatic cholangiocarcinoma: MR imaging 
(same patient as in Fig. 9.6). Cholangiocarcinoma appears 
hypointense on axial Tl-weighted MR images (a) and 
hyperintense with a central hypo intense area on coronal T2-
weighted images. A peripheral hyperintense cyst can also be 
observed 

simulate an hepatocellular carcinoma (ADJEI et al. 
1995); in larger tumors, minimal to moderate pe
ripheral enhancement is evident followed by pro
gressive and concentric filling in the tumor with 
contrast material (Fig. 9.8) (SOYER et al.1995) . Pool
ing of contrast within the tumor on delayed MR im
ages can be a finding suggestive of the diagnosis of 
peripheral cholangiocarcinoma; however, incom
plete central filling is also noted on delayed images. 
This characteristic enhancement pattern may reflect 
the a large amount of fibrous tissue and neo
vascularity at the periphery of the lesion. 

The central scar may enhance with gadolinium on 
delayed images, but becomes isointense with the tu
mor rather than hyperintense as is seen in focal 
nodular hyperplasia (SOYER et al. 1995). 

Although some authors have stressed that the 
portal and hepatic veins are not commonly invaded 
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Fig.9.8a-c. Dynamic MR imaging (same patient as in Figs. 
9.6 and 9.7). The cholangiocarcinoma appears hypovascular 
compared to adjacent liver parenchyma, with a moderate 
peripheral enhancement during the arterial phase (a); with 
progressive and concentric filling of contrast material during 
the portal venous (b) and equilibrium (c) phase 

and make this a differentiating point from hepato
cellular carcinoma (Ros 1988), most authors believe 
the portal vein is commonly involved with tumor 
and emphasize the role of MR imaging in this field 

a 
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c 
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(SOYER et al. 1995; SUGIHARA and KOJIRO 1987; TANI 
et al. 1991). Dilatation of the peripheral portion of the 
intrahepatic biliary ducts is occasionally seen in pe
ripheral cholangiocarcinomas, especially in patients 
associated with clonorchiasis (CHOI et al.1998). 

9.4.1.4 
Angiography 

Angiographically, intrahepatic cholangiocarcinoma 
is predominantly hypovascular, thin vessels corre
sponding to the fibrous nature of its tumor (Fig. 9.9) 
(KAUDE and RIAN 1971). Encasement of hepatic ar
teries and other major vessels is associated with the 
degree of sclerosis resulting from the tumor. 

9.4.2 
Hilar Cholangiocarcinoma 

Cholangiocarcinoma most often occurs at the 
confluence of the right and left bile duct and the 
proximal common hepatic duct (Fig. 9.10) (BIS
MUTH and MALT 1979). These so-called Klatskin's 
tumors are usually scirrhous and cause almost in
variably biliary dilatation (KLATSKIN 1965). 

9.4.2.1 
Ultrasound 

Klatskin's tumor has a variable morphology that can 
be categorized as nodular, infiltrative or polypoid, 

Fig. 9.9. Intrahepatic cholangiocarcinoma: selective digital 
subtraction angiography of the hepatic artery. Angiography 
of the VI hepatic segment, with neoformed circulation, with
out arterio-venous shunts, and with initial tumor stain 
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Type I: 

Stenosis of th. common hepali. 
duet without involvement of Ih. 
bifurcation 

TYPE II: 

IStcnosis or th. common hepatic 
duct and of Ihe bifurcation 
Iwilhoul separation of the ri~b1 
and left bile ducls. 

~ '\ ~7.!.::':,~oo.'"~'~"'~r ;;r;:.-,~r; Ihe right hepatic duct ,r 1\ ~, 
TIPO IIIh: 
t~nosis of the bifurctl:Hon :.:md of I 

the lerl hepatic duel I) 

TYPEJV: 

ISrcnosis of the common hepatic 
duct, of the bifure"lion. of the right 
ond lert hepatic duels, :lnd of Ihe 
suhscgnoenlary ducts 

Fig. 9.10. Scheme representing the location of hilar 
cholangiocarcinoma 

according to the pathologic classification (ADAM 
and BENJAMIN 1992). Nodular mural thickenng is 
the most frequent finding (56%) evident as discrete, 
usually smooth masses with associated mural thick
ening. Infiltrative lesions are second in frequency 
(26%): they locally spread in the periductal tissue 
and cause the ducts to become irregular in caliber. 
The focal irregularity of the involved ducts can be 
used to establish the sonographic diagnosis of infil
trative Klatskin's tumor (Fig. 9.11) (HANN et al. 
1997). The polypoid variety (18%) is most easily rec
ognized because of its intraluminal growth that 
causes expansion of the ducts (HANN et al. 1997). 

The sonographic appearance of Klatskin's tumor 
includes duct dilatation, isolation of the right and 
left bile duct segments, mass or bile duct wall thick
ening at the hilus, and lobar atrophy with crowded, 
dilated ducts (Fig. 9.11). Biliary duct dilatation .s al
most invariably present in Klatskin's tumor, anc. can 
be a useful sign in the differential diagnosis with 
other hepatic tumors. 

Ultrasound is accurate for revealing the levd of 
bile duct obstruction but it shows a mass only in 21-
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Fig. 9.11a,b. Hilar cholangiocarcinoma (Klatskin's tumor): 
ultrasound. a Sonography shows an isoechoic mass at 
confluence of the right and left hepatic ducts, with bile duct 
dilatation. b Doppler ultrasound shows patency of the portal 
bifurcation 

74% of patients (NESBIT et al. 1988; KOKUBO et al. 
1988; ITAI et al.1983; NICHOLS et al.1983; CHOI et al. 
1989; GARBER et al. 1983). When a mass is seen, it is 
most often small, poorly defined and isoechoic to 
hepatic parenchyma in 50-65% of cases, and the bile 
duct wall underlying the mass is poorly defined (Fig. 
9.11) (LOOSER et al. 1992; HANN et al. 1997). These 
features are a reflection of the submucosal growth of 
the neoplasm. 

Sonography is, however, unable to evaluate the 
real extension of the neoplasm in the underlying he
patic parenchyma, because of the ill-defined mar
gins of the tumor, resulting most often in an under
estimation of the hepatic parenchyma infiltration by 
Klatskin's tumor (Fig. 9.12). 

Because the location at the hilus is critical, these 
tumors may produce biliary obstruction while the 
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Fig. 9.12a-c. Hilar cholangiocarcinoma (Klatskin's tumor): 
ultrasound. a Infiltrative Klastkin's tumor; the mass is not 
directly visualized but there is the dilatation of the intrahe
patic bile ducts with separation of the right and left hepatic 
ducts. Color Doppler ultrasound shows patency of the right 
portal vein (b) and thrombosis of the left portal vein with 
hypertrophy of the left hepatic artery (c) 

c 
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tumor is still small. However, tumors confined to one 
lobe may present at a later stage because unilateral 
obstruction may not lead to clinical jaundice. When 
the lobar atrophy is seen, sonograms show crowded 
and dilated ducts within the atrophic lobe. 

Portal vein involvement is present in 41-63% of 
cases (HANN et al.1997; LOOSER et al.1992). The high 
frequency of portal vein involvement reflects the lo
cally infiltrative pattern of spread that is seen in 
Klatskin's tumors. Color Doppler ultrasound is able 
to define portal vein involvement, whereas it is not 
helpful in characterizing tumor mass. 

9.4.2.2 
Computed Tomography 

CT is more sensitive than ultrasound in detecting an 
obstructive ductal mass. CT shows a mass in 40-90% 
of hilar cholangiocarcinomas. The mass is usually 
small and hypo dense to the surrounding normal 
liver parenchyma on unenhanced scans (FAHIM et 
al.1962; BLOUSTEIN 1977; NESBIT et al.1988; CHOI et 
al. 1988). Some tumors become hyperdense during 
dynamic scanning (Fig. 9.13); others show tumor 
enhancement 8-15 min after the contrast medium 
injection (TAKAYASU et al. 1990). 

Lobar hepatic atrophy with marked dilatation and 
crowding of bile ducts is seen on CT scans in ap
proximately one-fourth of patients with hilar 
cholangiocarcinoma (NESBIT et al. 1988; CARR et al. 
1985). The cholangiocarcinoma is often hilar with 
dominant involvement of the duct supplying the at
rophied segment. Lobar atrophy with biliary dilata
tion strongly suggests the diagnosis of cholangio
carcinoma, although long-standing biliary obstruc
tion from surgical trauma or focal biliary obstruc
tion can cause similar findings (VAZQUEZ et al. 1985; 
WALTER et al. 1976). 

The liver parenchyma and hepato-duodenalliga
ment are commonly invaded in Klatskin's tumor, ap
pearing as dense masses in the hypodense tissue of 
the ligament. 

Lymphatic metastases most commonly involve 
the porta-caval, superior and posterior pancreatico
duodenal lymph nodes. Retroperitoneallymphaden
opathy, peritoneal spread, and proximal intestinal 
obstruction occur in advanced stages of hilar 
cholangiocarcinoma. Both CT and ultrasound tend 
to understage hilar cholangiocarcinoma, as local tu
mor extension, peritoneal spread, and metastases in 
normal sized lymph nodes may not be appreciated. 
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Fig. 9.13a,b. Hilar cholangiocarcinoma: CT. a CT scan during 
the portal venous phase shows a dilatation of the common 
hepatic duct, with thickening of the posterior wall of the 
duct. b In the CT scan caudad to a there is a complete tllling 
of the ductal lumen by the mass 

9.4.2.3 
MRimaging 

On MR images, Klatskin's tumors are often small in 
size «5 cm) at presentation with prominent ductal 
dilatation. The lesion appears hypointense to the 
liver on Tl-weighted images and with high signal 
intensity on T2-weighted images (Fig. 9.14). 

Hilar cholangiocarcinomas are typically 
hypovascular tumors and show an enhancement 
pattern that differs from that of intrahepatic 
cholangiocarcinoma. The peripheral enhancement 
with progressive concentric filling, typical of periph
eral cholangiocarcinoma, is rarely seen in hilar 
cholangiocarcinoma. 

The enhancement pattern of hilar cholan" io-I, 

carcinoma is varied: some tumors show immediate 
diffuse enhancement with retention of contrast ma
terial on delayed images (Fig. 9.14); others show 
periductal enhancement. There is a small percentage 
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Fig. 9.14a-d. Hilar cholangiocarcinoma: MR imaging. a Coronal oblique Tl-weighted image shows a hypointense mass at the 
hepatic hilum. b Axial T2-weighted image shows a hyperintense mass at the hepatic hilum. c On the coronal oblique plane, 
during the portal venous phase of the dynamic study, the mass enhances, and dilated intrahepatic biliary are easily differen
tiated from intrahepatic vessels. d Hilar cholangiocarcinoma retains contrast material on the delayed scan 

of hypervascular hilar cholangiocarcinomas; how
ever, the immediate diffuse enhancement seen with 
other hypervascular liver lesions is rarely seen 
(GUTHRIE et al. 1996). 

Increased signal intensity in hepatic parenchyma 
in areas of ductal dilatation on unenhanced Tl
weighted images is reported, but the etiology of this 
signal intensity change remains unclear (CHOI et al. 
1998). 

The central scar is an unusual feature of the hilar 
cholangiocarcinoma, differently to what happens in 
the peripheral type. 

Satellite nodules are less commonly seen in hilar 
cholangiocarcinoma, compared to intrahepatic 
cholangiocarcinoma, which is in keeping with the 
much earlier manifestation of lesion situated at the 
hilum (WHITHEY et al. 1993; Ros 1988). 

Intraluminal projection associated with a mass le
sion can be seen in patients with hilar cholangio
carcinoma and these intraluminal filling defects are 
usually larger than 1 cm (MCCARTHY et al. 1985). 

Dynamic imaging in the coronal oblique plane is 
particularly useful for distinguishing vessels from 
bile ducts and for demonstrating intraluminal ex
tension of a tumor. 

Recently MR cholangiography (MRCP), used in 
conjunction with MR imaging, has been introduced 
to evaluate the extent of the tumor in the bile ducts. 
MRCP with half Fourier techniques can produce 
excellent cholangiographic imaging. With this 
technique, hilar obstruction and subsequent dilata
tion of separated bile ducts can be easily diagnosed 
(Fig. 9.15). MRCP has advantages over direct cho
langiographies, including non-invasiveness, and 
possible visualization of isolated bile ducts. How
ever, the spatial resolution of MRCP seems to be 
still inferior to endoscopic retrograde cholangiog
raphy. Therefore MRCP has become recognized as 
an accurate and noninvasive alternative to endo
scopic retrograde cholangiography in the evalua
tion of suspected hilar cholangiocarcinoma 
(FULCHER and TURNER 1997). 
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Fig. 9.15. Hilar cholangiocarcinoma: MR cholangiography 
(MRCP) acquired in the coronal oblique plane shows a filling 
defect in the proximal common hepatic duct, involving the 
confluence of the right and left hepatic ducts, and dilatation 
of the intrahepatic bile ducts 

MRCP permits visualization of the ductal irregu
larity and narrowing characteristics of hilar 
cholangiocarcinoma and more accurately allows de
termination of the extent of proximal disease, in as
sociation with cross-sectional imaging that evalu
ates parenchymal invasion, leading to a greater accu
racy to preoperative staging. 

Preoperative assessment of resectability in 
cholangiocarcinoma typically requires the use of an
giography to determine vessel involvement. Dy
namic contrast enhanced MR imaging is comparable 
to angiography in the assessment of the portal vas
culature in patients with cholangiocarcinoma 
(GUTHRIE et al. 1996). The coronal oblique plane is 
especially useful for showing the relationship of the 
lesion to the portal veins, because the whole of the 
portal veins are typically seen on one or two sec
tions, hilar lesions are more easily localized, and the 
coronal anatomy is similar to that seen on surgery. 

9.4.2.4 
Direct Cholangiographic Techniques 

Cholangiography defines the presence and in part 
the extent of hilar cholangiocarcinoma. The cholan
giographic appearance of cholangiocarcinoma re
flects its name: focal stenotic or infiltrating stenotic; 
although its appearance is variable. Klatskin's tumor 
appears as a ductal stenosis of the right and left and 
common hepatic ducts, with smooth shoulders or 
irregular tapering ducts. It is usually 1-3 cm in 
length but may be longer, as it encompasses most of 
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the extrahepatic duct or invades the liver. The con
tour may be smooth or moderately irregula ~. These 
neoplastic strictures tend to branch and may extend 
into the secondary order biliary radicles. Isolation of 
segments of bile ducts is common. Cholangiography 
often underestimates the extent of submucosal 
spread of cholangiocarcinoma. 

The peripheral cholangiocarcinoma gives the in
trahepatic ducts an encased or scalloped <ppear
ance. The smooth, variable length stricture affects 
adjacent ducts within the same hepatic territory. 
This appearance is usually not mistaken for t he pe
ripherally invading Klatskin tumor, but care is re
quired not to interpret these findings as sclerosing 
cholangitis. 

Although the description of the three types of 
cholangiocarcinoma appears straightforwa 'd, at 
times the cholangiographic differentiation may be 
difficult - especially between focal stenosis and pap
illary lesions. Polypoid cholangiocarcinoma, when 
small, is visualized as a sessile papillary excres cence 
protruding into the duct lumen. However, whfn the 
polypoid lesion grows, at the expense of the bile duct 
lumen, there is slow progress toward the near-total 
obstruction of the lumen. In this case the contrast 
medium is able to define only the rounded suface 
interface, causing a cap or meniscus. making tbe ex
act origin of the mass difficult to define. 

Furthermore, hilar cholangiocarcinoma should 
be differentiated cholangiographically from extrin
sic strictures (lymphadenopathy) and benign intrin
sic strictures. Lymphadenopathy compresses and 
displaces rather than invades the extrahepatic ducts. 
Benign strictures almost invariably occur after 
cholecystectomy or distal gastric surgery, are short, 
and cause symmetric narrowing of the common he
patic bile duct. Rarely are lymphoma or sarcoidosis 
of the bile ducts indistinguishable from cholan gio
carcinoma (TARTAR and BALFE 1990). 

Direct cholangiographies are able to combine di
agnostic capabilities with therapeutic ones; there
fore they should be performed in the work-up of pa
tients with suspected cholangiocarcinoma, eithf'r to 
evaluate the extension of neoplasm before surg.ical 
intervention, or to perform palliative treatment. 
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10.1 
Introduction 

Primary malignant neoplasms of the liver are classi
fied by the cell of origin (Table 10.1). In this chapter, 
primary malignant liver tumors are discussed: 
hepatoblastoma, arising from hepatocytes; cysto
adenoma and cystoadenocarcinoma, arising from 
biliary cells; epithelioid hemangioendothelioma, an
giosarcoma and other mesenchymal sarcomas, aris
ing from mesenchymal tissue; and finally primary 
lymphoma, arising from lymphomatous tissue. 

Table 10.1. Malignant liver tumors 

Hepatocellular origin 
Hepatocellular carcinoma 
Fibrolamellar carcinoma 
Hepatoblastoma 

Cholangiocellular origin 
Cholangiocarcinoma 
Cystoadenocarcinoma 

Mesenchymal origin 
Angiosarcoma 
Epithelioid hemangioendothelioma 
Leiomyosarcoma 
Fibrosarcoma 
Malignant fibrous histiocytoma 
Primary lymphoma 
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10.2 
Hepatoblastoma 

10.2.1 
Incidence and Clinical Presentation 

Hepatoblastoma is the most frequent primary he
patic neoplasm in the pediatric age group (NELSON 
et al. 1996), constituting 43% of all tumors (DAVEY 
and COHEN 1996). The tumor is often detected be
fore 3 years of age (BOECHAT et al. 1988; GEOFFRAY 
et al. 1987), with a median survival of 1 year 
(FRIEDBURG et al. 1989). Hepatoblastoma is more 
frequent in males than in females, with a ratio of 3:2 
(DAVEY and COHEN 1996). It is not associated with 
underlying cirrhosis but is more common in pa
tients with hemihypertrophy, Beckwith-Weideman 
syndrome, Wilm's tumor, glycogen storage disease, 
diaphragmatic and umbilical hernias, and Meckel's 
diverticulum (DAVEY and COHEN 1996; NELSON et 
al. 1996; ROSAI 1996). Rare occurrence in siblings 
has been observed (HOROWITZ et al. 1987). 

Presentation is most often due to enlargement of 
an abdominal mass with a few cases manifesting fe
ver, pain, weight loss, and vomiting (NELSON et al. 
1996); jaundice is rarely observed. The serum alpha
fetoprotein is elevated in 66% (HAAGA et al. 1994) to 
90% (DAVEY and COHEN 1996) of cases. 

10.2.2 
Pathologic Findings 

Hepatoblastoma is a malignant tumor of hepatocyte 
origin, which often contains mesenchymal compo
nents (ISHAK and GLUNZ 1967). On macroscopic in
spection, hepatoblastoma is a solid, well-defined, 
sometimes lobulated mass, surrounded by a 
pseudocapsule (BOECHAT et al. 1988; ROSAI 1996). 
Although it is usually solitary, multiple lesions can 
be observed in less than 20% of cases (DAVEY and 
COHEN 1996; ROSAI 1996). Areas of necrosis and cal
cification are frequently present (BOECHAT et al. 
1988). 

Microscopically, it can be classified as an epithe
lial or mixed (epithelial-mesenchymal) neoplasm. 
Epithelial hepatoblastoma is composed of fetal or 
embryonal malignant hepatocytes or a combination 
of these (BOECHAT et al. 1988; MARTI -BONMATI et al. 
1993). These cells are associated with extramedul
lary hematopoiesis pseudocapsule (BOECHAT et al. 
1988; ROSAI 1996). Mixed hepatoblastoma has both 
an epithelial (hepatocyte) component and a mesen-
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chymal component, consisting of primitive mesen
chymal tissue and osteoid material and/or cartilage, 
which is responsible for the calcification seen on im
aging studies. 

The histologic classification has prognostic impli
cations: the epithelial type, particularly if it bas fetal 
hepatocytes, has a better prognosis. Embryolal epi· 
thelial cells are more primitive than fetal efithelial 
and mesenchymal cells, and tumors with thi;; histo
logic type have a worse prognosis. 

10.2.3 
Imaging Findings 

10.2.3.1 
Ultrasound 

Sonographically, hepatoblastoma appears as an 
echogenic mass that may have shadowing and 
echo genic foci corresponding to intratumoral calci
fication. Hyperechoic and/or cystic areas, :orre
sponding to hemorrhage within the tumor, and/or 
necrotic areas may be present as well (KAUDE et al. 
1981). Hepatoblastoma is associated with high Dop
pler frequency shifts that correlate witb the 
neovascularity typical of this tumor (BATES et al. 
1990). 

10.2.3.2 
Compted Tomography 

On unenhanced scans, hepatoblastoma appean. as a 
solid hypodense mass, which may occupy large por
tions of the liver. Fifty percent of hepatoblastomas 
show calcifications, which are particularly extensive 

Fig. 10.1. Cystoadenocarcinoma: ultrasound. On sonographic 
scan, cystoadenocarcinoma appears hypoechoic, with intra
lesional hyperechoic septa 
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in mixed hepatoblastoma. Frequently a lobulated 
pattern caused by bands of fibrosis can be seen 
(DACHMAN et a1. 1987). After contrast medium ad
ministration, the tumor appears hyperdense, be
cause of its hypervascular nature. Occasionally inva
sion of the perihepatic vessels or other structures 
can be demonstrated (DACHMAN et a1. 1987). 

10.2.3.3 
MRlmaging 

Hepatoblastoma has a lower signal intensity on Tl
weighted images than adjacent normal liver paren
chyma, with eventual areas of higher signal intensity 
representing hemorrhage (DAVEY and COHEN 1996; 
SILVERMAN and KUH 1993; STARK and BRADLEY 
1992). The tumor shows a heterogeneous increased 
signal intensity on T2-weighted images. Epithelial 
type hepatoblastoma may have a more homoge
neous pattern than mixed type (POWERS et a1. 1994). 

Fig. IO.2a,b. Cystoadenocarcinoma: CT. a Unenhanced CT 
scan shows a hypo dense mass, with central hyperdense areas, 
in the IV segment of the liver. b CT scan during the portal 
venous phase shows a hypodense mass with internal enhanc
ing septations 
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MR imaging is extremely helpful in surgical plan
ning owing to its multiplanar capabilities and ex
quisite depiction of vascular anatomy. Specifically, 
MR imaging more reliably demonstrates the inferior 
vena cava and hepatic veins invasion than does CT. 
There is a variable enhancement pattern after i.v. ga
dolinium contrast material injection. 

10.2.3.4 
Angiography 

Angiographically, hepatoblastoma is hypervascular 
and occasionally has a "spoke wheel" pattern, simi
lar to that of focal nodular hyperplasia, which is due 
to the presence of multiple fibrous septa and bands. 
Arterio-venous shunting is uncommon and invasion 
of the vessels is rare (SMITH et a1. 1983). 
Hypovascular or avascular zone resulting from hem
orrhage can occur within the tumor. 

10.3 
Biliary Cystoadenoma and 
Cystoadenocarcinoma 

10.3.1 
Incidence and Clinical Presentation 

Cystoadenomas and cytoadenocarcinomas are rare 
and represent less than 5% of all intrahepatic cysts 
of biliary origin (ISHAK et a1. 1977). They are prob
ably congenital in origin because of the presence of 
aberrant bile ducts. Approximately 90% of these 
neoplasms occur in women who are usually in 
middle age (median of diagnosis 38 years of age) 
(BUETOW et a1. 1995). When present, the symptoms 
are those of a growing abdominal mass. Right upper 
quadrant abdominal pain, occasionally irradiating 
to the scapula, is the chief finding in 60% of patients 
at presentation (EDMONSON 1976). 

10.3.2 
Pathologic Findings 

Biliary cystoadenoma and cystoadenocarcinoma are 
currently considered forms of the same disease, with 
cystoadenoma being a benign neoplasm with malig
nant potential and cystoadenocarcinoma being an 
overt malignant neoplasm. Transformation of 
cystoadenoma to cystoadenocarcinoma is a recog
nized complication (ISHAK et a1. 1977; WHEELER and 
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Fig.l0.3a-d. Cystoadenocarcinoma: MR imaging. a Axial Tl -weighted image shows a hypointense focal liver lesion in the IV 
segment. b On T2-weighted image the lesion shows a fluid-like signal intensity. c The lesion is hypovascular compared 10 the 
surrounding liver parenchyma, on the dynamic scanning after the IV injection of contrast medium, with enhancing internal 

EDMONDSON 1985). They originate from the muci
nous-secreting epithelium of the biliary ducts. 

Most of the lesions are intrahepatic; less than 10% 
are extrahepatic, arising in the extrahepatic biliary 
ducts. Connections to the biliary tree may be seen, 
but are uncommon. 

Macroscopically, these tumors vary from a few 
centimeters to large multicystic structures, 15-18 cm 
in greatest diameter. Most of the tumors are solitary, 
with a smooth or bosselated surface. On cut section, 
the neoplasm is composed of multiple communicat
ing cysts, of variable size, with a variable amount of 
internal septations, papillary excrescences or mural 
nodules seen on the tumor wall (BUETOW et a1. 1995; 
ISHAK et al. 1977). Occasionally there is one large 
cyst with many smalliocuies around the periphery 
(EDMONSON 1976). 

Histologically they show similar features to those 
of mucinous cystic tumors that arise in the pancreas 
and in the ovary. They are commonly mucinous. but 
a serous variety is also present. The cysts are mul
tilocular and contain mucoid material; the cystic 
walls are lined by columnar, cuboidal or even tlat
tened epithelium. Just beneath this biliary-like epi
thelium there is a compact mesenchymal stroma, 
containing closely bound spindle cells, which bears 
some resemblance to ovarian stroma; this is found 
only in women. A minority of lesions do not contain 
ovarian stroma and these may be found in both men 
and women. 

b 

d 
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10.3.3 
Imaging Findings 

10.3.3.1 
Ultrasound 

The pathologic features of the lesion have been 
shown to correlate with the imaging features on ul
trasound (US), CT, and MR imaging. However, there 
are no consistent morphologic or imaging features 
that would consistently distinguish neoplasms with 
ovarian-like stroma from those without it (BUETOW 
et al. 1995). Features such as nodularity and thick
ened septation are associated with biliary 
cystoadenocarcinoma; the lack of nodularity is as
sociated with cystoadenoma. Ultrasound demon
strates a cystic-like lesion, multiloculated, and 
hypoechoic with intralesional septa and mural nod
ules on the cystic walls (Fig. 1O.1). 

10.3.3.2 
Computed Tomography 

On CT scans, these tumors are large, low attenuating 
intrahepatic masses with thick irregular walls, that 
enhance following the i.v. administration of iodi
nated contrast media (Fig. 1O.2) (MURPHY et al. 
1989; AGILDERE et al. 1991; KOROBKIN et al. 1989). 

10.3.3.3 
MRlmaging 

On MR imaging, findings include a multiloculated 
septated mass, with variable signal intensity, within 
the solid and cystic component on Tl- and T2-
weighted images (Fig. 10.3), depending on the com
position of the cystic fluid, which may be serous, 
mucinous, bilious, hemorrhagic, or a combination of 
these fluids (BUETOW et al. 1995). Furthermore, low 
signal intensity within the wall on T2-weighted im
ages may represent hemorrhage. The internal septa
tion, mural nodules and papillary projections en
hance following the i.v. administration of gado
linium compounds (Fig. 1O.3). Radiographically, it is 
impossible to distinguish cystoadenomas from 
cystoadenocarcinomas, except for the presence of 
distant metastases, adenopathy or other signs of 
widespread malignancy, in the case of cysto
adenocarcinoma. Although cystoadenocarcinomas 
tend to have more solid components and be more 
irregular than cystoadenomas, these are not reliable 
signs. 

10.3.3.4 
Angiography 
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Angiographically cystoadenoma and cystoadeno
carcinoma are avascular tumors that may demon
strate peripheral neovascularity if there is a large 
solid component. 

10.4 
Epithelioid Hemangioendothelioma 

10.4.1 
Incidence and Clinical Presentation 

Epithelioid hemangioendothelioma (EHE) is a rare 
malignant hepatic neoplasm of vascular origin that 
develops in adults. It should not be confused with 
infantile hemangioendothelioma, which occurs pre
dominantly in young children. Only recently has 
EHE been recognized as a distinct entity. It is a solid 
tumor primarily composed of epithelioid-appearing 
endothelial cells. The tumor has a variable clinical 
course between that of benign endothelial tumors 
(hemangiomas) and malignant angiosarcomas. 
Most patients survive 5-10 years after diagnosis. 
Unlike most primary malignant hepatic tumors, 
two-thirds of patients affected are women, in the 
third or fourth decade of life (DEAN et al. 1985). The 
clinical signs and symptoms of patients with EHE 
are non-specific: EHE is usually discovered inciden
tally, although jaundice and liver failure may be 
present. Rare manifestations include hemoperito
neum (CHOI et aI. 1989) and Budd-Chiari syndrome 
(FUKAYAMA et al. 1984). No risk factors of specific 
causes of hepatic EHE are known. 

10.4.2 
Pathologic Findings 

Macroscopically, multifocal nodules varying in size 
from a few millimeters to several centimeters are 
seen. These nodules tend to coalesce, as they grow, to 
form large confluent masses, usually in the periph
ery of the liver, owing to the extension of the tumor 
through the tributaries of the portal and hepatic 
veins (DEAN et al. 1985; FURUI et al. 1989). Because 
EHE replaces hepatic parenchyma slowly over sev
eral years, compensatory enlargement of uninvolved 
portions of the liver can be seen (RADIN et al. 1988; 
CLEMENTS et al. 1986; ECKSTEIN and RAVICH 1986). 
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These solid tumors characteristically have a dense 
fibrotic hypovascular central core and a peripheral 
hyperemic rim. At the outer edge of these tumors is 
often a narrow avascular zone where hepatic sinuso
ids and small vessels are infiltrated by advancing tu
mor (MILLER et al. 1992). 

The hepatic capsule overlying an EHE is fre
quently retracted inward, which is thought to be due 
to fibrosis induced by the tumor. This capsular re
traction is an unusual feature in malignant lesions of 
the liver, and is suggestive of EHE (OLIVER 1996). 

Microscopically, the tumors are composed of den
dritic spindle-cells and epithelioid round cells 
within abundant matrix of myxoid and fibrous 
stroma. Neoplastic cells invade and eventually oblit
erate sinusoids, terminal hepatic veins, and portal 
veins. About 30% of patients may demonstrate pro
gressive sclerosis and eventual calcification. 

10.4.3 
Imaging Findings 

The radiologic findings seen in patients with hepatic 
EHE correlate well with the pathologic composition 
of the tumors. 

10.4.3.1 
Ultrasound 

Sonographically, EHEs appear as multiple nodules 
that grow and coalesce forming large confluent 
masses. The echo pattern of EHEs tends to be non
specific. EHE lesions tend to be solid and predomi
nantly hypoechoic, relative to surrounding normal 
liver parenchyma. Occasionally lesions are isoechoic 
or hyperechoic to surrounding hepatic parenchyma 
with central hypoechoic rims (MILLER et al. 1992). 

10.4.3.2 
Computer Tomography 

Unenhanced CT images often provide better tumor 
conspicuity and more accurate evaluation of tumor 
extent than do enhanced CT images (MILLER et al. 
1992; RADIN et al. 1988; FURUI et al. 1989). On 
unenhanced CT images EHE lesions are of uni
formly low attenuation relative to surrounding liver 
parenchyma. Calcification may be seen. Following 
the administration of i.v. contrast material, most le
sions remain relatively hypo dense centrally, while 
the hypervascular peripheral portion of the tumor 
enhances appreciably. If present, the outer avascular 
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zone remains relatively un enhanced, glving the 
characteristic target appearance to the lesion 
(MILLER et al. 1992). If no avascular zone is present, 
the hyperemic outer margin of the tumor will often 
be isodense to adjacent enhancing hepatic paren
chyma, which can result in significant underestima
tion of lesion size on unenhanced CT images 
(OLIVER 1996). 

10.4.3.3 
MRlmaging 

Similar features of EHE may also be seen on MR 
images. Concentric alteration in signal intensity, cor
responding to the regions of different histology, can 
be seen both on short TRITE images and long TRITE 
images. MR images demonstrate subcapsular nod
ules of increased signal intensity on T2-'.veighted 
images similar to that of most malignancie1~, but not 
as intense as the characteristic high signal lntensity 
of hepatic hemangiomas. Faint peripheral t'nhance
ment can be seen after the administration of gado
linium (OHTOMO et al. 1992). 

10.5 
Angiosarcoma 

10.5.1 
Incidence and Clinical Presentation 

Angiosarcomas are malignant neoplasms derived 
from endothelial cells that occur primarily in adults 
with exposure to a variety of chemical agents (inor
ganic arsenic, vinyl chloride) (LOCKER et al. 1979; 
WHITE et al. 1993; CORRIGAN and SEMELKA 1995) 
and radiation [radium, thorium oxide (Thorotrast)] 
(KOJIRO et al. 1985; ITO et al. 1988). Although pri
mary angiosarcoma accounts for less than 2 % of all 
primary liver neoplasm (CORRIGAN and SI'MELKA 
1995), it is regarded as the most common sarcoma of 
the liver, occurring more frequently than fibrosar
coma malignant fibrous histiocytoma and kiomyo· 
sarcoma (BUETOW et al. 1994). 

Primary hepatic angiosarcomas are highly ag
gressive and have an extremely poor progno;iis. The 
median survival after diagnosis is 6 months. ~'his tu-
mor metastasizes early, with 60% of patients having 
metastases at presentation (LOCKER et al. 19i9). The 
most common sites for metastases are lung and 
spleen (LOCKER et al. 1979; BUETOW et al. 1994). 
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Association with hemochromatosis, von Reck
linghausen's disease, and alcoholic cirrhosis has also 
been noted (LOCKER et al. 1979; MACMAHON et al. 
1947; TAVARES et al. 1979). It occurs four times more 
frequently in males; it is 30 times less common than 
hepatocellular carcinoma (ISHAK 1976). 

10.S.2 
Pathologic Findings 

Macroscopically, there are two patterns of growth: 
multifocal nodules (seen approximately in 71% of 
cases) and large solitary mass (BUETOW and 
MIDKIFF 1997). The tumor nodules varies in size 
from pinpoint foci to large nodules measuring sev
eral centimeters in diameter. The nodules may have 
a dark, red-brown appearance due to the presence of 
areas of internal hemorrhage (KoJIRO et al. 1985). 

When angiosarcoma appears a solitary, large 
mass it does not have a capsule and frequently con
tains large cystic areas filled with blood debris 
(ISHAK 1976). 
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Microscopically, hepatic angiosarcomas are com
posed of malignant vascular cells that may form 
poorly organized vessels, variable in size from cav
ernous to capillary, trying to form sinusoids. These 
vessels are lined with malignant endothelial cells. 
Tumor cells tend to growth along preformed vascu
lar channels, particularly the sinusoid, and may form 
solid nodules or cavitary spaces. 

Thorotrast particles can be found within the ma
lignant endothelial cells in cases of Thorotrast-in
duced angiosarcoma. 

10.S.3 
Imaging Findings 

10.5.3.1 
Ultrasound 

On ultrasound scan, angiosarcomas appear as either 
single or multiple hyperechoic masses (Fig. 10.4). The 
echo architecture is heterogeneous because of hem or
rhage of various ages. Multiple color signals are de
tected on color Doppler ultrasound (Fig. 10.4). 

b 

Fig. 10.4a-c. Angiosarcoma: ultrasound and CT. a On ultra
sound scan, angiosarcoma appears hyperechoic compared to 
adjacent Uver parenchyma, with peripheral hypoechoic halo. 
b Color Doppler ultrasound shows multiple color signals pre
dominantly at the periphery of the lesion. c Contrast en
hanced CT of the same patient shows intense and heteroge
neous contrast enhancement 
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10.5.3.2 
Computed Tomography 

Most hepatic angiosarcomas are of low attenuation 
of unenhanced CT images (Fig. 10.5). High attenua
tion areas can be seen in tumors with fresh hemor
rhage. The elevated attenuation values are best seen 
on unenhanced images. Areas of near water density 
may be seen in tumors with old hemorrhage. 

In cases of prior Thorotrast exposure, high den
sity nodules can be seen in the liver, spleen and 
lymph nodes on unenhanced CT images. Dynamic 
enhanced CT images of angiosarcoma can show en
hancement patterns similar to those seen in cavern
ous hemangiomas, which should not be surprising 
given the cavernous vascular changes that occur in 
angiosarcoma (Fig. 10.5) (ITAI and TERAOKA 1989; 
MAHONEY et al. 1982). Even angiosarcomas with 
central hemorrhage or necrosis have substantial and 
prolonged peripheral enhancement that can mimic 
large hemangiomas, which commonly do not fill in 
completely with contrast material (BUETOW et al. 
1994). 

10.5.3.3 
MRlmaging 

R. Manfredi et al. 

With MR imaging, the signal intensity features of 
angiosarcoma are similar to those that may be seen 
in hemangioma. Both tumors contain abundant 
blood-filled vascular spaces, which may exhibit high 
signal intensity on T2-weighted MR imagt's (Fig. 
10.6) (ITAI and TERAKO 1989; OHTOMO et al 1992). 
Peripheral enhancement after gadolinium adminis
tration may be seen but it is not of the dense, discon
tinuous and globular pattern that is typically 5een in 
cases of hemangioma (Fig. 10.6c,d) (BUETOW et al. 
1995). Usually the tumor exhibits a heterogeneous 
signal intensity on T2-weighted images that is far 
less intense than that of fluid such as cerebf{lspinal 
fluid (due to the presence of proteinacious rna terial) 
(Fig. 10.6). 

10.5.3.4 
Angiography 

Angiographically, angiosarcomas have been re
ported to show a peripheral stain late in the arterial 
phase with puddling of contrast material from the 

Fig. 10.Sa- c. Angiosarcoma: CT. a Unenhanced CT scan 
shows a well -marginated, hypodense focal liver Ie ion in the 
right lobe. The Ie ion is hypervascula r compared to adjacent 
liver parenchyma. with hyperdense areas predominately lo 
cated at the periphery of the lesion (b) with progressive fill 
ing of the lesion with contrast medium. during the portal 
venous phase (c) 

b 
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Fig. IO.6a-d. Angiosarcoma: MR imaging. a Axial Tl-weighted image shows a well-marginated, hypointense mass in the right 
hepatic lobe. The lesion appears heterogeneously hyperintense on T2-weighted image (b) . On dynamic scanning the lesion is 
hypervascular, with predominately peripheral enhancement, without, however, the discontinuous and globular pattern typi
cally seen in hemangiomas (c) and delayed retention of contrast medium (d) 

midarterial phase to the late venous phase 
(STEPHENS and JOHNSON 1994; WHELAN et a1.1976) . 
This stain is supposed to distinguish hepatic an
giosarcomas from hemangiomas (WHELAN et 
a1.1976) . However, many authors feel that distin
guishing hepatic angiosarcomas from other 
hypervascular tumors of the liver can be extremely 
difficult (STEPHENS and JOHNSON 1994; BUETOW et 
a1. 1994). 

10.6 
Other Sarcomas 

10.6.1 
Incidence and Clinical Presentation 

Other sarcomas of the liver include leiomyosarcoma, 
malignant fibrous histiocytoma, and fibrosarcoma. 
These are all rare tumors, leiomyosarcoma being the 

most common (ISHAK 1987). Malignant fibrous his
tiocytoma has become increasingly common since 
the 1960s and 1970s, when it was introduced as a 
separate pathologic entity and subsequently popu
larized. 

These lesions demonstrate no significant sex pre
dilection and usually occur in patients between 40 
and 60 years of age (ISHAK 1987). In a recent review 
of the literature there were 54 cases of primary he
patic leiomyosarcoma. The male-to-female ratio was 
25:26 and the mean age at diagnosis was 54 years 
(GATES et a1.1995). 

10.6.2 
Pathologic Findings 

These tumors consist of malignant sarcomatous 
cells corresponding to the respective criteria used 
for each entity (ENZINGER and WEISS 1983). Grossly, 
these lesions present large solitary masses on the 

b 

d 
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background of a normal non-cirrhotic liver. There 
are variable amounts of internal hemorrhage and 
necrosis. 

10.6.3 
Imaging Findings 

10.6.3.1 
Ultrasound 

Sonography demonstrates a large mass, with a vari
able echo pattern depending on the degrees of inter
nal hemorrhage and necrosis (Figs. 10.7,10.8). 

10.6.3.2 
Computed Tomography 

Similarly on CT scan, both leiomyosarcomas and 
malignant fibrous histiocytoma have a similar ap
pearance: a large noncalcified, hypo dense, homoge
neous mass that exhibits heterogeneous peripheral 
enhancement after contrast medium administration 
(Fig. 10.9). 

10.6.3.3 
MRlmaging 

MR imaging demonstrates a signal intensity that is 
variable on Tl- and T2-weighted images; more fre
quently they appear as hypointense masses both on 
Tl- and T2-weighted images (Fig. 10.10). Enhance
ment of the viable portions of the tumor are usually 
seen peripherally. 

Fig. 10.7. Leiomyosarcoma sonography. Leiomyosarcoma ap
pears as an ill-defined isoechoic mass compared to adjacent 
liver parenchyma, encasing intrahepatic vessels (right he
patic vein) 

R. Manfredi et al. 

Fig. 10.8. Malignant fibrous histiocytoma: ultrasound. Sono
graphic scan shows a hypoechoic lesion, with posterie,r shad
owing 

10.7 
Lymphoma 

10.7.1 
Incidence and Clinical Presentation 

Primary hepatic lymphoma is a rare disease 
(WEISSIEDER et al. 1988; SANDERS et al. 1989; RYAN 
et al. 1988; GAZELLE et al. 1994). Lymphoma is con· 
sidered to be a primary neoplasm of the liver 'Nhen 
the tumor is limited to hepatic parenchyma. Hepatic 
lymphoma is usually seen in association with sys
temic disease, both non-Hodgkin's (SANDERS et al. 
1989) and Hodgkin's lymphoma, and recently has 
been seen with increased association in patients 
immunocompromised by AIDS (BACCHI et al. :: 996; 
SISKIN et al. 1995) or pharmacologic immunosup
pression (NYBERG et al. 1986; ZIEGlER et al. 1984; 
PENN et al. 1969; HARRIS et al. 1987). The ,ym
phomatous process in these patients includes a spec
trum of lymphoproliferation from benign B-ceU hy
perplasia to malignant monoclonal non-Hodgkin's 
lymphoma (LIST et al. 1987; NALESNIK et al. 
1988a,b). Post -transplant lymphoproliferative dis
ease (PTLD) is mainly of B-cell origin, although up 
to 11 % may arise from T-cell lymphocytes (P;;;NN 
1990). A strong association has been identified be
tween PTLD and Epstein-Barr virus (OLIVER 1996). 
Up to 80% of patients with PTLD are infected " ... ith 
this virus at the time of lymphoma diagnosis (l.IST 
et al. 1987; NALESNIK et al. 1988a,b). 
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Fig IO.9a-d. Malignant fibrous histiocytoma: CT. a On unenhanced CT scan, malignant fibrous histiocytoma appears 
hyperdense compared to adjacent liver parenchyma, non-calcified, with a peripheral hypodense rim. The lesion is hypodense 
during the arterial phase (b), indicating its hypovascularity, showing mild, inhomogeneous peripheral enhancement during 
the portal venous (c) and delayed phase (d) 

Fig.IO.IOa,b. Malignant fibrous histiocytoma: MR imaging. MR imaging shows a hypointense lesion both on Tl- (a) and T2-
weighted images (b) in the left liver lobe 

b 

d 

b 



164 

10.7.2 
Pathologic Findings 

Grossly, nodular and diffuse forms of hepatic lym
phoma are seen. Hodgkin's disease occurs more of
ten as miliary lesions than masses (Ros 1994). Early 
in the disease liver parenchyma involvement is mi
croscopic, but with time small nodules from a few 
millimeters to several centimeters in size develop 
(SHERLOCK and DOOLEY 1993). 

Microscopically, in patients with Hodgkin's dis
ease, a Reed-Sternberg variant type of cell is ac
cepted as evidence for liver involvement. Typical 
Reed-Sternberg cells are rarely identified, particu
larly in biopsy specimens. In non-Hodgkin's lym
phoma, the lymphocytic form tends to be miliary, 
whereas the large cells or histiocytic varieties are 
nodular or tumoral (JAFFE 1987). 

In both Hodgkin's and non-Hodgkin's lymphoma, 
initial involvement is seen in the portal areas, be
cause this is where the majority of the lymphatic tis
sue of the liver is found (Ros 1994). 

10.7.3 
Imaging Findings 

70.7.3.7 
Ultrasound 

On ultrasound studies, hepatic lymphoma appears 
as a hypo echoic mass or masses in the nodular form 
of the disease, sometimes with a cystic-like appear
ance (Fig. 10.11) (GINALDI et al. 1980). In the diffuse 
form, the echogenicity of the hepatic parenchyma 
may be normal or the overall architecture of the liver 
may be altered (SHIRKHODA et al. 1990). 

Fig. 10.11. Lymphoma: ultrasound. On ultrasound scan, the 
tumoral form of lymphoma appears as a homogeneous, 
hypoechoic mass 

R. Manfredi et al. 

70.7.3.2 
Computed Tomography 

CT is currently the preferred imaging mod<tlity for 
evaluating hepatic lymphoma, with a specificity of 
almost 90% and a sensitivity of almo~;t 60°/1> 
(CASTELLINO et al. 1984). On CT these tumors ap
pear as large discrete masses with decreased attenu·· 
ation relative to surrounding liver parenchyma on 
both unenhanced and portal venous phase en
hanced images (Fig. 10.12) (SANDERS et al. 1989). 
The degree of necrosis and presence of calcification 
may vary. 

70.7.3.3 
MRlmaging 

On MR images these tumors are hypo intense on Tl
weighted images and isointense to the spleen on T2-
weighted images (Fig. 10.13) (GAZELLE et al. 1994). 
Although the appearance of primary lymphoma on 
any single imaging study is not specific for lym
phoma, the integration of these findings on s~veral 
different imaging studies may suggest the diagnosis. 

Fig. 10.12a,b. Lymphoma: CT. a On unenhanced scan lym
phoma appears as a homogeneous hypo dense lesion. b On 
contrast enhanced CT scan, lymphoma appears as a la rge, 
well-defined hypodense mass 

a 
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Fig.lO.13a-d. Lymphoma: MR imaging. a Axial T I-weighted image show.s a well~defined hypointense lesion in the VIII hepatic 
segment. b The lesion appears homogeneously hypenntense on T2-welghted Images. c On dynamIC MR Images, focallym
phoma is hypovascular, with a mild peripheral rim on delayed image (d) 
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The liver is one of the organs mostly involved in 
metastatic disease from a variety of cancers, in par
ticular those of the gastrointestinal tract. The pro
portion of patients with liver metastases increases 
with the progression of the neoplasia. Metastatic tu
mors account for about 98% of all hepatic malignan
cies and are found in nearly 4% of all liver biopsies 
(CRAIG et al. 1989). They develop from both epithe
lial and mesenchymal tissue, but the epithelial tu
mors spread more frequently to the liver. In a large 
series of 10,736 malignant neoplasms, PICKREN et al. 
(1982) reported that the metastatic tumor in the 
liver was 41 times more frequent than the primary 
hepatic tumor. 

11.2 
Epidemiology 

In the large Roswell Park Memorial Institute series 
(PICKREN et al. 1982), hepatic involvement by pri
mary tumors was present in 4444 (41.4%) out of 
10,736 cases. Lymph nodes were the site with the 
highest incidence of metastases (57%); the fre
quency in the lung was 39.7%,35% in the bone and 
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20.3% in the adrenal. Since lymph node involvement 
is by the lymphatic route, the liver appears to be the 
most frequent site of blood-borne metastases. 

No differences are observed between sexes or 
races in the frequency of liver metastases, but the 
data suggest a decrease in the incidence of liver me
tastases as age increases. 

The incidence of liver metastases from tumors 
arising in organs drained by the portal vein is higher 
than that observed in tumors spreading through the 
systemic circulation (Table 11.1). Furthermore, 

Table 11.1. Distribution of tumors by primary site and inci
dence ofliver metastases (modified from PICKREN et al. 1982) 

Liver metastases 
Site No.(%) No.(%) 

Lung and trachea 1377 (12.8) 593 (43.1) 
Bone marrow 1237 (11.5) 643 (52.0) 
Breast 1047 (9.8) 635 (60.6) 
Lymph nodes 946 (8.8) 525 (55.5) 
Uterus 702 (6.5) 200 (28.5) 
Oral cavity-pharynx 658 (6.1) 90 (13.7) 
Skin 439 (4.1) 160 (36.4) 
Colon 426 (4.0) 242 (56.8) 
Prostate 403 (3.8) 66 (16.4) 
Ovary-fallopian tube 364 (3.4) 177 (48.6) 
Upper respiratory 338 (3.1) 59 (17.5) 
Bladder-urethra 337 (3.1) 96 (28.5) 
Stomach 323 (3.0) 158 (48.9) 
Rectum 307 (2.9) 141 (45.9) 
Kidney-ureter 284 (2.6) 113 (39.8) 
Pancreas 197 (1.8) 148 (75.1) 
Central nervous system 192 (1.8) 2(1.0) 
Endocrine 181 (1.7) 45 (24.9) 
Esophagus 178 (1.7) 38 (21.3) 
Testis 119 (Ll) 65 (54.6) 
Bone-muscle 116 (Ll) 26 (22.4) 
Vagina-external genitalia 61 (0.6) 16 (26.2) 
Small intestine 39 (0.4) 21 (53.8) 
Gallbladder extra-hepatic 
bile ducts 38 (0.4) 23 (60.5) 
Eye 18 (0.2) 14 (77.8) 
Penis 16 (0.1) 1 (6.3) 
Anus 14 (0.1) 4 (28.6) 
Unknown 137 (1.3) 54 (39.4) 
Miscellaneous 242 (2.3) 89 (36.8) 

Total 10736 (100.0) 4444 (41.4) 
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tumors from portal organs are more likely to metas
tasize only to the liver than elsewhere. As shown in 
Table 11.1, tumors from eye, mammary gland, lymph 
nodes, testis and bone marrow also have a high fre
quency of liver metastases. 

Tumors of various cell types show differences in 
liver metastatic involvement (Table 11.2). Leukemias 
have a high incidence of liver involvement; among 
the carcinomas, the highest frequency is observed in 
small cell carcinomas while squamous cell carcino
mas produce the lowest percentage of liver me
tastases. Metastatic sarcomas in the liver are more 
common than primary hepatic sarcomas, but com
pared to carcinomas they produce liver metastases 
less frequently than anaplastic carcinomas, adeno
carcinomas and small cell carcinomas, but more fre
quently than squamous cell and transitional cell car
cinomas. 

Liver metastases appear as single or multiple foci, 
the latter being the commonest. Small cell carcino
mas, anaplastic carcinomas, transitional cell carci
nomas and Hodgkin's disease almost always produce 
multiple metastases. Breast cancer and tumors of the 
urinary and endocrine system seldom give rise to 
single metastatic foci. Squamous cell carcinomas, tu
mors growing in portal organs and those of the tes
tes and ovaries often show a single metastatic pat
tern. 

Table 11.2. Tumor cell type and incidence of metastases 
(modified from PICKREN et a1. 1982) 

Liver metastases 
Histotype No. (0/0) No. (0/0) 

Adenocarcinoma 4161 (38.8) 1997 (48.0) 
Squamous cell carcinoma 2082 (19.4) 362 (17.4) 
Leukemia 1056 (9.8) 590 (55.9) 
Non-Hodgkin's lymphoma 922 (8.6) 415 (45.0) 
Transitional cell carcinoma 343 (3.2) 98 (28.6) 
Sarcomas 333 (3.1) 113 (33.9) 
Hodgkin's disease 303 (2.8) 185 (61.1) 
Malignant melanoma 302 (2.8) 185 (61.3) 
Anaplastic carcinoma 267 (2.5) 118 (44.2) 
Small cell carcinoma 242 (2.3) 157 (64.9) 
Gliomas 188 (1.8) 2 (1.1) 
Germ cell tumors 149 (1.4) 82 (55.0) 
Carcinosarcoma 56 (0.5) 28 (50.0) 
Neuroblastoma 53 (0.5) 33 (62.3) 
Others 279 (2.6) 79 (28.3) 

Total 10736 (100.0) 4444 (41.4) 
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11.3 
Structural and Molecular Aspects of Liver 
Invasion by Cancer Cells 

Malignant cells have the ability to invade: and de
stroy normal tissue locally and at distant :;ites. The 
metastatic process consists of sequential steps in
cluding the detachment of cells from the primary 
tumor, invasion of the surrounding tissue, penetra
tion into the circulating system, implantalion into 
the capillary beds of the target organs, extravasation 
and invasion into the target tissue, formation of a 
vascular network, and finally proliferation at the 
secondary site of implantation (FIDLKI. 1990; 
FIDLER and RADINSKI 1990). Each of these steps 
must be completed to produce clinically relevant 
metastases. The failure of one of these pr::>ces&es, 
such as high degree of antigenicity, inability to in
vade the host stroma or to grow in a distanr organ, 
eliminates the metastatic potential of the neoplastic 
cells. 

Nevertheless, the mechanisms through which 
metastatic invasion takes place remain unknown. 
The anatomic localization of the primary tumor can 
influence in part the site of the secondary implanta
tion. This is particularly true for tumors from portal 
organs, which metastasize most commonly to the 
liver. However, the natural pathways of drainage do 
not wholly explain the distribution of metastases 
and an organ tropism has also been suggesred. In 
1889, PAGET observed that different tumors metasta
size preferentially to certain organs, suggestir g that 
the organ microenvironment (the "soil") can influ
ence the implantation, invasion, survival, and growth 
of particular tumor cells (the "seed"). According to 
this theory, tumor cells need to bind to specific 
ligands expressed on the endothelial cells ane: then 
to recognize and adhere both to the extracdlular 
matrix (ECM) components and to the cells of the tar
get organ (ZVIBEL and KRAFT 1993). Furthermore, 
target organs secrete paracrine growth stimulatory 
or inhibitory factors that will affect the growth of tu
mor cells (RADINSKY 1995). Tumor metastasis in the 
liver is a complex process in which two different 
events take place: the invasion of normal tissue by 
tumor cells on one hand and the anti-invasion 
mechanisms of host defense systems on the oth er. 

The liver has two afferent blood vessels, the he
patic artery and the portal vein, and receives 1550 ml 
of blood per minute into its sinusoidal system. The 
hepatic sinusoids are wide and lined by typical fe
nestrated endothelial cells; there are three other 
types of sinusoidal cells: the perisinusoidal cells, 10-
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cated in the space of Disse (between the endothelial 
cells and the hepatocytes), the Kupffer cells and the 
liver-associated lymphocytes, which are found on 
the luminal side of the endothelium. Kupffer cells are 
the fixed macrophages in the liver with non-specific 
tumoricidal ability, and are actively involved in the 
host defense against tumor-cell invasion (RADINSKY 
1995). Endothelial cells do not form junctions with 
adjacent cells and have many fenestrae of different 
sizes, which lack diaphragms, so that they may filter 
sinusoidal blood. In this way, neoplastic emboli may 
be retained in the narrowest sites of the sinusoidal 
bed by mechanic entrapment, also favored by swol
len endothelial cells, Kupffer cells and aggregated 
platelets; then, they may pass through the endothe
lium into the space of Disse and invade the liver. In 
1952 LUKE et al. demonstrated that, after intra
venous and intraportal injections of tumor cells in 
experimental animals, there were many more meta
static implants in the liver than in the lung. This 
striking difference was attributed to the characteris
tic of liver microcirculation. These results have been 
confirmed in more recent times (G]OEN et al. 1989; 
BAGGE et al. 1983; BARBARA-GUILLEM et al. 1989), 
but other aspects should be emphasized in order to 
explain the process of metastasization. 

Adhesion molecules seem to be involved in the 
detachment of the neoplastic cells from the primary 
tumor, of which the cadherin family is particularly 
important. The extracellular domain of cadherins 
contains several Ca2+ -binding domains and these 
self-associate and cause intercellular adhesion. Sev
eral intracellular proteins, (X- and p-catenins, partici
pate in linking the cytoplasmic domains of the 
cadherins to cytoskeletal elements. This is essential 
for the process of cadherin-mediated adhesion and 
cell aggregation. The cadherin-catenin complex 
binds to the cytoskeletal elements and the phospho
rylation of catenins appears to regulate the adhesive 
function of the complex. Several cadherins and 
cadherin-like molecules have been identified. Of 
these, E-cadherin has been extensively studied and 
frequently found deleted or mutated in mammary 
infiltrating lobular cancer (BERX et al. 1995). Fur
thermore, the expression of E-cadherin in epithelial 
cell lines has been regarded as suppressor of invasive 
potential (VLEMINCKX et aI1991).Another adhesion 
molecule involved in the detachment of neoplastic 
cells is represented by the DCC (deleted in colon can
cer) suppressor gene product. This gene is inacti
vated in colon and gastric cancer (UCHINO 1992) and 
seems to have inhibitory effects on the meta
stasization of colorectal tumor cells (LEVINE 1993). 
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The loss of the intercellular junctions permits the 
invasion of the extracellular matrix (ECM). The ECM 
is composed of basement membranes and intersti
tial connective tissue. Each ECM component is made 
up of collagens, glycoproteins and proteoglycans. 
Type IV collagen and lam in in represent the major 
fraction of the collagen proteins and of the glycopro
teins, respectively. Laminin interacts with other 
macromolecules of the basement membrane, such as 
type IV collagen, heparan sulfate proteoglycans and 
with itself to provide and preserve the stability of the 
basement membrane. Furthermore, the laminin is 
able to recognize specific epithelial cell receptors. 
Several studies have demonstrated that the expres
sion of the lam in in receptor by the monoclonal anti
body MLuC5 is associated with poor prognosis in 
breast cancer patients (STETLER-STEVENSON et al. 
1993). In addition to laminin-specific receptors, tu
mor cells also express integrins that can serve as re
ceptors for many components of the ECM, including 
fibronectin, laminin, collagen and vitronectin 
(ALBELDA 1993). CD44 is a transmembrane glyco
protein expressed as one or more isoforms derived 
from alternative splicing of the RNA and differences 
in the pattern of glycolysilation. These isoforms have 
been reported to be expressed differentially between 
non-metastatic and metastatic tumors of the pan
creas. CD44 participates in cellular adhesion and 
binding to ECM components, which may be medi
ated by cytoskeletal elements. CD44 promotes adhe
sion to collagen types I and IV, fibronectin, endothe
lial cells, and it is the major receptor for the extracel
lular glycosaminoglycan hyaluronate matrix compo
nent . Tumor cells with high levels of CD44 are likely 
to be adept at extravascular dissemination 
(ALBELDA 1993). The capability of the neoplastic 
cells to adhere to the endothelial wall or to the ECM 
in a specific way has been demonstrated by in vitro 
and in vivo models. For example, HOSONO et al. 
(1998) and associates demonstrated that cells de
rived from pancreatic cancer, which often produce 
hepatic metastases, expressed a high quantity of 
sialyl Lewis (a) and sialyl Lewis (x) antigens, CD44H 
and p-1 integrin and could adhere to human endot
helial and mesothelial cells. This adhesion, leading to 
liver implantation of cancer, was inhibited by anti
bodies against sialyl Lewis (a) and b-1 integrin, sug
gesting an important role played by these molecules 
in the metastatic process (HOSONO et al. 1998). More
over, an in vivo microscopy study of hepatic me
tastases, performed by KAN et al. (1995), demon
strated the strong tendency of the neoplastic cells to 
adhere to the endothelial wall in three animal mod-
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els of liver metastases. The tumor marker carcino
embryonic antigen (CEA) may also playa role in cell 
adhesion in liver metastasis from colorectal cancer; 
in fact, intravenous injection of CEA increased the 
number of liver metastases in an experimental 
model of colon cancer (JESSUP and THOMAS 1989). 

After attachment, neoplastic cells must create 
passageways for migration by passive growth pres
sure and by active enzymatic degradation of the 
ECM components. Among the enzymes involved 
in this process are the metalloproteinases, a family 
of metal-dependent endopeptidases (STETLER
STEVENSON 1990), which are able to degrade type IV 
collagen, type V collagen, gelatin and proteoglycans. 
They are produced by connective tissue cells, as well 
as by many tumor cells. Experimental models dem
onstrated that chemical inhibitors of type IV colla
genases greatly reduced metastases. Two natural tis
sue inhibitors of metalloproteinase (TIMPs) were 
isolated and their genes cloned: TIMP 1 e TIMP2 
(STETLER-STEVENSON et a1.1993) greatly reduce 
both neoplastic invasion and angiogenesis 
(STETLER-STEVENSON et a1.1993). Injection of re
combinant human TIMP reduced experimentally in
duced metastases in mice (SCHULTZ et al. 1988). 
Cathepsin D, a cysteine proteinase, and urokinase
type plasminogen activator, a serine proteinase, are 
also important in the degradation ofECM. These en
zymes act on numerous substrates such as 
fibronectin, laminin, and proteoglycans. High levels 
of cathepsin D in the serum are of poor prognostic 
value in breast cancer patients (ALVAREZ 1990). Re
cent studies demonstrated that the organ environ
ment can influence the ability of metastatic cells to 
degrade the ECM through the production of growth 
factors and cytokines by stromal cells (TANDON 
1990). This explains why in some cases the target tis
sue may be an unpermissive environment, an unfa
vorable "soil", for the growth of tumor "seeds"; in 
fact the presence of protease inhibitors can prevent 
the establishment of a tumor colony. 

Cellular locomotion is the next step of invasion, 
by propelling tumor cells through the degraded 
basement membranes and areas of matrix proteoly
sis. Cellular motility is regulated by microtubule as
sembly. The NM23 gene seems to be associated with 
this process because its protein product produces 
the transphosphorylation of GDP to GTP, which is a 
fundamental event in microtubule assembly 
(RADINSKY and ELLIS 1996). The role of the NM23 
gene is complex, as the same protein is involved in 
metastatic progression and in the control of cellular 
proliferation and differentiation. The association be-
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tween a low NM23 gene expression and a high meta
static potential suggests a role of this gene in me
tastasis suppression. Motility is caused by tumor 
cell-derived cytokines, such as autocrine motility 
factors (AMF) (BIGGS et al. 1990) or paracrine fac
tors such as the hepatocyte growth factor (HGF). The 
effect of HGF is mediated by its binding to the ty
rosine kinase type receptor protein encode j by the 
c-met oncogene (NABI 1992). In addition, deavage 
products of the matrix component such as t.:ollagen 
and laminin and some growth factors such as insu
lin-like growth factors I and II have chemotclctic ac
tivity for tumor cells. 

Once in the target organ, tumor develop ment is 
allowed by a mixture of growth factors acting in a 
paracrine and autocrine way. Liver is a rich sClurce of 
growth factors: for example, transforming growth 
factor-alpha (TGF-a) is a physiologic regulator of 
liver regeneration (DIRENZO et al. 1995); TGFa pro
duction by hepatocytes may have a paracrine role 
stimulating the proliferation of adjacent non
parenchymal cells through the epidermal growth 
factor receptor (EGF-R) (MEAD and FAUSTO 1989). 
Another mitogen for hepatocytes is the hepatocyte 
growth factor (HGF) (MICHALAPOULOS 1990), syn
thesized from liver nonparenchymal cells (endothe
lial and Kupffer cells). These growth facton, pro
duced by tissue undergoing repair, may also ~timu
late the proliferation of receptive malignant 1 umor 
cells, expressing compatible receptors; this dEmon
strates that physiological signals can be utilized by 
neoplastic cells. A modern interpretation of Paget's 
hypothesis is that organ-specific metastasis r,~sults 
from the proliferation of tumor cells, differen tially 
expressing growth factor receptors. Therefore, the 
production of metastatic tumors in the liver is deter
mined by the ability of the cells to reach the 0 rgan, 
but also by the ability to proliferate in the hepatic 
parenchyma. Some experiments have demonstrated 
that the expression of growth factor receptors by 
cancer cells directly correlates with their abiliy to 
produce hepatic metastases: for example, analysis of 
the mRNA expression levels of EGF-R in many hu
man colon cancer lines shows that highly metas tatic 
cell lines have higher expression than low metasatic 
cell lines (RADINSKY 1995). 

Angiogenesis is another important factor in pri
mary and metastatic tumor growth. Neoplastic cells 
producing angiogenetic factors, including vascular 
endothelial growth factor (VEGF), acidic and basic 
fibroblast growth factor (a and bFGF), tumor-necro
sis factor a (TNF-a), TGF-a and TGF-~, angiogenin, 
angiotropin and platelet-derived endothelial-:ell 
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growth factor (PDEGF) are prone to metastasize and 
to grow in the secondary organ independent of the 
local blood supply (GHERARDI and STOKER 1991). 

11.4 
Pathology 

Tumor deposits are multiple in the majority of cases. 
They can be single or confluent, varying from less 
than 1 mm to many centimeters in diameter. Rarely, 
there may be diffuse replacement of liver paren
chyma such that nodules cannot be identified 
grossly. The gross features of liver metastases are 
often typical for some tumors (Figs. 11.1-11.3). 

Metastases from colon carcinoma often appear as 
a few large nodules with central umbilication. The 
nodules from breast or lung carcinoma are usually 

Fig. 11.1. Metastatic carcinoma. This cut surface shows a 
single large mass from a primary colon adenocarcinoma 

Fig. 11.2. Metastatic carcinoma. This metastatic carcinoma 
(primary in pancreas) consists of a single mass with numer
ous small satellites 
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Fig. 11.3. Metastatic carcinoma. Multiple nodules of similar 
size with central depression and hemorrhage (primary lung 
bronchogenic carcinoma) 

medium in size without extensive necrosis or hem
orrhage and with early central umbilication. Meta
static lesions of miliary type, simulating cirrhosis, 
are observed in breast, prostate or stomach meta
static cancer. 

Squamous-cell carcinomas typically have a ne
crotic center, whereas small-cell carcinoma, sar
coma, seminoma, melanoma or non-Hodgkin's lym
phoma often display a fish-flesh appearance (Figs. 
11.4-11.6). 

Many hepatic lesions may show a gross appear
ance indistinguishable from metastatic lesions. This 
happens for adenoma, nodular hyperplasia, bile duct 
hamartoma, granulomas and, rarely, for hepatocellu
lar carcinoma or cholangiocarcinoma. An unusual 
growth pattern of metastatic colon carcinoma is rep
resented by spreading throughout the biliary tree 
along intact basement membranes. This pattern 
could be mistaken for primary biliary neoplasia 
(KANAI et al. 1998). Another example of rare growth 
pattern has been described for neuroendocrine, ova
rian and uterine cervical tumors producing 

Fig. 11.4. Melanoma. Nodules of metastatic melanoma with a 
fish flesh appearance 
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Fig. ll.S. Metastatic carcinoma. Subcapsular multiple nod
ules of metastatic carcinoma (bladder origin) 

Fig. 11.6. Lymphoma. Miliary spread of non-Hodgkin's lym
phoma 

pseudo cystic liver metastases mimicking polycystic 
liver disease (RIOPEL et al. 1997). Cirrhotic and fatty 
liver is less susceptible to metastatic invasion than 
normal liver (ESTERMANN et al. 1996; MELATO et al. 
1989). The reasons for these findings need to be 
clarified; the alteration of the hepatic architecture 
could be an explanation. 

The microscopic features of metastatic tumors 
can repeat the histologic aspects of the primary site, 
including the stromal component, particularly con
spicuous in neoplasias from breast, pancreas and 
stomach, but scant in small cell carcinomas. Other 
neoplasms do not usually evoke a local reaction and 
may grow in the sinusoids, simulating hepatocellular 
carcinoma (HCC). This is the case of small cell carci
nomas and melanomas; the latter also grow in a tra
becular pattern and have a cytology that may re
semble HCC; for these reasons, especially in 
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amelanotic cases, diagnosis is difficult and light mi
croscopy is not sufficient. 

Another problem is that of distinguishing H CC 
from adrenal and renal cell carcinoma, which often 
have a trabecular pattern of growth and S:10W clear 
cell features, or from metastatic adenocarcinomas or 
cholangiocarcinomas. Recognizing primary from 
metastatic liver carcinomas is often difficult, in par
ticular when they are poorly differentiated. More
over, approximately 5% of oncologic patients have a 
diagnosis of unknown primary tumors and among 
these, according to recent studies, the prevalence of 
liver metastases is about 30% (HAYASHI et al. 1997). 
A good approach for evaluating these patitnts is to 
start with a liver biopsy in order to discover the pri
mary site. Therefore, the pathologist must use spe
cial techniques, such as histochemistry, imrrunohis
tochemistry and, in some cases, electron mic roscopy, 
for a differential diagnosis, which could have prog
nostic significance. 

11.5 
Differential Diagnosis 

Distinguishing primary hepatocellular carcinoma 
from metastatic tumors is often difficult, especially 
when they are poorly differentiated. The periodic 
acid-Schiff reaction after diastase digestion 'dPAS) 
is useful in the differentiation of mucin-negative 
HCC from cholangiocellular carcinoma (CCC) or 
from certain metastatic tumors, which show a posi
tive result in the majority of cases. Van Gieson's stain 
may help to distinguish the bile pigment in the tu
mor. Bile production is specific for the hepatocellu
lar origin of the neoplasia. 
Many studies have indicated the utility of immuno
histochemistry in the differential diagnosis of meta
static neoplasias. It was previously thought that the 
cytokeratin (CK) expression could be useful i1 dis
tinguishing HCC, CCC and metastatic carcinoma 
(AYOUB et al. 1998; JOHNSON et al. 1988). CK and the 
epithelial membrane antigen (EMA) are considered 
useful markers of epithelial origin (AYOUB d al. 
1998; FISHER et al. 1987). Hepatocytes express CK8 
and CK18, while biliary epithelial cells also enress 
CK7 and CK19 (BALATON et al. 1988; MOLL I~t al. 
1982). About 50% of HCC also express bile duct type 
CKs (CK7, CK19), in addition to CK8 and CK18 
(DENK et al. 1992). Different results have been re
ported by various authors using several monoclonal 
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antibodies to CK with different specificities. CAM 
5.2 is a monoclonal antibody which recognizes CK8, 
CKI8, and CK19 and reacts with most HCCs (AYOUB 
et al.1998).AEI recognizes CKlO, CKI4, CKI5, CKI6, 
and CK19 and reacts with the bile duct epithelium 
but not with hepatocytes. Some authors found no 
reaction of AEI with HCCs (AYOUB et al. 1998) and 
others found that it reacted with many HCCs (VAN 
EYKEN et al. 1988; MA et al. 1993). AE3 does not react 
with normal hepatocytes (BATTIFORA 1988) but it 
stains none (TSENG et al. 1982) to 30% (VAN EYKEN 
et al. 1988) of HCCs. These results suggest that the 
cytokeratin profile may not be a reliable way to dis
tinguish HCCs from cholangiocellular carcinoma or 
from liver metastases (CHRISTENSEN et al. 1989; 
ANTHONY and BANNASCH 1994). Several other anti
bodies to epithelial antigens have been used in the 
differentiation of primary and metastatic liver tu
mors: Leu-Ml; tumor-associated glycoprotein-72 
(B72.3); human milk fat globule (HMFG-2); BCA-
225, a glycoprotein secreted by the T47D breast car
cinoma cell line; Ber-EP4, reacting with two glyco
proteins present on the surface and in the cytoplasm 
of all epithelial cells, except the superficial layers of 
squamous epithelia, hepatocytes and mesothelial 
cells. Only BCA-225 demonstrated a significant dif
ference between HCCs, generally negative, and 
metastatic adenocarcinomas, generally positive 
(THUNG et al. 1979). Cholangiocellular carcinomas 
have a staining profile similar to that of metastatic 
cancer (VAN EYKEN et al. 1988). 

Many studies suggest the usefulness of carcino
embryonic antigen (CEA) in distinguishing HCCs 
from metastatic carcinomas in the liver, especially 
those from the gastrointestinal tract. In HCCs, CEA 
staining, using a monoclonal antibody, is rare (VAN 
EYKEN and DESMET 1993; DESMET et al. 1990; 
GANJEI et al. 1988; FERRANDEZ-IzQUIERDO and 
LLOMBART-BoSH 1987; BRUMM et al. 1989) com
pared to CCCs and metastatic tumors from the gas
trointestinal tract, where it is frequently positive. 
The use of a polyclonal-antibody to CEA produces a 
typical canalicular stain in HCCs, which is absent in 
CCCs and in metastatic tumors (VAN EYKEN et al. 
1988). 

In conclusion, the antibody useful for distinguish
ing HCC from metastatic carcinomas is pCEA. A bile 
canalicular staining pattern with pCEA would con
firm a diagnosis of HCC, while positive cytoplasmic 
and negative bile canalicular staining would support 
a diagnosis of metastatic carcinoma. Furthermore, 
of the antibodies to cytocheratins, the most useful 
appears to be the CU-lS which recognizes BCA-225. 
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Tumors arising from the neuroendocrine system 
express particular markers such as chromogranin, 
neuron-specific enolase (NSE), synaptophysin, and 
sometimes hormones evaluable by immunohis
tochemistry. Malignancies other than carcinomas 
such as sarcomas, melanomas, central nervous sys
tem neoplasias, lymphomas, leukemias, and multiple 
myelomas can metastasize to the liver. A panel of 
monoclonal or polyclonal antibodies has to be em
ployed to identify the primary site. In particular, an
tibodies to vim en tin are able to recognize the mes
enchymal origin of the neoplasia; in addition, the 
positivity of actin or factor VIII-related antigen per
mits a diagnosis of smooth muscle or endothelial 
cell origin. Combined S-100 protein and HMB-45 
positivity support a melanocytic origin of the neo
plasia. NSE and neurofilaments are markers of neu
ronal cells. The leukocyte-common antigen (LCA) is 
a panlymphocyte marker. Since immunocytochemi
cal markers often lack specificity, an accurate evalua
tion of the morphology, together with clinical find
ings, should be performed to determine the nature 
of the neoplasia. 
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In western countries metastases are the most com
mon cause of malignant focal liver lesions. Me
tastases are 18-20 times more common than pri
mary malignant tumors. Sixty percent of patients 
with newly diagnosed solid tumors (excluding skin 
cancer other than melanoma) have clinically evident 
or microscopic metastases, when the primary tumor 
is diagnosed (LIOTTA and STETLER-STEVENSON 
1989). The true prevalence of metastatic disease is 
unknown. In 1950, ABRAMS et al. reviewed a series of 
1000 autopsy cases of epithelial malignancy in which 
colorectal, breast, lung and gastric carcinomas ac
counted for almost two-thirds of the primary tu
mors. The liver and abdominal lymph nodes were 
the most common sites involved (49% for both). The 
liver was the most common organ involved in 
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colorectal carcinoma (65%), in colon carcinoma and 
in rectal carcinoma (47%). Liver metastases were 
present in 61% of patients with breast carcinoma 
and in 45% of patients with gastric carcinoma. 

The process of invasion and metastasis of neo
plastic cells is extremely complex and not fully un
derstood. The process of metastasis proceeds 
through a series of sequential steps that involve com
plex tumor-host interactions. Results of numerous 
studies have confirmed that metastatic organ in
volvement is not random and cannot be explained 
on the basis of blood flow alone (KILLION and FIDLE 
1989). The liver may be fertile soil for the metastatic 
cell because of the presence of humoral factors that 
promote cell growth. The specific configuration of 
the endothelial lining of the liver may make the liver 
susceptible to metastatic disease. The endothelial 
cells are perforated by small fenestrae without dia
phragms, which creates a sievelike configuration. 
This morphology serves as a potential open connec
tion between the sinusoids and the extracellular ma
trix of the space of Disse. Thus the normal barriers 
to metastatic cells commonly present in most organs 
are absent or incomplete in the liver. 

Detection of liver metastases is a unique chal
lenge for the radiologist, primarily because the liver 
has a dual blood supply. Some authors estimate that 
the hepatic artery supplies 20-30% of the total blood 
flow to the liver, whereas the portal vein supplies 70-
80% (FINK and CHAUDHURI 1991). Most people as
sume that the primary mode of metastatic cell deliv
ery in gastrointestinal cancer is the portal vein. Au
topsy evidence supports this assumption: tumor em
boli are rarely seen in the hepatic artery end vessels 
and are commonly seen in the portal venules. By the 
time metastases are clinically evident, however, they 
usually receive the majority of their blood supply 
from the hepatic artery, although several studies 
have shown that many metastases receive substantial 
blood flow from the portal vein. 

There are many methods available for the detec
tion of intrahepatic metastatic disease, including 
transabdominal, intraoperative and laparoscopic ul-
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trasound (US), CT and MR imaging, and radionu
clide scanning. The role of imaging is to detect all 
sites of disease in the liver and to select the patients 
most eligible for cure. 

12.2 
Conventional Ultrasound 

The sonographic appearance of liver metastases is 
variable, and no definite association exists between 
the histologic type and the sonographic appearance. 
Usually they can be divided into nodular and diffuse 
lesions. Sonographic patterns of nodular metastatic 
disease include target pattern, hypo echoic, iso
echoic, hyperechoic, calcified and cystic (Table 12.1) 
(Fig. 12.1). 

The target pattern or bull's-eye pattern is usually 
characterized by a central echogenic area and pe
ripheral hypo echoic rim. When the peripheral 
hypoechoic rim is thin «3 mm), the appearance 
has been described as the halo sign, while a thick 
rim (>3 mm) identifies the target pattern. The 
hypoechoic peripheral rim is caused by com
pressed and edematous normal liver parenchyma 
around the tumor or more likely by a zone of prolif
erating tumor in the periphery of the lesion. Less 
often we can see target pattern metastases with a 
central ipo-anechoic area and hyperechoic rim, 
generally related to hypervascular lesions with a 
necrotic central area (PARULEKAR and BREE 1998). 
Target pattern is not specific, but is most often seen 
in malignant tumors, most commonly metastatic 
lesions in the liver rather than benign tumors. In a 
study of 100 liver tumors, the target sign was seen 
in 88% of malignant lesions and only in 14% of be
nign tumors (WERNECKE et al. 1992). Usually this 
kind of metastases is secondary to gastrointestinal 
or pancreatic tumors. 

Hypoechoic lesions can be secondary to lym
phoma, melanoma, breast and lung carcinoma, and, 
less commonly, related to gastrointestinal malignant 
tumors. 

Isoechoic metastases are uncommon and can be 
detected by the hypo echoic halo sign or if they dis
place adjacent vessels. 

Hyperechoic metastases frequently arise from gas
trointestinal tumors, and most commonly adenocar
cinoma of the colon. Sometimes they can be second
ary to renal cell carcinoma, islet cell carcinoma of the 
pancreas, carcinoid and chorioncarcinoma. The 
echogenicity is related to the vascularity of the tumor: 
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Table 12.1. US patterns of liver metastases 

Patterns 

Target pattern 

Hypoechoic 

Hyperechoic 

Calcified 

Cystic 

Diffuse 

Metastasis 

Different primary malignant disease 

Lymphoma, melanoma, breast and lung 
carcinoma (most common) 

Gastrointestinal tumors (less common) 

Colon carcinoma 
Gastrointestinal tumors 
Renal cell carcinoma 
Islet cell carcinoma of the pancreas 
Carcinoid 
Chorioncarcinoma 

Colon carcinoma (mucinous type) 
Cystadenocarcinoma of the ovary 
Adenocarcinoma of the stomach 
Leiomyosarcoma 
Osteosarcoma 
Neuroblastoma 
Breast adenocarcinoma 
Melanoma 

Sarcomas (leiomyosarcoma of 
gastrointestinal origin) 

Cystadenocarcinoma (pancrea~, ovary) 
Colon carcinoma (mucinous type) 
Squamous cell carcinoma 

Breast carcinoma 
Different primary malignant tu.:nors 

most hypervascular lesions appear hyperechoic and 
most hypovascular lesions are hypoechoic. 

Calcified metastases appear hyperechoic with dis
tal acoustic shadowing. Calcification may be (entral, 
peripheral or the entire mass may be calcified Calci
fied metastases are commonly due to carcinoma of 
the colon (mucinous type), cystoadenocarcinoma of 
the ovary, adenocarcinoma of the stomach, is.~et cell 
carcinoma of the pancreas, leiomyosarcoma, os
teosarcoma, neuroblastoma, and, rarely, adenocarci
noma of the breast and melanoma. 

Cystic metastases are rare and can be secondary 
to metastatic sarcomas, mainly leiomyosarco!lla of 
gastrointestinal origin. They can also occur in other 
malignant disease like cystoadenocarcinomas I)f the 
ovary and pancreas. Cystic metastases can:esult 
from cystic primary tumors or from necro~,is of 
metastatic lesions. Unlike simple hepatic cyst." the 
cystic metastases usually have irregular marg:ns, a 
thick wall, mural nodules, multiple septa, or a fluid
fluid level (PARULEKAR and BREE 1998). 
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Fig. 12.1a-d. Different US patterns of liver metastases: a 
Hypoechoic pattern from pancreatic carcinoma, better 
evaluable with high-frequency probe (3.5 vs 7.5 MHz). b 
Hyperechoic pattern from colon carcinoma. c Target pattern 
from breast cancer. d Hypoechoic pattern with small calcifi
cations from ovarian cancer 

The diffuse type of metastatic disease distorts 
liver parenchyma and produces a diffusely inhomo
geneous echo pattern. Frequently there is involve
ment of the biliary tree responsible for jaundice or of 
the hepatic veins responsible for Budd-Chiari syn
drome. This kind of lesion is rare and may be diffi
cult to differentiate from other hepatic disorders: 
cirrhosis, diffusely infiltrating hepatocellular carci
noma or focal fatty infiltration. Diffuse infiltration 
of the liver is frequently seen secondary to meta
static disease from breast carcinoma, but it can also 
be secondary to other malignant tumors. 

12.3 
Color Doppler Ultrasound 

Color Doppler US is a major advance in sonography 
of liver lesions, because it enables the pattern of 
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blood flow to be determined within and around such 
lesions. Liver lesions are, in fact, difficult to differen
tiate from each other by using conventional 
sonography. 

Color Doppler can aid the differentiation ofhepa
to cellular carcinoma (HCC) from other liver masses 
on the basis of the patterns of blood flow within and 
around the lesions on color Doppler flow imaging. 
Four patterns are commonly described: (a) a fine 
blood-flow network surrounding the tumor nodule 
(basket pattern); (b) blood flow that runs into and 
branches within the tumor (vessel within the tu
mor); (c) color-stained dots or patches in the central 
region of the tumor (spot pattern); and (d) a dilated 
portal vein meandering around the tumor nodules 
(detour pattern) (TANAKA et al. 1990). The basket 
and the vessel-within-the-tumor patterns are char
acteristic of HCC, the spot pattern occurs most fre
quently in hemangiomas, and the detour pattern can 
be detected in metastases. However, even though 
most metastatic lesions are avascular as seen with 

d 
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color-Doppler sonography, internal flow can be seen 
in 33% of metastatic lesions. Therefore it is difficult 
to differentiate various hepatic tumors solely on the 
basis of their color Doppler patterns. 

The utility of conventional duplex Doppler 
sonography for differentiating hepatic tumors has 
been reported by several authors. A peak systolic 
flow velocity of 0040 mls or greater suggests a malig
nant hepatic tumor rather than hemangioma, with a 
sensitivity of 67%, a specificity of 91 % and an accu
racy of 71 %. However, measurement of tumoral peak 
systolic flow velocity fails to differentiate HCC from 
hepatic metastases. When considering the Doppler 
shift, we can check that the mean peak systolic Dop
pler shift for hepatomas (4.72±1.72 kHz) is sig
nificantly higher than that of metastases (1.99±1.63 
kHz) and hemangiomas (0.53±0.75 kHz). While the 
specificity is high, the corresponding sensitivities 
are low: therefore a negative test is not reliable. The 
resistive index (quantity difference between peak 
systole and end diastole divided by peak systole) fi
nally plays no role in differentiating hepatomas from 
metastases or malignant from benign hepatic le
sions. If we look at different lesions, we can obtain a 
wide range of impedance to flow (REINHOLD et al. 
1995). 

The hepatic tumor index (the ratio of peak sys
tolic velocity in the tumor to that in the hepatic ar
tery) obtained from color Doppler US can be useful 
in differentiating HCCs from hepatic metastases. 
The hepatic artery normally tapers and divides. 
Therefore the peak systolic velocity seen in the distal 
side of a hepatic branch does not exceed the velocity 
seen in the proximal side. In hepatic tumors the 
feeding arteries are directly supplied by hepatic ar
tery branches. However, because tumor vessels have 
many variations, the peak systolic velocities ob
tained from the hepatic artery do not necessarily ex
ceed the velocities of tumoral pulsatile flow. The he
patic tumor index represents the ratio of peak sys
tolic velocities obtained from tumoral pulsatile flow 
and the proximal side of the hepatic artery. 

The mean hepatic tumor indexes obtained re
ported in the current literature are 1.14±0.37 for 
HCC, 0.63±0.22 for metastases and 0.60±0.17 for he
mangiomas (NUMATA et al. 1997). The hepatic tumor 
indexes of hepatocellular carcinoma significantly 
exceed those of metastases and hemangiomas. An 
hepatic tumor index equal to or greater than 1.0 is 
associated with 76% sensitivity, 92% specificity and 
82% accuracy in distinguishing hepatocellular carci
nomas from hepatic metastases. In lesions with a tu
moral peak systolic velocity of 0040 ml s or greater, an 
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hepatic tumor index equal to or greater than 1.0 is 
associated with 91 % sensitivity, 83% specificity and 
89% accuracy in distinguishing HCCs from hepatic 
metastases. 

The use of duplex Doppler US to measure hepatic 
arterial and portal venous blood flow in patients 
with colorectal carcinoma has been reported by 
LEEN et al. in 1991. By using the ratio of hepatic arte
rial to total liver blood flow (Doppler perfusion in
dex - DPI), they initially noted that pati,~nts with 
overt liver metastases could be distinguished from 
control subjects at initial examination. Later, as they 
followed patients over time, they noted that those 
with a high DPI (over 0.3) either had liver metastases 
at initial examination or developed them over the 
next year. This suggests that the US-guided DPI tech
nique could help detect both overt and occult (very 
small) liver metastases. The reported DPI sensitivity 
(l00%), accuracy (86%) and negative predictive rate 
(l00%) for liver metastases are very impressive and 
are substantially better than those observed with ei
ther of the imaging modalities or findings at laparo
tomy. 

The main disadvantage of this approach is that 
the measurements must be performed by an experi
enced, skillful and meticulous operator to prevent 
considerable artifactual variability in the results. The 
evaluation of DPI needs, in fact, the measurement of 
hepatic artery peak systolic and portal vein n:ain ve
locities and the correct evaluation of the cross-sec
tional areas of both artery and vein. We have~o con
sider always that a 1-mm error in cross-section al area 
means a 20% error in the evaluation of flow. 

One potential deficiency in this technique is that 
patients with cirrhosis may have similar char ges in 
hepatic perfusion. In fact the DPI values in cirrhotic 
patients are very high. Patients with cirrhosis can be 
differentiated from those with metastases by the 
congestive index, defined as the ratio of the ::Jortal 
vein cross-sectional area to the time average velocity 
of blood flow in the portal vein. 

12.4 
Ultrasound Contrast Media 

The use of contrast agents in focal liver lesiom has 
also been studied by several investigators. Because 
of the large variety of focal liver lesions and the dual 
blood supply of the liver, assessment of liver lesions 
with contrast-enhanced color Doppler is much more 
complex, however. 
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The data in the literature are at times contradic
tory, but typical features of some pathologies are 
emerging. Hepatocellular carcinomas are almost in
variably hypervascular centrally and peripherally af
ter contrast administration, and any liver lesion dis
playing these features must be regarded with great 
suspicion, although some benign lesions, such as fo
cal nodular hyperplasia and adenoma, may behave 
in a similar fashion. Demonstration of vessels in he
mangiomas less than 3 cm in size is rare, while larger 
hemangiomas usually display peripheral vessels af
ter contrast administration. Most metastases of 
common tumors, such as colorectal or pancreatic 
primaries, typically show only a mild degree of pe
ripheral vascularity, whereas hypervascular me
tastases (neuroendocrine tumor or renal cell carci
noma) often display vascularity throughout after 
contrast. 

Three main patterns of vascular distribution on 
contrast enhanced US are commonly described: 
l. Vessels within the lesions 
2. Vessels at the periphery of the lesions 
3. Vessels both within and at the periphery of the 

lesion 
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Pattern 2 is most frequent in metastases from 
breast cancer, while pattern 3 is commonly seen in 
metastases from colorectal carcinoma (CAMPANI et 
al.1998) (Fig. 12.2). 

Imaging tumor vascularity with contrast-en
hanced Doppler US should allow much earlier as
sessment of treatment response than the conven
tional imaging criterion of reduced tumor size. Sev
eral Italian groups are using contrast -enhanced 
Doppler of malignant liver lesions to guide and 
monitor percutaneous ablation procedures 
(BARTOLOZZI et al.1998). 

Because microbubble echo-enhancers are blood 
pool agents, they can be used as intravascular tracers 
to dynamically study blood flow in body organs or 
tumors, in order to perform functional kinetic stud
ies of physiological indexes such as transit times and 
perfusion. Flow in malignant tumor vasculature is 
known to have considerable spatial and temporal 
variation. All these features are potentially accessible 
to dynamic studies with US contrast agents and 
should be reflected in timelintensity curves. There is 
a significant difference in the shape of time/intensity 
curves in different tumors . Normal liver paren-

Fig. 12.2a-c. Color-Doppler US: hypovascular metastasis 
from breast carcinoma (a). After i.v. injection of Levovist 
(Schering AG, Berlin, Germany: 4 g, 300 mg/ml, slow injection 
rate), evidence of flow signals at the periphery of the lesion 
(b) . The time/intensity curve reveals only the presence of ar
terial supply, without evidence of the portal phase (c) 

b 
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chyma or a regenerating nodule present a bimodal 
curve due to the presence of both arterial and portal 
phases, while the portal phase is quite small in HCCs 
and completely absent in metastases. These encour
aging results seem to indicate that contrast en
hanced Doppler US can reliably aid the differentia
tion of different liver lesions. 

Apart from simple backscatter, various effects oc
cur on insonation, including harmonic resonance, 
microbubble disruption and stimulated acoustic 
emission. All these phenomena should be considered 
as non-linear effects, which occur when increasing 
sound pressure is applied to microbubbles. 

Harmonic imaging is a technique which allows 
the evaluation of echoes coming from micro bubbles, 
while echoes from tissue are relatively suppressed. 
The result is similar to that of digital subtraction an
giography and is related to the production of specific 
harmonic signal from microbubbles, when 
insonated with higher sound pressure. Harmonic 
imaging can be used both in gray-scale and Doppler 
US and is particularly useful to detect contrast in 
small vessels, thus enhancing the visualization of the 
vascularization in small tumors. 

The most important non-linear effect for the 
evaluation of liver metastases is probably the stimu
lated acoustic emission, which is a specific transient 
non-linear microbubble response to ins on at ion as
sociated with the display of wide-frequency high-in
tensity Doppler shift. It appears as superadded wide
frequency signals and on color-Doppler as a charac
teristic color mosaic effect obtainable from all tis
sues containing a sufficiently high number of 
microbubbles. The effect is caused by microbubble 
disruption or destruction and has been best de
scribed with SHU 563 (Schering AG, Germany), a 
novel encapsulated agent. After an initial blood pool 
phase, it accumulates in the liver and the spleen, 
where it is taken up by the RES. It therefore has liver
specific properties with lesions such as metastases 
standing out as a focal color void against a back
ground diffuse polychromatic stimulated acoustic 
emission (SAE) signal. This promises to increase the 
sensitivity of liver detection with US, similar to the 
recent results with liver-specific MR agents 
(ALBRECHT and BLOMLEY 1997). Some data from 
Hammersmith Hospital (BLOMLEY et al. 1997) indi
cate that Levovist has also a liver specific late phase 
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during which it also produces SAE. It can be used to 
improve lesion detection: several cases of previously 
undetected metastases made visible by SAE with 
Levovist have in fact been reported. 
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13.1 
Introduction 

The developments in computed tomograpy (CT) 
that have taken place over the last 2 decades have 
dramatically increased the capability to detect and 
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characterize focal liver lesions and have made CT 
the technique of choice in the evaluation of hepatic 
metastases. At the same time, advances in the medi
cal and surgical treatment of secondary liver tumors 
have continued to be a challenge to these advances 
in radiology. It is clear that a successful outcome 
depends on knowledge of the size and location of 
the tumor burden, and accurate radiological assess
ment is crucial in identifying the subgroups of pa
tients who may benefit from surgery and also in pre
venting unnecessary radical surgery, with its high 
morbidity, in those likely to gain only a short term 
benefit. The correct choice between different CT 
techniques is crucial to performing an accurate 
evaluation of liver metastases. The authors focus on 
specific CT techniques, including bolus dynamic CT, 
dual and triple phase spiral CT, CT arteriography 
and arterioportography, delayed CT, high-dose CT 
and Lipiodol CT. The clinical applications and re
sults of these different techniques are also discussed. 

13.2 
Hepatic Contrast Enhancement 

Generally, liver malignant tumors present a vascu
larization mostly sustained by the hepatic artery 
branches as opposed to the healthy hepatic paren
chyma, where 75-80% of blood supply depends on 
the portal vein and only 20-25% on the hepatic ar
tery. Metastases can be hyper- or hypovascular de
pending on their arterial blood supply. The great 
majority of metastases are hypovascular while only 
certain types of tumors, such as breast and renal cell 
carcinomas, melanomas, sarcomas, and endocrine 
tumors present a rich arterial supply. 

In CT, scanning with iodinated contrast media 
(CM) allows the lesions to be better identified by ex
ploiting their differences in blood supply from the 
hepatic parenchyma. 

In fact, the intravenous administration of contrast 
media increases the differences in CT attenuation 
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between metastases and normal liver. The greater 
the densitometric difference between tumor and 
liver parenchyma, the more conspicuous the lesions 
are. Thus, during the administration of CM, we 
should attempt to deliver the CM especially to either 
the liver parenchyma or the liver tumor, but not both 
(IRIE and KUSANO 1996; SILVERMAN et al. 1995b,d, 
1996, 1998). The contrast media is delivered to the 
hepatic parenchyma through three different phases 
(Fig. 13.1): 
- . An early or arterial phase, lasting 24-45 s after the 

start of infusion of CM, which represents 20-30% 
of the hepatic parenchyma densitometric in
crease 

- An intermediate or portal venous phase (45-90 s 
after the start of injection of CM), which accounts 
for the remaining 70-80% of the liver densitomet
ric increase 

- A late or equilibrium phase (90 s-5 min after the 
initial contrast injection) which corresponds to 
the time when the contrast media finds its equi
librium within the vascular and extravascular 
compartments. 

Most metastases are of the hypovascular type, and 
are better detected during the portal venous phase of 
CM distribution when the hepatic parenchyma en
hancement reaches its peak and the difference be
tween parenchyma (hyperdense) and lesion 
(hypodense) results are highlighted (IKEDA et al. 
1996). On the other hand, metastases due to 
hypervascular tumors, because of their rich arterial 
blood supply, often become isodense when the he-
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Fig. 13.1. Aortic and hepatic enhancement curves showing 
times for arterial, portal and equilibrium phases. At approxi
mately 90 s, the curves for the liver and aorta become parallel 
and this has been defined as the start of the equilibrium 
phase of enhancement (modified from BLUEMKE et a1.1995a) 
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patic parenchyma is scanned during the portal 
venous phase, while they may be more easily identi
fied as hyperdense lesions during the arterial phase. 

The optimal time window to show the presence of 
focal hepatic lesions ranges from 20 to 90 s after the 
start of infusion of CM. The correct way to perform a 
CT scan of the liver is to complete it before the onset 
of the equilibrium phase of hepatic enhancement 
(FOLEY 1989; SMALL et al. 1994; SILVERMAN et al. 
1995d). 

It may happen that during the equilibrium phase, 
since contrast rapidly diffuses from vessels into the 
extravascular and interstitial spaces, hypo vascular 
lesions in the liver may become isodense to liver pa
renchyma and may not be detected. This is the so
called "disappearing lesion" phenomenon, which is 
quite often observed in conventional CT - where the 
technical time required to scan the entire liver does 
not allow the completion of the image acquisition 
before the beginning of the equilibrium phase (Fig. 
13.2). 

13.3 
Scanning Techniques 

CT techniques used in the study of hepatic me
tastases are as follows: 
- Conventional CT: noncontrast CT; bolus dy namic 

CT (BDCT) 
- Spiral CT: dual-phase technique; triple-phase 

technique 
- CT arterial portography (CTAP) 
- CT arteriography (CTA) 
- Delayed CT 
- High-dose CT (HDCT) 
- Lipiodol CT 

13.3.1 
Conventional CT 

13.3.1.1 
Noncontrast CT 

Secondary hepatic lesions can be identified als·) by 
performing unenhanced CT because metastaseE are 
often characterized by a hypodensity which high
lights them against the surrounding hepatic paren
chyma. This phenomenon is explained by the glyco
gen content of normal hepatocytes, which character
izes hyperdensity of the healthy liver but which lacks 
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Fig. I3.2a,b. During portal venous phase acquisition, the scan 
demonstrates the presence of multiple colon carcinoma me
tastases characterized by hypodensity to the surrounding 
parenchyma (a); in the equilibrium phase, there is an under
estimation both of the number and size of lesions ("disap-

in metastases that therefore appear hypodense. Gen
erally, conventional CT is performed by 10-mm slice 
collimation and 10-mm table speed. Using the cur
rent equipment, scanning time for liver imaging is 
2-2.5 min. Preliminary noncontrast CT followed by 
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contrast media image acquisition has a significant 
diagnostic value for many reasons. 

Hypovascular metastases are lesions which could 
remain undetected after the contrast media i.v. ad
ministration due to the long technical times of the 
conventional CT which do not permit the comple
tion of the liver examination before the onset of the 
equilibrium phase (Fig. 13.3). 

Hypervascular metastases are lesions which may 
become isodense with the hepatic parenchyma after 
the i.v. CM administration because in conventional 
CT image acquisition takes place mainly during the 
portal phase. During this phase the liver progressive 
enhancement may significantly reduce the attenua
tion difference from hypervascular lesions that, for 
this reason, may go undetected. Hypervascular me
tastases have been reported to be isodense to normal 
liver with dynamic CT in 25-39% of cases (BRESSLER 
et al. 1987). Such a low diagnostic accuracy can be 
corrected by unenhanced CT, which is currently con
sidered crucial in the study of hypervascular me
tastases. Furthermore, unenhanced CT is a useful 
method for evaluating the effectiveness of therapy; 
in fact the lesion size may be underestimated after 
contrast administration (Fig. 13.4). 

Noncontrast CT allows also the detection of the 
presence of calcification, which occurs in mucin
producing metastases such as those from the colon 
and ovary, as well as hemorrhage. Both calcification 
and hemorrhage may be obscured after CM admin
istration. 

The study of different cases shows that sensitivity 
of noncontrast imaging varies between 14% and 
61% (HOLLETT et al. 1995). The lowest sensitivity 
value refers to small lesions (1-1.5 em) because it 
could be difficult to discriminate between them and 
the nonopacified vessels (SILVERMAN et al. 1995a). 

13.3.1.2 
Bolus Dynamic CT 

Bolus dynamic CT consists of rapid acquisition of 
axial images of the liver using automatic table 
incrementation during simultaneous i.v. injection of 
a bolus of 150-180 ml of 60% contrast agent. This 
enables a good visualization of hypovascular me
tastases because the image acquisition takes place 
mainly during the portal venous phase of eM distri
bution and lesions are visualized as hypodense areas 
within the hyperdense hepatic parenchyma (FREENY 
1989). 

The study of different cases shows wide-ranging 
values in dynamic CT sensitivity of metastatic le-
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Fig. 13.3a,b. Unenhanced CT shows a small metastatic nodule 
(arrowhead) (a); the lesion is less visible on dynamic CT per
formed during equilibrium phase because of its tendency to 
become isodense to the liver parenchyma (arrowhead) (b) 

sions between 38% and 93%. This great variability is 
correlated most of all to the size of the lesions ob
served, to the scanning technique and the equipment 
used. In fact, only in highly qualified centers, thanks 
to the employment of an accurate technique, does 
dynamic CT sensitivity reach 68% in the evaluation 
of small lesions (1-1.5 cm) exceeding 90% for bigger 
ones (CHEZMAR et a1.l988; BARON 1994; DODD and 
BARON 1993; PLATT et al. 1997; REINIG et al. 1987). 

13.3.2 
Spiral CT 

13.3.2.1 
Introduction 

The technology of spiral, or helical, scanning in
creases the CT diagnostic sensitivity compared with 
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Fig. 13.4a,b. Hypodense metastasis caused by breast cancer is 
well demonstrated in noncontrast imaging that alkws the 
evaluation of true dimensions of the lesion (a); in the images 
obtained after CM administration the dimensions of the le
sion are underestimated (b) 

conventional techniques in the evaluation of hepatic 
metastases at least by 10% (BLUEMKE et al. 1995a). 

Volumetric acquisition data permits: 
- A dramatic reduction in scanning times (20-40 s 

vs 2-2.5 min for conventional CT) 
- An optimal administration of contrast medi;l. By 

means of the spiral technique, which is chara.:ter
ized by short imaging-acquisition times, we are 
able to examine the liver both in the arterial and 
portal venous phase of contrast media distribu
tion (dual-phase technique). 

In this way, without disregarding the good out
come of portal venous phase imaging (which allows 
the detection of most of the hepatic metastases ap
pearing as hypovascular lesions), it is possible to 
identify the hypervascular lesions characterized by 
an early hyperdensity during the arterial phase: 

a 

b 
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- The acquisition of a contiguous set of images, 
which eliminates the problem of respiratory 
misregistration, which has important implica
tions in the detection of small focal liver lesions 
(Fig. 13.5) 

- To reconstruct overlapping images retrospec
tively, which improves the resolution in the z-axis 
direction, reducing the problems caused by par
tial volume averaging and allowing more accurate 
characterization of small lesions 

- To perform accurate multiplanar and three-di
mensional reformats, useful for better localiza
tion of the lesions and to demonstrate their rela
tionship with the vascular structures (ZEMAN 
and SILVERMAN 1995; ZEMAN et a1. 1993). 

13.3.2.2 
Dual-Phase Imaging 

13.3.2.2.1 
TECHNIQUE 
Image acquisition in the arterial phase and later in 
the portal venous phase is commonly called dual
phase technique. The arterial and portal venous 
phases take place respectively between 20 and 45 s 
and 45 and 90 s after the start of contrast media i. v. 
injection. It is basic to perform a correct scan so that 
the contrast media is accurately administered taking 
care of both quantity and flow-rate by observing the 
appropriate acquisition times for the different 
phases. Most authors use a 3-6 mlls injection flow
rate for a 150-180 ml total dose. High flow-rates (4-
6 mlls) make it possible to convey to the liver a more 
homogeneous bolus which shows a better lesion en
hancement. 

Recent studies have shown that a 2-3 mlls flow
rate is inadequate to visualize hepatic metastases, in 
particular if they are secondary to hypervascular tu
mors, which are often visible only during the arterial 
phase (OLIVER and BARON 1996; BONALDI et a1. 
1995). In fact, dual-phase technique diagnostic sen
sitivity is impaired most of all by false-negatives 
caused by an incorrect execution of scanning during 
the arterial phase due to the employment oflow rates 
of contrast media administration. 

Data acquisition times must be well correlated to 
the contrast media injection rate. For this reason, it is 
necessary to calculate with extreme accuracy the bo
lus timing especially in the case of patients with al
tered cardiac circulation conditions. 

New automated computer programs have been 
developed to monitor the enhancement of either the 
liver parenchyma, the abdominal aorta, or both dur-
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Fig. 13.5a,b. Scanning performed by conventional CT, be
cause of respiratory misregistration, does not allow the de
tection of the presence of a colon carcinoma metastasis lo
cated in the IV hepatic segment (a); imaging by spiral CT 
during the portal venous phase, instead, demonstrates the 
lesion well as a 9 -mm-diameter hypodense area with a 
hyperdense perilesional ring (arrowhead) (b) 

a 
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ing the early stages of injection of CM, and these 
programs can be used to decide when to start scan
ning with optimal contrast enhancement character
istics (SILVERMAN et al. 1995c). For arterial phase 
imaging, this is performed using a test bolus (20 ml 
of CM) during dynamic acquisition (every 1 s) at 
zero table index. A region of interest (ROI) is posi
tioned over the abdominal aorta at a level corre
sponding to the most cephalad extent of the liver and 
the computer program calculates the time-density 
curve which determines the correct delay time to 
start scanning (Fig. 13.6). 

Determining the delay time for image acquisition 
is less complex for the portal phase because of its 
wider time window. The optimal time window is be
tween 50 and 70 s, depending on the flow-rate 
adopted. 

If contrast media administration methods repre
sent an important aspect of the dual-phase tech
nique, the correct choice of acquisition protocols is 
equally important. 

Currently, most authors employ 7-8 mm slice col
limation with 1:1 pitch and a 4 mm reconstruction 
interval. In this way it is possible to examine a 19.2-
25.6 cm portion along the patients' z-axis covering 
the whole liver in 24-32 s (Table 13.1) (OLSON et al. 
1996). 

Fig. 13.6. Time-density curve which shows the correct delay 
time for the performance of arterial phase imaging 

Table 13.1. Spiral CT: liver imaging protocol (from BWEMKE 

et al. 1995a) 

Slice thickness 
Table incrementation 
Reconstruction interval 
Image volume length 
Imaging time 

8mm 
8mm 
4mm 
19.2-25.6 em 
24-32 s 

G . Simonetti et al. 

Diagnostic accuracy can improve wlthout in
creasing the acquisition time by overlapping-image 
reconstructions, which enables the reduction of the 
possible artifacts deriving from partial volume aver
aging (Fig. 13.7). The role of overlapping reconstruc
tion intervals with spiral CT in the detection of he
patic lesions was evaluated by URBAN et al. ~1993). In 
42 consecutive patients with lesions less than 4 cm in 
size, 10% more liver lesions were detected using 4-
mm intervals vs 8-mm intervals (251 vs 229 lesions, 
respectively). Also, radiologists were able to detect 
lesions with a higher degree of confidenct~ with 4-
mm reconstruction intervals. Lesions that were con
sidered "definite" were diagnosed 33% more fre
quently using 4-mm reconstruction intervals (191 vs 
144 lesions). 

13.3.2.2.2 
CLINICAL INDICATIONS 
The use of the dual-phase technique to detect he
patic metastases must be correlated above all to the 
possibility that scanning during the arterial phase 
increases spiral CT diagnostic sensitivity in the de
tection of hypervascular metastases, because they 
may become isodense in the portal phase (Fig. 13.8) 
(PATTEN et al. 1993). 

Hypervascular metastases are more frequently 
caused by renal cell carcinoma, breast carcinoma, 
neuroendocrine tumors (islet cell, carcinoid), sarco
mas, thyroid carcinoma and melanomas (Table 
13.2). While image acquisition role for hepatocellu
lar carcinoma (HCC) diagnosis during the arterial 
phase is now widely accepted, a minor number of 
studies have been initiated to evaluate dual- phase 
sensitivity in the hypervascular metastases demon
stration. However, in the light of preliminary experi
ence, the great majority of authors recommend the 
dual-phase technique to study hypervascular me
tastases. 

In his study carried out on 23 patients prese nting 
206 lesions secondary to carcinoma, PAULSON et al. 
(1998) demonstrated that during the arterial phase 
there is a 14% increase in the number of visualized 
nodules and a better enhancement in 35% of :ases 
versus scanning performed in basal conditiom and 
in the portal phase. 

In another study, HOLLETT et al. (l995) repc1rted 
in the arterial phase a 37% diagnostic sensitivity in
crease in the detection of hypervascular metasl ases 
and, generally, of neoplastic lesions with a < 1 cm di
ameter. 

Independently of the hypo- or hypervascular na
ture of the tumor, during the arterial phase the)est 
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Fig. 13.7a-c. Liver metastasis caused by colon carcinoma. The 
artifacts deriving from partial volume averaging due to the 
colon (a,b) can be differentiated from liver metastasis with 
spiral CT by a small reconstruction interval which demon
strates the lesion as a metastasis (c) 

visualization of all < 1 cm metastases is determined 
by the fact that in small lesions the predominant 
blood flow is supplied by the hepatic artery. On the 
other hand, when tumors grow the arterial vascular
ization spread is determined by the histologic nature 
of the tumor. 
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Fig. 13.8a,b. Arterial phase image shows a hypervascular me
tastasis from breast carcinoma (arrowhead) (a); the lesion is 
not visible in the portal venous phase image (arrowhead) (b) 

Table 13.2. Most frequent types of hypervascular malignant 
tumors 

Renal cell carcinoma 
Breast carcinoma 
Neuroendocrine tumors 
Sarcoma 
Melanoma 
Thyroid carcinoma 

In the case of hypervascular lesions detectable 
also during the portal venous phase, observation 
during the arterial phase enables the correct evalua
tion of their dimensions (OLIVER and BARON 1996). 
We know in fact that often during the venous phase 
hypervascular metastases are totally or partially 
isodense to the surrounding hepatic parenchyma. 
Further, while necrotic areas within the tumor are 
clearly detectable during the portal venous phase, 
the surrounding neoplastic tissue portion can ap-
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pear as isodense, thus inducing an underestimation 
of the true dimensions of the lesion. Since the he
patic enhancement portal venous phase has a wider 
time window than the arterial one, the same lesion 
could have contrast enhancement variations and ap
pear a different size if observed at an early or late 
venous phase. For this reason, the arterial phase be
comes important also as a means to correctly assess 
the lesion dimensions. 

The employment of the dual-phase technique has 
great importance in the after-chemotherapy follow
up screening of metastases. The answer to chemo
therapy, in fact, must be evaluated not only in terms 
of dimensions but also of enhancement characteris
tics during the arterial phase. Some lesions that be
fore treatment were fairly enhanced in the arterial 
phase (hypervascular metastases) after chemo
therapy may keep the same characteristics or show a 
decrease or even a total lack of enhancement. 

Contrast enhancement decreases also when the 
size of the lesion remains the same, indicating a 
positive response to chemotherapy because it dem
onstrates tumoral tissue replacement by inactive fi
brous tissue. Conversely, a lesion which remains un
altered on subsequent checks and presents active 
foci in the arterial phase imaging indicates disease 
flare-up. 

The dual-phase technique is not employed very 
much in the evaluation of hypovascular lesions be
cause, generally, arterial phase acquisition does not 
add any diagnostic information to the scan per
formed during the portal venous phase (Figs. 13.9, 
13.10). Only sometimes can dual-phase imaging be 
useful in the study of hypovascular lesions, as in the 
case of colon carcinoma metastases where the pres
ence of the typical hypervascular rim, which is im
portant for lesion characterization, can be better de
tected in the arterial phase (CH'EN et al. 1997). 

The study of hypovascular metastases can be per
formed only during the portal phase (single-phase 
acquisition technique) but, as already mentioned, 
taking care not to reach the equilibrium phase in or
der to avoid the "disappearing lesion" phenomenon, 
caused by the contrast media homogenization be
tween intra- and extravascular space. 

13.3.2.2.3 
DIFFERENTIAL DIAGNOSIS AND PITFALLS 

The lesions which more often cause problems of dif
ferential diagnosis with hypervascular metastases in 
arterial phase acquisition are small hemangiomas 
that may present a rapid and homogeneous en
hancement just like a hypervascular malignant le-

G . Simonetti et al. 

Fig. 13.9a,b. Multiple metastases smaller than 1 cm caused by 
colon carcinoma. The lesions are hypovascular and ~ at well 
detected in the arterial phase image (a); conversely, the le
sions are well recognizable as nodular low-attenuatio1 areas 

sion. Acquisition in the portal venous phase a.llows 
differential diagnosis because the metastasis shows 
a rapid washout becoming iso- or hypodense, while 
hemangioma keeps its enhancement and presents 
the same attenuation as the surrounding vascular 
structures (Fig. 13.11). 

Further, in the arterial phase, it is not always pos
sible to make a differential diagnosis between focal 
nodular hyperplasia (FNH) and hypervascular he
patic metastases, especially if the nodule is small and 
without the characteristic central hypodense>ear. 
FNH nodules, in fact, similarly to the hypervascular 
metastases, become isodense in the portal venous 
phase. In these cases only clinical correlation can 
clarify the nature of the lesions even though, some
times, a bioptic examination is necessary. 

In the images obtained during the portal venous 
phase, one of the most common pseudolesions is rep-
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Fig. I3.10a,b. No liver lesions are visible on a CT scan per
formed in the arterial phase (arrowhead) (a); conversely, the 
subcentimetric lesion is easily demonstrated in the portal 
venous phase image (arrowhead) (b) 

resented by a low-attenuation area which typically is 
antero-located in the medial and/or lateral segment of 
the left lobe surrounding the falciform ligament (Fig. 
13.12). Some authors (OHASHI et al. 1995; BWEMKE et 
al. 1995c) have demonstrated that in this area there is 
an infiltration of fatty tissue secondary to hypoxic 
phenomena caused by a portal perfusion defect due to 
an aberrant blood supply in this area. 

Furthermore, it is important to know the bolus 
timing artifacts which may produce differential di
agnosis problems. These artifacts come about when 
scanning is not performed using the correct tech
nique because image acquisition does not observe 
the appropriate delay times after contrast media ad
ministration. 

It may happen that during the arterial or portal 
venous phase, vascular branches of the portal or 
sovrahepatic veins are mistaken for hypovascular le-
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Fig. I3.lla,b. Differential diagnosis between metastasis and 
hemangioma. Arterial phase image shows a hypervascular 
lesion located in the V1I1 hepatic segment (arrowhead) (a); in 
the portal venous image the lesion remains enhanced to a 
degree equal to that of other liver vessels and this is charac-

sions. Normally, during arterial phase imaging, liver 
venous structures are not opacified. However, a com
parison with the images obtained during the venous 
phase makes an easy discrimination from possible 
hypovascular lesions but, if scanning has been per
formed in the portal venous phase only and too soon 
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Fig. 13. 12a,b. Differential diagnosis between pseudolesion 
and metastasis. Portal venous phase image shows a typical 
pseudo lesion located around the falciform ligament (arrow
head) (a); portal venous phase image shows a nodular lesion 
located around the falciform ligament (arrowhead) . In this 
case the more rounded and less definite margins of the lesion 
demonstrate that the nodular low-attenuation area is a me
tastasis. Another smaller metastatic nodule is also visible 

after the administration of the CM, a differential diag
nosis between venous branches not yet opacified and 
hypovascular lesions can be difficult (FREENY 1997). 

Another source of pitfalls during dual-phase tech
nique image acquisition may be due to the presence 
of vascular malformations, arterial-venous shunts, 
fistulas or aneurysms of the hepatic artery, which 
may produce a difficult discrimination between neo
plastic lesions. In the great majority of cases, com
parison between the images obtained during the two 
different phases enables the elimination of any pos
sible doubt even though, sometimes, an investiga
tion by color Doppler imaging may become neces
sary (FREENY 1997). 

G . Simonetti et al. 

13.3.2.3 
Triple-Phase Spiral CT 

Performing un enhanced CT in addition to dual
phase image acquisition is commonly called triple
phase CT. Noncontrast liver scanning maintains a 
crucial role for oncologic patients' staging also in 
spiral CT. As demonstrated by authoritative studies, 
noncontrast liver scanning is important esp~cially in 
the evaluation of hypervascular metastases . In their 
study of the employment of triple-phase spiral CT to 
detect carcinoid metastases, which are typically 
hypervascular, PAULSON et al. (1998) demonstrated 
that lesions are better detected in noncontrast imag
ing than in those obtained by dual-phase technique. 
If unenhanced scanning does not show any addi
tional nodule it makes it possible, however, to visual
ize approximately one-third of the lesions. 

In a study conducted on 80 women affected by 
breast carcinoma, FREDERICK et al. (1997) reported a 
sensitivity of 61 % for unenhanced CT vs :: 9% for 
image acquisition during arterial phase and 85% 
during portal phase. In a study involving 84 patients 
with biopsy-proved hypervascular hepatic me
tastases, OLIVER et al. (1997) demonstrated a statisti
cally higher increase in the number of lesions de
tected by means of unenhanced CT plus portal 
venous phase imaging than the lesions detectEd with 
dual-phase technique. In particular, noncontrast im
ages made possible the detection of 28% more le
sions during the portal venous phase vs 13% of ac
quisition during the arterial phase. 

Most authors agree on the usefulness of the lriple
phase technique in the staging and follow-up )f pa
tients with primitive hypervascular tumors (VAN 
LEEUWEN et al.I996). 

Conversely, unenhanced scanning with spiral CT 
is not employed to evaluate patients with biopsy
proved primitive hypovascular tumors, because it 
does not increase the investigation diagnostic ~. ensi

tivity (Fig. 13.13). 

13.3.3 
CT Arterial Portography and CT Arteriography 

13.3.3.1 
Introduction 

CTAP and CTA represent the integration of an 
angiographic technique and a computed tomo
graphic scan. They consist of a CT scan performed 
by selective administration of CM in the portal 
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Fig. 13.13a,b. Colon carcinoma metastasis located in the V hepatic segment. The lesion is well detectable as a hypodense area 
both in noncontrast scans (arrowhead) (a) and in the portal phase image (arrowhead) (b) 

venous system (CTAP) or in the hepatic arterial tree 
(CTA) after positioning under angiographic guid
ance a catheter in the superior mesenteric artery or 
in the splenic artery in CTAP and in the hepatic ar
tery in CTA. 

CTA allows the demonstration of hepatic tumors, 
most of which receive their blood supply from the 
hepatic artery, as hyperdense areas with respect to 
the surrounding hepatic parenchyma, which is not 
enhanced because of the CM direct distribution at 
the lesion level (Fig. 13.14). CTAP, on the contrary, 
uses the full contrasting effect of hepatic paren
chyma, perfused by the CM, and lesions are visual
ized as areas with a lower attenuation value. 

CTA and CTAP find their main application in the 
evaluation of patients with malignant hepatic tu
mors who will undergo a limited surgical resection 
which requires a precise lesion localization. How
ever, these invasive and costly investigations are use
less for those patients who will not benefit from sur
gery. CTAP and CTA are the imaging techniques with 
the greater diagnostic sensitivity for hepatic focal le
sion detection. Their sensitivity is especially high for 
small lesion « 1.5 cm) demonstration. The sensitivi
ties of these two techniques (81-91 % using conven
tional CT and more than 90% using spiral CT) are 
not significantly different (FREENY 1997; BLUEMKE 
et al. 1995b; KANEMATSU et al. 1997). Moreover, 

CTAP is generally used more often than CTA for the 
following reasons: 
- Because most hepatic lesions are hypovascular 
- Because the frequent incidence of variations in 

hepatic arterial anatomy may make selective 
catheterism difficult or the evaluation of hepatic 
parenchyma incomplete. 

CTA is useful in the evaluation of hypervascular 
metastases because the visualization of a small 
hyperdense lesion is easier than that of a hypodense 
one (FREENY 1990). Both these methods present a 
low specificity which, associated with their limited 
accuracy in the evaluation of extrahepatic pathology, 
contributes to limiting their employment to preop
erative patient evaluation (PALEY and Ros 1997; 
PAULSON et al. 1992). 

13.3.3.2 
Techniques 

13.3.3.2.1 
CTAP 
Before the CTAP study, routine angiography of the 
celiac and superior mesenteric arteries is performed 
to demonstrate the arterial supply of the liver, to 
exclude the presence of a replaced right hepatic ar-
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Fig. 13.14. eTA shows a high density metastatic lesion located 
in the II hepatic segment (arrow). A small cyst is also visible 

tery and prove the patency of the splenic artery and 
the splenic, superior mesenteric, and portal veins. 
The total volume of CM injected should be mini
mized to prevent tumoral enhancement due to arte
rial perfusion and a resultant decrease in liver-to
lesion attenuation value differences on CTAP. At the 
conclusion of angiography, the catheter is posi
tioned in the proximal splenic or superior mesen
teric artery and the patient is moved to the CT suite 
(KANEMATSU et al.1997).According to some authors 
(LUPETIN et al.1996), it is better to place the catheter 
in the splenic artery instead of in the superior me
senteric artery because, in this way, during CTAP 
there is a greater and more homogeneous enhance
ment of the hepatic parenchyma and fewer non
tumorous perfusion defects. 

The acquisition protocol recommended by most 
authors for spiral CT is the same as that advised to 
examine the liver by intravenous administration of 
CM. It consists of 8-mm slice collimation and 8-mml 
s table speed with a 4-mm reconstruction interval; 
150 ml 30% iodinated contrast media is adminis
tered at a 3-mm/s infusion rate (BLUEMKE et al. 
1995a). Other authors (PALEY and Ros 1997; FREENY 
1997) recommend a different protocol with a higher 
dose of contrast media (150-200 ml at 60%) and 5-
mm slice collimation with a pitch able to cover the 
entire hepatic parenchyma during a single breath
hold. 

The most frequently adopted delay time is 24-32 s 
from the start of CM injection. By employing this 
delay time to begin scanning, the hepatic paren
chyma can be evaluated before the contrast media 
distribution to the systemic circulation, which be
gins 60 s after the start of infusion. Further, in this 
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way scanning can be completed during the paren
chymal enhancement peak, starting about 18 s after 
the contrast media initial administration and lasting 
about 44 s. In this way it is possible to obtain the 
maximal differentiation in contrast enhC'ncement 
between parenchyma (hyperdense) and metastases 
(hypodense) resulting in an optimal lesicn detec
tion. However, other authors (PALEY and Ros 1997; 
FREENY 1997) prefer to start scanning at a later time 
(66-70 s from the start of CM injection) because 
with this delay time perfusion abnormalities are less 
frequent. 

13.3.3.2.2 
CTA 
To perform CTA after the preliminary angiography, 
the catheter is positioned in the common hepatic 
artery. Generally, 200 ml of contrast media at 15% is 
administered with a 4-ml!s injection rate, and a lO
s delay-time must be observed to start image acqui
sition. The collimation, pitch and reconstruction in
terval employed by the various authors to perform 
spiral acquisition are the same as those used when 
scanning is performed by intravenous administra
tion of CM. Generally the contrast media concentra
tion used is not greater than 15% because this has 
improved the quality of the CTA scans by reducing 
perfusion abnormalities (FREENY 1990). 

13.3.3.3 
Clinical Indications, Differential Diagnosis, and 
Pitfalls 

13.3.3.3.1 
CTAP 
The main role of CTAP consists in the preoperative 
evaluation of patients. Especially when the :;piral 
technique is used, CTAP makes it possible to evalu
ate with a high degree of accuracy the effective le
sion resectability by defining exactly the metastases 
segmental localization and their relationships with 
vascular structures, both crucial in correctly 
planned surgery. 

A recent study (SMALL et al.1993) has pointed out 
that, on the basis of CTAP, surgery can be avoidtd in 
64% of patients. These findings demonstrate the 
high sensitivity of this technique even though it 
would seem that it is now progressively less used. 
This decrease is for several reasons. First, lesion de
tection with spiral CT performed with periphera. in
travenous CM appears to be excellent. Second, CTAP 
is expensive and, finally, improved surgical ttch-



a 

CT of Liver Metastases 

niques, including use of cryotherapy, intraoperative 
ultrasonography, and laparoscopy, have altered the 
practice patterns of surgeons in treating patients 
with liver metastases (BLUEMKE et a1.1995b; IKEDA 
et al. 1996). 

CTAP low specificity in discriminating malignant 
lesions from benign tumors or perfusion defects is 
well demonstrated by the high false-positive (15%) 
and false-negative (9-19%) rates reported in recent 
studies (LUPETIN et al. 1996; HONDA et al. 1992; 
PAULSON et al. 1992). 

False-negatives are often due to perfusion defects 
caused by metastases compressing the proximal por
tal branches. In these cases, a wide hypodense area 
much bigger than the lesion is visualized and this 
may easily be mistaken for a nontumoral perfusion 
defect. The presence of the so-called "straight-line" 
sign, that is, a linear rim separating the opacified and 
non opacified parenchyma, typical of perfusion de
fects but not of neoplastic lesions, may contribute to 
engendering diagnostic confusion. 

False-positives may be due to focal perfusion de
fects caused by variations in the perihepatic venous 
drainage or in the subcapsular portal perfusion. 
These pseudolesions, demonstrated in approxi
mately 15% of CTAP, may be single or multiple and, 
in many cases, exhibit characteristic appearances 
and locations (LUPETIN et al. 1996). 

The most common and easily recognizable one 
can be found in the medial segment of the left he
patic lobe (quadrate lobe) and can present a square, 
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round, or ovular configuration. Originally, it was be
lieved that it could be reconducted to a focal steato
sis, whilst now it is certain that it relates to a perihe
patic venous anomaly. Specifically, in 6-14% of the 
population, the right gastric vein (pyloric vein) 
drains directly into the quadrate lobe instead of the 
portal vein, to which it is normally connected. Since 
this variation in the venous system predominates, 
during CTAP this portion of hepatic parenchyma 
does not present enhancement and is visualized as a 
hypo dense area which can mimic a malignant lesion. 
Similar pseudolesions can be present around the fal
ciform ligament and are probably caused by other 
perihepatic venous anomalies (Fig. 13.15). 

False-positives may also be caused by a lesion 
centrally located in the hepatic parenchyma that, 
thus compressing or infiltrating the portal vein, en
genders the defect of sub segmental, segmental or lo
bar perfusion which can mimic metastases. 

All the causes of possible diagnostic pitfalls must 
be known to be able to reduce to a minimum false
positive and false-negative rates and the ensuing 
therapeutic disadvantages. Just think that when a 
pseudolesion is mistaken for a metastasis, a patient 
may be judged as inoperable with obvious conse
quences quod vitam and quod valitudinem. Of great 
help in this sense is the performance of delayed CT 
scans, which increase this technique'S diagnostic ac
curacy, usually enabling the discrimination between 
a hypovascular malignant lesion and a perfusion ab
normality (NELSON et al.I992). 

Fig. 13.15a,b. Spiral CTAP demonstrates a perfusion defect located in the left hepatic lobe near the falciform ligament (aJ. 
Delayed CT scan shows enhancement of the defect, a finding indicative of a pseudolesion (b) 

b 
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13.3.3.3.2 
CTA 
CTA is mainly indicated for the preoperative evalua
tion of patients presenting hypervascular malignant 
lesions. Similarly to CTAP, CTA is also less frequently 
used due to the high sensitivity of standard spiral 
CT and of other investigating techniques. 

The disadvantages of CTA include perfusion ab
normalities due to variations in the hepatic arterial 
anatomy resulting in segmental or lobar non
perfusion, focal areas of hyperfusion due to laminar 
flow or the siphoning effect of a hypervascular le
sion, and an area of increased perfusion, typically 
adjacent to the gallbladder fossa, which can mimic a 
lesion. Small tumors may also be poorly visualized, 
and portal branches can mimic tumor nodules. 

13.3.4 
DelayedCT 

Delayed CT consists of obtaining axial scans of the 
liver 4-6 h following administration of contrast con
taining a total iodine dose of at least 60 g. This dose 
of iodine has been shown to produce an increase in 
hepatic attenuation of 20 HU over baseline non
contrast enhanced scans. Delayed CT finds the phys
iopathological bases for its diagnostic sensitiv
ity in the normal hepatocytes' capacity to progres
sively concentrate the iodinated contrast media after 
its course from the intravascular compartment into 
the extravascular one (PERKERSON et al. 1985). This 
brings about an enhancement of the hepatic paren
chyma, reaching its peak 4-6 h after contrast media 
administration. Metastases can thus be demon
strated as areas with low-attenuation values com
pared to the liver (Fig. 13.16). 

In a study performed by CHEZMAR et al. (1988) by 
means of delayed CT, 30 out of 93 malignant hepatic 
lesions (86%) were detected, while dynamic CT de
tected 86 of them (92%). Delayed CT visualized 6 out 
of 19 (67%) <1 cm nodules, whilst the dynamic CT 
detection rate was 68%. NELSON et al. (1989) re
ported a 73% sensitivity for delayed CT. In a study by 
FREENY et al. (1990), the rate of nodules detected by 
delayed CT was 60% vs 57% by dynamic CT (PLATT 
et al. 1997). 

Delayed CT represents an easy and noninvasive 
technique able to provide additional information for 
lesion characterization. Its main application is as an 
additional technique to evaluate, after CTAP or CTA, 
patients who are considered possible candidates for 
surgical resection. Delayed CT, in fact, provides use-
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ful help in solving diagnostic problems related to the 
presence of the perfusion abnormalities frequently 
occurring in CTAP and CTA and which often make 
discrimination from hepatic malignant lesions diffi
cult. Conversely to what happens in metastases, in 
fact, hepatic parenchymal areas where perfusion de
fects occur contain normal hepatocytes and, in de
layed scans, appear isodense against the normal liver 
(BERNARDINO et al. 1986; HEIKEN et al. 1989; IRIE et 
al. 1995). 

13.3.S 
High-Dose CT 

Computed tomography of hepatic metastases per
formed by intravenously injecting high doses of 
contrast media (200 ml with 60-65 g of iodine) in
creases density differences between a lesion and the 
healthy surrounding parenchyma. HDCT is indi
cated in the evaluation of hypovascular metastases, 
which represent a great many lesions, because it 
amplifies the contrasting effect of hepatic paren
chyma in the portal phase by making a better visual
ization of the lesion hypo density. 

Recently, FREENY (1997) demonstrated that heli
cal CT carried out using 200 ml of contrast media 
(64 g iodine) administered i.v. at a 5-mlls flow-rate 
can produce hepatic contrast enhancement equal to 
86% of that obtained with CTAP. 

This degree of hepatic enhancement may be 
enough to allow a degree of accuracy in detecting le
sions just like the CTAP, which is about 90%. These 
authors are currently using the high dose technique 
to evaluate patients with potentially resectable hypo
vascular metastases, first of all colorectal carcinoma, 
instead of CTAP, and their initial results are encour
aging. Nevertheless, further studies are necessary to 
assess this method's diagnostic accuracy (CHOI et al. 
1996; FINK and CHAUDHURI 1991; SOYER et al.1994). 

13.3.6 
Lipiodol CT 

Previous studies have shown that CT following in
traarterial injection of Lipiodol (Lipiodol CT) t as a 
high detectability rate for small nodules of HCC. In 
fact, the infusion of a small volume of Lipiodol into 
the hepatic artery is followed by selective and ex
tended retention of the iodized oil within HCC le
sions. Hence, on CT scans obtained 3-4 weeks after 
the injection, even tiny tumor deposits can be iden-
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a 

b 

Fig. 13.16a,b. CT scan performed during the portal venous phase demonstrates no evidence of focal liver lesion (a) , Delayed 
CT scan performed after 4 h shows large metastatic lesions from colon carcinoma (b) 

tified because they stand out as highly hyper
attenuating areas as compared with nontumorous 
liver tissue. 

Various authors have demonstrated that Lipiodol 
deposit is not specific for HCC but may build up, al
though with different retention patterns, also in me
tastases, hemangiomas, and focal nodular hyper-

plasias. On the hasis of these observations, Lipiodol 
CT has found limited applications for characterizing 
liver lesions detected with other imaging modalities. 
However, this method is increasingly used for the 
preoperative staging of patients with an already 
proved HCC to demonstrate possible small intrahe
patic metastatic nodules «2 cm) associated with the 
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main lesion (Fig. 13.17). With regard to this point, a 
study conducted on 32 patients with HCC who had 
undergone hepatectomy reports 70.4% sensitivity in 
detecting small intrahepatic metastases, with a 
90.5% positive predictive value (LENCIONI et al. 
1997). In addition, Lipiodol CT does not find any ap
plication in the staging of patients with a primitive 
tumor of another nature. 

13.4 
Conclusions 

If the use of CT generally enables the identification 
of hepatic metastases - especially on the basis of 
their typical vascularization aspects and ensuing 
behavior after CM administration - it must be con
sidered that, quite often, diagnosis can become more 
difficult since metastases may present a great struc
tural polymorphism (both related to the primitive 
tumor and therapy-induced characteristics) and 
may be further associated with a pathologic hepatic 
substrate which contributes to complicating their 
demonstration. 

For instance, it may happen that cystic metastases 
(e.g. ensuing from ovarian cystoadenocarcinoma) 
cannot be differentiated by cysts of another nature, 
or that the presence of intrametastastic calcifica
tions makes difficult the discrimination from lesions 
of a parasitic or granulomatous type. 

Moreover, a diffuse hepatic steatosis, by reducing 
the liver density, may make metastases isodense and 
thus undetectable. Instead, focal areas of normal 
liver may be spared of fat and retain their normal 
higher CT density and simulating metastatic depos
its. Also the presence of regenerative nodules within 
a cirrhotic liver can mimic the presence of me
tastases. 

A knowledge of the significant clinical data is very 
important for making a diagnosis, although some
times, even if the CT scan is performed correctly, 
only a biopsy can clarify the nature of the lesion. 
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14.1 
Introduction 

The presence of liver metastases has a remarkable 
impact on the survival rate. Such an event is rela
tively frequent: for instance, hepatic secondaries are 
found in approximately 40% of patients with 
colorectal cancer (FERRUCCI 1994). In the diagnostic 
approach to liver metastases, the imaging plays a 
fundamental role in selecting those patients who can 
benefit from surgical resection. This treatment, per
formed with the correct indication, drastically im
proves the survival rate: 5-year survival rate of 20%-
40% for metastases from colorectal carcinoma 
(BUTLER et al. 1986; HUGHES et el. 1988; FERRUCCI 
and STARK 1990; FEGIZ et al. 1991; SCHEELE et al. 
1991; NAKAMURA et al. 1992) with a risk of morbid
ity and mortality of 2%-7% (HOLM et al. 1989; 
SCHEELE et al. 1991; VETTO et al. 1990). Conversely, 
in untreated colorectal hepatic metastases, the mean 
survival rate is drastically reduced (WAGNER et al. 
1984): 21 months for solitary lesions with as-year 
survival of 16% (GREENWAY 1988), 15 months for 
multiple metastases confined within a single liver 
lobe and 10 months for diffuse involvement of the 
liver. 

The imaging role is organized into three diagnos
tic steps. The first two concern the detection and 
characterization of the metastases respectively, 
while the third step evaluates the resectability of the 
metastases. This chapter considers the contribution 
of magnetic resonance (MR) in these diagnostic 
steps, after a preliminary evaluation of the MR fea
tures of the metastases. 

14.2 
MR Features of Metastases 

The variation in the gross morphology of liver me
tastases, their localization and their number is very 
wide (SEMELKA and MITCHELL 1996; SEMELKA and 
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KELEKIS 1997). The shape of the lesion is usually 
roundish (Fig. 14.1-14.2); nevertheless the me
tastases from colorectal adenocarcinoma larger than 
3 cm commonly have a cauliflower aspect (Fig. 14.3). 
The majority of metastatic lesions have ill defined 
margins. However, metastases from squamous-cell 
carcinoma and those from endocrine tumor, often 
roundish, present sharp margins (Fig. 14.2). The site 
of the metastases is usually intrahepatic, prevailing 
within the right lobe; exceptionally the metastases 
may be localized on the liver capsule, owing to the 
intraperitoneal spread (ovarian and colonic adeno
carcinomas). 

The metastases from poorly differentiated adeno
carcinomas and from endocrine tumors are usually 
numerous, <2 cm sized and disseminated to the 
whole liver (Fig. 14.2). 

14.2.1 
Signal Intensity 

The signal intensity of the metastases differs from 
that of the liver since their Tl and T2 relaxation times 
are longer, owing to the higher content of free water 
molecules. Therefore on Tl weighted images the sig
nal intensity of the metastases is lower (darker) than 
that of the hepatic tissue (Figs. 14.1, 14.2, 14.3), while 
it is higher (brighter) on T2 weighted images (Figs. 
14.1, 14.2, 14.3). Conversely, on proton density (PD) 
images the difference of the signal intensity between 
the metastasis and the hepatic tissue is not significant 
(Fig. 14.1) because both tissues contain an elevated 
number of protons. 

14.2.2 
Peculiar Pathologic Conditions 

Some peculiar pathologic conditions can modify the 
behavior of the signal intensity of the metastases. 
Whenever colliquative necrosis or infectious edema 
is present within the metastasis, the signal intensity 
further increases on T2 weighted images. On the 
other hand, if coagulative necrosis, fibrous matrix or 
calcifications are present within the metastasis, the 
elevated signal intensity on T2 weighted images is 
decreased. Finally, whenever subacute intralesional 
hemorrhage or particular substances are produced 
by metastatic tissue, the signal intensity of Tl 
weighted images - usually low - is increased. 

These different conditions are considered in suc
cession. 
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14.2.2.1 
Colliquative Necrosis 

The reduced arterial blood flow within the central 
area of the metastases may cause colliquative necro
sis, which shows a very high signal intensity on T2 
weighted images (Fig. 14.4), completely similar to 
that of fluid content of the cysts (Fig. 14.5), due to 
the increased amount of free water molecules. The 
differential diagnosis is obtained with paramagnetic 
contrast medium (CM), as detailed in the following 
sections. 

14.2.2.2 
Infectious Edema 

Infectious edema occurs more frequently in me
tastases from colorectal carcinoma (bacteria origi
nating from intestinal lumen). Infected metastases 
sometimes simulate liver abscesses (SEMELKA and 
KELEKIS 1997), showing a central, remarkable in
crease in signal intensity on T2 weighted lmages 
(fluid content) and an irregular border witi1 high 
signal intensity, but lower than the center of the 
metastasis. The use of CM is useful for characteriza
tion of the infected metastases as better detailed 
below. 

14.2.2.3 
Coagulative Necrosis 

The sudden interruption of the arterial blood flow 
within the central area of the metastasis may deter·· 
mine coagulative necrosis, which reduces the ~ ignal 
intensity on T2 weighted images (Fig. 14.6), owing to 
the denaturation of intracellular proteinaceous mac
romolecules (OUTWATER et al. 1991). Conversdy, in 
the peripheral zone of the metastasis (viable tumor 
cells), the signal intensity remains elevated on T2 
weighted images (Fig. 14.6). 

14.2.2.4 
Fibrous Matrix 

The fibrous matrix as well, sometimes recognizable 
in the metastasis from colorectal cancer, lowers 
(SEMELKA et al. 1994) the usually high signal inten
sity of the lesion (Fig. 14.3). The huge macromoll~cu
lar complexes forming collagen fibrils behave like 
solid state structures containing strongly bound 
protons which decrease the signal intensity. 
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Fig. 14.1a-f. Hypovascular metastasis from breast carcinoma. a- c SE sequence. On PD the image (a) the lesion (arrow) shows 
a mild hypointensity slightly different to that of the hepatic tissue. On the TI weighted image (b) the lesion shows lower signal 
intensity than the hepatic tissue; on the T2 weighted image (c) higher signal intensity of the lesion than the hepatic tissue. 
d-f Dynamic study with GRE sequence (TI weighted images) after bolus injection of Gd-DTPA. During the phase of vascular 
distribution of the eM (d), peripheral ring enhancement of the lesion due to the better arterial perfusion compared to the 
central zone and to the perilesional hepatic tissue. Progressive interstitial pooling of the eM (e) with delayed central enhance
ment of the lesion due to the reduced arterial perfusion compared to the peripheral zone. Interstitial clearance of the eM (f) 
with peripheral hypointense ring of the lesion due to the faster interstitial clearance (peripheral wash-out) compared to the 
central zone and to the periIesional hepatic tissue 
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Fig. 14.2a-d. Metastases from intestinal carcinoid. a Contrast enhanced CT scan shows two slightly hypodense lesions (ar

rows) within both the liver lobes. On a Tl weighted image with GRE sequence (b) some slightly hypointense lesions wi,hin the 
right liver lobe. The hypointensity of the lesions is weaker than usual, due to the production of serotonin. On a T2 weighted 
image with SE sequence (c) numerous slightly hyperintense lesions within both the liver lobes. On a Tl weighted image with 
GRE sequence (d) 60 min after injection of hepatocyte targeted CM (Gd-BOPTA) more confident detection of subcentimeter 
lesions due to the intense enhancement of the hepatic tissue; the metastases have a round shape with sharp edges 

14.2.2.5 
Calcifications 

The calcifications, rarely present within metastases 
from colorectal carcinoma, cause a remarkable re
duction of signal intensity. Their differentiation 
from fibrous matrix or coagulative necrosis - easily 
obtained with CT - is very difficult with MR. 

14.2.2.6 
Hemorrhage 

Metastases may present hemorrhage. Methemoglo
bin present in the subacute phase may shorten Tl 
relaxation time, owing to the paramagnetic effect 
(just as with paramagnetic CM); it follows a remark
able increase of signal intensity on Tl weighted im
ages which enables hemorrhagic foci to be distin
guished (ARRIVE' et a1. 1996) in comparison to the 
metastatic and hepatic tissue (Fig. 14.7). 

14.2.2.7 
Production of Particular Substances 

The production of particular substances by meta
static tissue (melanin, mucin, serotonin) may in
crease, with varying degrees, their signal intEnsity 
on Tl weighted images (SEMELKA and KEIEKIS 

1997). For instance, the melanin (metastases from 
melanoma) has paramagnetic properties which in
crease the signal intensity on Tl weighted images. 

The mucin (macrocystic adenocarcinoma of the 
pancreas or ovarium) induces analogous result (in
crease in signal intensity on Tl weighted images) but 
with a different mechanism than melanin. In fact, 
owing to the binding of water molecules with pro
teinaceous macromolecules, the content of free-wa
ter molecules within the metastatic tissue is reduced, 
causing an increase in signal intensity on Tl 
weighted images. 
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The serotonin (carcinoid tumor) behaves like mu
cin (binding of free water molecules with proteina
ceous macromolecules within the metastases), in
creasing the signal intensity on Tl weighted images 
(Figs. 14.2). 

14.3 
Guidelines for Detection of Metastases 

In diagnostic oncology of the liver, MR evaluation 
must be first of all focused on detection of the meta
static lesions (SAINI and NELSON 1995), which de
pends on the size threshold of the lesion as well as 
contrast-to-noise ratio (c/N). 
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Fig. 14.3a-c. Metastases from colorectal carcinoma with in
volvement of the central hepatic vessels. a Contrast enhanced 
CT scan shows two large cauliflower type lesions infiltrating 
the inferior vena cava (arrow) as well as the hepatic veins 
(arrowheads). Intrahepatic bile ducts are slightly dilated ow
ing to the metastatic involvement of the liver hylum. b,c SE 
sequence. On II (b) and T2 (c) weighted images the lesions 
are hypointense and hyperintense respectively; the involve
ment of the central hepatic vessels is well shown in both the 
images; on a T2 weighted image (c) the hypointense areas 
within the larger lesion represent the fibrous matrix; the 
subtle subcapsular fluid collection (large arrow) and the in
trahepatic mildly dilated bile ducts show an elevated signal 
intensity analogous to that of the CSF surrounding the spinal 
cord 

14.3.1 
Size Threshold of the Lesion 

From the viewpoint of focal liver lesion detection, 
each imaging modality has a macroscopic size 
threshold, which mainly depends on the spatial 
resolution of the machine. On the other hand, detec
tion of as small as possible metastases represents the 
real goal of all the currently used imaging modali
ties. A postmortem assessment of the size of liver 
metastases has shown that the ratio between me
tastases larger than 1 em and those smaller than 1 
em is approximately 1: 1.6 for metastases of 
colorectal adenocarcinoma and 1:4 for other liver 
metastases (SCHULZ and BORCHARD 1992). Since it 
is accepted (WERNECKE et al. 1991) that the size 
threshold of transabdominal ultrasound (US), CT 
and MR is 1 em, it follows that for each metastasis 
seen, there is the possibility of missing at least one 
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Fig.14.4a-d. Hypervascular metastasis from colorectal carcinoma with colliquative necrosis. a,b Tl (a) and T2 (b) sequences. 
On T2 weighted image (b) the lesion is hyperintense compared to the hepatic tissue; the colliquative necrosis (asterisk) within 
the central zone of the lesion shows a more elevated signal intensity, identical to that of the CSF around the spinal corel. c,d 
Dynamic study with GRE (Tl weighted images) after bolus injection of Gd-DTPA. During the vascular phase of distribution 
of the CM (c), a thin ring of peripheral enhancement of the lesion with a nodule anteriorly located (arrowheads) corresplllld
ing to the viable portion of the tumor. During the interstitial pooling of the CM (d) absence of enhancement of the central area 
of the lesion, not perfused owing to the colliquative necrosis 

metastasis in the case of colorectal adenocarcinoma 
and four in the case of other malignant tumors. The 
size threshold of focal lesion detection is moreover 
greatly reduced by the sharpness of the edge 
(MAFHOUZ et al. 1996). 

14.3.2 
Contrast-to-Noise Ratio 

The contrast-to-noise ratio (C/N) depends on two 
factors (HENDRICK 1988): the difference in signal in
tensity of the hepatic tissue versus that of the me
tastasis (contrast:C) and the amount of the imclge 
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Fig.14.5a-f. Cysts (abdominal-perineal resection for rectal carcinoma performed 1 year previously) . a Contrast enhanced CT 
scan shows a small bilobate hypodense lesion (arrow) with doubtful density values not allowing its characterization. b,c SE (b) 
and GRE (c) sequences. On T2 (b) and Tl (c) weighted images the lesion with sharp borders shows hyperintense and hypo
intense signal respectively, identical to that of the CSF around the spinal cord. d-f Dynamic study with GRE sequence (Tl 
weighted images) after a bolus injection of Gd-DTPA. During the phases of arterial (d) and portal (e) vascular distribution of 
CM as well as during the interstitial phase (f), no enhancement of the cysts is recognized 



a 

c 

e 

210 G. F. Pistolesi 

Fig. 14.6a-f. Hypovascular metastasis from colorectal carcinoma with coagulative necrosis. a,b Dynamic contrast enhanced 
CT scans: during the vascular phases of arterial (a) and portal (b) distribution of the CM the hypodense lesion does not :;how 
enhancement. c,d On T2 weighted images with SE (c) and FSE (d) sequences, faint hyperintensity at the periphery of the ksion 
which shows irregular borders; the central coagulative necrosis (arrow) appears hypointense. Dilated hyperintense intrahe
patic bile ducts (arrowheads) within the hepatic tissue at the periphery of the lesion. e,f On Tl weighted images with SE (e) 
and GRE (f) sequences, uniform hypointensity of the lesion. A remarkable reduction of motion artifacts is seen on T2 (d) and 
Tl (f) weighted fast sequences compared to conventional SE T2 (c) and Tl (e) weighted sequences 
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Fig.14.7a-d. Metastasis from intestinal carcinoid with hemorrhage. a Longitudinal US scan shows slightly hyperechoic lesion 
(arrows) with hypoechoic foci with corpuscular fluid content (arrowheads) . b,c Unenhanced (b) and contrast enhanced (c) CT 
scans show multiple fluid collections (arrowheads) within the lesion, better demonstrated on enhanced scan. Tl weighted 
sagittal image with SE sequence (d) shows the hemorrhagic hyperintense areas (arrowheads) within the lesion, due to the 
presence of methemoglobin 

noise (N) respectively. In other words, the difference 
of the signal intensity between the metastasis and 
the perilesional liver (parameter C) depends on the 
tissue's intrinsic characteristics reproduced by PD, 
Tl and T2 relaxation times with the degrading and 
unremovable image noise (parameter N). Either the 
pulse sequences or the CM is able to emphasize the 
C/N increasing C or reducing N, as discussed below. 
The more elevated the C/N, the easier the detection 
of focal lesions, with a consequent decrease in the 
size threshold of identification. 

14.3.2.1 
Choice of the Pulse Sequence 

The choice of the pulse sequence represents the 
most important moment for the detection of the 
metastasis because C/N depends on the intrinsic 
properties of tissues (normal and metastatic) as well 
as on the modality of MR image acquisition 
(CROOKS 1991; GRELLET et al. 1993; MITCHELL 1994; 
SAINI and NELSON 1995; WEISSKOFF and EDELMAN 
1996). The different pulse sequences allow the em
phasis of the C/N, affecting either the parameter C 
or N: practically speaking, inversion recovery OR), 
spin echo (SE) and fat suppression sequences mainly 
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affect parameter C, while fast sequences mainly af
fect parameter N. 

14.3.2.1.1 
INCREMENT OF PARAMETER C 
Among the pulse sequences allowing the increment 
of parameter C (contrast) the IR provides a strong 
Tl weighting (metastases appear very dark in com
parison to liver tissue); this sequence, widely used in 
the past (STARK et al. 1987; REINIG et al. 1989), suf
fers from motion artifacts. Nowadays, the availabil
ity of high performance gradients allows IR se
quences to be obtained - in particular, short time IR 
(STIR) - within a very short acquisition time (20-25 
s) with the elimination of motion artifacts, still 
maintaining a high C/N. The SE sequence has been 
considered to have the best C/N especially on T2 
weighted images (FOLEY et al. 1987) in which the 
metastasis appears brighter than the normal tissue; 
conversely, on PD images the C/N is considerably 
lower and therefore these images are less often re
quested. From the practical point of view, T2 
weighted images are consequently the best for detec
tion of liver metastases and therefore must be always 
performed. 

Fat suppression sequences increase the C/N, im
proving the parameter C (SEMELKA et al. 1992, 
1993b; SCHWARTZ et al. 1993; LARSON et al. 1994), 
thus facilitating the detection of metastases (Fig. 
14.8). In fact, the fatty infiltration of the liver often 
associated with metastatic involvement reduces the 
difference in signal intensity between the lesion and 
the hepatic tissue on T2 weighted images. 

14.3.2.1.2 
REDUCTION OF PARAMETER N 
The use of fast sequences (gradient echo, fast spin 
echo, echo planar imaging) allows the reduction of 
parameter N (noise) to be obtained thanks to the 
breathhold, which drastically reduces the respira
tory motion artifacts in the images. In fact, consider
ing liver imaging, the main source of image noise is 
represented by respiratory artifacts which increase 
parameter N, hence reducing the image C/N. More
over, the C/N achievable with fast sequences is not 
only due to the reduction of the parameter N but 
also to the value of the parameter C, the latter af
fected by the type of pulse sequence implemented. 
For instance, fast spin echo (FSE) T2 weighted im
ages show low N (Low et al. 1993; SIEWERT et al. 
1994) owing to the drastic reduction of motion arti
facts (Figs. 14.6, 14.8), but since also C is low, the 
resulting C/N is inferior to that of T2 weighted con-
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ventional SE sequences. It turns out that the detec
tion of the metastasis may be more difficult 
(OUTWATER et al. 1994; RYDBERG et al. 1995; 
TAUPITZ et al.1995) since the metastatic tissue is less 
bright in comparison to that usually found on con
ventional SE T2 weighted images (Fig. 14.8). To re
cover the satisfactory values of parameter C on FSE 
T2 weighted sequences, the application of fat sup
pression is necessary (SCHWARTZ et al. 1993) in or
der to obtain elevated values of C/N, equivalent to 
those of conventional SE T2 weighted sequences 
(Fig. 14.8). 

Tl weighted images obtained with gradient echo 
(GRE) sequence implementing a flip angle of 800 al
Iowa high C/N owing to the reduction of parameter 
N (SEMELKA et a1.1991, 1992, 1994); the metastases 
appear dark in comparison to the hepatic tissue (Fig. 
14.6). 

The pulse sequences performed with echo planar 
imaging (EPI) are even faster and therefore totally 
free from respiratory artifacts (SAINI et al. 1994). Tl 
and T2 weighted images obtained with EPI show an 
increased parameter C and a reduced parameter N, 
both leading to a higher C/N than that of the images 
achieved with SE pulse sequences (JUNG et al. 1997; 
icHIKAWA et al. 1998); however, the clinical experi
ence on liver metastases is limited. 

In short, the results of lesion detection obtained 
with various pulse sequences have not been com
pletely encouraging compared with those of the con
ventional SE T2 weighted sequence, excluding EPI, 
which needs, however, more clinical evaluation on 
liver metastases. For this reason, besides the im
provement in the performances of the pulse se
quences, research has been focused on the develop
ment of CM dedicated to liver imaging. 

14.3.2.2 
Utilization of Contrast Media 

In fact, the utilization of contrast media (CM) plays 
an important role in the detection of liver me
tastases since it influences the C/N (BRASH 1992; 
SAINI 1992; GRELLET et al. 1993; SCHUMAN
GIANPIERI 1993; LAUFFER 1996), increasing param
eter C, in a fashion that depends on both the mag
netic properties of the CM (increase or decrease in 
signal intensity) as well as its pharmacokinetics Ise
lective enhancement of the hepatic tissue andlor of 
the lesion). 
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Fig.14.8a-d. Metastasis from breast carcinoma. On a T! weighted image with GRE sequence (a) the lesion (arrow) shows faint 
hypointensity compared to the hepatic tissue (low C/N). b-d On T2 weighted images with SE (b) and FSE (c) sequences the 
lesion shows a weak signal intensity compared to the hepatic tissue (low C/N) and therefore the metastasis is not confidently 
detectable. On a T2 weighted image with fat suppression (d) the notable hyperintensity of the lesion compared to the hepatic 
tissue (elevated C/N) allows more confident detection of the metastasis 

14.3.2.2.1 
MAGNETIC PROPERTIES 

With regard to the magnetic properties, the positive 
CMs, owing to the paramagnetic effect of some 
chemical elements (Gd, Mn), which drastically 
shorten the II relaxation time of the uptaking tis
sue, lead to a notable increase in signal intensity on 
II weighted images (Figs. 14.1, 14.2, 14.4, 14.5). The 
negative eMs, exploiting the superparamagnetic ef-

fect of the super paramagnetic iron oxide (SPIO) 
particles, cause a conspicuous shortening of the T2 
relaxation time of the uptaking tissue, thus produc
ing a remarkable decrease in signal intensity on T2 
weighted images (Fig. 14.9). 

14.3.2.2.2 
PHARMACOKINETICS 

The description of the pharmacokinetics of the CM 
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Fig. 14.9a-i. Metastases from colorectal carcinoma. a-c 
Cranio-caudal contrast enhanced CT scans show some 
subcentimeter slightly hypodense lesions (arrowheads) 

within the right liver lobe. d-i Same cranio-caudal transaxial 
MR slices: T2 weighted images with SE sequence before (d-f) 
and 30 min after (g-i) injection of reticulo-endothelial tar
geted CM (SPIO particles). The remarkable negative en
hancement of the hepatic tissue, due to the uptake of CM, 
increases the difference of the signal intensity between the 
lesions and the hepatic tissue (elevated C/N), leading to a 
better visualization of the small metastases, more confidently 
detectable compared to the unenhanced images (low C/N) 

requires a preliminary note of some anatomic fea
tures of the hepatic and metastatic tissues which in
fluence the uptake as well as the elimination of the 
CM. The liver has a dual blood supply: blood enters 
the liver mainly through the portal vein (75%) and, 
in a lesser amount, through the hepatic artery (25%). 
At the level of the hepatic lobule the portal and arte
rial blood blends within the sinusoidal capillaries. 
The endothelial cells of these sinusoids are sepa
rated by pores 100-1000 nm in size, thus allowing 
the passage of huge molecules and/or small par
ticles. Within the extracellular interstitial space 
(space of Disse), between the fenestrated sinusoids 
and the surface of the hepatocyte membrane, are 
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located the reticuloendothelial cells (Kupffer cells) 
assigned to phagocytosis. The microvilli of the 
hepatocyte membrane expand the hepatocyte sur
face available for the passage of the substances com
ing from the extracellular interstitial space; the sub
stances eliminated with the bile are directly carried 
into the biliary canaliculi. Conversely, the metastases 
receive almost exclusively arterial blood, mainly in 
the periphery of the lesion better perfused than the 
center. 

By exploiting the different pharmacokinetics of 
the CM (specific tissular distribution and timing), 
two methods may be followed to increase the C/N 
operating on the parameter C: to achieve the selec-
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tive enhancement of the hepatic tissue or that tem
porarily selective of the metastasis. In both cases the 
detection of the metastasis is improved. 

14.3.2.2.3 
SELECTIVE ENHANCEMENT OF HEPATIC TISSUE 
The selective enhancement of the hepatic tissue is 
due to the exclusive uptake of the eM by the Kupffer 
cells (SPIO) or by hepatocytes (Mn-DPDP, Gd-EOB
DTPA, Gd-BOPTA). 

14.3.2.2.3.1 
Negative Selective Enhancement 
The rationale of negative selective enhancement is 
to eliminate the already low signal intensity of the 
hepatic tissue on T2 weighted images so that the 
usual elevated signal intensity of the metastasis be
comes significantly different (increase in parameter 
e). The consequent increment in the e/N improves 
the detection of the metastases (Fig. 14.9). This re
sult is obtained using the eM targeted to the reticu
loendothelial system (SPIO particles), which after 
i.v. injection quickly cross (plasma half-life: 8 min) 
the sinusoidal pores passing into the space of Disse' 
where, owing to their size (60-80 nm), they are rec
ognized and then phagocytosed by the Kupffer cells 
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Fig. 14.IOa-c. Metastases from colorectal carcinoma. a CT ar
terial portography scan shows a triangular area of reduced 
enhancement of the hepatic tissue at the level of the caudate 
lobe (arrows) consistent either with metastatic involvement 
or with perfusion defect. b,c Tl weighted images with GRE 
sequence before (b) and 60 min after (c) the injection of 
hepatocyte targeted CM (Mn-DPDP). The notable positive 
enhancement of the hepatic tissue due to the uptakt' of CM 
increases the difference of signal intensity between the le
sions (arrowheads) and the hepatic tissue (elevated C/N) 
compared to the unenhanced images (low C/N), aJowing 
confident detection of four metastatic lesions (COUl tesy of 
Neil Rofsky, MD, Department of Radiology. New York Univer
sity Medical Center, USA) 

(80% of the injected dose) while 6%-10% is taken 
up by the spleen (WEISSLEDER et al. 1989). Cn the 
contrary, since metastases do not contain Kupffer 
cells, the SPIO particles are not taken up by the 
metastatic tissue. The maximum negative enh;l11ce
ment of the hepatic tissue is obtained in less than 1 
h and lasts more than 1 day. The normal signal in
tensity of the hepatic tissue is recovered in 7 days 
(BRASH 1992). The best imaging window of the 
SPIO particles ranges between 30 min and 6 h after 
the injection (GANDON et al. 1991; Ros et al. J995; 
Kopp et al. 1997). 

14.3.2.2.3.2 
Positive Selective Enhancement 
The rationale of the positive selective enhancement 
is to increase the signal intensity of the hepatic tis
sue, already elevated on Tl weighted images, in or
der to expand the difference (increase in the param
eter e) versus the habitual low signal intensity of the 
metastasis; the consequent increase in the C/N lm
proves the detection of the metastases (Figs. 1 t2, 
14.10). This result is obtained using the hepatocyte 
targeted eMs (Mn-DPDP, Gd-EOB-DTPA, Gd
BOPTA), which accumulate only in the hepatic is
sue, since the metastases do not contain hepatocyles. 
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Fig. 14.11a-e. Hypervascular metastasis from non
functioning endocrine tumor of the pancreas. a On a T2 
weighted image with SE sequence the metastasis (arrow) is 
homogeneously more intense than the hepatic tissue, with a 
signal intensity similar to that of the primary tumor (arrow
heads) localized within the body of the pancreas. Renal cyst 
(k). b-e Dynamic study with GRE sequences (Tl weighted 
images) before (b) and after (c-e) bolus injection of Gd
DTPA. On unenhanced image (b) the lesion shows a lower 
signal intensity than the hepatic tissue, identical to that of the 
primary pancreatic tumor. During the arterial phase of vas
cular distribution of eM (c), the lesion shows a remarkable 
and homogeneous enhancement (positive contrast) . During 
the portal phase of vascular distribution of eM (d) the lesion 
is not recognizable since the enhancement of the metastasis 
corresponds to that of the hepatic tissue. During the phase of 
the clearance of eM (e) from the extracellular interstitial 
space, the lesion shows a moderate reduction of the enhance
ment compared to the hepatic tissue which is due to the faster 
interstitial clearance of eM within the better perfused meta
static nodule 
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For the sake of simplicity a brief description of the 
two groups of CM is needed. 

The chemical similarity of the Mn-DPDP with B6 
vitamin has been indicated as the reason of the 
hepatocellular uptake of this CM (BRASH 1992). Af
ter the administration in healthy volunteers, the 
peak liver enhancement occurs between 15 min and 
30 min after the i.v. injection, persisting up to 6 h 
with a wide imaging window (LIM et al. 1991; HAMM 
et al. 1992; REIMER et al. 1996; WANG et al. 1998). 

Gd-EOB-DTPA and Gd-BOPTA are two gado
linium chelate positive CMs which seem to use the 
same transport system (organic anion) involved in 
the hepatocellular uptake of bilirubin (SCHUMANN
GIANPIERI 1993). Both CMs present the following 
two characteristics: the first regards the modality of 
administration, since the i.v. injection as a bolus of 
these CMs allows the dynamic study to be performed 
like conventional CMs, giving positive enhancement 
(Gd-DTPA, Gd-DOTA) considered in the following 
section; the second is related to the hepatocellular 
uptake followed by the biliary excretion of the CM: 
the peak liver enhancement occurs around 60 min 
after i.v. injection for both the CMs (VOGL et al.1992; 
HAMM et al. 1995; CAUDANA et al. 1996). 

14.3.2.2.4 
SELECTIVE ENHANCEMENT OF METASTASES 
The selective enhancement of the metastasis is ob
tained with conventional positive CMs (Gd-DTPA, 
Gd-DOTA), which have the same pharmacokinetics 
of the water soluble iodinated contrast agents used 
in conventional radiology and CT (BRASCH 1992). 
After 20-30 s from i.v. injection, the CM reaches the 
liver through the hepatic artery, where it mainly dis
tributes to the metastasis; meantime the CM imme
diately passes into the extracellular interstitium, 
where it accumulates before the elimination through 
the blood stream. The positive enhancement of the 
metastasis is temporarily selective since it is limited 
to the arterial distribution of the CM. In fact, the 
metastatic tissue receives the CM not diluted by the 
portal blood (which does not perfuse the metasta-
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sis) while, in the same phase, the normal liver tissue 
receives the CM greatly diluted by the predominant 
unenhanced portal blood. 

After 40-60 s from i.v. injection th,;! venous 
spleno-mesenteric returning blood stream, which 
contains the CM, enters the liver through the portal 
vein and distributes exclusively into the hepatic tis
sue (where the portal perfusion prevails) but not 
into the metastasis, which is devoid of portal vascu
lature. 

The mentioned features of the perfusion of the 
metastatic and hepatic tissues have some implica
tions regards imaging which can be evaluatd by the 
dynamic study. This study - performed wi6 the in
jection of a compact bolus of gadolinium chelate CM 
followed by the rapid acquisition of breath hold sets 
of T1 weighted images - allows the separation of the 
phases of arterial and portal vascular distribution 
respectively from those of interstitial accumulation 
and clearance of the CM. These images facilitate the 
detection (LARSON et al.1994; HAMM et al.1997) and 
the characterization of the metastases (MIROWITZ et 
al.1991; HAMM et al.1994; MAFHOUZ et al.1996), the 
latter considered in Sect. 14.4. 

In the following sections, a brief description of 
the dynamic perfusional study (represented by three 
phases of vasculo-tissular distribution of the CM) is 
given. 

14.3.2.2.4.1 
phase a/Vascular Distribution 
During the phase of vascular distribution of the CM, 
the rate of the selective enhancement of the metasta
sis depends on the degree of the arterial blood sup
ply of the neoplastic tissue, due to the lack of ?ortal 
venous blood flow (Figs. 14.1, 14.4, 14.11, 14.12, 
14.13). Conversely, the following portal enhance
ment exclusively affects the hepatic tissue (Fig. 
14.12); in this phase the potential persistent arterial 
enhancement of the metastatic tissue may show th~~ 
same degree as that of the liver, consequently mak·· 
ing the detection of the lesion impossible (Fig. 
14.11). 

Fig. 14.12a-f. Hypovascular metastasis from colorectal carcinoma. a,b SE sequence. On T2 weighted image (a) the metastasis 
(arrow) is weakly hyperintense compared to the hepatic tissue (low C/N).On PD image (b) the metastasis is slightly hypoin
tense compared to the hepatic tissue, being therefore detectable with difficulty. c-f Dynamic study with GRE sequence 
(sagittal Tl weighted images) before (c) and after (d,f) bolus injection of Gd-DTPA. On unenhanced image (c) the lesion is 
highly hypointense compared to the hepatic tissue (elevated C/N). During the arterial (d), portal (e) phases of vas:ular 
distribution and of pooling of CM (f) into the extracellular interstitial space the lesion does not show any enhance.nent 
compared to the hepatic tissue (negative contrast) owing to its insufficient perfusion. During the portal phase (e) the highest 
enhancement of the hepatic tissue compared to that of the other phases leads to the more significant difference in Sl gnal 
intensity between the lesion and the healthy tissue (maximum C/N) 

C> 
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14.3.2.2.4.2 
Pooling into Extracellular Interstitial Space 
The following phase is characterized by the progres-
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Fig. 14.13a-e. Infected metastasis from colorectal carcinoma. 
On a T2 weighted image with SE sequence (a) the metastasis 
(arrow) is homogeneously more intense than the hepatic tis
sue. b-e Dynamic study with GRE sequence (Tl weighted 
images) before (b) and after (c-e) bolus injection of Gd
DTPA. On an unenhanced image (b) the metastasis shows a 
signal intensity notably lower than that of the hepatic tissue; 
the hepatic vein (arrowheads) is slightly displaced. During 
the arterial (c) and portal (d) phases of vascular distribution 
of eM, peripheral ring enhancement due to the better perfu
sion compared to the central zone of the lesion. During the 
phase of pooling of eM (e) into the extracellular interstitial 
space, central enhancement of the lesion due to the slo'~ in
terstitial accumulation of eM; peripheral wash-out due t·) the 
faster clearance of eM from the extracellular inters titial 
space. The ill defined enhancement (asterisk) of the 
perilesional hepatic tissue indicates inflammation due t{1 the 
infection of the metastasis 

sive pooling into the extracellular interstitial space 
of the CM (whatever the arterial or portal afferent 
supply) up to reaching an interstitial concentrati.on 
of CM balanced with the intravascular one (2 min). 

d 
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Within the metastasis the extracellular interstitial 
pooling of the eM is relatively slower than in the 
hepatic tissue (Figs. 14.1, 14.4, 14.12, 14.13), there
fore favoring not only the detection of the lesion but 
also its characterization as explained in Sect. 14.4. 

14.3.2.2.4.3 
Clearance of Extracellular Interstitial Space 
In the following phases (5-10 min after i.v. injection) 
a gradual clearance of the extracellular interstitial 
space takes place, owing to the return of the eM 
from the interstitial space into the venous blood 
stream for its renal excretion; only a minimal 
amount of the injected eM (1%-2%) is excreted at a 
late stage by the hepatocytes into the biliary tree. 
Also in this phase of the dynamic perfusional study, 
the metastases may show an extracellular interstitial 
clearance relatively slower than that of the hepatic 
tissue (Figs. 14.1, 14.11, 14.13), as explained in Sect. 
14.4. 

From the practical point of view, the stronger en
hancement of the metastases during the arterial 
phase facilitates the detection of the hypervascular 
ones (Fig. 14.11), while the stronger enhancement of 
the hepatic tissue during the portal phase would fa
vor the detection of the hypovascular one (Fig. 
14.12). On the other hand, either during the arterial 
and portal vascular phases or in the following inter
stitial accumulation and clearance, the dynamic pat
terns of the enhancement become delineated which 
allow the characterization described in the following 
paragraph. 

14.4 
Guidelines for Characterization 
of Metastases 

The evaluation of the dynamic patterns of the en
hancement allows the characterization of different 
types of metastases (hypovascular, hypervascular, 
infected) as well as the differential diagnosis with 
benign lesions (cyst, hemangioma, focal nodular hy
perplasia), which on unenhanced images may have a 
signal intensity behavior similar to that of the me
tastases. 

14.4.1 
Hypovascular Metastases 

These metastases receive a reduced arterial blood 
supply in comparison to that of the hepatic tissue. 
Therefore, during the arterial and portal phases of 
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vascular distribution of the eM, the enhancement of 
the liver is stronger than that of the lesion since the 
latter receives less arterial blood in comparison to 
the normal tissue and it does not receive any portal 
blood. Therefore, the signal enhancement predomi
nates in the hepatic tissue during all the phases of 
the dynamic perfusional study and the lesion shows 
negative contrast (Fig. 14.12). 

14.4.2 
Hypervascular Metastases 

During the arterial phase some of these metastases, 
especially when small sized, show a homogeneous 
enhancement stronger than that of the hepatic tissue 
due to uniform perfusion of the tumoral nodule 
(ACKERMAN 1974; LIN et al.1984; KAN et al.1993). In 
this phase the lesion shows positive contrast (Fig. 
14.11) since the enhancement predominates within 
the metastatic tissue. 

However, the large hypervascular metastases re
ceive arterial blood mainly in the periphery of the 
lesion than in the worse perfused center. Thus, dur
ing the arterial phase of distribution of the eM (Figs. 
14.1, 14.13), these metastases show an intense pe
ripheral ring of enhancement (SEMELKA et al.1993a; 
WITHNEY et al. 1993; LARSON et al. 1994). In the fol
lowing phases the enhancement of the periphery 
and the center of the larger metastases shows the op
posite behavior (LARSON et al.1994; MAFHOUZ et al. 
1994). Into the center of the lesion, where either the 
extracellular interstitial pooling or the clearance of 
eM is reduced owing to the impaired perfusion of 
these areas, the eM accumulates (delayed central 
pooling) with an enhancement which gradually 
superates that of the hepatic tissue (Figs. 14.1, 14.13). 
Conversely, at the better perfused periphery of the 
metastasis, the pooling of CM into the extracellular 
interstitial space and its clearance are faster than 
those of both the center of the lesion and the normal 
perilesional tissue. This behavior, defined peripheral 
wash-out, appears as a hypointense halo (Figs. 14.1, 
14.13) since the enhancement prevails within the 
central zone of the metastasis and within the 
perilesional hepatic tissue. 

14.4.3 
Infected Metastases 

These lesions show the typical pattern of 
hypervascular large metastases (ring enhancement 
during the vascular phases; central pooling with pe
ripheral wash-out of CM during the following 
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Fig.14.15a-d. Hemangioma. On T2 weighted image (a) the lesion (arrow) shows sharp borders and hyperintensity analogous 
to that of the CSF around the spinal cord. On a Tl weighted image (b) the signal intensity is lower than that of the hepatic 
tissue but higher than that of the CSF, owing to the content of blood. c,d Dynamic study with GRE sequence (Tl weighted 
images) after bolus injection of Gd-DTPA. During the arterial phase of vascular distribution of CM (c) as well as during the 
pooling of CM (d) into the extracellular interstitial space, intense, homogeneous and prolonged enhancement of the small 
hemangioma is seen compared to the hepatic tissue (positive contrast) 

<l Fig.14.14a-f. Multiple benign lesions (cysts, hemangiomas, focal nodular hyperplasia) . a,b T2 and Tl weighted images with 
SE sequence. c-f Dynamic study with GRE sequence (Tl weighted images) before (c) and after (d-f) bolus injection of Gd
DTPA. The cysts (small arrows) show sharp borders and signal intensity behaving identically to the CSF around the spinal 
cord, with strong hyperintensity on T2 weighted image (a) and hypointensity on Tl weighted images (b,c). During the arterial 
(d), portal (e) and interstitial (f) phases of distribution of CM no enhancement of the cysts is seen (negative contrast). On Tl 
weighted images (b,c) the hemangiomas (large arrows) show a signal intensity higher than that of the cysts due to the content 
of blood. During the arterial (d), portal (e) and interstitial (f) phases of distribution of CM progressive enhancement of 
hemangiomas from the periphery to the center; the peripheral ring of enhancement, due to the arterial perfusion of the lesion, 
shows a nodular pattern. On un enhanced images (a-c), focal nodular hyperplasia (arrow) shows an isointense signal com
pared to the hepatic tissue; mild compression of inferior vena cava (arrowhead). During the arterial phase of distribution of 
CM (d) strong enhancement of the lesion (positive contrast) due to its arterial perfusion; hypo intense central scar (small 
arrowheads). During portal (e) and interstitial (f) phases of distribution of the CM, the lesion is not detectable owing to its 
enhancement identical to that of the hepatic tissue 
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phases), with an additional ill defined perilesional 
enhancement (Fig. 14.13d,e), which is due to the in
flammatory hyperemia of the surrounding hepatic 
tissue (SEMELKA and KELEKIS 1997). The differen
tial diagnosis has to be done with liver abscess, 
which shows a central area of elevated signal inten
sity on T2 weighted images due to the suppurative 
colliquation, devoid of enhancement during the dy
namic perfusional study. 

14.4.4 
Benign Lesions 

The importance of the characterization of these le
sions cannot be ignored considering that they may 
coexist together with metastases with an incidence 
ranging between 15.5% and 63.9% (KARHUNEN 
1986; JONES et a1. 1992; BRUNETON et a1. 1998). Also 
in these cases the evaluation of the dynamic patterns 
of enhancement allows the differential diagnosis. 

74.4.4.7 
Cysts 

The cysts with a homogeneous fluid content show an 
elevated signal intensity on T2 weighted images 
(Figs. 14.5, 14.14), behaving like the metastases (Fig. 
14.4) with colliquative necrosis (WITTENBERG et a1. 
1988). The differential diagnosis is achieved on the 
dynamic study (SEMELKA and MITCHELL 1996; 
SEMELKA and KELEKIS 1997): in all the phases the 
cysts do not show any enhancement versus the he
patic tissue constantly appearing sharply delineated, 
with negative contrast (Figs. 14.5, 14.14); the ne
crotic metastases conversely show a peripheral en
hancement where the neoplastic tissue is viable (Fig. 
14.4). 

74.4.4.2 
Hemangioma 

Also hemangiomas, like metastases, receive their 
blood supply exclusively from the hepatic artery. 
Therefore, during the arterial phase, the small he
mangiomas may show a homogeneous enhance
ment (Fig. 14.15) higher than that of the hepatic tis
sue (positive contrast), due to the fast pooling of the 
eM within the lesion, as hypervascular small me
tastases (LARSON et al. 1994; MITCHELL et a1. 1994; 
KATSUYOSHI et a1. 1996; SEMELKA and MITCHELL 
1996). In these small hemangiomas the differential 
diagnosis is based on the persistence of the homoge
neous enhancement, more prolonged (Fig. 14.15) 

G F. Pistolesi 

than that of the small hypervascular metastases, 
which usually does not exceed the minute (Fig. 
14.11). 

Nevertheless, the majority of hemangiomas, me
dium or large sized, typically show the gradual fill-in 
from the periphery to the center of the lesion. As 
stated before also in these cases the differential diag
nosis with the metastases of similar size is based on 
the dynamic patterns of the enhancement (HAMM et 
a1. 1990; VAN BEERS et a1. 1990). In fact, during the 
arterial-portal vascular phases the intense ring of 
peripheral enhancement has a nodular aspect which 
is typical of the hemangioma (Fig. 14.14), while that 
of the metastasis has a regular thickness (Figs. 14.1, 
14.13). Successively, the peripheral wash-out with 
central pooling of the eM (recognizable during the 
interstitial pooling and clearance of the eM) is typi
cal of the metastases (Figs. 14.1£, 14.13d), while the 
hemangioma, during the same phases, shows a more 
homogeneous enhancement (Fig. 14.14). 

74.4.4.3 
Focal Nodular Hyperplasia 

Finally, also focal nodular hyperplasia (FN H) re
ceives blood supply exclusively from the hep,ltic ar
tery, showing an intense and homogeneous en
hancement (positive contrast) during the arterial 
phase (Fig. 14.14) like the hypervascular small me
tastases (Fig. 14.11). Nevertheless, the homogeneous 
enhancement of the FNH does not exceed the arte
rial phase (KATSUYOSHI 1996) unlikt the 
hypervascular metastasis, which may show pro
longed enhancement in the following phases. Dur
ing the portal phase as well as in the following 
phases of interstitial pooling and clearance of eM, 
the behavior of the enhancement of the FNH is iden
tical to that of the hepatic tissue from which the le
sion cannot therefore be differentiated (Fig. 14.14). 
The presence of the central scar (Fig. 14.14) i'acili
tates the differential diagnosis versus the metas tasis., 

14.5 
Resectability of Metastases 

At present, the resection of liver metastases rtpre
sents a unique potentially curative therapy, the alter
native treatments (systemic chemotherapy or in 
hepatic arterial infusion; selective chemo
embolization; cryosurgery; termoablation and laser 
photocoagulation) being exclusively palliative. 
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14.5.1 
Rationale for Resection of Metastases 

The therapeutic approach to the hepatic metastases 
must consider if these lesions were detected at the 
same time of the primary tumor (synchronous me
tastases) or, on the other hand, successively (meta
chronous metastases). 

14.5.1.1 
Synchronous Metastases 

With regard to synchronous metastases, the choice 
of therapy (surgical excision, alternative treatment) 
needs to consider some features of the primary tu
mor (intra- or extraabdominal location, grade of 
biological aggressiveness, grade of locoregional 
spread) as well as of the metastases (surgical resect
ability, grade of response to the alternative treat
ments, impairment of liver functions). 

14.5.1.1.1 
INTRA- OR EXTRAABDOMINAL LOCATION OF THE 
PRIMARY TUMOR 
The intra- or extraabdominal location of the pri
mary tumor may influence the choice between two 
possible options (surgical excision, alternative treat
ment), since the metastasectomy may increase the 
morbidity and mortality of the surgical treatment, 
prolonging the operation and increasing the inva
siveness: for instance, thoracotomy for the excision 
of the primary lung cancer and laparotomy for the 
resection of liver secondaries. 

14.5.1.1.2 
GRADE OF BIOLOGICAL AGGRESSIVENESS OF THE 
PRIMARY TUMOR 
The grade of biological aggressiveness of the pri
mary tumor affects the choice of therapeutic option 
(surgical or alternative treatment of the liver me
tastases), since the surgical approach to metastases 
is not justified in those tumors which rapidly diffuse 
locoregionally, giving distant metastases (lung small 
cell carcinoma, breast cancer, adenocarcinomas of 
the esophagus, stomach and pancreas). 

14.5.1.1.3 
ADVANCED LOCOREGIONAL SPREAD OF THE 
PRIMARY TUMOR 
In those cases of advanced locoregional spread of 
the primary tumor, the surgical option may be still 
rational for those oncotypes (carcinoid tumor, mela
noma) showing a positive prognosis (higher sur
vival rate) after surgical cytoreduction; conversely, 
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the surgical treatment may not be justified for those 
tumors (colorectal carcinoma) showing an ineffec
tive response to metastasectomy. 

14.5.1.1.4 
SURGICAL RESECTION OF HEPATIC METASTASES 
The surgical resection of the hepatic metastases is 
not achievable when both the liver lobes are involved 
in more than four focal lesions as well as when the 
central hepatic vessels (hepatic veins, inferior vena 
cava, portal vein) are infiltrated or extrahepatic 
spread from primary tumor is present, either ab
dominally (peritoneal and/or lymph nodes me
tastases) or extraabdominally (SUGARBAKER 1990; 
BAKER and PELLEY 1995). 

14.5.1.1.5 
SENSITIVITY TO ALTERNATIVE TREATMENTS 
The sensitivity to alternative treatments depends on 
the biological behavior, the latter related to the 
oncotype of the primary tumor. In some instances 
(colorectal carcinoma), the effectiveness of the alter
native treatments is very poor; thus metastasectomy, 
if practicable, is the only therapeutic option. Con
versely, in other oncotypes (breast cancer; endocrine 
tumors of the pancreas), the choice of alternative 
treatment instead of the surgical one is justified. 

14.5.1.1.6 
IMPAIRMENT OF HEPATIC FUNCTION 
Serious impairment of the hepatic function, due to 
the metastatic involvement of the liver, indicated ei
ther by the symptomatology (weight loss, jaundice, 
hepatomegaly, ascites) or by the alteration of the 
laboratory indices (bilirubin, alkaline phosphatase, 
lactate acid dehydrogenase, serum albumin), nar
rows the indications - up to eliminating them com
pletely - of both therapeutic options (surgical or al
ternative treatment). 

14.5.1.2 
Metachronous Metastases 

With regard to the metachronous metastases, the 
rationality of their surgical excision follows the 
same criteria as those just described, when the pri
mary tumor has not been treated with surgery, ra
diation therapy or chemotherapy. On the other 
hand, when the primary tumor has been treated 
(surgical excision, local sterilization with radio
therapy and/or chemotherapy), the criteria ex
pressed in Sects. 14.5.1.1.1 (location of the primary 
tumor) and 14.5.1.1.3 (locoregional spread of the 
primary tumor) should not be considered. 
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14.5.2 
MR Evaluation of Surgical Resectability 
of Metastases 

This section considers the contribution of MR to the 
assessment of surgical resectability (definition of 
the number of metastases, identification of the in
volvement of the central hepatic vessels) in the light 
of the lower reliability of this modality versus US 
and CT in the detection of extrahepatic abdominal 
and extraabdominal spread. 

74.5.2.7 
Number of Metastases 

According to comparative evaluation series (STARK 
et al.1987; FRETZ et al.1990; VASSILIADES et al.1991; 
WERNECKE et al. 1991; RUMMENY et al. 1992; 
HAGSPIEL et al. 1995; SENETERRE et al. 1996; 
ZERHOUNI et al. 1996; STROTZER et al. 1997), MR 
reliability in the detection of the real number of 
metastases is higher than that of US and CT, both in 
terms of sensitivity (44%-78% for MR versus 39%-
53% for US and 41%-71% for CT) and in terms of 
accuracy (91%-97% for MR versus 88%-89% for 
CT). In spite of these results, CT is still indicated as 
an approach to the third diagnostic step since this 
modality is more easily available across institutions 
than MR; moreover, CT is highly reliable - as MR -
in the assessment of the involvement of the central 
hepatic vascular structures, and superior in the de
tection of abdominal extrahepatic as well as extra
abdominal spread of metastatic disease (BAKER and 
PELLEY 1995; MAHFOUZ et a1.1996). In a prospective 
study, STEELE et al. (1991) evaluated the accuracy of 
CT in the selection of patients for surgical resection 
of hepatic metastases of colorectal carcinoma: in 
only 7% of cases did CT fail to demonstrate the me
tastases successively found on laparotomy, but in 
33% of cases it caused underestimation of the num
ber of lesions detected. This means that at least in 
40% of the cases would the evaluation with a more 
sensitive and accurate imaging modality been able 
to reduce the quota of CT errors. 

Considering the more sensitive imaging modali
ties, CT arterial portography (CTAP) should be men
tioned first. On comparative series (SOYER et al. 
1993; STROTZER et al. 1997), CTAP shows a sensitiv
ity (94%-96%) higher than that of MR (64%-78%) 
but with invasiveness and numerous false-positive 
diagnoses of metastases. Consequently, MR with 
hepatocyte ahd reticuloendothelial targeted CM, 
owing to the lack of invasiveness and the elevated 
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sensitivity (56%-96%) in the detection of metastases 
(FRETZ et al.1990; HAGSPIEL et al.1995; CAUDANA et 
al. 1996; STROTZER et al. 1997), might replace CTAP 
in the assessment of resectable metastases. However, 
this hypothesis has to wait for the conclusion of the 
ongoing trials, testing the efficacy and the tolerance 
of the liver specific CM. Finally, intraoperative US 
(IOUS) shows a higher sensitivity (80%-96%) than 
that of noninvasive modalities (CT, MR) but inferior 
to that of CTAP (MACHI et a1.l991; SOYER et a1.l992; 
HAGSPIEL et al. 1995). 

74.5.2.2 
Involvement of Hepatic Vessels 

The reliability of MR in the detection of the involve
ment of the central hepatic vessels is very high 
thanks to the easy demonstration of the intra- and 
extrahepatic vascular network (flow-void phenom
enon: lack of the signal in the lumen of the patent 
vascular channels). This allows the demonstration of 
the hepatic veins, inferior vena cava, main portal 
vein as well as their relationship with the lesions 
(Figs. 14.13, 14.14), even on un enhanced images. 
Therefore, the demonstration of the involvement of 
one of these vessels is accurately achieved on Tl and 
T2 weighted images (Fig. 14.3), contraindicating sur
gical excision. However, CT is reliable not only for 
the evaluation of the involvement of the vascular 
structures (Fig. 14.3) but also for the detection of 
peritoneal and/or abdominal lymph-node me
tastases, whereas MR is less accurate (BAKER and 
PELLEY 1995; MAFHOUZ et al. 1996). 
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The confirmed presence of liver metastases alters 
the surgical strategy of many abdominal neoplasms. 
At the time of initial treatment of primary tumor, for 
which surgery is advisable only in localized cases, 
such as in pancreatic cancer, even detection of the 
smallest metastatic nodule involves a poor progno
sis and any surgical approach becomes palliative. In 
the case of colorectal or neuroendocrine tumor me
tastases, the identification of number and site of 
nodules is crucial, since the therapeutic role of he
patic resection in the 10% of patients where it is 
technically allowed is clearly proven (AUGUST et al. 
1985). 

Preoperative diagnosis of synchronous hepatic 
metastases is routinely achieved with abdominal ul
trasound, while for metachronous metastases, espe
cially if a liver resection is planned, ultrasound (US), 
CT and sometimes MR imaging are used. In this case 
the staging should be very accurate, in order to avoid 
unnecessary surgical exploration in unresectable 
patients. Traditional angiography is used less fre
quently, due both to its invasiveness and the im-

G. DI CANDIO, MD; Division of General and Experimental 
Surgery, Department of Oncology, University of Pisa, Via 
Paradisa 2, 1-56124 Pisa, Italy 
A. PIETRABISSA, MD; Division of General and Experimental 
Surgery, Department of Oncology, University of Pisa, Via 
Paradisa 2, 1-56124 Pisa, Italy 
F. MOSCA, MD, FACS; Professor and Chairman, Division of 
General and Experimental Surgery, Department of Oncology, 
University of Pisa, Via Paradisa 2, 1-56124 Pisa, Italy 

proved vascular image quality, obtained with CT ar
terial portography, helical CT and MR imaging. Re
gardless of the diagnostic work-up that brings the 
patient to surgery, the following steps should be fol
lowed before resection. Abdominal exploration with 
liver manual palpation, the accurate research of any 
extrahepatic disease, and the use of intraoperative 
ultrasound (IOUS). This latter must be considered 
the "gold standard" in the detection of impalpable 
liver metastases. With new probes it is possible to 
recognize metastases with a diameter of less than 3-
4 mm. The IOUS advantages are the acquisition of 
data not available with other techniques (small and 
deep nodules, not visible or palpable, overlooked by 
other preoperative imaging modalities), its role 
combined with or as an alternative to conventional 
radiology (such as in the study of the biliary tree), 
for confirmation of surgical radicality and, last but 
not least, as a guide for diagnostic-therapeutic pro
cedures. Since hepatocellular carcinoma often origi
nates in a cirrhotic liver, the main purposes of 
resective surgery and IOUS are the identification of 
cancer, its vascular relations and the consecutive 
limitation of the percentage of liver to be resected. In 
the case of colorectal metastases, the problem is ap
parently more simple. Residual liver is, in the major
ity of cases, normal, and able to bear even wider re
sections, but the frequently large number of nodules 
necessitate, in every case, precise planning of the pa
renchyma to be taken away. The IOUS helps in avoid
ing lesions of major vessels and allows, at the same 
time, at least a safe margin of 1 cm to be maintained. 

15.2 
Indications 

Liver is the frequent site of abdominal cancer me
tastases, such as gastric, colonic and pancreatic tu
mors, due to its double blood inflow system (75% 
portal and 25% from hepatic artery), and its histo
logical structure, which makes it a filter toward the 
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systemic circulus. Hepatic metastases can be de
tected during colorectal primitive cancer surgery in 
a range of 8-30% of patients (FINLAY and McARDLE 
1986; FREENY and MARKS 1986; GOZZETTI and 
MAZZIOTTI 1989; SAENZ et al. 1989). Around 40% of 
patients will develop, mostly in the following 24 
months, a recurrence, which is apparently localized 
in the liver in 20% of cases (Table 15.1). For this rea
son colorectal metastases surgery, especially if 
metachronous, has become, in Western countries, 
the main indication for hepatic resection. 

Neoplastic emboli are commonly identified in the 
autoptic livers of patients with cancers draining in 
the portal system. These are possible also for other 
cancers, such as lymphoma, leukemia, melanoma, 
connective neoplasia, lung and breast cancer, but 
there is not much enthusiasm for resecting so-called 
"nonporta" metastases, since they are rarely local
ized only in the liver. Nevertheless, some authors 
have recently focused on this field, raising 5-year 
survivals also for this group of patients (HARRISON 
et al. 1997; MIYAZAKI et al. 1997). 

Among the various histological patterns, the 
colorectal and neuroendocrine tumor metastases 
are those for which liver resection is effective in im
proving long-term survival and even curative in a 
limited group of long-term survivors. For these 
forms, hepatic resection has become routine (FONG 
et al.1997; GAYOWSKY et al.1994; JAMISON et al.1997; 
SCHEELE et al.1995; OHLSON et al.1998; TAYLOR et al. 
1997). The operative mortality is inferior to 5%, and, 
in more recent reports, it is easy to find consecutive 
series of more than 100 patients treated without 
mortality. Five-year survival for colorectal me
tastases has reached 25%, and it must be compared 
with the 9-10 months of the natural history of the 
untreated disease (Table 15.2). After curative liver re
section, 20%-40% of patients develop a recurrence 
still limited to the liver. A repeat resection, if techni
cally possible, may also improve long-term survival 
(PINSON et al.1996; TUTTLE et al.1997, FERNANDEZ
TRIGO et al. 1995; FONG et al. 1994). Recently, BIS
MUTH et al. (1996a,b) presented a study in which le
sions, considered unresectable, can be later resected 
if understaged by neoadjuvant chemotherapy. The 

Table 15.1. Staging ofliver metastases (GAYOWSKY et a1.1994) 

Solitary unilobar, of any size 
II Multiple, unilobar, 2 em or less 
III Multiple, unilobar, >2 em 
IVa Bilobar involvement 
IVb Nodal involvement, extrahepatic disease 

G. Di Candio et a1. 

Table 15.2. Overall results in the surgical treatment of 
colorectal hepatic metastases 

Study Patients Operative Survival 
mortality (%) (5 years) 

GAYOWOSKY et a1. 1994 204 0 32 
SCHEELE et al. 1995 434 4.4 39 
SHIRABE et a1. 1997 31 39 
TAYLOR et al. 1997 123 0 34 
JENKINS et al. 1997 131 3.8 25 
JAMISON et a1. 1997 280 27 
FONG et a1. 1997 456 2.8 38 
CADY et al. 1998 244 30 
OHLSON et a1. 1998 111 6 25 

40% 5-year survival is impressive and rewards this 
aggressive approach (Table 15.3). 

Various determinants of prognosis have been 
published: number, site and nodule dimensions, 
presence of extrahepatic disease, level of carcino
embryonic antigen (CEA), primary tumor (T) and N 
stage, histological grading, metastases synchronicity 
or amount of disease-free interval before detection, 
the need for intraoperative blood transfusions, and 
an adequate surgical margin. Patients with one or 
two metastases, with a 1-cm surgical margin a:ld low 
CEA levels, have a 5-year disease-free survival of 
30% (CADY et al. 1998; NAKAMURA et al. 1997). Posi
tive surgical margins are certainly a negative :'actor, 
accompanied by many recurrences, often localized 
in the liver, without influencing significantly the per
centage of extrahepatic recurrences (CADY et al. 
1992). 

From a histological point of view, the neop las tic 
embolus reaches the liver, and its growth is stimu-
lated by the particular local conditions, the latter 
fostered by filter function of the hepatic tissue. In 
this site, the lesion extends thanks to the activation 
of proteolytic and angiogenetic factors, with the es
tablishment of a real independent vascularity. In 
contrast to liver cancer, growth is fast and we do not 

Table 15.3. Long-term survival for repeat hepatic resection 
for liver colorectal metastases 

Study Patients Operative Surviv;:tl, 

FOG eta1. 1994 25 
PINSON et al. 1994 10 

FERNANDEZ et a1. 1995 170 
BISMUTH et aL 1996 44 
tuTTLE et a1. 1997 23 

mortality (%) 5 yean (%) 

o 

o 
o 

30 
88 
(2 yean) 
32 
44 
32 
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detect the formation of a peripheral pseudocapsule. 
Margins appear infiltrative at an early stage, with 
portal and suprahepatic system venule involvement, 
lymphatic and biliary tree diffusion. Moreover, there 
are microsatellite lesions. After histological exami
nation of the surgical findings, SHIRABE et al. 1997 
detected these aspects within 10 mm from the mar
gin in all the metastatic lesions, in a macroscopically 
safe parenchyma. For nodules with a diameter ofless 
than 4 cm, these aspects are rare (2/9 of lesions 
present at least one), while the percentage increases 
for larger nodules (6/7 of lesions) (SHIRABE et al. 
1997). 

While in liver cancer surgery in cirrhosis, the 
main concern is the anatomical removal of the seg
ments, which are a tributary of their own portal 
pedicle, in surgery of metastases, respect for the free 
margin is more important. This must be larger, as 
mentioned above, than 10 mm (CADY et al.1998). Re
cently, ELIAS et al. (1998) suggested a tough ap
proach, not applying too rigidly the 10-mm measure, 
due to the fact that, in his experience, he recorded 
significant survival values also with smaller mar
gins. 

Nevertheless the positive surgical margin must 
make us consider the surgery as a palliative, such as 
in the presence of extrahepatic disease: both condi
tions give a 5-year survival of 0% (JENCKINS et al. 
1997). The lymph node involvement at the hepatic 
hilum must be regarded as extrahepatic disease; it is 
findable in 28% of patients where liver surgery 
might seem complete (RO). In this case, as well, the 5-
year survival collapses from 48% (negative lymph 
nodes) to 3% (positive lymph nodes) (BECKURTS et 
al. 1997). For this reason it is advisable to obtain fro
zen sections of periportal and celiac lymph nodes 
before major surgery. 

The entity and kind of resection depend on di
mensions, number and site of detected lesions. 
Wedge resections are advised for small metastases 
(up to 2-3 em), especially if superficial; segmentary 
resections in the case of deeper lesions, involving 
one or two segments; and major hepatectomy (three 
to four segments) for multiple nodules, but limited 
to one lobe. 

15.3 
Methods 

Intraoperative ultrasound can be performed 
through laparoscopy or laparotomy. In the first case, 
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dedicated probes are introduced into the abdomen 
through 10-mm cannulae, 35-50 cm long, less than 
10 mm in caliper and with a 5-10 MHz transducer at 
the tip, which allows high lateral resolution « 1 
mm), and a depth of up to 10 cm. The right length 
and mobility of the transducer are necessary to ob
tain a good exploration of the furthest and narrow
est abdominal recesses, without the necessity of 
multiple access. It is the orientation and scanning 
difficulty that makes this technique more difficult 
and slightly less accurate with respect to 
laparotomic ultrasonography (96% vs 79%) (COZZI 
et al. 1996). 

Laparotomic ultrasound is performed with dedi
cated probes of a particular shape: pen (phased ar
ray or mechanical sector scan), bar and T-shaped 
(linear array or miniconvex) (Fig. 15.1). The fre
quency must exceed 5 MHz and better results are ob
tained with at least 7.5 MHz, which gives excellent 
spatial resolution and penetration. Recently we have 
used high definition probes with variable frequency 
(broad-band) from 8 to 13 MHz. Images especially 
provide the main capacity of ultrasound for the 
identification of both anatomical structures and 
micronodules with a diameter of up to 2-3 mm (Figs. 
15.2-15.5). So much so that, especially in inhomoge
neous livers for chronic hepatopathy or cirrhosis, the 
number of identified nodules is overwhelming, and 
most of them do not have a pathological meaning 
(micro cysts, regenerative nodules, microangiomas). 
It is necessary with the new frequencies, regarding 
the semeiotics ofliver echostructure, to reduce num
ber of false positives (2-4%) (MACHI et al 1991, 
STONE et al. 1994). 

Minor frequencies are used at the beginning of 
ultrasound exploration to obtain a total view of the 
liver (Figs. 15.6-15.8), while we use higher frequen
cies to evaluate more superficial lesions or for spe
cific study of intralesional flow and major vessel 
compression and/or infiltration (Fig. 15.9). High 
definition new probes and equipment includes du-

A 8 c 

Fig. IS.IA-C. Intraoperative probes: A miniconvex, pen 
shaped; B linear, and C T shaped 
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Fig. 15.2. A Intraoperative (13 MHz) scan showing the portal triad at the hepatic fifth segment. HA, hepatic artery; BD, biliary 
duct (1 mm or less in diameter); P, portal vein. B color Doppler study 

Fig. 15.3. A High definition scan (11 MHz). R, cui de sac of the umbilical portion of the left portal venous branch. P and A, 
segment III branches (vein and artery) arising from the cui de sac. B The same scan studied with color-Doppler. p', segment 
II branch originating at the corner of the transverse and umbilical portions of left portal vein 

plex and color-Doppler facilities , which are helpful 
for the less expert operator in vessel identification. It 
is also possible to perform an analysis of 
intralesional vascularization with color Doppler and 
a flow spectral analysis, which are used to differenti
ate lesions (for example, hemangioma/metastases). 

Color-Doppler sensitivity is very high: with the 
best instruments we can record an intralesional flow 
starting from a speed of only 5 mm/s. New technol
ogy has made obsolete other techniques of image 
amplification such as hepatic perfusion with 
perfluorocytlbromide (PFOB, CO2 microbubbles, or 
sugar-linked microbubbles). The liver ultrasound 
exploration is better performed on the organ in situ 

during resection of the primary lesion and ill the 
case of negative bimanual palpation. On the other 
hand, it is a good procedure for complete mobiliza
tion, if synchronous lesions are visible and/or pal
pable and in the case of resective surgery for 
metachronous metastases, to identify occult nod
ules. 

Even if they are precisely located by preoperative 
CT, the intraoperative localization of metastases can 
be carried out, especially if they are deep and small. 
The subsequent liver mobilization and clockwise ro
tation on the pedicle can make difficult the correla
tion between the two-dimensional CT image and the 
new anatomical situation. IOUS allows, on the other 
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Fig. 15.4. Scan (II MHz) in a cirrhotic liver: small (3 mm in 
diameter) hyperechoic satellitosis (N) around a large hepato
cellular carcinoma 

Fig. 15.5. Ultrasonic appearance of a small (1.5-2 mm in di
ameter) subcapsular adenomatous hyperplasia (MN) in a 
chronic HeV hepatitis 

hand, easy identification of the nodules and, if used 
in real-time and simultaneously with dissection, we 
can avoid an accidental lesion of the large suprahe
patic and/or portal vessels, or include them in the 
resection if necessary, nevertheless keeping a free 
surgical margin. Lesions must all be described on the 
basis of their segment and of the kind of relationship 
with the major vessels to disclose technical contra-
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Fig. 15.6A-C. First wide liver survey with a 5-MHz convex 
probe in a case of metachronous right lobe colorectal me
tastasis (N), more than 8 cm in diameter. The nodule is 
hyperechoic with an hypoechoic peripheral rim (arrows). M, 
middle hepatic vein, 2 cm from the neoplastic margin; R, 
right hepatic vein, completely involved (R') by the tumor; C, 
inferior vena cava, transversely scanned. S, hypothetical ori
entation of the surgical plane to be transected. The neoplasia 
involves the right posterior branch of the portal vein (RP). LP, 
left branch of the portal vei n 

indications, based on the hepatectomy extension 
needed, and, in the case of chronic hepatitis or cir
rhosis, limiting the adequacy of the liver remnant. 

Laparotomic and laparoscopic ultrasound exami
nations are completed within 10-15 min; time de
pends on the US approach (ultrasound laparoscopy 
is more difficult in terms of spatial correlation be
tween ultrasound image, probe orientation and 
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Fig. 15.7. A Convex scan (5 MHz) in a case of metachronous colorectal metastasis (N) located between the VIII and IV 
segments. Ultrasonography identifies a double middle hepatic vein (V and V') and the tumor infiltrating the lateral one, V 
(arrow). B The same scan performed with color Doppler 

Fig.lS.S. Wide scan (5 MHz) of a solitary colorectal mEtasta
sis of the fifth hepatic segment, 4 cm in diameter involving 
both right and middle hepatic veins (R and M, arrows). L, left 
hepatic vein 

Fig. 15.9. A Hepatic scan (11 MHz) of a solitary colorectal metastasis, hyperechoic with halo. B Color Doppler performar ce, 
showing the prevalently perinodular vascularization with few and irregular vessels inside 
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Fig. IS.10. A Scan (11 MHz) of a small neuroendocrine metastasis (N, 3-4 mm in diameter), isoechoic, residual in the II 
segment after multiple wedge resections in the contralateral hepatic lobe. B Color Doppler study showing a small feeding 
artery. C Echoguided free hands cytology with a Chiba needle (FN), 21 gauge. D Echoguided alcoholization with 5 cc. Observe 
the wide and homogeneous diffusion of the alcohol inside and around the lesion (arrows) 

Fig. IS.I1. A Intraoperative transhepatic US-guided radio frequency (RF) tissue ablation of a small liver metastasis, N (6x4 
mm), in a patient with duodenal adenocarcinoma. H, Echoguided insertion of a monopolar RF expandable needle electrode 
with four hooks deployed and placed just outside the neoplastic area. RF is applied for 8 min at 95°. B,C Progressive nodule 
heating at the 1st and 5th min of radiofrequency power supply 
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Fig. 15.12. RF thermal ablation with an expandable needle electrode (RFN). In the case of metastatic disease the diameter of 
the lesion (N) has to be largely inferior (i.e., 2 cm) to the hypothetical thermal lesion achievable (NA, 3, 3.5 cm with monopolar 
needles) 

mind extrapolation of the nodule posItIOn, and 
needs more time than the "open" study) and from 
operator experience. To facilitate image understand
ing, it is now possible to use a tridimensional com
puter reconstruction of the bidimensional images, 
with a process requiring, in real time, not more than 
10 s (MOTOHIDE et al. 1998). With ultrasound guid
ance it is also possible to guide intraoperative proce
dures: biopsies of nodules missed by preoperative 
work-up (it is preferable to perform needle core bi
opsies instead of cytology, which is faster but less ac
curate), the direct injection of liquid dyes (3-5 ml of 
indigo carmine) in a portal branch to perform stain
ing of the portal area for anatomic hepatectomy, the 
transhepatic drainage of biliary tree or the perfor
mance of alcoholization, radio frequency, micro
waves and laser thermal ablations, or cryotherapy 
(Figs. 15.10-15.12). 

15.4 
Results 

The clinical evaluation of any new technology is 
based on its accuracy and on a comparison with al
ready established methods. This includes the quan
tity of obtainable information, the confidence level 
required to modify a previous clinical evaluation, 
and how much this strategy modification can posi-

tively influence the prognosis in defined subgroups 
of patients. From this viewpoint the IOUS appears to 
be an examination which will quickly receive a "va
lidity certificate", thanks to its capability to modify 
the intraoperative strategy in the initial applications 
and in nonexpert hands. For this reason it has be
come a routine examination in surgical oncology of 
the abdomen. With IOUS we can detect 93% of liver 
lesions, more than CT scans (47%) and surgical ex
ploration (66%) (MACHI et al. 1991). Of the lesions 
discovered with US, 10-40% do not appear during 
palpation and inspection (FINLAY and McARDLE 
1986; MACHI et al. 1987; OLSEN et 1990; CHARNLEY 
et al. 1991), and additional information on the pres
ence and number of metastases is achieved in a per
centage ranging from 3 to 23% of cases (BOLDRINI et 
al.1987; STADLER et al.1991; PAUL et al.1994; MACHI 
and SIEGEL 1996; OLSEN 1990; STONE et al. 1994; 
FORTUNATO et al. 1995; TAKEUCHI et al. 1996) (Figs. 
15.4, 15.10, 15.11). This range can be justified with 
the quality of technical instrumentation and the ex
perience of the operator, but also from the level of 
preoperative selection of patients and the study of 
groups with more advanced disease, in which, obvi
ously, the method will appear more effective. 

The difference between palpation and IOUS re
sults increases if we exclude metastases appearing in 
the liver capsule on the clinical examination: but 
which are frequently missed by preoperative and in
traoperative sonography, because of the short dis-
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tance between the nodule and transducer, so that the 
nodule falls outside the focal length of the ultrasonic 
beam. This problem can now be completely over
come using appropriate probes of greater than 10 
MHz in frequency with a broad band that tends to 
make the near field more uniform. For small and 
deep lesions «1 cm), the sensitivity increases from 
33% of clinical examinations to 83% of IOUS (KNOL 
et al. 1993). Palpation and IOUS become comple
mentary before any surgical approach of the liver, 
and IOUS should be considered the most accurate 
instrumental examination we have, influencing sur
gical strategy in 38-60% of cases (SOLOMON et al. 
1994; BEZZI et al.1998) (Table 15.4). 

Beyond the identification of lesions, the IOUS is 
useful also to confirm or exclude the presence of 
nodules detected with conventional CT or with more 
accurate techniques, such as helical- and porto-CT, 
which might present false positive results (HAl KEN 
et al. 1989). During dissection, adjusted with ana
tomical «classical" reference points, it is possible that 
the removed section does not include the nodule, or 

Table 15.4. IOUS results in detection of unknown liver me
tastases of gastrointestinal primary tumors 

Study Patients IOUS only (0/0) FN (0/0) 

BOLDRINI et al. 1987 86 3.5 
MACHI et al. 1991 189 9.5 13 
CHARNLEY et al. 1991 99 9 
STONE et al. 1993 56 5 17 
SOLOMON et al. 1994 51 13 25 
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that the latter is facing the section surface. Moreover, 
we can have more or less important vascular lesions, 
from which bleeding originates. CADY et al. (1998) 
demonstrates, in a recent work, that the routine use 
of intraoperative ultrasound goes together with a 
significant reduction of resections with positive 
margins. 

The ultrasound aspect of hepatic metastases is ex
tremely variable. 

The majority of small metastases are hypoechoic, 
while the large ones are hyperechoic with a periph
eral halo (Figs. 15.9, 15.10). In some cases the lesion 
is not clearly visible, since the sonographic pattern is 
isoechoic in respect of surrounding parenchyma 
and its identification is possible only with the pres
ence of a subtle peripheral hypoechoic halo and 
thanks to the indirect signs of vascular compression/ 
infiltration. Neoplastic thrombosis in the portal 
venous system is rare, whereas it is often observed in 
advanced hepatocellular carcinoma (Fig. 15.13). 

High definition ultrasound (10-13 MHz) of en
larged hilar lymph nodes (1 cm or bigger) allows the 
demonstration, on the basis of sonographic pattern 
and Doppler study, of their neoplastic involvement. 

Reactive lymph nodes are oval, with regular mar
gins, have a well demonstrated germinal center, and 
marked and regularly diffused vascularization (Fig. 
15.14). In the case of metastases we observe an ir
regular increase in the lymph node, which loses its 
oval shape to gain a more rounded one with irregu
lar and «rigid" margins. The structure appears 
strongly with partial or total disappearance of the 
germinal center. The blood flow appears irregular to 
color Doppler and absent in some areas (Fig. 15.15). 

Fig. 15.13. A Longitudinal II-MHz scan of the splenic vein crossing the superior mesenteric artery (SMA). T, neoplastic and 
occlusive thrombus. B Color Doppler study showing a complete lack of endoluminal signal. c Free hands technique 
echoguided biopsy of the neoplastic thrombus 



240 G. Di Candio et al. 

Fig. 15.14. A Scan (13 Mhz) of a large reactive lymph node (15+ 10 mm) with oval shape in the hepatoduodenalligament in a 
case of synchronous metastasic disease from a colorectal primary tumor. B Vascular resolution increases using higher Doppler 
frequencies showing an homogeneous vascularization 

Fig. 15.15. A Scan (13 MHz) of an involved lymph node at the hepatic hilum in a patient with metachronous liver colorectal 
metastasis. B Intense blood flow signals with irregular course and uneven distribution are visible in the lymph node 

Studies on clinical and instrumental follow-up of 
patients with negative 10US for colorectal me
tastases have raised much interest. If ultrasound 
negativity was accompanied with a really low risk of 
recurrence, this might, theoretically, influence the 
therapeutic strategies for this patient group, exclud
ing them, for example, from expensive and rigid fol
low-ups or from adjuvant chemotherapy. If we con
sider the studies in which only patients are involved 
with negative ultrasound, the percentage of recur
rences varies from 9% to 21 % of cases. Probably, the 
metastases escaping from 10 ultrasound require 6-
24 months to increase and become visible for the 
new imaging. Therefore these data do not justify the 
exclusion of patients with negative IOUS from che
motherapy programs and follow-up. 

To understand the value to be attributed to ultra
sound negativity, it is possible to refer to recent re
sults obtained by PAUL et al. (1996) and LEEN et al. 
(1996): 16-25% of patients with negative IOUS de
veloped an hepatic recurrence within the 24 months 
following the therapeutic resection. 
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16.1 
Introduction 

Hepatocellular carcinoma (HCC) is still seen as a 
neoplasm with a very grim prognosis. This concept 
was established decades ago, when the diagnosis was 
almost always achieved at an advanced stage or even 
after death. However, the availability of ultrasound 
(US) and its wide use in the conventional clinical 
setting for the evaluation of patients with suspicion 
of liver disease has prompted a radical change in the 
timing of diagnosis. Patients with HCC may be now 
diagnosed at an early asymptomatic stage (OKUDA 
1986) when potentially effective therapies can be in
dicated and this has raised a marked interest in de
fining the criteria and staging systems that should 
be used to properly manage HCC patients. 

In the present chapter we will review what is the 
rationale for the strategy applied in our group to de
tect, stage and treat patients with this neoplasm. It 
has to be emphasized that most of the treatment op
tions applied in HCC patients have not been evalu
ated within randomized controlled trials and, thus, 
the estimated benefits of treatment are dealt with in 
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comparison with the reported natural history of un
treated patients supposedly diagnosed at the same 
evolutionary stage. As we will comment later, this in
formation used to compare outcome may be biased 
and, thus, the comparison may be misleading. 

16.2 
Early Detection 

The first requirement for applying a radical treat
ment is to detect the tumor at an early stage when 
those therapeutic options aiming to be radical may 
be indicated. In geographic areas with a high HCC 
incidence, such as China, the screening programs are 
population based and usually consist of determining 
alpha-fetoprotein (AFP) concentration in large se
ries of individuals and selecting for specific exami
nation those subjects with increased concentration 
of this tumoral marker (OKUDA et al. 1985; TANG 
and YANG 1985). This screening policy shows that 
the majority of patients diagnosed at a subclinical 
stage in these areas exhibit increased AFP concen
tration, while the analysis of the patients diagnosed 
at advanced/symptomatic stages shows a lower sen
sitivity of this tumoral marker (TANG and BING-HUI 
1989) with values not markedly different from those 
reported in the Western world (OKUDA 1986; 
TAKETA 1990; BRUIX et al. 1992; SHERMAN et al. 
1995). In fact, most of the small HCC submitted to 
radical treatment after intentional screening with 
US and AFP exhibit normal or almost normal AFP 
values (BRUIX 1993) and, thus, despite isolated cases 
of increased AFP values due to early HCC, it can be 
suggested that AFP has a reduced usefulness for 
early HCC detection. In Western countries the HCC 
incidence is not as high, and it is known that this 
tumor is almost restricted to patients with liver cir
rhosis (JOHNSON and WILLIAMS 1987; BRUIX et al. 
1991). If patients with compensated liver cirrhosis 
are intentionally screened, almost 5% of them may 
be diagnosed with HCC and this proportion in-
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creases to 15-20% when studying patients admitted 
because of variceal bleeding or with spontaneous 
bacterial peritonitis (BRUIX 1993). Furthermore, fol
low-up studies from separate countries have shown 
the 5-year probability of developing an HCC in pa
tients with hepatic cirrhosis may exceed 20% (Co
LOMBO et al. 1991; IKEDA et al.1993; SATO et al. 1993; 
TSUKUMA et al. 1993; COTTONE et al. 1994; TAKANO 
et al. 1995; GANNE-CARRIE et al. 1996; ELIZALDE et 
al. 1996). Thus, most Western groups recommend 
following patients with chronic liver disease at regu
lar intervals to facilitate the early detection of the 
HCC, which should be considered one of the most 
frequent complications during the evolution of 
chronic liver diseases. 

Therefore, if a patient is diagnosed with liver cir
rhosis, the first question to be raised is if the patient 
should be treated if diagnosed with HCC. If the an
swer is negative because of advanced age, severe im
pairment of the liver function without being a candi
date for liver transplantation or the presence of asso
ciated diseases, there is no sense in establishing an 
early detection plan, since it will only prompt an in
crease in economic cost without a potential benefit 
in survival. This is an important consideration since 
some negative assumptions regarding the advan
tages of regular screening may be due to a low ap
plicability of the available treatments, or even to the 
non-availability of some of the radical options by the 
group performing the screening. On the contrary, if 
the answer is positive, a regular follow-up should be 
advised. The benefits of this policy are debatable 
since there are no randomized controlled trials com
paring an active screening schedule vs a conven
tional follow-up. Therefore, the cost-effectiveness of 
early detection plans has been estimated through 
analytical models based on several theoretical as
sumptions regarding incidence, risk factors, applica
bility of treatments and survival of treated and un
treated subjects (SARASIN et al. 1996; COLLIER and 
SHERMAN 1998). Since all these concepts are based 
on published data from different centers at different 
periods, it is difficult to translate the findings of 
these calculations to the clinical setting for a given 
patient. 

HCC screening is based on US and AFP determi
nation (OKUDA 1986; COLLIER and SHERMAN 1998). 
The diagnostic efficacy of des-gamma-carboxy-pro
thrombin is similar to AFP, and other tumor markers 
are of minor usefulness (WEITZ and LIEBMAN 1993). 
Taking into account that the mean tumor volume 
doubling time has been estimated to be 3-4 months 
(SHEU et al. 1985; EBARA et al. 1986; OKAZAKI et al. 
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1988; BARBARA et al. 1992), the best screening inter
val should range between 4 and 6 months. However, 
it should be stressed that AFP is seldom increased 
above normal values in patients with small solitary 
HCC (OKUDA 1986; BRUIX et al. 1992). In addition, 
patients with chronic viral infection may present 
fluctuating AFP values related to the necro
inflammatory episodes (LIAW et al. 1986; TAKANO et 
al. 1995). Thus, the usefulness of AFP for early detec
tion is debatable. It has been shown that persistently 
increased AFP values imply a higher risk for HCC 
development and some authors suggest that these 
patients should be followed more frequently, but 
again there is no evidence that this is a beneficial 
policy. However, it should be kept in mind that in
creased AFP values, as is the case with male sex, viral 
infection or age above 50 years, constitute markers 
of increased risk (POYNARD et al.1991; GANlSE-CAR
RIE et al. 1996), but they do not imply a faster tumor 
growth. Thus, the selection of candidates fitting 
these characteristics would increase the number of 
HCC detected and, potentially, the cost-effectiveness 
of the early detection plans (COLLIER and SHERMAN 
1998), but they should not prompt a different ;>creen
ing schedule. In the daily clinical practice, the pres
ence of a markedly increased and sustaim d AFP 
concentration with negative US findings should 
prompt the realization of a spiral computed tomog
raphy (CT) scan to rule out an undetected HCC. If 
this technique is also negative, the need to perform 
magnetic resonance imaging (MRI) or hepatic an
giography should be considered. Other potential 
tools to recognize subjects at higher risk are the 
presence of liver cell dysplasia (BORZIO et al. 1995), 
an abnormal architectural profile (SHIBATA et al. 
1998) or an increased proliferative activity :is re
flected by proliferating cell nuclear antigen (MEHTA 
1995). 

The US detection of a solid focal lesion within the 
liver in a patient with long-standing chronic liver 
disease should raise the suspicion of HCC wh~ltever 
its echo genic appearance, and additional im.lging 
techniques and a fine needle biopsy of the nodule 
should be considered to confirm or discard :'CC. 
Upon confirmation of the HCC the physicians at
tending the patient should decide which is the most 
adequate treatment approach. 
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16.3 
Patient Evaluation 

The evaluation of the patients should take into ac
count the staging of the tumor and the impairment 
of the liver function, which may be deteriorated as a 
result of HCC development or be abnormal because 
of the underlying liver disease. The techniques to 
apply to stage the neoplasm and to evaluate the liver 
function should not be the same for all the patients. 
On the contrary, they should be tailored to each case 
according to the initial findings and potential thera
peutic options to be applied either in the conven
tional clinical setting or within research trials. In 
that sense, if the first evaluation by clinical examina
tion and/or US reveals an end-stage liver disease fit
ting into group C of Child-Pugh's classification 
(PUGH et al. 1973) with a performance status test?3 
(SORENSEN et al. 1993), and the patient has any con
traindication for orthotopic liver transplantation 
(advanced age, severe associated diseases), there 
may be no sense in carefully evaluating the stage of 
the HCC in daily clinical practice since no option 
will have an impact on survival. Thus, this strata of 
patients should only be further explored and/or 
treated within the application of specific research 
protocols. Similarly, if the first approach discloses an 
advanced tumor stage precluding any potential 
therapeutic approach, there is no clinical sense in 
indicating additional examinations. However, there is 
no consensus in defining this category. In our group, 
we do not consider for antineoplastic treatment pa
tients belonging to stage 3 of the Okuda classification 
(OKUDA et al. 1985) and/or those with a performance 
status ?3 (SORENSEN et al. 1993). Both methods are 
useful to identify those patients with a poor life ex
pectancy (less than 3 months) and in our opinion 
these patients should merely receive symptomatic 
treatment to avoid unnecessary suffering. 

After this initial approach to identify those indi
viduals who will not be treated, the management of 
the patients will depend on the treatment algorithm 
of each group since there is no consensus regarding 
which is the first therapeutic option to be considered 
in patients with HCC. There are no randomized con
trolled trials comparing radical options (resection, 
transplantation, ethanol injection) versus no treat
ment or even between themselves (YOKOYAMA et al. 
1990). Thus, below we will describe our present treat
ment schedule, detailing not only the criteria and re
quirements for each of the therapeutic options, but 
also the scientific background supporting our 
policy. 

16.4 
Therapeutic Approach 

16.4.1 
Surgical Resection 

For most authors the first option to be evaluated 
should be surgical resection, leaving orthotopic liver 
transplantation as a second approach. Surgical re
section should aim to eliminate the HCC and the 
surrounding non-tumoral tissue. This neoplasm dis
seminates at early stages through the invasion of the 
subsegmentary branches of the portal vein, and the 
vicinity of the nodule is the most frequent site of 
dissemination (NAKASHIMA and KOJIRO 1987). This 
has provided the basis for performing anatomical 
resections (MAKUUCHI 1995). Their end-point 
would be to identify the portal vessel supplying the 
segment or subsegment of the liver where the HCC is 
located and to resect the tissue margin that bears the 
highest risk of containing unrecognized micro
scopic tumor nests. Major lobectomy is contraindi
cated in patients with cirrhosis and most groups se
lect for surgery patients with well preserved liver 
function and solitary tumors without vascular inva
sion or extrahepatic spread. Child-Pugh's classifica
tion (PUGH et al. 1973) is widely used to assess the 
liver function, but this classification is not adequate 
to provide a proper selection of candidates. A large 
proportion of patients will develop hepatic decom
pensation (namely ascites) after the operation and 
this event is associated with impaired survival. Japa
nese surgeons take into account the ICG metabolic 
rate (MAKUUCHI 1995), but we have recently shown 
that postoperative decompensation is mainly related 
to the presence of portal hypertension (BRUIX et al. 
1996). Accordingly, the criterion for indicating surgi
cal resection is a well preserved liver function with 
normal portal pressure. Following this policy the 5-
year survival may exceed 70%, the main drawback 
being the high disease recurrence rate, which ex
ceeds 50% at 5 years (FRANCO et al.1990; SHIRABE et 
al. 1991; BISMUTH et al. 1993; IZUMI et al. 1994; 
OKADA et al. 1994; MAKUUCHI 1995; FUSTER et al. 
1996). The presence of microscopic vascular inva
sion or additional nodules in the resected tissue im
plies a higher recurrence risk (SHIRABE et al. 1991; 
IZUMI et al.1994; OKADA et al. 1994, 1995; FUSTER et 
al. 1996). Tumor size constituted a very important 
predictor some years ago, but the quality of the im
aging techniques applied nowadays has reduced the 
potential risk of unrecognized additional tumor 
sites despite large tumor size, and this has led to tu-
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mor size no longer being such a major determinant 
of recurrence risk. Accordingly, there is no clear cut 
limit in terms of diameter. However, large tumors 
may require larger resections with an increased risk 
of liver failure. Thereby, the indication of surgery 
should also take into account the volume of func
tionalliver to be resected (this being the volume of 
liver to be resected minus the volume corresponding 
to the HCC) and the functional liver that will remain 
after resection (OKAMOTO et al. 1984). Accordingly, 
the resection of a large solitary HCC occupying all 
the right lobe may be well tolerated since the pro
portion of functional liver that will be eliminated is 
minimal. The aforementioned pathological findings 
establish the risk of disease recurrence due to tumor 
cell dissemination prior to surgery. This will prompt 
most of the recurrences appearing early during fol
low-up, but the underlying cirrhosis should be con
sidered a premalignant disease and new meta
chronic tumors may appear during follow-up at 
early, medium and long term. 

Treatment of the tumor with chemoembolization 
prior to surgery has not shown any benefit (SUDAN 
et al. 1998) and there are studies suggesting that this 
treatment may lead to more bleeding during the op
eration and even be associated with a higher recur
rence rate (NAGASUE et al.I989). 

There is no accepted treatment for preventing re
currence but a recent study has suggested that retin
oid administration may be useful in this regard 
(MUTO et al.I996). Similarly, there is no unequivocal 
treatment of recurrence. If it appears as a solitary 
small nodule, the patients may benefit again from 
surgery (if they satisfy the previously mentioned cri
teria) or even from liver transplantation or ethanol 
injection. If radical options are not feasible, pallia
tive options such as chemoembolization may be 
evaluated, but there are no data showing a potential 
impact on survival. 

16.4.2 
Orthotopic Liver Transplantation 

At the beginning of the transplantation era, the re
sults of orthotopic liver transplantation for HCC 
were extremely disappointing. Most of the trans
planted patients were treated at an advanced stage 
and this was associated with a high early mortality, 
associated with an unacceptably high recurrence 
rate that impaired the medium to long term survival 
(IWATSUKI et al.1985; O'GRADY et al.I988). However, 
later on it was shown that patients with tumors 
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found incidentally during the orthotopic liver trans
plantation have a survival indistinguishable from 
cirrhotics without HCC (YOKOYAMA et al. 1991; 
PICHLMAYER et al.1995; FIGUERAS et al.1997) and it 
was demonstrated that recurrence rate was related 
to tumor stage (RINGE et al. 1989; YOKOYAMA et al. 
1991; BISMUTH et al. 1993; MCPEAKE et al. 1993; 
PICHLMAYER et al. 1995; MARSH et al. 1997). There
fore, those programs that continued to accept pa
tients with HCC restricted the indication to patients 
with solitary small tumors, defined by solitary HCC 
~5 cm or up to three nodules each one less than 3 
cm. This selection has been shown to provide excel
lent results in terms of recurrence and survival if the 
orthotopic liver transplantation is successfully per
formed (MAZZAFERRO et al. 1996; LLOVET et al. 
1998). From a practical point of view the main draw
back of orthotopic liver transplantation is its appli
cability. There is a huge shortage of donors, and 
while waiting for the liver the HCC may progress 
and contraindicate the procedure (PEREIRA and 
WILLIAMS 1998). To avoid this event, some groups 
treat the patients in the waiting list with chemo·· 
therapy, chemoembolization or ethanol injection or 
other percutaneous approach (BISMUTH et al. 1993; 
STONE et al. 1993; FIGUERAS et al. 1997). Phase II 
trials have suggested a potential benefit of this 
policy, but it has been suggested that the main deter
minant of success is the application of restrictive 
criteria (LLOVET et al. 1998), while treatment by it
self would not change the evolution of the disease. 

HCC recurrence after orthotopic liver transplan
tation is related to an advanced tumor stage, mainly 
reflected by macroscopic vascular invasion and ex
trahepatic spread. Interestingly, the application of 
the TNM classification (International Union Against 
Cancer 1997) has no predictive power since i: does 
not accurately define the evolutionary stage of the 
HCC (LLOVET et al.I998). For example: a solitary tu
mor measuring 2 cm and showing vascular invasion 
would be classified as stage 2, while a patient having 
two small HCC foci <2 cm located in separate lobes 
and being potentially synchronic would be clas"ified 
as stage 4. 

Applying the previously mentioned inclusion cri
teria, the survival at 5 years is around 70%, which 
compares with the outcome after surgery in sekcted 
candidates. However, the recurrence rate after ortho
topic liver transplantation is less and this may 
prompt some physicians to favor orthotopic liver 
transplantation before resection. Nevertheless, the 
decision between both options should take into ac
count that the survival may be the same and that 
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there may be differences in terms of quality of life 
(ZETTERMAN and MCCASHLAND 1995; NAVASA et al. 
1996). Furthermore, most of the HCC patients will 
complicate cirrhosis of viral origin (BRUIX et al. 
1989) and this may recur in the implanted liver, 
which may evolve to cirrhosis again (GANE et al. 
1996; ARAYA et al. 1997). Thus, the benefits of ortho
topic liver transplantation should be tempered and 
carefully evaluated. 

16.4.3 
Percutaneous Therapies 

There are several techniques that can be used to 
treat tumoral nodules percutaneously under US, CT 
or MRI guidance, but the US guided injection of 
ethanol is the one that has been more widely used. It 
has been shown that small solitary nodules will be 
almost always completely necrosed and the survival 
of treated patients is the same as the survival of pa
tients submitted to surgical resection if considering 
old series (CASTELLS et al. 1993; LIVRAGHI et al. 
1995). However, since surgery allows the ablation of 
the main nodule and the surrounding satellites, sur
gical resection should be considered a better option 
than percutaneous ethanol injection (PEl) in care
fully selected patients (BRUIX et al. 1996). In addi
tion, the use of intraoperative US will prompt the 
detection and elimination of minute nodules not 
recognized by the preoperative staging, and this 
more complete treatment should result in an im
provement in the long term results. 

PEl is highly useful in tumors less than 3 cm in 
diameter (VILANA et al. 1992; ISHII et al. 1996). 
Above this limit, the tumors may have septa and the 
intratumoral diffusion of the ethanol is impaired. 
Injection of a larger ethanol volume, even under 
general anesthesia (LIVRAGHI et al. 1998), or the 
combination of ethanol injection with prior 
chemoembolization has been reported to increase 
the success rate (LENCIONI et al.1998). However, this 
suggestion is based on the results of uncontrolled in
vestigations and when critically compared with re
cent data about the natural history and prognosis of 
untreated non-surgical HCC (LLOVET et aI., 1999), 
the benefits of the procedure are not evident. Prob
ably, in some patients the treatment is able to com
pletely necrose the HCC, but the evolution of the un
derlying liver disease and the appearance and pro
gression of new tumor nodules may counteract the 
effects of the initially successful treatment, thus pre
cluding the identification of a statistically significant 

benefit in survival. The treatment of patients with 
more than one tumor site is also controversial. If the 
nodules are smaller than 3 cm and correspond to 
synchronic neoplasm, the treatment may be success
ful, but the failure rate is increased and frequently 
the follow-up discloses additional tumor nests, while 
the impact in survival is not evident. PEl requires re
peated injections and its success requires the diffu
sion of the ethanol within the HCe. Other agents 
such as boiling water (HONDA et al. 1994) or acetic 
acid (OHNISHI et al. 1998) may have a better tissue 
penetration. However, the management of boiling 
water is not as easy as that of ethanol, and the results 
obtained with acetic acid are not markedly better 
than those reported by several recognized groups 
when injecting ethanol. The most promising alterna
tive to ethanol injection is the thermal ablation of 
the tumors by the use of radiofrequency. This more 
sophisticated technique does not require an 
intratumoral diffusion and with only one treatment 
session it is possible to achieve the complete necrosis 
of tumors exceeding 3 cm in size. Thus, this tech
nique could substitute ethanol injection. However, it 
should be stressed that the economic cost of 
radiofrequency is higher, that tumors located in the 
vicinity of the gall bladder or near to the diaphragm 
cannot be treated, and that the complications rate 
and tolerance may be not as good as with ethanol in
jection. Accordingly, carefully designed studies 
should be performed to define its place. 

16.4.4 
Palliative Treatments 

If the patients cannot benefit from radical treatment, 
they may be considered for therapies that will not 
eliminate the disease, but are expected to delay the 
appearance of complications related to tumor 
growth and to improve the survival of the patients. It 
is important to note that there is no evidence sug
gesting that any of the available options really im
proves survival (BRUIX 1997; TRINCHET and 
BEAUGRAND 1997) and, in addition, some of the 
therapeutic approaches will induce the appearance 
of symptoms in patients in whom the disease has not 
yet induced any clinical manifestation. Thus, the de
cision to apply an invasive treatment with unknown 
impact on survival should be carefully balanced by 
taking into account the likelihood of inducing tran
sient or persistent side effects that may impair tem
porarily the quality of life of the patients. This con
sideration should be applied for any of the interven-
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tional therapeutic approaches that can be indicated 
in patients diagnosed at an advanced stage. This in
cludes the selective injection of Lipiodol, coupled 
with chemotherapy (KANEMATSU et al. 1989; 
KALAYCI et al. 1990) or with 1-131 (RAouL et al. 
1997), trans arterial embolization with (Group 
d'Etude et de Traitement de Carcinome Hepato
cellulaire 1995) or without chemotherapy (BRUIX et 
al. 1998), the external or internal radiation of the 
liver and even some non-interventional procedures 
such as conventional chemotherapy (NERESTONE et 
al. 1986; OKADA et al. 1992). Therefore, the present 
approach to the management of patients with HCC 
not suitable for radical treatment should be based on 
the careful application of therapeutic investigations 
aiming to define the usefulness of any of the avail
able options. The value of the data produced by these 
investigations will depend on the quality of their 
design and for this purpose it is mandatory to take 
into account the natural history of the disease of 
untreated individuals. As stated previously, the time 
at which the diagnosis is achieved has been progres
sively advanced and, thus, the survival reported in 
studies published years ago is no longer useful to 
estimate the potential survival improvement due to 
a new therapeutic option. In addition, when defining 
the prognosis of the patients at HCC diagnosis we 
cannot use the results derived from the data of these 
old investigations (OKUDA et al. 1985; ATTALI et al. 
1987; CALVET et al. 1990; STUART et al. 1996) in 
which most of the patients were diagnosed at ad
vanced stages and/or had decompensated underly
ing liver disease. When reviewing the outcome of 
patients with small solitary HCC on compensated 
cirrhosis (EBARA et al. 1986; COTTONE et al. 1989; 
BARBARA et al. 1992; LIVRAGHI et al. 1995), it be
comes apparent that the concepts should also be re
visited since the reported survival is less than that 
observed nowadays in patients diagnosed at inter
mediate stages (LLOVET et al. 1998, in press). The 
observed improvement in survival of the patients 
diagnosed nowadays with HCC cannot be attributed 
merely to the advancement of the diagnosis since 
other major points may be relevant. The identifica
tion of the role of non-steroidal anti-inflammatory 
drugs in the development of renal failure in patients 
with cirrhosis (ARROYO et al. 1986) has eliminated 
its use in treating the pain frequently associated 
with the evolution of the HCC. Simultaneously, the 
diuretic treatment of sodium and water retention in 
these patients has been properly defined (BATALLER 
et al. 1998) and in those presenting tense ascites it 
has been shown that paracentesis followed by albu-
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min infusion is the treatment of choice, not having 
serious side effects. Similarly, the treatment of spon
taneous bacterial peritonitis has also improved 
(NAVASA et al.I997). Until very recently, this compli
cation was lethal, but with the administration of 
non-nephrotoxic antibiotics the infective episode 
may be solved and its recurrence may be prevented 
by the chronic administration of quinolones. Finally, 
some years ago variceal bleeding was a major cause 
of death without an effective treatment. The avail
ability of drugs to control the bleeding episode and 
the development of endoscopic sclerotherapy has 
reduced the initial mortality due to bleeding 
(D' AMICO et al. 1995) and, thus, expanded the sur
vival of the patients. All these aspects prompted us 
recently to reevaluate the natural history of patients 
with untreated HCC diagnosed at an intermediate 
stage. As previously described, patients diagnosed at 
an early stage and amenable for surgery, transplan
tation or PEIIradiofrequency are not enrolltd into 
randomized placebo controlled trials for obvious 
ethical reasons, but the lack of effective treatment 
for patients diagnosed at an intermediate stage 
prompted us to conduct randomized controlled tri
als to assess the benefits of trans arterial emboliza
tion (LLOVET et al. 1998) and of estrogen blockade 
(CASTELLS et al. 1995). The patients included in 
these trials were selected according to a previously 
established schedule aiming to have a homogeneous 
population and to avoid patients with very poor 
prognosis in whom the treatment is unlikely to have 
an impact on survival. On the other hand they were 
not submitted to radical treatment because of their 
baseline conditions (usually advanced tumor stage) 
that contraindicated these procedures. Thm:, the 
analysis of these untreated patients has provided not 
only the outcome that should be expected in patients 
diagnosed nowadays with HCC at an intermediate 
stage, but also the minimal survival that should be 
achieved in patients with HCC at an earlier stage 
who are submitted to invasive and risky procedures 
such as transplantation. In that regard, we have 
found that the 1-, 2- and 3-year survival of these 
patients is as high as 54%, 40% and 28%, re~pec
tively. Furthermore, the analysis of the prognostic 
factors of these untreated patients disclosed that the 
main predictors of the outcome are the presence of 
cancer related symptoms (constitutional syndrome, 
impairment of the performance status) and th€ ex
istence of an aggressive tumor phenotype (evi
denced by vascular invasion or extrahepatic spread). 
Therefore, the 3-year survival of the subgroup of 
patients without any adverse characteristic exct~eds 
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50% while it is less than 10% in the subgroup having 
at least an adverse factor (LLOVET et al. 1999). It has 
to be emphasized that the impressive survival of the 
favorable group is the same or even better than the 
outcome of some of the published series of 
unselected patients with a theoretically well com
pensated liver disease submitted to surgical resec
tion, or the outcome of some cohorts of patients 
with less advanced tumors submitted to transplanta
tion. Furthermore, these figures also exceed the data 
of historical series describing the survival of un
treated patients with small solitary HCC on com
pensated cirrhosis. Accordingly, in the present day 
the evaluation of the survival of patients with HCC 
at an intermediate stage entered into phase II trials 
to investigate options such as large volume ethanol 
injection, transarterial embolization followed by 
ethanol injection or the use of new antineoplastics 
should carefully analyze the characteristics of the 
patients to establish to which strata they belong and, 
thus, estimate their baseline life expectancy. Simi
larly, the calculation of the sample size of random
ized control trials should be based on these recent 
survival data. Otherwise, the trials will be hampered 
by a severe type II error and their conclusions may 
not be realistic (SIMONETTI et al. 1997). 

16.5 
Summary 

It has to be emphasized that several advances have 
been made during the last few years: the diagnosis 
can be achieved at stages at which some potentially 
useful options may be applied; their indication and 
application have been refined; and, finally, addi
tional approaches, such as percutaneous treatment, 
are now available. In the next few years, new thera
peutic modalities including gene therapy will be in
troduced. Their usefulness will have to be defined 
through well designed clinical trials, which will 
hopefully demonstrate an unequivocal improve
ment of the survival of the patients diagnosed with 
this so far devastating neoplasm. 
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17.1 
Introduction 
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Hepatocellular carcinoma (HCC) is associated with 
liver cirrhosis in 80% of cases and when the tumor is 
diagnosed, the very poor hepatic function, due to the 
underlying liver disease, is so frequent that extended 
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surgical resection is contraindicated in most cases. 
Because of the poor prognosis of nonresectable 
H CC, an aggressive approach is justified. Systemic or 
intraarterial chemotherapy has been used for years 
but has such a poor objective response rate in any of 
the large reported series that it has almost been 
abandoned. At the same time, the treatment of HCC 
by transcatheter arterial embolization (TAE) of the 
hepatic artery (ROCHE 1978) and then by combina
tion of occlusion and regional chemotherapy 
(transcatheter hepatic arterial chemoembolization, 
TACE) has been investigated and developed since 
the 1970s. In the early 1980s, the ability of Lipiodol 
to selectively target hepatic tumors when injected 
intraarterially was reported by Japanese authors and 
developed as a complementary therapeutic tool; and 
nowadays transcatheter hepatic arterial treatments 
such as TAE, TACE, Lipiodol-TACE (L-TACE) or 
Lipiodol chemotherapy (L-TAC) play an important 
role in the therapeutic management of HCC. 

17.2 
Rationale 

Most of the blood supply to hepatic tumors is de
rived from the hepatic artery. Consequently, the ba
sic concept of TACE is to deliver a high dose of che
motherapeutic agents directly to the liver, since arte
rial obstruction results in extensive tumor necrosis 
caused by ischemia. The advantage of TACE admin
istration of an anticancer agent as compared with its 
systemic infusion lies in its first pass effect. For this 
reason, the more elevated the total body clearance of 
the therapeutic agent is, the more arguments there 
are to use it intraarterially. Moreover, this advantage 
is proportional to the extraction coefficient of the 
drug. Finally, it is also reversely proportional to the 
blood flow of the artery in which it is infused. 

The main goals of TACE are: 
- Tumor necrosis after ischemia induced by embo

lization 
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- Increased drug concentration into the tumor by 
selective arterial injection intensified by the arte
rial flow slow-down induced by embolization 
(decreased washout and increased contact dura
tion). An intraarterial injection may raise up to 20 
times the local drug concentration that would be 
obtained from an i.v. injection and embolization 
allows a threefold increase in tumoral doxorubi
cin concentration from an hepatic artery injec
tion (SIGURDSON et al. 1986) 

- A theoretically increased efficiency of certain 
drugs (doxorubicin, mitomycin) in ischemic tu
mors 

- Better hepatic clearance of the drug resulting in a 
diminution of systemic concentrations. For in
stance, 5-FU and doxorubicin have extraction 
rates of 90% and 60% respectively, leading to 
lower systemic concentrations in spite of an in
creased tumoral exposure to the anticancer agent 
(Table 17.1). 

Table 17.1. Pharmacokinetic characteristics of the main anti
cancer drugs 

Drug 

Adriamycin 
Cisplatin 
5-FU 
Mitomycin 
Fluxoridin 
Streprozotocin 

17.3 
Techniques 

17.3.1 

Total body Hepatic 
clearance (1!min) extraction (%) 

0.4 20-60 
0.3-0.5 0 
2.5 50-80 
0.6 4-18 
2.8 90 
0.4 5 

Perioperative Management 

Good pre- and postoperative i.v. hydration must be 
carried out to prevent nephrotoxicity from contrast 
media, chemotherapeutic drugs and uric acid for
mation from tumoral necrosis. TACE must be done 
under hemodynamic monitoring. Arterial blood 
pressure, pulse rate, oxygen saturation and cardio
scope monitoring are followed. Neuroleptanalgesia, 
prior to TACE, may be obtained with i. v. fentanyl and 
midazolam. Some authors have reported that in
traarterial administration of lidocaine, just prior to 
and during TACE, permitted a marked reduction in 
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the amount of narcotic analgesia (MOLGAARD et a1. 
1990). 

Hospitalization, after cpemoembolizatior., aver
ages 72 h while liver function tests, creatini:1e and 
complete blood count are monitored daily. Patients 
generally receive 3 I of intravenous fluid a day. Anal
gesics and anti-inflammatory drugs are routinely 
given to minimize the post-embolization syndrome 
and broad-spectrum antibiotics are given intrave
nously during hospitalization, starting just before 
the procedure and maintained for 5 days. A mor
phine sulfate drip infusion may be required in some 
patients to achieve complete postprocedural. pain 
control. 

17.3.2 
Catheterization and Injections 

Initial angiography is performed for each session, in 
order to evaluate hepatic portal perfusion, arterial 
feeders of the tumor(s), portal and hepatic vein tu-· 
mor thrombus, arterio-portal shunt, esophageal va-· 
rices and portal hypertension signs. After placement 
of a SF sheath, hepatic arteriography and superior 
mesenteric arterial portography are performed with 
a 4 or SF catheter. The same catheter is gent·rally 
used for both angiography and treatment unless 
technical difficulties prevent selective catheteriza
tion, in which case a coaxial 3F micro-catheter sys
tem is used. Hydrophilic polymer-coated guidewires 
and catheters account to a large extent for the suc
cess of selective catheterization, whatever the ana
tomical or hemodynamic situation is. 

In each appropriate artery, an emulsion of th( an
ticancer drug in Lipiodol is first injected; the embo
les are then pushed until blood flow is at least slowed 
down. When multiple tumors are disseminated in 
both lobes, the treatment may be given into the 
proper hepatic artery, distal to the gastroduodenal 
artery origin. In the case of single tumor or small 
HCC, the catheterization and the treatment she uld 
be superselective. Whenever the hepatic artery is oc
cluded, an attempt must be made to catheterize ex
trahepatic collaterals eventually supplying the liver. 

Multiple sessions are generally recommended, the 
rhythm of which differs in the literature from a sys
tematic cure every 2 months to treatment only on re
quest when the tumor grows or markers increase. 
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17.3.3 
Anatomy 

17.3.3.1 
Variations in Arterial Supply 

The high frequency (close to 50%) of accessory he
patic arteries, arising from the superior mesenteric 
artery, the left gastric, as well as from the gas
troduodenal or the aorta, is well known. When selec
tive catheterization of such a branch is found to be 
time consuming, it may be useful to ligate it with 
coils for redistribution at the end of the first session 
of TACE. Thus, proximal endovascular ligation of a 
replaced left hepatic artery originating from the left 
gastric may be a useful maneuver, as its repeated 
selective catheterization frequently proves to be un
certain. 

When the proper hepatic artery is occluded, he
patic vascularization is assumed by collateral circu
lation, which is to be systematically explored: duode
nal pancreatic, inferior phrenic, left gastric, intercos
tal, lumbar, internal mammary arteries (Fig. 17.1). 

When developing in a subcapsular and extra
peritoneal area of the liver, hypervascular HCC may 
be spontaneously partially vascularized by some 
posterior parietal pedicles (mainly inferior phrenic 
artery) for the dorsal and internal territory of the 
right lobe (segments VI or VII) (Xu and YAN 1993), 
or by the superior phrenic artery (terminal branch 
of the internal mammary) for the anterior and cra
nial territories (mainly segments IV and III) (KIM et 
al. 1995). When the tumor is so located in the liver, 
these arteries should be systematically assessed each 
time tumor filling by Lipiodollooks incomplete on 
CT after L-TACE via the proper hepatic artery (Fig. 
17.2). One should also pay attention to these arteries 
when biological and morphological responses are 
still incomplete despite apparently complete treat
ment of the tumor via the hepatic artery alone. 

17.3.3.2 
Extrahepatic Branches of the Hepatic Artery 

The hepatic artery gives more or less constant extra
hepatic branches. The cystic artery generally arises 
from the right hepatic, but may also originate from 
the left hepatic, in almost 10% of cases. The right 
gastric artery originates from the proper hepatic 
(50%) or the left or middle hepatic artery (45%), but 
it originates from the right hepatic artery in 5% of 
cases. Each time it looks atraumatic to catheterize 
the hepatic arteries downstream from the cystic 

a 

Fig. 17.1a,b. Collateral circulations for the liver. a Schematic 
representation of main collateral circulation sources for the 
liver: duodenal pancreatic (1), inferior phrenic (2), left gas
tric (3), intercostal and lumbar (4), internal mammary (5). b 
Right internal mammary artery participating in the vascular
ization of subcapsular cranial and anterior HCC nodules 

and/or the gastric arteries before therapeutic injec
tion, one should do this, in order to totally avoid 
gallbladder or gastric complication. 

In 11 % of cases, several duodenal branches origi
nate from the hepatic artery downstream from the 
origin of the gastroduodenal and the supra duodenal 
artery; commonly the first main branch of the gas
troduodenal originates from the proper or the right 
hepatic artery in 4% of cases. As it gives important 
feeders to the common bile duct as well as for the 
duodenum and the pancreas, TACE must be deliv
ered downstream from its origin. 

b 
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Fig. 17.2a-c. Subcapsular posterior HCC mainly fed by an 
extra hepatic artery. The tumor, (arrows), presents a very 
poor Lipiodol uptake on CT control (a) 3 weeks after the first 
L-TACE via the hepatic artery. During the second session, 
opacification of the right inferior phrenic artery (b) showed 
that it massively participated in tumor vascularization (ar

rows). After complementary L-TACE via the inferior phrenic 
artery, tumor Lipiodol uptake appeared satisfactory (c) 

An accessory left gastric artery may ongmate 
from the left hepatic artery, at the upper part of the 
hepatic ligament (Fig. 17.3). This variation occurs in 
3% and 15%, respectively, of the Caucasian and 
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Asian population. It explains some gastric complica
tions after TACE despite apparently selective hepatic 
catheterization. Exceptionally a dilated hepa:ic faki
form artery, arising from the left hepatic artery, may 
be demonstrated. It should then be ligated by 
endovascular maneuvers prior to TACE, to prevent a 
possible supraumbilical skin rash 

All these extrahepatic branches (including the 
gastroduodenal artery) may be protected against ad
verse effects of TACE by previous endovascul ar liga-

Fig. 17.3a,b. Accessory gastric artery originating from tl: e left 
hepatic artery. This anatomical variation must be iden"ified 
before treatment. a The gastric accessory artery (arrow

heads) originates from the distal portion of the left hepatic 
(arrow). Selective opacification (b) shows its territory (1pper 
fundus), drainage in the left gastric vein (arrowheads) and 
anastomosis with the left gastric artery territory (anows) 
and the left inferior phrenic (crossed arrow) participating in 
the vascularization of the cardia 

a 

b 
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tion with coils or micro coils when, for any reason, tal resection and percutaneous ablation techniques. 
the therapeutic liver infusion has to be performed 
upstream to their origin. 

17.3.3.3 
Hemodynamics 

Under various pathologic conditions leading to an 
increased demand for arterial supply to the liver, 
such as very hypervascular HCC, arteriovenous 
shunting, and associated low intrahepatic portal 
blood perfusion, the direction of flow in the gas
troduodenal artery may reverse to a hepatopetal di
rection, acting as collateral supply to the liver. 

Celiac trunk stenosis or compression by the me
dian arcuate ligament is encountered in about 10% 
of patients. When it occurs, the superior mesenteric 
artery provides a blood supply to the liver, the stom
ach and the spleen through the pancreatic vessels 
and there is a reversal of blood flow in the common 
hepatic artery as well as in the gastroduodenal ar
tery. 

In these situations, catheterization with coaxial 
microcatheters, generally via the superior mesen
teric artery, is mandatory for safely and selectively 
treating the liver (OKAZAKI et al. 1993) (Fig. 17.4}. 

17.3.4 
Segmental Lipiodol Chemoembolization 

Segmental or subsegmental L-TACE is confined to 
the tumoral area after selective catheterization. It is 
considered more efficacious upon the tumor, mainly 
because - due to more or less wedge therapeutic in
jections - Lipiodol-induced ischemia and chemo
therapy concern the local portal radicles as well as 
the feeding arteries. Drug delivery to the tumor and 
portal filling may be enhanced by simultaneous tem
porary occlusion of the corresponding hepatic vein 
with a balloon catheter (OKAZAKI et al. 1997). Com
plete tumor filling with Lipiodol can be achieved 
along subsegmental L-TACE in more than 70% of 
patients, which is much more than after conven
tional transcatheter treatment, where it is obtained 
in about one-third of cases. It presents very few short 
term complications and none of liver function dete
rioration that may be associated with administra
tion of L-TACE in the whole liver (MATSUI et al. 
1993; OHNO et al. 1994). Nevertheless, its indications 
are limited to small and still asymptomatic tumors 
that are discovered along systematic screening pro
grams, and are broadly the same as those of segmen-

17.3.S 
Drugs 

Regardless of regimen, systemic chemotherapy very 
rarely gives in excess of a 30% response rate and 
does not affect survival. It has also been reported 
that doxorubicin, one of the potentially most active 
drugs in HCC under i.v. administration, led to fatal 
complications due to cardiotoxicity in 18% of pa
tients. Lack of effects of chemotherapy might be 
caused by the expression of multidrug resistance 
gene, abnormal p53 function, tumor heterogeneity 
and/or poor delivery of the drug to the target. Con
sequently, TACE has to deal with poor effective che
motherapeutic tools and must take care of possibly 
severe general and hepatic adverse effects. Doxoru
bicin and cisplatin are the two most frequently used 
drugs for TACE. In the literature, doxorubicin has 
been reported as being associated with less necrosis 
and survival than cisplatin (KASUGAI et al. 1989; 
MAJNO et al. 1997), and for these authors, cisplatin is 
routinely preferred, except when renal failure is 
present. To minimize the general side-effects, the 
recommended dose/session and total maximum 
dose are generally the same as for systemic adminis
tration. Some have used higher doses (NAKAMURA 
et al. 1990) that were well-tolerated but did not sig
nificantly improve the results. 

The rationale for adding chemotherapy to embo
lization is theoretically evident. However, a random
ized study failed to demonstrate any enhancement of 
the therapeutic effect when adding cisplatin to TAE 
(CHANG et al.1994). 

17.3.6 
Embolization 

Many embolic materials are available but Gelfoam 
fragments are generally preferred because a benefi
cial recanalization occurs after 3-4 weeks, allowing 
repeated sessions by the same main pedicles. Ivalon 
causes more durable vascular occlusion and is re
sponsible for flow redistribution into collateral ves
sels. Considering the so-called "normal" paren
chyma, the less it is perfused by the portal vein, the 
less aggressively it should be embolized via the ar
tery. Regarding the intensity of the induced is
chemia, the most important parameter of the embo
lization material is the particle size. The smaller it is, 
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the more distally the occlusion will be located and 
the less the collateral circulation will develop. One
to 5-mm Gelfoam particles, which have been soaked 
in contrast medium, are embolized into the artery 
until a markedly diminished flow is observed. Par
ticle size and arterial slow-down intensity (as evalu
ated under fluoroscopy) are adapted to the status of 
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Fig. 17.4a-e. L-TACE in a patient with celiac trunk stenosis 
due to the arcuate ligament. a The superior mesenter ic arterv 
provides blood supply to the liver and the spleen; catheteriza
tion of a duodenal pancreatic artery (arrow) (5, sp lenic ar
tery; H, common hepatic artery; h, right hepatic artery); 
hypervascular HCC of the right lobe (b) (arrows). c ~;electivf.' 
catheterization of the right hepatic artery via a dlodenal· 
pancreatic arcade with a coaxial micro catheter. Initial C1 
showing the tumor (arrows) (d) and controlS years later (e) 

the hepatic portal perfusion, being less aggressive 
(larger particles and lesser degree of arterial slow
down) in cases of poor hepatic portal perfusion. 
Consequently, Gelfoam powder is generally avoided 
for embolizing the whole liver in cirrhotic patients, 
in whom it is responsible for a 17% early mortality 
rate (STUART et al. 1993). On the other hand, 
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Gelfoam powder may - or even should - be used 
when hyperselective catheterization of the tumor 
feeders can be achieved, so that the nontumoral pa
renchyma will not be affected by ischemia. In pa
tients with advanced cirrhosis, some authors have 
proposed using autologous clot as an embolizing 
agent, in order to minimize the adverse effects of 
ischemia upon the liver parenchyma (GUNJI et al. 
1992). 

Coils are generally used to perform endovascular 
ligations, either to protect an extra-hepatic branch 
from TACE or to redistribute the liver arterial supply. 
Coils are generally contraindicated as embolic mate
rial for TACE itself since it produces proximalliga
tion of the hepatic artery, which induces almost no 
ischemia but massive development of collateral 
pathways that will impede later sessions (as well as 
surgical ligation). 

Embolization has been considered to be an effi
cient treatment in HCC since the 1970s (ROCHE et al. 
1978). Recently, in a prospective trial, the I-year sur
vival rate after L-TACE (86.3%) proved to be superi
or to survival after L-TAC (65.9%) (HATANAKA et al. 
1995). BRUIX et al. (1998) assessed the effects of 
transarterial embolization (Gelfoam particles ± 
proximal coils) on the survival of patients with 
nonresectable HCC. Patients were randomized to 
embolization or symptomatic treatment. Fifty-five 
percent of the embolized group exhibited a partial 
response, resulting in a significantly lower probabil
ity of tumor progression during follow-up. Each 
time the patient does not present any of the 
contraindications for embolization, it should there
fore be part of the transcatheter arterial treatment. 

17.3.7 
Lipiodol and Emulsions 

17.3.7.1 
Lipiodol 

Fixation of Lipiodol in hypervascular tumors after 
intraarterial injection has been demonstrated for 
many years. It was first used as a diagnostic tool, due 
to this property of targeting and remaining fixed in 
tumors. Its kinetics have been studied by MILLER et 
al. (1987), who demonstrated Lipiodol deposition in 
tumoral and peritumoral vessels as well as its migra
tion across the vessel wall to come and persist into 
close contact to the tumoral cells. The increased per
meability of neoplastic vessels, and the absence of 

reticulo-endothelial cells inside the tumors, may ex
plain these phenomena. 

When injected into the arteries of the liver, 
Lipiodol has four major effects: 
1. Lipiodol is preferentially uptaken in tumor tissue 

with ratios between Lipiodol in tumor/Lipiodol 
in healthy liver equal to 4.3-3.6 in hepato
carcinoma (RAOUL et al. 1988). This fixation lasts 
much longer in the tumor than in the healthy 
liver, with Lipiodol penetrating the tumor cells 

2. Lipiodol slows down the arterial circulation. In
deed, Lipiodol acts as a plastic embolic agent, ad
justing itself to the size of the vessels it must go 
through, to such an extent that it enters the portal 
circulation. This embolic effect is temporary, so 
that any Lipiodol which is not fixed in the tumor 
tissue finally exits via the capillaries into the he
patic vein system 

3. Through the presinusoidal arterio-portal anasto
mosis, the Lipiodol reaches the portal veins (KAN 
et al. 1993), and its pharmacokinetic benefit and 
efficacy are at least partially ascribed to this abil
ity to penetrate both the arterial and the portal 
supply of tumors (KAN 1996). As it reaches the 
portal system, it induces transient portal hyper
tension (SATO et al. 1993), and particular atten
tion should be paid to cirrhotic patients with a 
potential risk of bleeding due to grade III or IV 
esophageal varices 

4. It has a vascular selectivity for large (and mainly 
tumoral) arteries (DE BAERE et al. 1995). 

When injected into arteries, emulsions of 
Lipiodol and anticancer drugs have demonstrated a 
pharmacokinetic benefit as compared to drug alone 
(NAKAMURA et al.1989; FUKUSHIMA et al.I992).This 
benefit can be due to either of the effects of Lipiodol. 
The slowing down of the blood flow definitely in
creases the duration of contact between drug and tu
mors. The associated portal infusion as well as the 
tumor selectivity of Lipiodol might also favorably 
influence drug targeting. Most authors claim that the 
addition of Lipiodol contributes to prolonging sur
vival (UCHIDA et al. 1993). Clinically, the I-year sur
vival rate of hepatocarcinomas treated with a 
Lipiodolldoxorubicin emulsion is correlated with 
Lipiodol uptake in tumors (VAN BEERS et al. 1989) 
although Lipiodol has not been demonstrated to 
have any antitumor properties (TAKAYASHU et al. 
1987). Massive uptake of Lipiodol by the tumor 
seems to be associated with a lower local recurrence 
rate (MATSUI et al. 1993; MURAKAMI et al. 1994). In a 
randomized trial, YOSHIKAWA et al. (1994) demon-
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strated that infusion of Lipiodo1!drug emulsion for 
treatment of HCC was significantly more effective 
on response rate and survival than the drug alone. 
The 4-year survival of HCC is higher for patients 
treated with L-TACE (13%) than with TACE (3.4%) 
(NAKAMURA et al. 1994). Nevertheless, some reports 
are conflicting, showing equal survival in patients 
who do not receive Lipiodol (HATANAKA et al. 1995). 

17.3.7.2 
Emulsions 

Anticancer agents can be theoretically mixed with 
Lipiodol under three main categories: suspension, 
solution or emulsion. Manual suspension of drug 
powder into Lipiodol does not allow homogeneous 
and safe repartition of drug in the mixture. Very few 
anticancer drugs are liposoluble and efficient drugs 
against HCC cannot be easily solubilized in Lipiodol. 
Consequently, emulsion is generally preferred and 
intraarterial injection of emulsions of Lipiodol with 
drugs is nowadays widely used for the treatment of 
liver tumors. 

Selectivity and hemodynamic properties of 
Lipiodol depend on the type of emulsion one uses. 
For instance, the ratio between uptake in the lung 
and in the lung plus liver is 49% and 19% respec
tively for pure Lipiodol and water-in-oil emulsions 
(DE BABRE et al. 1996a). On the basis of experimental 
studies (DE BABRE et al.1995, 1996a), one should be 
warned about the use of small-droplet oil-in-water 
emulsions that have a low embolic effect, high lung 
uptake and a low ratio of tumor to nontumorous 
liver uptake. On the contrary, large-droplet water-in
oil emulsions provide the best uptake of iodized oil 
by the tumor and induce a massive slow-down of the 
arterial flow. It is also to be noted that water-in-oil 
emulsions produce the strongest and, from a thera
peutic point of view, the most attractive embolic ef
fect on the portal system (DE BABRE et al. 1998). 

Moreover, in water-in-oil emulsions, drug drop
lets are protected in the Lipiodol until they are re
leased from Lipiodol when they reach arteries of an 
equivalent size. Consequently, a certain degree of 
vascular targeting for the drug can be expected from 
the emulsion when the size of the drug droplets cor
responds to the diameter of targeted vessels (DE 
BAERE et al. 1995). 

When mixing the two phases (oil and drug) with
out any particular precaution, one obtains a random 
direction of emulsion (either water-in-oil or oil-in
water) and no definite droplet size. Some precau
tions are needed to prepare the most efficient emul-
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sion for TACE with the conventional pu mping 
method, drug-in-Lipiodol with a size of druf drop
lets from 30 to 120 jlII1: 

1 Water phase volume must be smaller thm oily 
phase volume. Most drugs present as powd€ rs; the 
needed quantity (in mg) must be diluted in a 
smaller volume of water than the volu:ne of 
Lipiodol: for example, 8 ml of drug (in water 
phase) for 10 ml of Lipiodol 

2 Begin the pumping by firmly pushing all the drug 
in the Lipiodol (and not Lipiodol in the drug); 
maneuvers 1 +2 will establish the water-in-,)il di
rection of the emulsion 

3 Then perform 20 complete and vigorous pushes 
and pulls (from one syringe to the other) th:-ough 
the stopcock; this allows the preparation of drop
lets of drug ranging from 30 to 120 jlII1 (>70% 
being between 70-100 jlII1). 

17.3.7.3 
Dose 

The generally recommended dose of Lipiodol is < 10 
ml for each session. Some recommend using a dose 
of Lipiodol (in ml) equal to 1-1.5 times the tumor 
diameter (expressed in cm) (NAKAO et al.I994). One 
author recommends using a higher dose of oil (> 15 
ml) (01 et al. 1994) to induce massive overflow of 
iodized oil (and of the supposed link drug) from the 
hepatic artery into the portal vein through the 
arterioportal communications. Nevertheless, it has 
been demonstrated that severe pulmonary compli
cations related to intraarterial injection of Lipiodol 
were correlated to the dose and appeared for d )ses 
close to 20 ml (CHUNG et al. 1993). 

17.4 
Contraindications 

As normal liver parenchyma is supplied both by he
patic artery and portal vein, it does not necrose fol
lowing arterial embolization if its portal supply is 
normal. Consequently, when the main portal vein is 
occluded, or presents a reversal of flow due to portal 
hypertension or porto-caval surgical shunting, com
plete hepatic artery occlusion is contraindicated. 
Nevertheless, it does not contraindicate Lipiodol in
jection, the oil being a very transient occlud: ng 
agent for the normal liver tissue. 

Pericholangitis and parenchymal focal necro.,es 
have been experimentally described after injection 
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of Lipiodol alone in the hepatic artery, and up to 
12.5% of bile duct injuries have been reported after 
L-TACE, as a result of microvascular damage to the 
peribiliary capillary plexus. Local drug toxicity is 
probably amplified by the transient embolic effect of 
Lipiodol in the peribiliary plexus. As a consequence 
of this toxicity of L-TACE upon the bile ducts, TACE 
should be avoided in any liver territory presenting 
dilated bile ducts, except after drainage. 

Transcatheter treatments may progress to irre
versible hepatic failure in patients with severe he
patic dysfunction. So high is this risk that Child's C 
and Okuda III patients are broadly considered as 
contraindicated for intravascular locoregional treat
ments. Elevated total bilirubin (>50 !lJllolll), serum 
GOT/AST more than 200 U/I, or ascites are predict
ing factors for severe complications and should be 
considered as contraindications in cirrhotic patients 
as well. 

Esophageal varices need care because they may 
rupture immediately after treatment. If there is any 
risk of rupture, it is recommended that endoscopic 
sclerotic therapy be conducted before treatment. 

Pulmonary contraindications for lymphography 
must be respected when using Lipiodol intraarteri
ally, as the oil that is not retained in the tumor will 
also block the lung capillaries. 

17.5 
Side-Effects and Complications 

The normal post-embolization response of nonspe
cific symptoms such as nausea, fever, and pain can 
be associated with significant leukocytosis and in
crease in liver enzymes. This syndrome may be diffi
cult to differentiate from infection; it is related to 
tissular necrosis and experienced to a variable de
gree by all patients. Clinical symptoms last 48-72 h 
in most cases. Biologic cytolysis is invariably present 
but recedes within 7-10 days. The syndrome is 
treated symptomatically and, in most cases, de
creases in severity with subsequent chemo
embolizations. The overall treatment mortality, 
highly dependent on the severity of the associated 
cirrhotic liver disease, is generally reported as 2% to 
7%. 

The normal organs, such as liver parenchyma, 
gallbladder and bile ducts, stomach, duodenum, or 
even pancreas, located in the distribution of the he
patic artery, are - or may be - also infused in addi
tion to the tumor. Complications from local ischemic 

and/or drug toxicity include hepatitis, cholecystitis, 
sclerosing cholangitis, gastroduodenal ulcerations 
and hemorrhage. In order to achieve the maximum 
effect of chemotherapy and minimize the local com
plications of TACE, the vascular anatomy and hemo
dynamics of the liver and its adjacent organs should 
be carefully evaluated before treatment. Infarction of 
these organs is a rare complication, but prevention of 
passage of embolus and drug into the cystic artery is 
frequently impossible and cholecystitis occurs in 
10%; it should be treated conservatively. 

Severe symptoms related to pulmonary oil embo
lism are very rare. It has been only reported in pa
tients who had received more than 20 ml of Lipiodol; 
these patients suffered from cough, hemoptysis, dys
pnea, and decrease in arterial partial pressure of 
oxygen, that developed 2-5 days after treatment and 
generally cleared 1-4 weeks later. 

Passage of the embolus or chemotherapy into gas
troduodenal, splenic or superior mesenteric arteries 
is prevented by highly selective catheterization and 
slow injection. If reflux occurs, the patient may re
spectively experience ischemic pancreatitis, splenic 
infarction or subacute intestinal obstruction. 

Vasculitis occurs along the courses of TACE in 15-
20% of patients. It may result either from intimal 
damage secondary to catheter manipulations or as a 
consequence of the chemotherapy injection. This 
drug toxicity for the endothelium accelerates degra
dation of the main hepatic arteries and might there
fore reduce the feasibility of further chemo
embolizations unless suitable collaterals are avail
able for catheterization. In an experimental study we 
demonstrated that adriamycin was more aggressive 
against arteries than cisplatin; other authors re
ported that, in TACE sessions, vasculitis was corre
lated to cisplatin and associated embolization. 

Renal failure is a frequent complication if a very 
active pre- and postoperative i.v. hydration is not 
carried out. Hepatic failure, demonstrated by jaun
dice and ascites, may occur in all patients with asso
ciated cirrhotic disease. 

Tumor rupture, over the hours or days following 
TACE, has been reported and is generally respon
sible for fatal complications. 

Tumor necrosis is desirable but, in huge tumors, it 
can sometimes also injure the surrounding bile 
ducts, leading to biloma formation (INOUE et al. 
1991a) (Fig. 17.5). 

Necrosis and liver abscess of the liver paren
chyma occur in less than 1 % of cases, but are among 
the more severe complications encountered after 
TACE. Bile contamination, associated bile duct inju-
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Fig.17.5a-c. Massive tumor necrosis, with bile duct damage, 
after ten sessions of L-TACE to control a huge HCC (lO-year 
survival). a Huge, single but nonresectable tumor (arrows). 
Excellent response at 8-year follow-up (after ten sessions 
along 4 years) (b). At 10-year follow-up, the tumor is con
trolled but the patient presents tumor necrosis communicat
ing with bile ducts (biloma) and hepatic duct stenosis (ar
row) (later treated by metallic stenting) (c) 

A, Roche 

ries and, above all, bilio-enteric anastomoses should 
be considered as major risk factors for liver abscess 
formation after TACE (DE BAERE et al. 1996b,l. Ret
rograde enteric bacterial contamination in most of 
these patients transforms TACE from a clean proce
dure to a contaminated one, which indicates anti
biotic therapy as treatment, as opposed to pr'Jphy
laxis. Cephalosporin with cefazolin, or amoxicillinl 
clavulanate, has yielded good results in this fie 'd. 

17.6 
Indications and Results 

17.6.1 
Response 

In the different series, transcatheter arterial treat
ments lead to about 50% of complete responses and 
25% of partial responses on elevated alpha
fetoprotein level. Complete morphological resp<mse 
is exceptional on the basis of the World Health 0 rga
nization standard criteria, as some scar image nt'arly 
always persists. In the literature, complete plus par
tial morphological responses are reported in about 
45% of cases (25-60%) and, interestingly, most of 
the responses occur before the third session of treat
ment (BISMUTH et al. 1992). 

Tumor necrosis after transcatheter arterial treat
ments has been reported through series of operated 
patients (Table 17.2), and the corresponding data ap
ply mainly to small tumors. 

The treatment appears to be most efficacious for 
HCC forming single nodules and presenting an ex
panding growth pattern, as opposed to the rep lac ing 
and massive growth types where complete necrosis 
was not encountered (HASHIMOTO et al. 1995). 

Table 17.2. Reported percentage of tumor necrosis a fter 
transcatheter arterial treatments 

Study Treatment 95-100% 
regimen necrosis 

TANAKA et al. 1992 L-TACE 
BISMUTH et al. 1992 L-TACE 

SPREAFICO et al. 1994 L-TACE 
or -TAC 

HIGUCHI et al. 1994 TAE 

20% 
26% 

36% 

Small HCC: 
70% 
Large HCC: 
44% 

50- 94% 
necrosis 

48% 

20% 

35% 
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In small HCC, complete necrosis is much more 
frequent and is correlated with the intensity of 
Lipiodol uptake by the tumor (SPREAFICO et al. 
1994) (Fig. 17.6). When necrosis is incomplete, re
sidual viable cells are found mainly in the extracap
sular zone of small tumors, whereas in large HCC 
they are located in the tumor interior (HIGUCHI et al. 
1994). 

17.6.2 
Survival 

In nonrandomized studies (Table 17.3), trans
catheter arterial treatments improve survival. As an 
example, in a comparative multicenter trial in which 
each treated patient was matched with an untreated 
one, the 1-, 2- and 3-year probabilities of survival 
were respectively 64%, 38% and 27% in the treated 
group and respectively 18%, 6% and 5% in the un-

Fig. 17.6a,b. HCC of the right lobe (a). Partial response 2.5 
months after the first session of L-TACE, correlated with a 
very intense uptake of Lipiodol (b) 

Table 17.3. Survival after trans catheter arterial treatments in 
nonrandomized studies 

Nonrandomized studies Survival (%) 

I year 2 years 3 years 4 years 

NAKAMURA et al. 1989 
L-TACE 54 

VETTER et al. 1991 
L-TACE 
Control 

YOSHIMI et al. 1992 
Child's A L-TACE 

Resection 
Child's B L-TACE 

Resection 

BISMUTH et al. 1992 
L-TACE 

NGAN et al. 1993 
L-TACE 

MATSUI et al. 1993a 

L-TACE 

BRONOWICKI et al. 1994 
L-TACE 
Control 

HATANAKA et al. 1995 
L-TACE 
TACE 
L-TAC 

59 
o 

78 
78 
89 
79 

44 

53 

100 

64 
18 

86 
80 
66 

33 

30 
o 

65 
61 
71 
55 

38 

38 
6 

18 

65 
47 
43 
37 

67 

27 
5 

65 
42.5 
21.5 
27.5 

27 

aAll patients with small HCC and treated with sub segmental 
L-TACE 

treated one (BRONOWICKI et al. 1994). 
When considering results in nonrandomized (as 

well as in randomized) studies, one should pay care
ful attention to patient selection, which greatly 
modifies spontaneous and post-therapeutic sur
vival; as demonstrated in Tables 17.3 and 17.4, sur
vival after L-TACE may be 5-7 times higher in HCC 
suitable (or almost suitable) for surgery as compared 
with survival in treated patients with unresectable 
tumors. 

Lipiodol accumulation pattern has been corre
lated to I-year survival (VAN BEERS et al. 1989) and 
to rate of local recurrence (MURAKAMI et al. 1994); 
the more complete the accumulation is, the better 
the prognosis. 

Considering the high risk of fatal complications, it 
is widely admitted that HCC associated with severe 
cirrhotic liver disease (Child's C or Okuda III) 
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Table 17.4. Five-year survival after L-TACE 

Studies 5-year survival (%) 

YAMADA et al. 1985" 6 
ROCHE 1991" 7.5 
UCHIDA et aI. 1993" 9 
NAKAMURA et aI. 1994" 8 
BRONOWICKI et al. 1996b 

L-TACE 47 
Resection 43 
Transplantation 48 
Untreated 0 

"Patients with unresectable tumors 
bAll patients with anatomically operable tumors 

should not be treated by transcatheter arterial ap
proaches. Nevertheless, promising results have been 
reported in patients with advanced cirrhosis, in 
whom Gelfoam was replaced by autologous clot, 
with a 2-year survival of 100% and 50% respectively 
in Child's Band C (GUNJI et al. 1992). 

Surprisingly, randomized studies have failed to 
show statistically significant gain in the treated 
groups (Table 17.5). Despite a 33% response rate, 
survival was not improved in a group of patients 
treated by TACE with doxorubicin and Gelfoam 
powder (PELLETIER et al.1990). In another random
ized trial, the I-year survival after L-TACE was 
higher than in a control group but the difference was 
not significant (Groupe d'etude et de traitement de 
l'hepatocarcinome 1995). In a study comparing TAE 
with symptomatic treatment there were no differ
ences in survival at 2 and 4 years (BRUIX et al.I998). 
PELLETIER et al. (1998) recently compared L-TACE 
(Gelfoam particles, Lipiodol-lecithin -cisplatin emul
sion) + tamoxifen with tamoxifen alone. An objec
tive tumoral response was more frequently observed 
in the treated group (24% vs 5.5%); the relative risk 
of death in the treated group as compared with the 
tamoxifen group was 0.92; but L-TACE caused two 
deaths, and it induced signs of liver failure in 51 % of 
the patients. No difference in survival was noted be
tween the two groups. 

These disappointing results, despite a proved re
duction of tumor growth, might be related to the 
rather aggressive approaches adopted in these pro
tocols, which accounted for deterioration of liver 
function, and even early liver failure in some pa
tients. Differences from these European studies and 
Asian series might also be due to the high prevalence 

of alcoholic liver disease in Europe, as compared 
with Asia, where posthepatitic disease is predomi
nant. 

A. Rocht· 

17.6.3 
Prognostic Factors 

Predicting factors for success of transcatheter arte
rial treatments have been studied by multiple teams 
(NGAN et al. 1993; BRONOWOCKI et al. 1994; 
MONDAZZI et al.1994; TANIGUCHI et al.1994; ~JRATA 
et al. 1994; HATANAKA et al. 1995) and the resdts are 
summarized in Table 17.6. In practice, there .He no 
rigid criteria today for excluding transcathetet treat
ments on the basis of adverse factors, but the ~.reater 
the risk for the patient, the more careful selection 
must be. 

17.6.4 
Treatment of Life-Threatening Complications 

Peritoneal bleeding due to tumor rupture is a fatal 
complication in 7.5% of HCC. It may occur dther 
spontaneously or be a complication of mhimal 
trauma or biopsy. Spontaneous ruptures seem more 
frequent in African and Asian patients and in HCC 
developing in patients with primary biliary cirrho·· 
sis. Extravasation of the contrast medium i!. fre·· 
quently diluted by ascites and is also difficulty dif· 
ferentiated from tumor staining on anteroposterior 
view. Consequently, if direct visualization of contrast 
medium leakage in the peritoneal cavity is a reliable 
sign, it is found in only 10-15% of cases (ROCHE 
1996). Successful hemostasis is initially achievl~d in 
all patients after emergency embolization (OKA lAKI 

Table 17.5. Survival after transcatheter arterial treatme.lts in 
randomized studies 

Controlled studies Survival (%) 

1 year 2 years 4 y<!ars 

PELLETIER et al. 1990 
TACE 24 
Control 31 

Groupe d'etude ... 1995 
L-TACE 62 
Control 43,5 

PELLETIER et al. 1998 
L-TACE 51 24 
Control 55 26 

BRUIX et al. 1998 
TAE 49 13 
Control 50 27 
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Table 17.6. Prognostic factors for survival after transcatheter 
arterial treatments 

Study Treatment Significant predictive 
regimen factors for survival 

TANIGUCHI et al. 1994 TAE Nonadvanced cirrhosis 
and uninodular tumor 

URATA et al. 1994 L-TAC Patient > SO years old 
Nodular type 
Tumor size <5 cm 
Negative tumor invasion 

of the portal vein 
< 10 intrahepatic mets 
AFP <400 ng/ml 
Okuda stage I 

MONDAZZI et al. 1994 L-TACE Age 
or L-TAC Child-Pugh or 

Okuda grade 

Other main reported factors 

Total serum bilirubin 
Tumor size before 

treatment 
Degree of Lipiodol 

accumulation in the 
tumor 

Gelfoam use 
Changes in tumor size 

and AFP after 
treatment 

Encapsulated tumor 
Well-differentiated HCC 

et al. 1991; SOYER et al. 1993); there is a correlation 
between serum bilirubin level «3 mg/dl) and sur
vival (OKAZAKI et al. 1991); the mean length of sur
vival after embolization has been reported to be 
from 5.5 to 7 months in patients with low bilirubin 
level. 

Paraneoplastic syndrome is not unfrequent in 
HCC but life-threatening manifestations are excep
tional. Hypercalcemia is one, which may need emer
gency treatment and can benefit from TAE in se
lected cases. TAE has proved to be immediately effi
cacious in controlling circulating calcium level when 
hypercalcemia was due to tumoral secretion of hu
moral mediators which release calcium from bones 
(ROCHE et al. 1979). This rare indication (less than 
1 % of HCC and 10% of HCC with hypercalcemia) 
must be differentiated from hypercalcemia due to 
bone metastases, which are much more frequent in 
HCC. 

17.6.5 
Preoperative Treatment 

Transcatheter arterial treatments have been pro
posed as adjunctive therapy with surgical therapies 
in an attempt to shrink the tumor before resection 
or to control tumor growth before liver transplanta
tion, but its benefit is still controversial. 

For some authors its disadvantages are: increased 
peroperative technical difficulties related to perihe
patic adhesions or decrease in peroperative 
sonographic detectability of nodules, earlier recur
rence after resection, or even decreased survival for 
patients in whom preoperative TACE had induced 
partial necrosis (NAGASUE et al. 1989; ADACHI et al. 
1993). Malignant hepatocytes are less sensitive to hy
poxia than normal hepatocytes; this reduced sensi
tivity is also mediated through p53 and is less fre
quently abnormal in well-differentiated HCC (WANG 
et al. 1997). Consequently, when inducing incomplete 
necrosis, embolization might leave in place poorly 
differentiated cells and exhibit an aggressive behav
ior as compared with untreated patients where these 
more advanced clones might be partially impeded 
by the surrounding tumoral tissue (BRUIX et al. 
1998). In the same way, some have shown that incom
plete tumor necrosis after TACE could be a predis
posing factor to lung metastases (LIOU et al. 1995). 

For other groups, for whom preoperative TACE is 
considered as beneficial, it takes place in staging of 
the patients (Lipiodol CT) and represents the first 
palliation (SAVASTANO et al. 1994); it induces mor
phological downstaging in about 30% of cases (BIS
MUTH et al. 1992), with a mean reduction in tumor 
size of 32% (that is about 2.5 cm) (Yu et al.1993) that 
permits liver resection in some patients who, other
wise, had been unresectable; it is an effective treat
ment in patients awaiting liver transplantation 
(SPREAFICO et al. 1994). 

In large series (HARADA et al. 1996) there is no 
difference in survival of resected patients, either 
they have undergone preoperative TACE or not. Re
cently, MAJNO et al. (1997) found a subgroup of pa
tients (those who had downstaging after preopera
tive TACE) in whom the disease free interval and l
and 5-year survival were markedly improved when 
compared with those who did not receive preopera
tive TACE or were not downstaged by TACE. 

On basis of these reports, it might be reasonable 
to reserve "preoperative" treatment to unresectable 
tumors in an attempt to permit resection in some 
cases. In patients with resectable lesions or those 
who are planned for transplantation, preoperative 



268 

TACE might be beneficial as far as downstaging 
could considerably improve long-term survival; but, 
previously, it would be important to select candi
dates by defining predictive factors for significant 
tumor necrosis and shrinking after TACE. 

Fibrolamellar HCC tends to affect younger pa
tients without underlying liver disease. Prolonged 
survival for patients with advanced tumor stage is 
not exceptional, and curative liver resection sup
ports a more favorable prognosis than in HCC. Nev
ertheless, some tumors are so large at the time of di
agnosis that surgical resection is contraindicated. In 
a series of four patients treated with L-TACE we ob
tained stabilization in one case, and a decrease in tu
mor size in two allowing for subsequent hepatic re
section (SOYER et al. 1992). 

17.6.6 
Combined Treatments 

In order to achieve complete necrosis of the tumor, 
combined arterial and portal venous embolization 
has been proposed (NAKAO et al.1986; YAMAKADO et 
al. 1994). This very aggressive approach induced se
vere parenchymal infarction besides complete tu
mor necrosis, so that it indicated segmental surgical 
resection in 40% of the reported cases. Considering 
these side-effects, it should be reserved for very se
lected (and infrequent) cases with a small tumor lo
cated near the surface of the liver but nevertheless 
unresectable. 

Transcatheter arterial treatments combined with 
percutaneous ethanol injection (PEI) have also been 
evaluated. In one trial, patients had single encapsu-

l,. Roche 

lated large HCC (more than 3 cm) and were treated 
either with one session of L-TACE alone c'r pre
treated with L-TACE and submitted 2 weeks later to 
PEl (TANAKA et al. 1992); the combination of L
TACE and PEl significantly increased the morpho
logical response rate, the frequency of compkte ne
crosis and the 1-,2- and 3-year survival. In a ran
domized trial, the results of combined L-TAC E and 
PEl were compared with repeat L-TACE procl~durf's 
(BARTOLOZZI et al.1995) in large HCC (3-8 cm) with 
no more than two daughter nodules; compkte re
sponse rate, tumor recurrence and survival without 
recurrence were significantly better in the L-TACE/ 
PEl group, which also appeared to have fewer ad
verse effects on liver function. 

17.6.7 
Treatment of Postoperative Recurrent Hepato
cellular Carcinoma 

In recent years, and thanks to systematic screening, 
HCC could be more frequently diagnosed at an early 
stage and operated upon. However, it is quite clear 
that recurrence often occurs in residual liver, even if 
curative hepatectomy is performed. Re-resection is 
desirable in recurrent HCC if it can be completely 
resected; nevertheless, recurrent HCC presents as 
multiple metastatic foci in more than 54% of cases 
(PARK et al. 1993), which dramatically limits the in
dications for surgery. The usefulness of tl ans
catheter arterial treatments has been evaluated in 
such cases by different Asian groups, whose re,mlts 
are summarized in Table 17.7. 

Table 17.7. Postoperative recurrences: survival after transcatheter arterial treat-
ments 

Studies No. pts. Survival (%) 

1 year 2 years 3 years 4 years 5 years 

NAKAO et al. 1991 
L-TACE 66 88 57 42 27 
Oral chemotherapy 15 80 27 18 

NAGASHIMA et al. 1992 
L-TACE or L-TAC 86 82 29 7.7 

PARK et al. 1993 
L-TACE 87 74.7 55 

IMAI et al. 1995 
L-TACE 61 69 41 21 17 8 
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It appears that 1- and 2-year survival rates of pa
tients treated by TAE or L-TACE do not differ from 
those of a control group of patients with Child's A 
primary HCC treated with L-TACE alone (PARK et al. 
1993). It is also suggested that L-TACE is more effec
tive than oral chemotherapy (NAKAO et al.1991), that 
survival is better in small and single tumors, and 
that it is correlated to the absence of distant metasta
sis or portal vein involvement (IMAI 1995). Thus, 
transcatheter arterial treatments may be recom
mended as efficient tools for palliative control of tu
mor growth when postoperative recurrences occur. 

17.6.8 
Hepatocellular Carcinoma with Extended Portal 
Vein Thrombosis 

Endoluminal portal and/or hepatic vein invasion by 
a tumor cast is found by the pathologist in more 
than respectively 70% and 40%. During arteriogra
phy, the thrombus appears hypervascular in 2/3 to 3/ 
4 of cases. Progressive retrograde invasion of intra
hepatic portal radicles may lead to the complete oc
clusion of the main portal vein division, then its 
trunk and even sometimes its infra-hepatic tributar
ies. The intra-luminal evolution of hepatic vein inva
sion may be similarly extensive towards the inferior 
vena cava, the right atrium and even the pulmonary 
artery. Extended portal or hepatic vein invasion is a 
situation one has frequently to deal with in most 
non-Asian or African countries. In alcoholic liver 
cirrhosis, it is encountered at the time of diagnosis 
in 50% of patients who were not known to belong to 
a high risk group for HCC and, thus, who could not 
enter a systematic screening program. 

Extended portal vein tumor thrombus is associ
ated with poor spontaneous survival. Nevertheless, 
L-TACE or L-TAC (contraindications for emboliza
tion depending on the thrombus extension and the 
remaining hepatic portal perfusion) may be efficient 
treatments for controlling tumor growth. Lipiodol 
accumulation in the tumor thrombus has been docu
mented, as well as necrosis of the thrombus after 
treatment was demonstrated (DERHY et al. 1990; 
KATSUMORI et al.I993). As portal vein thrombosis is 
generally considered as contraindicating extended 
surgery, patients whose tumor thrombus disappears 
after treatment may sometimes be operated on 
(KATSUMORI et al. 1993). 

Even if prognosis of this type of HCC is still poor 
when compared with tumors that do not involve the 
portal vein or its first branches, L-TAC and/or L-

TACE may influence survival very positively. In the lit
erature the 6-month survival was demonstrated to be 
as high as 100% despite endovenous tumor occlusion 
of the portal vein (KATSUMORI et al. 1993). Some se
ries report more than 7 -year survival of patients with 
portal vein occlusion treated by transcatheter ap
proaches (INOUE et a11991b) (Fig. 17.?). 

In a large series of 110 patients with HCC invad
ing major portal branches and classified as Child's A 
or B, treated either by L-TAC or L-TACE, the cumula
tive survival rates at 6 months, 1 year, 2 years and 3 
years were respectively 48%, 30%, 18% and 9% 
(CHUNG et al. 1995). In this series, it appeared that 
limitation of parenchymal tumor extension to one or 
two segments was a much more significant predict
ing factor for absence of complications and efficacy 
of therapy than extension of the tumor thrombus. In 
the corresponding group of patients the median 
time of survival was significantly longer (22 months) 
than in the other (5 months). In a prospective con
trolled study in patients with main portal vein ob
struction (LEE et al. 1997), L-TAC(E) appeared as a 
safe modality when patients had good liver function 
and hepatopetal collateral portal circulation in the 
porta hepatis; a beneficial effect on survival was only 
observed for nodular-type HCC. In some cases, 
L-TACE may also control hepatic vein tumor throm
bus, even with inferior vena cava or right atrium ex
tension (DAZAI et al. 1989). These data indicate that 
when the tumor is limited in extent and hepatic 
function is preserved, L-TAC(E) is probably effective 
and safe for the palliation of HCC with major portal 
vein invasion. 

17.7 
Conclusions: A Pragmatic Approach 

Indications for L-TACE in HCC must consider the 
type of tumor and the severity of the underlying 
liver disease. Schematically, one can consider three 
main different situations from the best prognosis to 
the worst: (a) small tumor and Child's A cirrhosis, 
(b) unresectable tumors on Child's A or B, and (c) 
massive HCC or Child's C cirrhosis. Furthermore, 
some patients present a thrombosis of the main por
tal vein, most of them being in the group c but some 
belonging to group b or even group a (Table 17.8). 

In group a, indications of L-TACE are still contro
versial: 
- Its efficiency, as compared to surgery or percuta

neous ablation, is not clearly demonstrated 
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Fig.17.7a-d. HCC with tumor thrombus in the portal vein. Still under complete response 9 years after treatment by L-TAC and 
then L-TACE. a Tumor of the right lobe surrounded by daughter nodules. b Large hypervascular tumor thrombus (arnws) 
occluding the main portal vein (PV) and contraindicating embolization (arrowhead, hepatic artery); treated with L-TAC alone. 
The patients recovered a patent portal vein 1 month after the first session (c) and could then be treated by L-TACE over t Jree 
complementary sessions. Nine years after this treatment, the patient is still in complete remission; CT (d) proves tumor 
disappearance and shrinkage of the surrounding liver 

- Advantages of preoperative rACE are still de
bated. In a subgroup of patients responding to 
preoperative L-TACE, the prognosis after resec
tion or transplantation seems to be improved; but 
the predicting factors for the response are still 
unclear 

- A combination of L-rACE with percutaneous ab
lation techniques seems better than L-rACE 
alone, but is not demonstrated to be better than 
percutaneous ablation alone, particularly since 
radio frequency ablation is available 

d 
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Table 17.8. Place of L-TACE in HCC treatments 

smallHCC 
Child's A 

Surgery L-TACE 
PC Ablation 

massive HCC 
Child's C 

PV thrombosis 

New therapies? 

In conclusion, for this group, it should certainly 
be recommended to carry out complementary stud
ies, likely to be randomized. 

In group b, since no treatment, except TACE, has 
proved any efficacy upon tumor growth, the disap
pointing results of randomized studies are not a de
finitive argument for abandoning transcatheter arte
rial treatments. These studies have certainly demon
strated that the mean survival of Western patients 
could not be dramatically improved by TACE; but all 
experienced teams in transcatheter arterial treat
ments have also seen patients with advanced HCC 
who had been obviously improved for years by this 
treatment. On one hand, predictive factors for effi
cacy of the treatment are still unclear. On the other 
hand, one should consider that only responders can 
expect prolonged tumor control and a benefit in sur
vival, and finally that the response nearly always oc
curs before the third session. Consequently the treat
ment can be logically proposed to any patient of this 
group, but subject to termination if the tolerance is 
poor or if the patient still has not responded after the 
second session. When the treatment is maintained, 
the time interval between each cure is then deter
mined according to the biological, morphologic and 
symptomatic responses as well as to the clinical tol
erance to chemoembolization. 

Some patients with a tumor thrombus occlusion 
of the main portal vein enter groups b or a. Only 
those who present a limited parenchymal tumor ex
tension should be submitted to transcatheter arterial 
treatments: L-TAC (without embolization) for the 
first or the two first sessions, and then L-TACE if they 
respond and the portal vein has reopened. 

In group c, it is broadly recommended not to per
form any transcatheter arterial treatment: 

- L-TACE has proved to be more dangerous than 
efficacious when more than 60% of the liver is 
infiltrated by the tumor, or when the underlying 
liver disease is severe 

- When a patient presents with a small HCC devel
oped on a Child's C cirrhosis, percutaneous abla
tion seems preferable with regard to its better tol
erance 

Consequently, in this group of patients the initia
tion of new protocols and new therapies under phase 
I trials should be recommended. 
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Hepatocellular carcinoma (HCC) is one of the most 
common neoplasms worldwide and occurs in asso-
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ciation with cirrhosis in over 90% of patients (Co
lombo et a1. 1991). Presently, many patients with cir
rhosis undergo screening procedures that permit 
the early detection of HCC. As a result of widespread 
screening programs, the detection of HCC while it is 
small and unifocal has increased significantly 
(Bartolozzi et a1. 1995b; Lencioni et a1. 1996). Unfor
tunately, many patients with HCC are not suitable 
candidates for hepatic resection. Surgery is often 
precluded because of hepatic dysfunction secondary 
to underlying cirrhosis. These patients have little 
functional reserve and would be at high risk for 
postoperative hepatic failure. Also, because of the 
associated cirrhosis, these patients are at high risk 
for the development of future tumors (Bartolozzi 
and Lencioni 1996; Colombo et a1. 1991; Trevisani et 
a1.1993). That is, the initial lesion may be the prelude 
to other lesions. The metachronous nature ofHCC in 
patients with cirrhosis must be considered when 
treatment options are weighted. Because of the sig
nificant underlying hepatic disease, treatment meth
ods that result in minimal damage to uninvolved 
hepatic parenchyma are best for the majority of pa
tients with HCC (LIN et a1. 1997; IMAMURA et a1. 
1998; DE SANCTIS et a1. 1998). 

Percutaneous ethanol injection (PEl) is a percuta
neous technique aimed at achieving nonsurgical ab
lation of small liver tumors, particularly HCC. PEl 
has proven to be a safe, effective, and inexpensive 
treatment option for patients with cirrhosis and 
small HCC (BARTOLOZZI and LENCIONI 1996; 
LENCIONI and BARTOLOZZI 1997; SHIINA et a1. 1987, 
1990a; SUGIURA et a1. 1983; LIVRAGHI and VETTORI 
1990; LIVRAGHI et a1.1986; EBARA et a1.1990}.Abso
lute ethanol destroys tumor tissue mainly because of 
the dehydrating and denaturating effects it has on 
protein. In addition, ethanol has a thrombotic effect 
on tumor vascularity. Ethanol exerts tumoricidal 
and thrombotic effects locally, and usually does 
not damage noncancerous liver parenchyma 
(BARTOLOZZI and LENCIONI 1996; LENCIONI and 
BARTOLOZZI 1997). Although initially performed in 
patients with unresectable HCC lesions only, PEl is 
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now used with a curative aim also in some operable 
patients, following the impressive long-term sur
vival curves recently reported (BARTOLOZZI and 
LENCIONI 1996; LENCIONI and BARTOLOZZI 1997). 

With the increase in experience, however, limita
tions of PEl have also emerged. Treatment with PEl 
alone, in particular, has been proved to be insuffi
cient in patients with large HCC, because alcohol dif
fusion within the tumor mass was incomplete and 
residual viable neoplastic tissue often persisted 
along the periphery of the treated lesion (VILANA et 
al.1992; LENCIONI et al.1995a; LIVRAGHI et al.1992). 
To overcome these drawbacks of PEl, newer treat
ment schedules, such as single-session PEl under 
general anesthesia (LIVRAGHI et al.1993; GIORGIO et 
al. 1996), or combined therapeutic approaches, such 
as transcatheter arterial chemoembolization (TACE) 
followed by PEl have been recently developed and 
clinically tested (ALLGAIER et al. 1998; BARTOLOZZI 
et al. 1995a; LENCIONI et al. 1994c, 1998d; TANAKA et 
al. 1998). 

In this chapter, we critically reviewed indications 
and contraindications, technique, adverse effects 
and complications, follow-up protocol, local thera
peutic effect and long-term survival after PEl treat
ment. On the basis of our 11 years of experience, we 
attempted in this paper to clarify the present role of 
PEl in the treatment of HCC and borderline lesions. 
Hence, the relationship of PEl to other currently 
available interventional therapies was also analyzed. 

18.2 
Indications and Contraindications 

Eligibility for treatment with PEl depends on many 
factors, including patient age and performance sta
tus; presence and severity of liver cirrhosis; histol
ogy, site, size and number of lesions. 

18.2.1 
General Eligibility Criteria 

To be considered eligible for treatment by PEl, pa
tients must have some general characteristics. First, 
as PEl is a local treatment, disease must be confined 
to the liver, without evidence of vascular invasion or 
extrahepatic metastases. In addition, the tumor to 
treat by PEl must be a nodular lesion with well-de
fined borders. The presence of a clear and easy-to
detect target for injections is crucial for the outcome 
of PEL Finally, the tumor nodule must be preferen
tially solitary and smaller than 3-4 cm. 

R. Lencioni et al. 

A careful evaluation of the clinical status of the 
patient is necessary to establish the indicatiJn for 
PEL Patients with severe liver dysfunction (:::hild!
Pugh class C cirrhosis) should be excluded from PEl 
since in these cases treatment of the tumor would 
probably result in no benefit for survival (LIVRAGHI 
et al.1992).A prothrombin time ratio (normal time/ 
patient's time) greater than 40-50% and a p atelet 
count higher than 40000-50 OOO/!ll are required to 
prevent bleeding. 

18.2.2 
Hepatocellular Carcinoma 

The rationale for PEl in the treatment of HCC is 
based on the following points: (a) ultrasound (US) 
screening in patients with liver cirrhosis allows de-· 
tection of small HCC lesions in a preclinical ~:tage;, 
(b) ethanol shows a selective diffusion in HCC, be
cause it is a soft tumor surrounded by hard cirrhotic 
liver; (c) PEl is effective and safe, being associated 
with negligible complication rates; (d) unlike sur
gery, PEl does not involve loss of noncancerou> pa
renchyma, which is important because in cirrhotic 
patients hepatic function is already compromised 
and any intervention that worsens it further ha~:tens 
the onset of liver failure; (e) local recurrences or new 
HCC lesions emerged during the follow-up can be 
treated again with PEL 

PEl may be considered a viable therapeutic ap
proach for patients with Child-Pugh A or B liver cir
rhosis and single, nodular-type HCC lesions sffilller 
than 3 cm. Surgical resection, however, is still recom
mended in lesions emerged in non cirrhotic livers or 
in the case of superficially located lesions in patients 
with extremely well compensated cirrhosis. In the 
presence of multiple tumor nodules, in contrast, in
traarterial treatment such as chemoembolizatioll re
mains the treatment of choice, although PEl can be 
proposed as an alternative choice when the patient 
has up to three lesions smaller than 3 cm each. For 
patients with HCC tumors exceeding 3 cm (singk le
sion or main lesion associated with one or two 
daughter nodules), PEl can be profitably combiled 
with chemoembolization, as discussed in the rel
evant chapter. 

18.2.3 
Borderline Lesions 

As a result of careful US studies performed in ::Ja
tients with liver cirrhosis for early diagnosis of HCC, 
an increasing number of small hepatocellular nodu-
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lar lesions arising in cirrhotic livers and lacking his
topathological features of definite cancer have been 
increasingly detected over the past few years. These 
lesions, known as macroregenerative nodules or 
adenomatous hyperplasia (AH), are currently 
termed dysplastic nodules or borderline lesions, al
though various nomenclatures have been proposed. 
These nodules are now considered an intermediate 
step between a simple regenerative nodule and an 
overt HCC (NAKANUMA et al. 1993): the emergence 
of HCC within AH nodules and the transformation 
of AH into HCC after serial observation, in fact, have 
been reported (ARAKAWA et al. 1986; TAKAYAMA et 
al. 1990; LENCIONI et al. 1994a), and the monoclonal 
origin of these lesions has been ascertained by mo
lecular biological studies (TSUDA et al. 1988). Ag
gressive treatment of these borderline lesions, there
fore, has been recommended (TAKAYAMA et al. 1990; 
LENCIONI et al. 1993a). While chemoembolization 
has no therapeutic effect on this pathologic entity, 
because it lacks the hypervascular arterial supply of 
HCC (TAKAYASU et al. 1993), the small size makes 
this lesion suitable for treatment by PEl (LENCIONI 
et al. 1993a, 1994b; LIVRAGHI et al. 1989). 

18.3 
Technique 

18.3.1 
Pretreatment Work-up 

Number, location, and size of all tumor deposits in 
the liver must be accurately defined to establish eli
gibility for PEL A standard staging protocol should 
include at least US combined with spiral CT or 
multislice dynamic MRI. Invasive procedures for 
further imaging the liver parenchyma, such as digi
tal subtraction angiography, CT during arterial 
portography, or Lipiodol CT may be reserved for 
patients considered to be potential surgical candi
dates. 

Chest radiography and bone scintigraphy are em
ployed to exclude extrahepatic metastases. Besides 
routine hematologic tests, the serum level of alpha
fetoprotein (AFP) has to be determined. 

18.3.2 
Materials 

PEl is best administered with US guidance, because 
this real-time control allows for a faster procedure 
time, precise centering of the needle in the target, 

Fig.18.1a,b. Percutaneous ethanol injection of hepatocellular 
carcinoma. Ultrasound image acquired before treatment 
shows a 4-cm hyperechoic tumor in patient with liver cirrho
sis and ascites (a). Treatment with ethanol injection is se
lected, despite tumor size, in view of poorly compensated 
(Child Pugh class B) cirrhosis. On administration of 10 ml 
ethyl alcohol with a multihole needle, the lesion is completed 
embended by the ethanol (b) 

and continuous monitoring of the procedure 
(Fig. 18.1). The latter is the most important point for 
PEl, since the evaluation of the distribution of the 
injecled ethanol within the tumor is crucial to 
achieving a complete perfusion of the lesion or to 
identifying unperfused areas to treat in the follow
ing sessions. Moreover, real-time monitoring of the 
injection allows the prevention of excessive alcohol 
leakage into vessels or bile ducts, which can cause 
complications and reduce the degree of necrosis. 

a 

b 
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A one end-hole 22G spinal needle or a multiple 
side-hole 21G needle with a closed conical tip are 
commonly used for PEl (AKAMATsu et al. 1993; 
SHEU et al. 1987). The first needle allows a more pre
cise injection in small targets; the second one per
mits perfusion of larger volumes of tissue in one ses
sion (Fig. 18.1). We routinely use the free-hand tech
nique for US guidance and the color Doppler mode 
to select the most appropriate track for the needle 
(BARTOLOZZI et al. 1998; LENCIONI et al. 1995b; 
UENO et al. 1998). The lack of lateral guide attach
ment allows scanning at multiple planes during the 
procedure, which may be useful to better evaluate 
the diffusion of the injected ethanol. As in some 
cases lesions treated by PEl may change their echo
pattern and become hardly depictable on US during 
the course of treatment, metal micromarkers (steel 
coils 0.5 cm long) may be inserted into the lesion to 
facilitate detection (SHEU et al. 1987; ELGIDY et al. 
1996; ISHIZAKA et al.1997; REDVANLY and CHEZMAR 
1993; SEKI et al. 1989). 

18.3.3 
Methods 

As a rule, PEl does not need hospitalization of the 
patient and may be performed under local anesthe
sia. Patients should remain fasting because some 
may experience nausea. Premedication for analgesia 
and sedation may be given in selected cases (i.e., 
patients experiencing severe pain after the first in
jections). 

In the first session, the needle is usually placed in 
the center of the lesion. The site of the following in
jections should be chosen in order to ensure perfu
sion of areas not fully treated during the previous 
sessions. During each treatment session, one to two 
injections are performed, and 2-10 ml sterile 95% 
ethyl alcohol is injected, depending on the size of the 
lesion and the distribution of the injected ethanol 
within the tumor. Ethanol injection is generally 
stopped when homogeneous alcohol perfusion of 
the lesion is accomplished or when ethanol leaks 
outside the lesion are repeatedly observed despite 
changing the site of alcohol injection. In the case of 
multiple lesions, the nodules can be treated in either 
the same session or in different sessions, depending 
mainly on the patient's compliance (Fig. 18.2). 

In early reports on PEI, it has been suggested to 
calculate the total amount of alcohol to inject ac
cording to the formula V=4/3n(r+0.5)3 where V (in 
ml) is the volume of ethanol and r (in cm) is the ra-

R. Lencic,ni et al. 

Fig. 18.2a,b. Percutaneous ethanol injection in multinodular 
hepatocellular carcinoma. Ultrasound image acquired I:efore 
treatment shows three nodular lesions ranging from 1.5 to 3.5 
cm in a patient with liver cirrhosis and ascites (a). Treatment 
with ethanol injection is selected, despite the number If le
sions, in view of poorly compensated (Child Pugh class B) 
cirrhosis. After the procedure, the three lesions appear to be 
completely perfused by the ethanol (b) 

dius of the lesion; 0.5 is added to provide a s~ ! fety 

margin, which is based on the concept that a cer tain 
amount of the surrounding tissue at the periphery of 
the lesion as well as the lesion itself must be de
stroyed to ensure cure of the tumor (SHIINA et al. 
1990b). However, this formula is not reliable. The 
amount of alcohol needed to ablate a lesion, in fact, 
depends on several factors, such as tumor cor sis
tency (in soft tumors, ethanol diffuses and is re
tained by far better than in hard lesions), degree of 

a 

b 
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vascularization (hypervascularity enhances wash
out of the injected ethanol but also makes the lesion 
more responsive to alcohol-induced thrombosis of 
tumor vessels), internal septa (which favor segmen
tal distribution of alcohol and may circumscribe 
unperfused areas), areas of spontaneous necrosis 
(which provide preferential paths of drainage for al
cohol), and tumor capsule (which contain the alco
hol but may also protect areas of extracapsular tu
mor invasion from the ethanol). In fact, this formula 
has not found wide acceptance and is actually not 
used in most centers. 

Using gray-scale US as imaging guidance, it is not 
possible to evaluate the necrotic area produced by 
the previous treatment sessions, owing to the similar 
appearance of necrosis and viable neoplastic tissue. 
Therefore, according to the treatment protocol com
monly used for PEl, four to eight sessions are sched
uled, depending mainly on the size of the lesions, 
and the outcome of treatment is then checked by 
means of spiral CT or dynamic MRI (BARTOLOZZI et 
al1994; LENCIONI et a1. 1993b). 

Recently, following advances in Doppler US tech
nology and the introduction of US contrast agents, a 
new treatment protocol has been proposed, in which 
response of the tumor during the course of treat
ment is monitored with color Doppler US. A color 
Doppler US study of the lesion is performed imme
diately before each PEl session: intratumoral color 
signals will be used to target the viable portions of 
the tumor during the injection. When no 
intratumoral blood flow signals are found with the 
unenhanced color Doppler US, a contrast -enhanced 
color Doppler US study can be performed to search 
for residual viable tumor areas undetected by the 
un enhanced study and to target these viable por
tions of the tumor during the injection (Fig. 18.3). 

When no intratumoral enhancing areas are de
picted with contrast -enhanced color Doppler US, 
further evaluation with spiral CT or dynamic MR 
imaging will be scheduled to confirm the favorable 
outcome of treatment and rule out possible false
negative results (BARTOLOZZI et a1. 1998; LENCIONI 

et a1. 1995b). 
This new treatment protocol has a number of dis

tinct advantages in the treatment of HCC with PEl: 
(a) ethanol injections that follow the first PEl ses
sions are targeted solely to the residual viable por
tion of the tumor, which may avoid retreatment of 
areas already destroyed by previous procedures, thus 
shortening treatment times; (b) patients can be 
spared from either too early a suspension of the 
treatment or the administration of an excessive 

amount of ethanol; and (c) more expensive imaging 
examinations - such as spiral CT or dynamic MR im
aging - needed to show up the areas of residual viable 
tumor during the course of treatment can be avoided. 

To achieve a more homogeneous perfusion of 
large lesions, ethanol may be injected into several 
sites in one session. This also may reduce the overall 
number of sessions needed. In this case, it is useful to 
insert two or three needles before starting injection 
rather than positioning additional needles during 
the procedure. In fact, guidance of additional 
needles may be obscured by the hyperechoic appear
ance of the ethanol previously injected. 

After the injection, the needle should be left in 
place for 1-2 min to reduce reflux through the punc
ture track into the peritoneal cavity, which may 
cause significant pain. At the end of the procedure, 
patients must be kept under medical observation for 
at least 2 h. Rescanning before leaving the Radiology 
Department is recommended to detect post-proce
dure complications. 

To expand the use of PEl to larger and more nu
merous lesions a single-session technique (also 
termed "one-shot" technique) was recently proposed 
(LIVRAGHI et a1. 1993, 1998; LENCIONI et a1. 1998c; 
GIORGIO et a1. 1996). This technique permits the ad
ministration of larger amounts of alcohol compared 
with conventional PEL Technique and results are de
scribed in the relevant chapter. 

18.4 
Adverse Effects and Complications 

Common side effects after PEl include local pain 
lasting a few minutes and slight or moderate fever 
(37-39°C) on the day of injection. Fever is usually 
observed after the first PEl sessions, which induce 
the greatest amount of necrosis of tumorous tissue. 
These side effects are usually tolerated by patients 
and subside with symptomatic treatment. 

Unlike other treatments, PEl has minimal or no 
negative effects on liver function, although a mild 
and transient rise of serum transaminase levels may 
sometimes be observed. In a few patients, a chemical 
thrombosis of the portal vein branches located in the 
vicinity of the tumor may occur as a consequence of 
the endothelial cell injury caused by ethanol leaks 
into the vessels. Chemical thrombi, however, usually 
have a minor clinical impact since they tend to dis
appear spontaneously within a few months of detec
tion (LENCIONI et a1. 1995c; SEKI et a1. 1998). Other 
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Fig. lS.3a-f. Percutaneous ethanol injection of small hepatocellular carcinoma. After treatment, a small area of residual viable 
enhancing tumor is depicted by spiral CT (arterial phase, a; portal phase, b). The viable portion of the tumor is also nicely 
depicted by color Doppler ultrasound due to clear-cut enhancement (unenhanced color Doppler image, c; contrast-enhallced 
color Doppler image, d). After additional treatment performed with contrast-enhanced color Doppler us guidance, comrlete 
tumor necrosis is seen on spiral CT (arterial phase, e; portal phase, f) 

b 

d 

f 
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minor complications such as pleural effusion, pneu
mothorax, ascites, decreased hematocrit, vasovagal 
reaction, myoglobinuria, and transient hypotension 
are quite uncommon at the usual dosages of alcohol 
(REDVANLY et al.1993). 

Major treatment-related complications are ex
tremely rare. A case of fatality following PEl of an 
HCC was described in a patient who died of a myo
cardial infarct probably caused by cardiovascular 
imbalance following massive hepatic necroses oc
curring both close and distant from the injection site 
(TAAVITSAINEN et al. 1993). Other severe complica
tions reported in the literature include hepatic inf
arction, intraperitoneal bleeding, and injury of the 
bile duct (KODA et al. 1992). In addition, some cases 
of neoplastic seeding have been recently described 
(CEDRONE et al. 1992; ISHII et al. 1998; SAMMAKE et 

al. 1998; ZERBEY et al. 1994). Lesions which are su
perficially located and that are treated with a high 
number of PEl sessions seem to be particularly at 
risk for this complication. Considering all the un
published patients treated with PEl, however, the oc
currence of severe complications seems to be low. 

18.5 
Follow-up Protocol 

After the end of the PEl cycle (i.e., when contrast
enhanced color Doppler US shows no residual en
hancing areas within the tumor) (BARTOLOZZI et al. 
1998; LENCIONI et al. 1995b), evaluation of the out
come of therapy is performed by spiral CT or dy-

Fig. lS.4a-d. Percutaneous ethanol injection of small hepatocellular carcinoma. Before treatment, the small lesion shows 
hyperattenuation on arterial-phase spiral CT image (a). Ultrasound image acquired immediately after ethanol instillation 
demonstrates homogeneous perfusion of the lesion (b). Arterial-phase CT image acquired I month (c) and 1 year (d) after 
treatment shows complete tumor response 

b 

d 
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namic MRI (Fig. 18.4). Spiral CT and dynamic con
trast-enhanced MRI, in fact, are recognized as the 
standard imaging modalities for evaluating the re
sponse of HCC to PEl (LENCIONI et al. 1993b). 

With spiral CT, lesions ablated by PEl appear as 
hypo attenuating, nonenhancing areas in both the ar
terial and the portal venous phases (Fig. 18.5). On 
the contrary, in the case of partial necrosis, the areas 
of residual viable neoplastic tissue can be easily rec
ognized as they stand out in the arterial phase 
against the faintly enhanced normal liver paren
chyma and the unenhanced areas of coagulation ne
crosis (EBARA et al. 1995; JOSEPH et al. 1993; 
YOSHIKAWA et al. 1995). With unenhanced MR imag
ing, alcohol-induced necrosis is usually shown as a 
markedly hypointense area on spin-echo T2 

Fig.18.5a,b. Dual phase spiral CT performed after single-ses
sion percutaneous ethanol injection of large hepatocellular 
carcinoma. The lesion fails to enhance in both the arterial (a) 
and the portal phase (b), suggesting complete response 

R. Lencion i et al. 

weighted images. This peculiar feature is due to the 
strong dehydrating effect of alcohol, which resu lts in 
a coagulative necrosis of the tumor. Conversely, vi
able neoplastic tissue that persists after treat ment 
maintains the high signal intensity shown onipin
echo T2 weighted images obtained before treatnent 
and can therefore be recognized as a hyperin1ense 
area. To enhance the diagnostic accuracy of MI~ im
aging, the use of dynamic studies after the adm inis
tration of a paramagnetic contrast agent is to b€ rec
ommended. Dynamic contrast-enhanced MR imag
ing, like spiral CT, may clearly show the presence of 
residual viable tumor because of the early arterial 
uptake of contrast resembling that of native lesions. 
Necrotic tumor, in contrast, fails to enhance through
out the entire dynamic study (BARTOLOZZI et al. 1994; 
FUJITA et al. 1998; ITO et al. 1995; LENCIONI (t al. 
1995d; NAGEL and BERNARDINO 1993; SHINMOTO et 
al. 1997; SIRONI et al.1991, 1993, 1994). 

The post-treatment follow-up protocol for pa
tients who underwent PEl includes: US and assays 
for AFP serum level at 3-month intervals, and spiral 
CT or dynamic MRI at 6-month intervals. Patients 
must be studied to diagnose either recurrenct s of 
the treated tumors or recurrences caused by the 
emergence of new nodular lesions. Complete re
sponse is considered to be obtained when no en
hancing areas are seen at the level of the treated le
sion at contrast-enhanced CT or dynamic MRI, re
duction in size persists during the follow-up, and 
AFP level does not increase. 

18.6 
Local Therapeutic Effect 

18.6.1 
Hepatocellular Carcinoma 

The results of PEl in the treatment of HCC have been 
analyzed from two different points of view: (a) by 
evaluating the short-term results of treatment, that 
is by assessing the local effect of PEl through hi:.to
pathologic examination of lesions resected after the 
procedure or follow-up imaging studies of the 
treated tumors; and (b) by evaluating the 10ng-tE rm 
survival of the treated patients. 

At the beginning of the experience with PEl, some 
patients were resected after treatment. Patholo gic 
examination of the specimens showed that PEl was 
able to destroy the lesion completely in most ca:;es. 
SHIINA et al. (1991) examined 23 treated lesiom of 



Percutaneous Ethanol Injection of Hepatocellular Carcinoma and Borderline Lesions 283 

HCC histopathologically and found that the lesion 
was completely necrotic in 16 cases, 90% necrotic in 
six, and 70% necrotic in the remaining case. 
LIVRAGHI et al. (1988) reported that no viable tumor 
cells were detected in four patients who underwent 
surgery after PEL Interestingly, histopathologic ex
aminations showed that the capsule and some of the 
surrounding tissue were necrotic in addition to the 
tumor itself. This suggests that, unlike chemo
embolization, PEl can also be effective against 
intercapsular and extracapsular invasions if they are 
located in areas the injected ethanol can reach 
(SHIINA et al. 1991). In cases of incomplete necrosis, 
viable HCC tissue remained along the edge of the tu
mors, in portions isolated by septa, or in small 
daughter nodules located in the vicinity of the main 
lesion (SHIINA et al. 1991). 

More recently, imaging studies performed on a 
larger number of lesions treated by PEl confirmed 
that complete tumor necrosis can be achieved with a 
high probability if proper patient selection has been 
performed. In one series of 105 patients with 125 
HCC lesions smaller than 5 cm treated by PEl, a com
plete tumor necrosis was shown by CT in III of 125 
nodules (89%), whereas tumor persistence was seen 
in 14 of 125 (11%). Twelve of the 14 lesions which 
were still viable after PEl were larger than 3 cm, thus 
showing that the size of the nodule plays a key role in 
determining the outcome of treatment (LENCIONI et 
al. 1995a). 

18.6.2 
Borderline Lesions 

PEl offers an effective therapeutic option in the 
management of dysplastic nodules (borderline le
sions). In the published series, in fact, this treatment 
was always able to induce complete necrosis of these 
tiny nodules, safely preventing their evolution to
wards HCC (LENCIONI et al.1993a, 1994b; LIVRAGHI 
et al. 1989). It has to be considered that surgical re
moval of these lesions, which are not unequivocally 
neoplastic, is not readily accepted either by the pa
tient or the surgeon, as it entails the same surgical 
risk as that of resection of a small HCC. On the other 
hand, chemoembolization is not effective against 
borderline lesions, as they lack the typical 
hypervascular arterial supply of HCC (TAKAYASU et 
al. 1993). 

The mere surveillance of these lesions with US 
may result in the untimely detection of malignant 
change, which will occur in up to 90% of cases after 4 

years follow-up (LENCIONI et al. 1994b). Neverthe
less, it has to be considered that HCC may of course 
develop in different hepatic segments with respect to 
the dysplastic nodule treated with PEl (LENCIONI et 
al. 1994b). Therefore, even if PEl proved to be able to 
prevent the malignant transformation of the treated 
lesions, patients with borderline lesions must be 
considered at high risk for developing HCC and 
carefully followed. Indeed, the occurrence of HCC 
bypassing the intermediate step of dysplastic nodule 
cannot be overlooked, considering that more paths 
in hepatocarcinogenesis are possible. 

18.7 
Long-Term Survival 

The long-term efficacy of PEl has been demon
strated by the analysis of survival curves of treated 
patients (Table 18.1). In the Far East, EBARA et al. 
(1992) reported that in 112 patients in whom there 
were three or fewer lesions and all lesions were 3 cm 
or less in diameter, the 3- and 5-year survival rates 
were 63% and 39%, respectively. In a series of 98 
HCC patients treated with potentially curative aim, 
SHIINA et al. (1993) obtained a 3-year survival of 
62% and a 5-year survival of 52%. 

In the West, few data are still available concerning 
the long-term results of PEL LIVRAGHI et al. (1992) 
collected the data from five Italian centers and ob
tained 3-year survival rates of 63% and 31 %, respec
tively, in patients with single or multiple H CC lesions 
smaller than 5 cm. CASTELLS et al.(1993) reported a 
3-year survival of 55% in 30 patients with single le
sions smaller than 4 cm, who, however, had severely 
impaired liver function. We recently investigated the 
long-term outcomes of PEl-treated cases in our 
single-institution study of 184 cirrhotic patients in 
Child Pugh class A or B with either a single tumor 5 
em or less in diameter or multiple (up to 4) HCC 
nodules smaller than or equal to 3 em each. In our 
study, we obtained 3-,5-, and 7-year survival rates of 
67%, 41 %, and 19%, respectively. Survival reached 
78% at 3 years, 54% at 5 years, and 28% at 7 years in 
patients with a single HCC 3 cm or less; 61 % at 3 
years, 32% at 5 years, and 16% at 7 years in patients 
with a single HCC of 3.1-5 cm; and 51% at 3 years, 
21 % at 5 years, and 0% at 7 years in patients with 
multiple lesions (LENCIONI et al. 1997). In a recent 
multicenter trial which included 746 Italian patients, 
the 3- and 5-year survival rates of patients with 
single HCC smaller than or equal to 3 em were 68% 
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Table 18.1. Long-term survival rates of patients with small HCC who underwent treatment with PEl 

Type of tumor Survival rates (%) 

Series No. of Size No. Child-Pugh 1-year 3-year 5-year 
patients (em) class 

EBARA et al (1992) 60 <3 s+m A 96 72 5] 

33 <3 s+m B 90 72 4E 
19 <3 s+m C 94 25 ( 

LIVRAGHI et al (l992) 162 <5 s A+B+C 90 63 NA 
45 <5 m A+B+C 90 31 NA 

SHIINA et al (1993) 98 <6.5 s+m A+B+C 85 62 52 

CASTELLS et al (l993) 30 <4 A+B+C 83 55 Nil. 

LENCIONI et al (1995a) 64 <5 s+m A 100 87 55 
41 <5 s+m B 91 53 13 
52 <3 s A+B 100 81 54 
30 3.1-5 A+B 92 60 21 
23 <3 m A+B 94 54 0 

LIVRAGHI et al (l995) 293 <5 s A 98 79 47 
149 <5 B 93 63 29 

20 <5 C 64 0 0 
121 <3 m A 94 68 36 

63 <3 m B 93 59 0 

LENCIONI et al (l997) 127 <5 s+m A 98 79 53 
57 <5 s+m B 88 50 28 
94 <3 s 
50 3.1-5 s 
40 <3 m 
70 <3 

s, single; m, multiple (up to three); NA, not available 

and 40%, respectively; the 3- and 5-year survival 
rates of patients with single HCC of 3.1-5 em were 
57% and 37%, respectively; and the 3- and 5-year 
survival rates of patients with multiple lesions were 
47% and 26%, respectively (LIVRAGHI et al. 1995). 
These similar survival figures reported by different 
Eastern and Western centers consistently demon
strate the reliability and the reproducibility of PEL 

The long-term outcome of PEl, however, depends 
on several factors. The severity of the underlying 
liver cirrhosis according to the classification of 
Child-Pugh represents one of the most important 
predictive factors for survival. In our series, in fact, 
5-year survival reached 55% in HCC patients classi
fied in Child-Pugh class A, while it was only 13% in 
those classified in Child-Pugh class B (LENCIONI et 
aI.1995a). In addition,AFP levels on diagnosis are of 
prognostic significance. In our experience, patients 

A+B 100 78 54 
A+B 90 61 32 
A+B 91 51 21 
A 100 89 63 

with baseline AFP levels of 200 ng/ml or less had a sig
nificantly longer survival than patients with AFP lev
els exceeding 200 ng/ml. The latter, however, showed a 
dichotomous behavior, with a very short or a very 
long survival. This seems to suggest that AFP-secret
ing tumors may have different biological behavil)rs, 
some of them showing a rapid growth, and the otl:.ers 
being associated with a lower aggressiveness. The 
type of tumor is another important prognostic factor. 
In our experience, patients with uninodular tumor, in 
the range 3.1-5 em and those with multinodular tu
mors showed similarly unsatisfactory long-term sur
vival rates (21% and 0% at 5 years, respectively): in 
contrast, the prognosis of patients with uninodu lar 
HCC less than or equal to 3 em in size was signifi
cantly better (5-year survival rate, 54%), thus sugg€st
ing that PEl is a highly effective nonsurgical treatment 
for these cases (LENCIONI et al. 1995a. 
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The efficacy of each treatment modality for HCC 
must be balanced against the survival of untreated 
patients (LLOVET et al. 1989). Previous studies, how
ever, demonstrated that even in the case of small 
nodular lesions detected by US screening, untreated 
patients show extremely poor long-term survival 
rates. In the series of EBARA et al. (1986), while 90.7% 
of 22 patients with HCC lesions smaller than 3 cm 
receiving no treatment lived for 1 year, only 12.8% 
lived as long as 3 years. Recently, BARBARA et al. 
(1992) confirmed that in 39 Caucasian patients with 
a total of 59 untreated HCC tumors arising from cir
rhosis, survival was only 21 % at 3 years, despite the 
fact that 37 of the 39 patients were in Child-Pugh 
class A or B, that all lesions were smaller than 5 cm, 
and that 24 of 39 had a solitary lesion. Therefore, 
considering the severity of the natural history of the 
disease, treatment with PEl can be assumed to defi
nitely improve patients' survival. 

18.8 
Tumor Recurrences 

Recurrence of HCC may be frequently observed af
ter PEL Most recurrences, however, are caused by 
new nodular lesions emerged remotely from the 
treated tumor. Therefore, they are probably unre
lated to the original lesion. In contrast, recurrence at 
the level of the lesions treated by PEl is extremely 
rare (CASTELLANO et al. 1997; POMPILI et al. 1997; 
SHIBATA et al. 1996). In our series of PEl-treated pa
tients with a follow-up of 2-78 months (mean, 22.5 
months), recurrence of the tumor was demonstrated 
in 47 of 91 patients (51.6%) in whom initial treat
ment had been successful (LENCIONI et al. 1997). In 
44 of 47 patients (94%), however, recurrence was 
represented by the emergence of new nodular le
sions in other hepatic segments with respect to the 
treated tumor or by the development of a diffuse, 
infiltrative-type HCC. Recurrence of the tumor 
treated by PEl was found in only 3 of 47 cases (6%). 
Similar data were reported by Eastern investigators: 
in the series of SHIINA et al. (1993), the 3-year recur
rence rates were 51 % in 98 patients treated with a 
curative aim, while EBARA et al. (1992) reported that 
new HCC lesions appeared in 90% of patients after 
5-year follow-up. Such a high rate of tumor recur
rence, however, does not represent a specific draw
back of PEl, being also found in cirrhotic patients 
with HCC treated with any kind of therapy, includ
ing surgery (BELGHITI et al. 1992). To improve the 

prognosis of patients with recurrence, it is impor
tant to detect new HCC lesions as early as possible in 
order to perform new PEl treatments (BARTOLOZZI 
and LENCIONI 1996; TANIKAWA and MAJINA 1993). 

18.9 
Ethanol Injection Versus 
Other Treatment Modalities 

18.9.1 
Surgical Resection 

We found long-term results of PEl equivalent to 
those of patients treated by hepatic resection. In a 
recent review including 1272 Child-Pugh class A pa
tients with HCC lesions 5 cm or smaller who under
went resection, the mean 5-year survival rate was 
49% (LENCIONI et al. 1997). In our series, survival of 
Child-Pugh class A patients was 53% at 5 years and 
32% at 7 years. According to the Liver Cancer Study 
Group of Japan, the 5-year survival rate of 347 pa
tients with HCC lesions smaller than 2 cm treated by 
hepatic resection reached 60% (The Liver Cancer 
Study Group of Japan 1994). In our study, we ob
tained 5- and 7-year survival rates of 63% and 42%, 
respectively, by restricting the analysis to a selected 
group of 70 patients with single tumor smaller than 
or equal to 3 cm and Child-Pugh class A cirrhosis. 
The long-term outcomes of PEl-treated patients 
seemed to be at least equivalent to those of matched 
patients submitted for surgical resection also in re
cent prospective studies comparing PEl and hepatic 
resection: in one study, there was no difference in 
long-term survival, despite the fact that patients in 
the PEl group had significantly worse liver function 
(LENCIONI et al. 1995a). Similarly, KOTOH et al. 
(1994) found no difference between long-term prog
nosis of PEl-treated patients and that of resected 
cases. Hence, although no randomized trials com
paring PEl versus surgery have been performed, the 
long-term results of the two treatments seem to be 
quite similar (BELGHITI et al. 1992; CASTELLS et al. 
1993; KAWASAKI et al. 1995; LAI et aI. 1995; 
MAZZIOTTI et al. 1998). 

18.9.2 
Transcatheter Arterial Chemoembolization 

No randomized trial to compare survival rates of 
patients with small HCC.treated by PEl with those of 
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patients treated with transcatheter arterial chemo
embolization (TACE) have been conducted yet. 
Long-term management of patients with small HCC 
with chemoembolization, however, has not been en
tirely satisfactory (STEFANINI et a1. 1995). The 
problems associated with conventional chemo
embolization include incomplete tumor necrosis 
and the adverse effect on liver function induced by 
repeated procedures (HASHIMOTO et a1. 1995). Com
parison of historical data shows that survival after 
PEl is superior to that after conventional TACE. The 
mean 5-year survival rate in 556 patients carrying 
HCC lesions smaller than 5 cm treated with conven
tional TACE, however, was only 14% (LENCIONI and 
BARTOLOZZI 1997). The effectiveness of conven
tional TACE, in fact, is limited in the case of small 
hypovascular HCC, nonencapsulated HCC, or HCC 
with extracapsular invasion of tumor cells. Repeated 
TACE procedures, therefore, must be performed to 
control the growth of the tumor. However, repeated 
TACE may cause liver function to worsen because 
noncancerous liver parenchyma is also damaged 
(LENCIONI and BARTOLOZZI 1997). 

More recently, segmental and sub segmental TACE 
were introduced (MATSUI et a1. 1993). In segmental 
and subsegmental TACE, a micro catheter is inserted 
into the more distal branches of the hepatic artery, 
and the drug as well as the embolic material is in
jected solely in the feeding artery of the tumor. This 
allows a stronger anticancer effect, sparing at the 
same time noncancerous liver parenchyma (MATSUI 
et a1.1993). The preliminary results of segmental and 
subsegmental TACE are encouraging. MATSUI et a1. 
(1993) obtained a 3-year survival rate of 78% in a se
ries of 82 Child-Pugh A or B patients with HCC le
sions 4 cm or less in diameter treated with 
subsegmental TACE, which is equivalent to that ob
tained in our study in patients with single HCC 
smaller than or equal to 3 cm who underwent PEL 
Hence, on the basis of the data now available, the re
sults of sub segmental TACE seem to be comparable 
to those of PEL It has to be considered, however, that 
in nearly 20% of cases selective catheterization distal 
to the sub segmental artery fails or is anatomically 
impossible (MATSUI et a1. 1993). 

18.9.3 
Radiofrequency Thermal Ablation 

Radiofrequency (RF) thermal ablation is a percuta
neous technique that has been developed during the 
past few years in an attempt to overcome the limita-
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tions of ethanol injection, particularly in the treat-
ment of hepatic metastases (ROSSI et a1. 1996, 1998; 
SOLBIATI et a1. 1997a,b; LENCIONI et a1. 1998a:; 
GOLDBERG et a1. 1998a,b). With this technique, RF 
waves are used to induce thermal ablation of ;;mall 
hepatic malignancies. Until a few years ago, RF 1 reat
ment performed with a single, unmodified 
monopolar electrode was capable of producing cy
lindricallesions no greater than l.6 cm in diameter. 
Recent improvements in the RF technique included 
the development of expandable electrode ne ~dles 
with multiple retractable lateral exit jackhooks on 
the tip, and the introduction of high-power genera
tors coupled with dual-lumen, cooled-tip electrode 
needles (ROSSI et a1. 1996, 1998; SOLBIATI : 998; 
SOLBIATI et a1. 1997a,b; LENCIONI et a1. 1998a; 
GOLDBERG et a1. 1998a,b). With these advance~, the 
extent of coagulation necrosis that can be obtained 
with a single-probe insertion has substantiall~r in
creased. These generators, in fact, are capable of pro
ducing spherical or nearly spherical volumes of 
thermal necrosis up to 3-4 cm in diameter with a 
single-probe insertion (SOLBIATI 1998; SOLBIATI et 
a1. 1997a,b; LENCIONI et al. 1998a; ROSSI et al. 1998; 
GOLDBERG et a1. 1998a,b). 

In the first clinical experience, 39 patients w: th a 
single HCC nodule not more than 3 cm in diameter 
were treated with monopolar and bipolar methods. 
The tumoral destruction was achieved in all cases, 
with normalization of AFP levels in cases whe'e it 
was increased. The mean number of sessions nee ded 
to obtain tumor destruction was 3.3 (range, 1-8). 
During the follow-up, the treated HCCs slowly di
minished in size, becoming not detectable by US or 
appearing as small hyperechoic areas or as isoechoic 
areas with a hyperechoic rim. During a mean follow
up of 23 months (range 3-66), 16 of 39 (41%) pa
tients had recurrences: local recurrences, however, 
occurred in only 5% of cases, whereas 36% of recur
rences were due to the emergence of new lesions in 
other hepatic segments. Most recurrent tumors un
derwent new courses of RF treatment. Overall, 54 
HCC nodules in 39 patients were treated during the 
study. Median survival time was 44 months (Ros~ I et 
a1. 1996). 

Another group of 23 patients with either a sirgle 
tumor nodule of not more than 3.5 cm or multi pIe 
(up to three) tumor nodules, none of which exceeded 
3.0 cm in diameter, was treated by using expanda ble 
needle electrodes with four hooks. In this study 26 
tumor nodules were apparently ablated in a mean of 
1.5 sessions (1.1 for tumors less than 2.5 cm; 1.7 for 
the others). Twenty-one patients were followed up 
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for at least 6 months (mean 10 months; range 6-19 
months): one patient showed local recurrence, two 
had new tumor nodules, three had multicentric dis
ease, and 15 remained apparently disease-free 
(ROSSI et al. 1998). 

In a third experience, 12 patients with HCC le
sions with diameters from 3.8 to 6.5 cm were 
treated with RITA (expandable needle electrode) 
after segmental transarterial embolization. In all 
cases complete ablation was achieved in a mean 
number of 1.2 sessions. During a mean follow-up of 
11 months (range 6-17) two patients died from un
related causes, and four patients had recurrences. 
Two cases were treated with a new course of RF ab
lation, while one was submitted for surgical resec-

tion. Thus, nine patients were alive and apparently 
disease free. 

In two recent randomized studies the efficacy of 
RF thermal ablation and PEl for the treatment of 
small HCC was compared. Both studies showed that 
treatment time is significantly shorter by using RF 
than by using PEl; the radicality of the RF treatment 
appeared to be higher, being the percentage of cases 
with complete necrosis greater or the number of re
currences less (Fig. 18.6); no major complications 
with either of the treatments were observed in one 
study (LENCIONI et al. 1998b); complication rate was 
higher for RF treatment than that of PEl in the other 
(LIVRAGHI et al 1999). 

Fig. 18.6a-d. Radiofrequency thermal ablation of small hepatocellular carcinoma. Before treatment, the lesion is 
hyperattenuating in the arterial phase (a) and isoattenuating in the portal phase (b) . Ultrasound images obtained before (c), 
at the time of the insertion of the electrode needle (d), (continued next page) 
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18.10 
Conclusions 

In conclusion, the summary of the available study 
demonstrates PEl to be an effective treatment for 
HCC. Not surprisingly, both the degree of liver dys
function (according to the classification of Child
Pugh) and the type of the tumor (number and size of 
HCC lesions) significantly affect survival of PEI
treated patients. Impressive long-term survival rates, 
indeed, can be obtained in patients with Child-Pugh 
class A cirrhosis and single HCC smaller than or 
equal to 3 em in diameter. 

Our current policy is to consider PEl as the treat
ment of choice for borderline lesions and single HCC 
lesions smaller than 3 em. In these cases, in fact, PEl 

is almost always able to induce complete necrosis of 
the lesion. Since HCC is a neoplasm that, even when 
the resection has been radical, will ineluctably recur 

R. Lencion . et al. 

Fig. 18.6e-g (Continued). Radiofrequency thermal ablation 
of small hepatocellular carcinoma. Before treatment, the le
sion is hyperattenuating in the arterial phase and immedi
ately after the end of ablation (e). ote the typical 
hyperechoic area due to ga microbubbles caused by the high 
temperature. Eighteen month later, a complete tumor re
spon e i een on dual phase spi ral CT (arterial phase, f; por
tal pha e, g) with no signs of recurrence 

within 5 years, then a local therapy like PEl, which is 
not associated with mortality or serious complica
tions, may be preferable. Surgical resection, however, 
is still recommended in lesions emerged in 
noncirrhotic livers or subcapsular lesions in patieats 
with extremely well-compensated cirrhosis. 

In patients carrying single HCC larger than 3 em, 
in contrast, the survival curve after PEl is sign ifi
cantly lower. Recent studies, however, showed that in 
these cases the efficacy of PEl may be greatly en
hanced by pretreatment of the tumor with TA<=E 
(TANAKA et al. 1992, 1998; BARTOLOZZI et al. 1995a). 
TACE, performed before the beginning of PEl, facili
tates alcohol diffusion, by making the texture of the 
tumor necrotic. Therefore, greater amounts of ett a
nol can be injected, and larger tumors can be efft,c
tively treated (BARTOLOZZI et al. 1995a; LENCIONI et 
al. 1994c; TANAKA et al. 1991). Combined TACE and 
PEl is presently the treatment of choice for large (>3 
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cm) HCC at our institution (BARTOLOZZI et al.1995a; 
BARTOLOZZI and LENCIONI 1996; LENCIONI et al. 
1994c). 

For patients with multinodular HCC, the results 
obtained in our study with PEl are hardly compa
rable with those of other treatments, particularly 
TACE. Treatment with PEl, in fact, was restricted to 
patients with no more than four lesions smaller than 
or equal to 3 cm each. In contrast, patients treated 
with TACE frequently had larger and more numer
ous lesions. Undoubtedly, some limitations exist in 
PEl therapy for multinodular HCC. In fact, it is prac
tically impossible to treat more than four lesions be
cause of the number of necessary treatment sessions. 
Moreover, it is very likely that patients with multiple 
lesions have also some tiny intrahepatic metastatic 
nodules undetectable with imaging modalities 
(BELGHITI 1992). TACE, therefore, remains the treat
ment of choice for the majority of these patients, al
though PEl can be proposed as a viable alternative in 
selected cases. 
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Percutaneous ethanol injection (PEl) has become 
one of the most widely used procedures for treating 
hepatocellular carcinoma (HCC) in cirrhotic pa
tients. Proposed in the international literature in 
1986 (LIVRAGHI et al. 1986), PEl spread rapidly 
thanks to ease of execution, safety, low cost, repeat
ability, therapeutic efficacy and survival rates com
parable to those of surgical resection (KOTOH et al. 
1994; ONODERA et al.1994; LIVRAGHI et al.1995a,b). 
The procedure, performed in several sessions, as a 
rule in the outpatient clinic, is by consensus indi
cated for HCC up to 3-5 cm in diameter, and up to 
three nodules (LIVRAGHI et al. 1995b; SEKI et al. 
1989; EBARA et al. 1990; GIORGIO et al. 1992; 
TANIKAWA 1992; VILANA et al. 1992; SHIINA et al. 
1993). A larger quantity of neoplastic tissue would 
require an inordinate number of injections and 
hence an unduly long course of treatment, with no 
guarantee that the whole lesion would be treated. 

T. LIVRAGHI, MD; Department of Radiology, General 
Hospital, Via C. Battisti 23, 1-20059 Vimercate, Milan, Italy 

To overcome these limitations, i.e., for treating 
large HCC (>5 cm), a new version of the procedure, 
known as "single-session" PEl, designed to allow the 
injection of ethanol as required under general anes
thesia, was proposed in 1993 (LIVRAGHI et al. 1993). 
After these preliminary results, other studies re
ported greater numbers of patients and long-term 
results (GIORGIO et al. 1996; FILIPPELLI et al. 1998; 
LIVRAGHI et al. 1998). 

19.2 
Technique 

We use a commercially available US scanner with 
3.5-MHz convex probes that have an incorporated or 
a lateral needle guide. The procedure is done under 
general anesthesia, endotracheal intubation and 
mechanical ventilation. This technique complies 
with the operative requirement as it allows a period 
of apnea or respiratory standstill with partial 
pulmonary inflation, if necessary. During the proce
dure patients receive fructose 1.6-diphosphate 7500 
mg and glutathione-SH 1200 mg by i.v. drip to 
quicken the metabolism of alcohol and so reduce its 
unintended systemic effects. After local skin prepa
ration with iodized alcohol, also used as contact 
medium, the optimal approach is chosen. Any lesion 
detected by US can be treated by PEl, though some 
locations are more accessible than others. For le
sions in the right lobe an intercostal approach with 
the patient lying on the left side is often preferred. 
To instill the alcohol we usually use a 21-gauge 
needle with closed conical tip and three terminal 
side-holes (PEIT needle; Hakko, Tokyo, Japan). The 
perfused area is clearly seen as a patch of 
hyperechogenicity. Ethanol is injected slowly (1 ml 
in 5-10 s) and its diffusion checked in real time on 
the monitor. Ethanol usually spreads within a radius 
of 2-3 cm around the tip of the needle to the periph
ery of the lesion except in the case of the focal 
confluent multinodular form in which diffusion is 
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not homogeneous because of the interposed fibrotic 
tissue. Injection is stopped when significant leakage 
outside the lesion is detected or when diffusion is not 
clearly visible, and then resumed when conditions are 
right. Leakage is unusual, however, because the sur
rounding cirrhotic tissue is harder and ethanol tends 
to remain within the tumor. Ethanol is easily washed 
out by the rich neoplastic blood supply; as long as 
ethanol is seen to disappear rapidly, injection is con
tinued intermittently with small boluses until the 
ethanol pools in the lesion. Care is taken to inject first 
the deepest portion of the lesion, then the central and 
lastly the superficial portion, the aim being to prevent 
any initial superficial spillage of ethanol from spoil
ing the view for subsequent injections. Care is also 
taken not to inject ethanol into the hepatic veins, be
cause too high and too sudden a concentration of 
ethanol in the blood could lead to prolonged hypox
emia (see later). Treatment ends when the tumor ap
pears entirely hyperechogenic on the monitor (Fig. 
19.1). Treatment of neoplastic thrombosis, performed 
with the aim of stopping its progression along the 
vessel to the main branch, is achieved by targeting the 
tip of the needle on the thrombus; with one or more 
injections the alcohol usually diffuses selectively 
along it. The patient is kept hydrated on the day of 
treatment and the following day. 

Usually, the total volume of alcohol administered 
per patient ranges from 20 to 100 ml, according to 
the size. The total volume of ethanol is always 
smaller than that of the lesion. The number of injec
tions generally ranges from 8 to 20, depending on 
ethanol distribution, lesion size and degree of vascu
larization. Time required for the procedure is medi
ally 30 min. The hospital stay is 3-4 days, in the ab
sence of complications. 

19.3 
Evaluation of Therapeutic Efficacy 

During the first years of the procedure, the thera
peutic efficacy was evaluated by dynamic CT and US. 
In the last few years we have used spiral CT (scans 
performed 25 and 60 s after 4 mlls of contrast me
dium injection). 

Necrosis of the tumor tissue is considered to be 
complete when the CT scans show no areas of 
enhancement within the lesion at 1 month, confirmed 
on subsequent scans (every 4-6 months), and no 
growth of neoplastic tissue at the periphery 
(Fig. 19.1). 

T. Uvragh: 

Also alpha-fetoprotein (AFP) and des-gamma
carboxi-prothombin (DCP) assay is done before 
treatment and 4-6 months after, at the same 1 ime as 
CT scanning. However, we do not use these levels to 
assess the response to treatment, because thty may 
return to normal even when the scans do not ,;how a 
complete necrosis (due to near-total necrosis of the 
tumor tissue) or may rise when the scans do ~;how a 
complete necrosis (due to the presence of intra- or ex
tra-hepatic lesions not detected or as yet undetect
able). 

19.4 
Patients 

In our study, we reported the results of 108 consecu
tive patients. Of these, 80 were men and 28 women 
(2.8:1), with mean age of 67.3 years (range, 3J-87). 
Ninety-eight had Child's class A disease, 8 class II 
and 2 class C. Hepatitis B surface antigen and anti·· 
body to C virus were positive in 15 (13.8%) pajents 
and 85 (78.7%), respectively; 4 (3.7%) were positive 
for both. Eight patients (7.4%) without viral infec
tion reported high alcohol consumption. The pa
tients fell into three groups: 24 had a single HCC 
with intact capsule on imaging, diameter >:i cm 
(from 5 to 8.5 cm; mean, 6.8) and had been~ated 
inoperable or had refused surgery (group A); 6:. had 
a single infiltrating HCC, diameter 5-10 cm (mean, 
7.6) or multiple HCC, encapsulated or infiltrating, 
from three to six nodules, the largest measuring at 
least 4 cm (group B); 21 had advanced disease, he
patic (Child's C) or neoplastic (infiltrating HCC) 
with diameter from 10 cm to a size large enough to 
be locally symptomatic or with thrombosis of the 
second branch of the portal vein (group C). The 
treatment of group A patients was to be curative (i.e., 
radical, and so five of them with residual areas of 
viable tissue rated still treatable received additional 
treatment with conventional PEI); in group B treat
ment was palliative (debulking to retard neoplastic 
growth) while the group C patients received com
passionate treatment and for trial purposes. 

In all, 128 treatments were given, 20 patients receiv
ing single-session PEl more than once due to the on
set of new lesions or regrowth of the treated lesion. In 
57 patients the AFP level was <20, in 21 patients 21-
200 and in 30>200 ng/ml. Patients whose prothorr:bin 
activity was under 40%, platelet count under 40x l 03/ 

mm3 or abnormal (more than 1O%) values of paltial 
thromboplastin time, were excluded. 
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19.5 
Results 

19.5.1 
Biochemical Changes 

In our study, after the procedure, we observed the 
following biochemical changes. Blood alcohol levels 
immediately after treatment were 10-229 mg/dl 
(mean, 82 mg/dl) and 4 h later 3-142 mg/dl (mean, 
47 mg/di). The value normalized within 20 h in an 

Fig. 19.1a-d. a CT scan during portal phase shows an encap
sulated 7 cm HCC of segment 8 before PEL b Subcostal US 
scan shows the same tumor before PEL c Immediately after 
"single-session" PEl, intercostal US scan shows the tumor 
completely filled by ethanol, as an hyperechogenic patch. d 
One month after PEl, on CT scan the tumor appears com
pletely hypodense with zero enhancement, because of the 
ablation of neoplastic vascular supply. e At 5-year follow-up, 
CT scan confirms complete necrosis of the tumor, reduced in 
size 

patients. Statistically significant changes were found 
in the following laboratory data: arpino transferase, 
total and unconjugated bilirubin, lactic dehydroge
nase, hemoglobin, red cells, white cells, platelets, fi
brinogen, prothombin activity, haptoglobin and d
dimer. Table 19.1 shows the mean variation, time of 
maximum variation (in hours after treatment) and 
the maximum value recorded. Red cells, platelets 
and hemoglobin presented a three-phase trend of 
variation: in the hours immediately after treatment 
there was a fall, followed by a partial recovery the 

b 

d 
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Table 19.1. Laboratory data with significant changes after single-session PEl 

Test Mean variation Time of maximum Maximum cha nge 
variation (in hours) recorded 

AST IV +457 20 6,026 
ALT IV +227 20-44 1,728 
GGT IV +76 20 717 
Total bilirubin mg/dl +0.95 44 4.8 
Unc. bilirubin mg/dl +0.7 44 3.6 
LDH IV +827 20 4500 
Hemoglobin g/dl -1.4 68 7.8 
Red cells mm3 -375,000 68 2,600,000 
White cells mm3 +2,200 44 16,000 
Platelets mm3 -32,000 68 41,000 
Fibrinogen mg/dl -60 4 85 
PT % -60 4-92 20 
D-dimer ng/ml +2,800 4 8,000 
Haptoglobin mg/dl -40 20 2 
Ammonia ng/dl +40 20 177 

AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma glutamyltranspeptidase; LDH, lactic deilydro
genase; PT, prothrombin activity. 

next day and then on day 3 by an even greater reduc
tion from the baseline values. All these values nor
malized within 10 days. 

19.5.2 
Side Effects 

We observed the following side effects. For a few 
days patients often reported slight discomfort in the 
right hypochondrium, in some cases radiating to the 
epigastrium or to the right shoulder; analgesics were 
given in the event of severe pain. 

Especially in cases in which more than 50 ml was 
injected, patients presented hyperpyrexia (max 
40°C) lasting for a few days. Since the fever was not of 
septic origin but due to intratumoral necrosis, 
clearly demonstrated by the presence of gas on the 
CT and US scans, antibiotics were not given. Only 
antipyretics were administered as necessary. In a few 
cases the fever and gas persisted for up to a month. 
Some patients, especially not drinkers, exhibited 
drunkenness symptoms, persisting for several hours. 
Hemoglobinuria, almost always microscopic, was 
present in 74% of patients. There was a fall in mean 
blood pressure, systolic by 27 and diastolic by 11 
mmHg, 4 and 8 h after treatment. The portal flow 
rate decreased in 14 patients (63%) by a mean of 1.9 
cm/s, returning to the baseline values within a 
month. 

19.5.3 
Complications 

The following complications were observed in our 
study. One Child's C patient died (0.7%). This pa
tient, with esophageal varices at risk of bleeding, re
ceived 70 ml ethanol for a single tumor 8 cm in di
ameter. On day 4 he had heavy bleeding complicated 
by hepatorenal syndrome. 

Major complications occurred in six patients 
(4.6%). One patient with altered coagulation values 
(prothombin time=4S%, platelets=4Sx 103/mm3) and 
a 7.S-cm tumor of the left lobe, protruding from the 
ventral margin, presented a peritoneal hemorrhage, 
which required several blood transfusions. One 
Child's B patient presented severe liver failure and had 
to stay in hospital for a month. One patient with five 
lesions and slightly altered blood creatinine level (1.7 
mg/dl) had mild renal insufficiency (2.7 mg/dl), 
prompting two sessions of dialysis. The fourth, Nho 
had a poorly differentiated HCC, presented seeding in 
the parietal peritoneum, detected 6 months GEter 
treatment. Two patients had severe pain in the right 
hypochondrium lasting 3-4 days; this complication 
was due to necrosis of a segment of the liver adjacent 
to the one bearing the tumor, resulting from vascular 
damage. 

In addition, there were some minor complica
tions, requiring no specific treatment: eight slight 
bleedings into the peritoneum (appearance of fluid 
effusion, with decrease of 3-4 gldl of hemoglobin), 
eight mild hepatic insufficiencies {appearance of 
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small and transient amount of abscitis), seven 
chemical thromboses of the portal branch feeding 
the tumor, which cleared spontaneously within 3-4 
months, and one case of prolonged hypoxemia 
which lengthened the assisted ventilation time at the 
end of treatment by 1 h (this patient received 55 ml 
in all, some of which was injected accidentally into 
the suprahepatic veins). No complications were due 
to general anesthesia. 

In 27 patients, GIORGIO et al. (1996) reported an
other death in a Child's C patient with a 7 -cm tumor, 
due to bleeding of esophageal varices. They also re
ported some minor complications, such as pain, and 
delayed awakening (8 h after the end of the proce
dure) in a patient in whom 210 ml of ethanol was de
livered. 

In 44 patients, FILIPPELLI et al. (1998) reported 
only some minor complications, such as one slight 
intraperitoneal bleeding, one cholecystitis and one 
small hepatic necrosis outside the tumor treated. 

19.5.4 
Efficacy 

In group A 14 patients presented complete necrosis 
(58.3%); in 5 of these complete necrosis was 
achieved only after a few outpatient sessions of con
ventional PEl targeted on the residual areas. The 
other 10 presented at least 70% necrosis. The neo
plastic tissue was replaced by necrotic tissue first 
and later by fibrotic tissue. The last named, having 
no blood supply, was easily distinguished from neo
plastic tissue, since it presented no enhancement af
ter iodized contrast administration. The largest le
sion to show complete necrosis measured 8.2 cm. 
Tumor diameter, even in the cases of complete ne
crosis, remained unchanged immediately after treat
ment, to diminish in different measure after a few 
months (Fig. 19.1). 

In group B complete necrosis was achieved only in 
encapsulated lesions, that is, in some of the multiple 
lesions. In the infiltrating lesions of groups Band C 
100% necrosis was rarely obtained, but 50% or more 
was obtained in all cases and near complete necrosis. 

In some group C patients shrinkage of the portal 
thrombus for over 2 years was obtained. In patients 
whose cancer was already symptomatic the response 
obtained does not seem to have affected the natural 
history. 

On the AFP front 6-month follow-up revealed the 
following data. One of the 57 patients with <20 ng/ml 
presented an increase. Two of those with 21-200 ng/ 

ml showed an increase, 6 a decrease and 13 a normal
ization. Two of the 30 with >200 ng/ml showed an 
increase, 25 a decrease and 3 a normalization. 

19.5.5 
Survival 

One-, 2-, 3-year survival rates overall were 68, 56, 
41 %. The corresponding rates by group were: for A 
72, 65, 57%; for B 73, 60, 42% and for C 46, 25, 5%. 
The longest survivor is alive after 70 months of fol
low-up. 

19.6 
Discussion 

19.6.1 
Biochemical Changes 

While conventional PEl, which involves small doses 
of ethanol at a time, causes no noteworthy changes, 
single-session PEl causes changes that, though tem
porary, must be known, because they may give rise 
to complications. 

In our study, the mean of blood alcohol levels ob
served (82 mg/dl) did not cause any trouble, intoxi
cation symptoms usually appearing over 150 mg/dl. 
Only in cases over these values were some intoxica
tions lasting 2-4 h observed, above all in abstemious 
patients. These patients regained consciousness 
more easily and quickly when treated with drugs 
during PEl, as observed in our preliminary trial or 
demonstrated in controlled studies (DE BERNARDIS 
et al. 1988; GOBBI et al. 1988). 

The blood count changes presented three phases. 
The slight fall in red cells, platelets and hemoglobin 
immediately after treatment is to be attributed to the 
initial slight hemolysis induced directly by the etha
nol combined with dilution of the blood through i.v. 
hydration, and to traumatic micro hemorrhage. The 
partial recovery on day 2 is due to an intermediate 
mobilization of reserves from the spleen and to com
pensatory diuresis. The more marked fall on day 3 is 
due to increased intrasplenic hemolysis (especially 
in the damaged cells) secondary to the increase in 
portal hypertension; in the case of platelets there 
was also wear-and-tear due to microvascular throm
bosis. The increase in white cells on day 2 is attribut
able to inflammatory phenomena connected with re
pair of the tissues and vessels. 
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Given the initial intravascular hemolysis, there 
was also an increase in unconjugated bilirubin and a 
decrease in haptoglobin. The latter, which binds to 
hemoglobin, is often consumed completely, in part 
because the baseline values in cirrhotics are lower 
than in normals. Any free hemoglobin, being small 
enough to cross the glomerular filter, gives rise to 
hemoglobinuria. The passage of hemoglobin into 
the tubules may cause transient obstruction, which 
has no consequences in normal patients but which 
may give rise to slight and transient renal insuffi
ciency in those whose blood creatinine levels are 
raised. 

Intravascular clotting immediately after hemoly
sis leads to an increase in d-dimer and a decrease in 
fibrinogen, in prothombin activity and, to a lesser 
degree, in antithrombin III activity. The activation of 
the ethanol-induced blood coagulation cascade nor
malizes within a few days. Destruction of hepatic 
cells (mainly in the non-neoplastic parenchyma) is 
reflected in the increased transaminases; the fact 
that the mean increase in aspartate aminotrans
ferase is almost twice that in alanine aminotrans
ferase, and occurs 24 h earlier, suggests early damage 
to the mitochondria, which precedes the hepatic 
damage secondary to microvascular thrombosis. 
Other biochemical changes due to hepatic cell and 
red cells damage are: an increase in lactic dehydro
genase and, though not to a significant degree, in po
tassium. The increase in gamma glutamyl 
transpeptidase argues for an intraparenchymal 
cholestasis. 

19.6.2 
Complications 

The death of a Child's C patient after heavy bleeding 
of esophageal varices, complicated by hepatorenal 
syndrome, is probably to be attributed to the further 
increase in portal hypertension that occurred in 
63% of patients after treatment. Another death from 
bleeding was reported, due to the same circum
stance (GIORGIO et al. 1996). While in a Child's class 
A patient or one without esophageal varices at risk 
of bleeding, this rise carries no consequences, in a 
patient with advanced cirrhosis (Child's C or even B, 
if a high dose of ethanol is planned) or with F3 or F2 
varices with red spots we consider the treatment to 
be contraindicated (administration of nitroglycerin 
and beta blockers might reduce the risk). 

The peritoneal bleed occurred in a patient with 
several concomitant risk factors, namely superficial 
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location of the tumor, large size involving several 
punctures, and severe coagulation disorders. Other 
patients in similar circumstances did not have this 
complication. We further think it is wise to exclude 
patients with hyperfibrinolysis or a chronic dissemi
nated intravascular coagulation from treatment, be
cause cirrhotics anyway have a precarious bood co
agulation pattern, thrombocyte deficiency, erythro
cyte and microvascular fragility and am~tomical 
changes (esophageal varices, congestive gastritis) 
that are potentially hemorrhagic. Necrosis of hepatic 
tissue located in another segment was noturesee
able but does not seem to have been a major problem 
for the patient, the only complaint being pain. 

The case of prolonged mild hypoxemia raised no 
particular problems apart from an extra hour of as
sisted ventilation at the end of treatment. Hypox
emia did not depend on the amount of injected etha
nol. Most probably it was due to pulmonary vlscular 
dilatation and/or arteriovenous communication, 
and functional right-to left intrapulmonary shunt
ing ensuing from it. Many factors might be involved 
in the pathogenesis of this alteration: nitric oxide, 
platelet activating factor, prostglandin £2' 
prostacyclin, orthosympathetic reflex, acidOSiS. Pul
monary interstitial edema, resulting from m in
crease in vascular permeability (activated ma,;roph
ages) or cardiac insufficiency may be present (YAKES 
et al. 1993; RAND IN et al. 1995; UMANS ane LEVI 
1995; KROWKA 1995; CASTRO and KROWKA 1996; 
CHANG and OHARA 1996; RIEGLER et al.1995; PANOS 
and BAKER 1996). The practical upshot of the forego
ing remarks is that injection should be stopped as 
soon as an ethanol leakage into the hepatic v,~nous 
circulation is detected and that treatment should not 
be offered to patients with major pulmonary hyper
tension and heart disease. 

Table 19.2 lists the situations considered at risk. In 
this table, in addition to the above-mentioned 
contraindications, we included obstructive jaundice. 
In fact, in our series of metastatic patients submitted 

Table 19.2. "Single session" PEl: conditions considered at risk 

Marked portal hypertension 
Marked pulmonary hypertension 
Major heart disease 
Risk esophageal varices 
Hyperfibrinolysis 
Chronic disseminated intravascular coagulation 
Chronic renal insufficiency 
Obstructive jaundice 
Superficial tumors with severe coagulation disorders 
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to the same procedure, a case of peritoneal bile leak 
occurred in the presence of biliary dilatation. 

19.6.3 
Survival 

In the light of current knowledge the treatment op
tions open to patients with HCC not at an advanced 
stage, that is with a single tumor or at most 2-3 uni
lobar nodules, up to 5 em in diameter, are four, 
namely: surgical resection, liver transplantation, PEl 
and segmental TACE, the choice depending on a 
number of prognostic factors and on the local social 
and medical facilities (LIVRAGHI et al. 1995b). For a 
single HCC of greater size, even if a diameter >5 em 
is a relatively adverse prognostic factor on uni
variate analysis, surgery remains a valid option, sub
ject to stringent selection of patients for a variety of 
other factors (presence of a capsule, compensated 
cirrhosis, age not too advanced, AFP not elevated, 
etc.). For more advanced cases, when surgery is not 
an option, that is, for an infiltrating tumor or bilobar 
multifocal presentation, conventional (nonseg
mental) TACE is often the only possible treatment. 
However, even with the recent introduction of more 
stringent criteria and the consequent considerable 
reduction of the complication rate, the greatest 
problems of TACE remain its modest efficacy in 
large or infiltrating tumors and the poor predictabil
ity of results, which may vary widely from patient to 
patient and even from lesion to lesion in the same 
patient. 

The 3 year survival rate among patients with 5-
10 em HCC reported by the Liver Cancer Study 
Group of Japan was 45%, though it has to be re
membered that their series included patients 
treated surgically as far back as 1982 (The Liver 
Cancer Study Group of Japan 1994). More recent se
ries (NAGASUE et al. 1993; SUGIOKA et al. 1993; 
IZUMI et al. 1994; KIM and KIM 1994; KAWARADA et 
al. 1994) report survival rates from 23% to 63%, 
which are thus similar or lower than those attained 
in group A patients with single-session PEl, i.e., 
57%. This is not easy to explain, for resection 
should have ensured complete ablation whereas 
PEl in this study achieved complete necrosis in 58% 
of cases. The explanation is probably to be sought 
in the fact that the lower success rate obtained with 
PEl is counterbalanced by the lower peroperative 
mortality, i.e., 0.8% vs 4-11 % for surgery (NAGASUE 
et al. 1993; SUGIOKA et al. 1993; IZUMI et al. 1994; 
KIM and KIM 1994; KAWARADA et al. 1994) and by 

the reduced damage to healthy tissue, which in 
some resections may prove excessive and lead to 
liver failure; another factor could be that the 
amount of necrosis, high also in partial responses, 
was able to greatly slacken the neoplastic growth 
and so improve survival. 

Thus, as PEl is a satisfactory alternative to sur
gery, no longer the only treatment available, patients 
can be more accurately selected for surgery with bet
ter chances of success in terms both of complications 
and of survival rates. 

Comparison with TACE is less straightforward, 
because of the diversity and insufficient stratifica
tion of patients. The series of patients with HCC >5 
em reported by TANIGUCHI et al. (1994), URATA et al. 
(1994) and by YAMADA et al. (1995) yielded 3-year 
survival rates of 17,18 and 0%, while NAKAMURA et 
al. (1994) and the Groupe d'etude et de traitment du 
carcinome hepatocellulaire (1995) in two series of 
generically inoperable cases cited 28 and 30%. The 
series of BRONOWICKI et al. (1994), stratified accord
ing to the Okuda staging, comprising 59 stage I pa
tients (main tumor 5 em or more in 20,5-8 em in 20, 
11-15 em in 9; single in 14 and multiple in 35 cases; 
47 Child's A and 2 Child's B; mean age 65 years), 
yielded a survival rate of 57%. The 3-year survival 
rate in our group B patients with single-session PEl 
was 42% and so comparable with that for TACE. The 
choice should definitely go to PEl when patients are 
at risk of complications, as in those identified in a 
study of CHUNG et al. (1996) and especially when the 
diameter exceeds 6 em, since 24% of their patients 
developed a severe post -embolization syndrome or 
acute liver failure. 

Group C patients have until now not been offered 
any treatment or at most chemotherapy or hormone 
therapy, but without appreciable results (CARR 1997; 
CAST ELLS et al.I995). In some group C patients, that 
is, those with advanced but not symptomatic cancer 
and not presenting the risk factors cited above, PEl 
yielded reasonably good results: a remarkable re
duction of diseased tissue and arrest of neoplastic 
growth for more than a year. 

19.7 
Conclusions 

While aware of the limitations of comparison based 
on historical data, we feel that single-session PEl has 
proved to be a valid alternative to patients so far 
treated surgically or with TACE who present adverse 
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prognostic factors or risks for these therapies. Fur
ther, it may be an option for some patients with ad
vanced disease who previously could not benefit 
from any therapy. The risk of complications none
theless requires the exclusion of patients presenting 
situations likely to be risky and solid experience of 
conventional PEL 
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20.1 
Introduction 

In this chapter, the principles of radiofrequency 
(RF) thermal ablation and the techniques currently 
used in the treatment of hepatocellular carcinoma 
(HCC) are discussed. Our group was the first to pro
pose, in 1990, the possibility of employing intersti
tial hyperthermia to percutaneous ablation of liver 
tumors. In the last few years, technological improve
ments have been introduced in order to obtain a 
larger volume of necrosis, to make the procedure 
more effective, to shorten the time required for the 
therapy, to enhance the patient's compliance and to 
reduce the economic cost. Particularly, new types of 
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needle electrodes, such as expandable electrodes 
and cooled tip electrodes have entered into clinical 
use. With recent experience, association of 
radiofrequency thermal ablation with segmental 
transcatheter arterial embolization has also been 
used for treatment of large HCC lesions. Currently, 
with the use of expandable needles, most HCC tu
mors up to 3.5 em can be ablated in a single session. 
By combining RF thermal ablation and arterial em
bolization, tumors up to 6.5 em can be effectively 
treated. 

20.2 
Radiofrequency Thermal Ablation 

Surgical resection can be performed in a minority of 
patients with either primary or metastatic liver tu
mors. Therefore, today, minimally invasive percuta
neous therapies such as percutaneous ethanol injec
tion (LENCIONI et al. 1995, 1997; 1998d; BARTOLOZZI 
et al. 1995; BARTOLOZZI and LENCIONI 1996; 
LIVRAGHI et al. 1995), radiofrequency interstitial 
thermal ablation (BUSCARINI et al. 1992; LENCIONI 
et al. 1998b,c), interstitial laser photocoagulation 
(AMIN et al. 1993), and percutaneous microwave co
agulation therapy (PMCT) (SEKI et al. 1994a) have 
been introduced. 

RF waves applied for tissue thermal ablation have 
a frequency energy of about 480-500 kHz. RF waves 
are a band of electromagnetic radiation subdivided 
according to the frequency into low frequency en
ergy (up to 300 kHz), intermediate (up to 3 MHz), 
high frequency energy (up to 300 MHz) and micro
waves, which have a wavelength to 1 mm and a fre
quency up to 2500 MHz. The human body becomes 
an element of the RF circuit when terminal outputs 
of the RF generator are connected to electrodes 
placed/inserted on the body itself. In the monopolar 
system, the active electrode is represented by a small 
area where the heat lesion is made, and the disper
sive electrode by a large area where heating produc-
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tion is minimal and without discomfort on behalf of bound to the tissue vascularization, which can re-
the patient. 

RF thermal lesion results from a tissue coagula
tion around the non-insulated tip of a needle elec
trode. RF heating is due to ionic agitation produced 
by a flux of a high frequency alternating current into 
the tissue. This ionic movement provokes a heating 
defined as resistive heating, directly proportional to 
the square of current density, which is in turn in
versely proportional to the distance from the elec
trode. Therefore, resistive heating involves a very 
thin layer of tissue, while a larger tissue destruction 
is due to heat diffusion. The dimensions of RF ther
mal lesions are related to the current intensity, to the 
size of the needle electrode, to heat conduction, and 
to heat lost via the circulation (convection). 

An experimental work, performed on guinea pigs 
and pigs, showed that the volume of liver thermal le
sions induced by RF needle electrodes was related to 
the temperature, to the exposure time (up to 120 s) 
and to the needle caliber and the length of the ex
posed tract of the needle (ROSSI et al. 1990). The 
same results were obtained by using an experimental 
model in vitro; the authors observed that ultrasound 
(US) could monitor the thermal lesion as an 
hyperechoic zone (MCGAHAN et al.I990); its dimen
sions showed a good correlation between the diam
eter of the lesion observed histopathologically 
(BOSMAN et al. 1991). 

Convection is an important limiting factor of the 
necrosis volume: in fact, vessels act as a heat sinker. 
Experimental observations showed that RF coagula
tion obtained in normal ex vivo pig liver had a diam
eter about double the coagulation area in normal in 
vivo pig liver, under the same technical conditions; 
and that in normal pig liver RF application per
formed during balloon portal occlusion or during 
portal vein and hepatic artery clamp induces larger 
coagulation necrosis areas than RF applied with un
interrupted hepatic blood flow (GOLDBERG et al. 
1998; PATTERSON et al. 1998). 

A crucial point for percutaneous treatments is the 
size of the necrosis achievable. In RF ablation, the 
use of high current intensity is limited by tissue car
bonization around the needle tip, with a sudden in
crease in tissue impedance causing interruption of 
RF wave flow. On the other hand, by prolonging ex
posure time, the lesion diameter can be increased 
until a point of thermal balance. The caliber of the 
non-insulated needle tip (which is the real source of 
RF waves) is limited by safety reasons to not more 
than 2 mm. Moreover, heat diffusion is related to the 
characteristics of the tissue and the loss of heat is 

duce or impede tissue necrosis. 
From a practical point of view the strategies for 

enlarging thermal lesions are represented by: (a) ex-
pans ion of radiating area; (b) control of impedance; 
and (c) tumor devascularization to reduce heal loss. 
Expansion has been obtained by using multiple 
needles and expandable needles (Bus CARINI et al. 
1996b; LE VEEN 1997; LENCIONI et al. 1998b I; the 
control of impedance has been attempted by infu-
sion through the needle electrode of saline during 
RF ablation (cooled tip needle electrode) 
(LORENTZEN 1996; SOLBIATI et al.1997; LENCIONI et 
al. 1998c); reduction of heat loss, by transarterial 
embolization (Bus CARINI 1998; LENCIONI et al. 
1998a) or by portal vein occlusion during the time of 
RF application (GOLDBERG et al.I998). These proce-
dures have been used in clinical practice. 

20.2.1 
Equipment 

The RF delivery systems used in the published pa
pers are RF-current generators (Radionics, 
Burlington, Massachusetts; and Rita Medical Sys
tems, Mountain View, California) with an active 
needle electrode and a dispersive electrode. 

The generators have 480-500 kHz frequency with 
a maximum power from 26 to 100 W. The activt elec·
trodes have an insulated (by 0.1 mm thick plastic) 
stainless steel shaft of 24-30 cm length, a caliber 
ranging from 1.2 to 1.9 mm, and an exposed tip of 1--
3 cm length. The tips contain one or two thermistors 
that allow temperature monitoring in the ·issue 
around the needle tip. 

In recent experiences, modified needles have been 
applied: expandable needles of 1.9 mm in cdiber, 
with retractable lateral hooks of 1.5 cm in Imgth, 
aimed at obtaining an enlargement of radiating area 
(BUSCARINI et al. 1996b; ROSSI et al.1998; LENI:;IONI 
et al. 1998b); cooled tip needle of 1.2 mm in cdiber, 
where an internal circulation of cold saline main-
tains a low temperature in a thin tissue layer around 
the needle tip, in an attempt to avoid charrin~ phe·
nomena even with the use of high power (SOLBIATI 
et al. 1997, LENCIONI et al. 1998c). 
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20.2.2 
Technique 

The monopolar procedure is carried out by connect
ing the patient to the RF generator via a dispersive 
electrode. The active electrode needle tip is intro
duced into the chosen area of the tumor under US 
guidance using a 3.5-MHz convex probe with a lat
eral biopsy apparatus. Local anesthesia is performed 
from the insertion point on the skin to the perito
neum along the puncture line. The power necessary 
to keep the temperature at the needle tip at 90°C for 
2-6 min is delivered. If an expandable needle is used, 
the hooks are advanced after needle placement and 
retracted before withdrawing it; with this procedure, 
the temperature, as measured by thermistors sited at 
the tip of each hook, ranges between 100 and 115°C 
for 8-16 min (BUSCARINI and ROSSI 1997; LENCIONI 
et al. 1998b). Needle access may be intercostal, sub
costal, or epigastric. 

With the bipolar procedure, two active needle 
electrodes directly connected to the RF generator are 
inserted into the tumor in parallel 2 cm apart, via the 
multihole lateral guide apparatus, under us guid
ance. 

With both monopolar and bipolar procedures, the 
tip of the needle/s is/are placed at each insertion in 
the deepest part of the tumor. Multiple thermal le
sions are created along the major axis of the needle 
electrode by simply withdrawing the needle and re
activating the RF generator. In case of large masses, 
multiple insertions of the needle electrode may be 
performed in different areas of the tumor. 

Monopolar procedure produces a single thermal 
lesion with a volume that ranges from 1.0 to 1.8 cm3 

(ROSSI et al. 1990). Bipolar technique generates a 
thermal lesion of about 8.0 cm\ that is more than 
double that of the single lesion performed by the 
single needle electrode (ROSSI et al. 1996). With 
modified monopolar procedure (cooled needle and 
expandable needles) it is possible to obtain a lesion 
with a diameter of about 3-3.5 cm (BUSCARINI and 
ROSSI 1997; SOLBIATI et al. 1997; LENCIONI et al. 
1998b,c). 

20.2.3 
Ultrasound Monitoring 

As experimentally shown, a homogeneous hyper
echoic area, often with posterior acoustic shadow, 
appears around the needle tip when temperature 
reaches 90°e. This US structural change is visible at 

every thermal lesion and is independent of the tu
mor histotype. It usually disappears within 12 h. At 
the end of the treatment, the US patterns are modi
fied: usually the hypo echoic lesions become 
isoechoic or hyperechoic areas; the iso-hyperechoic 
lesions with hypo echoic rim become iso
hyperechoic, iso-hypoechoic, or hypo-hyperechoic 
areas (Fig. 20.1). 

20.2.4 
Assessment of Therapeutic Efficacy 

The therapeutic efficacy of RF ablation has been 
documented by serial dosage of serum alpha-feto
protein (AFP), US guided fine needle biopsies per
formed after the procedure, and imaging tech
niques such as dynamic or spiral CT, MR imaging, 
and selective angiography. If post-treatment inves
tigation reveals residual tumor, additional treat
ment is administered (BUSCARINI and ROSSI 1997; 
LENCIONI et al. 1998c). Currently, angiography is 
considered no longer necessary, and can be substi
tuted by color-power Doppler study, completed by 
US contrast media, and by spiral CT or dynamic 
MR imaging. Moreover, post-treatment biopsy is 
no longer recommended routinely, but can be used 
in case of questionable imaging findings. In fact, 
even multiple biopsies can miss residual tumoral 
foci, because the information pertains to a very 
limited volume of liver. Moreover, biopsy can give a 
false positive result since areas of non-vital hyper
thermia induced apoptosis may mimic viable can
cer tissue on light microscopy (SOLBIATI et a1.1994, 
1997). 

The timing of therapeutic assessment is contro
versial: some authors prefer an early examination 
(within 3 days from the end of therapy), which, how
ever, may be impaired by the presence of a periph
eral halo of contrast enhancement caused by reactive 
inflammation. In later studies, this feature usually 
disappears and interpretation of images is easier 
(Figs. 20.2, 20.3). 

Follow-up protocol includes dosage of AFP, US, 
and CT or MR imaging at 3-4 month intervals. 

20.2.5 
Results 

In the first clinical study, 39 patients with single 
HCC nodule not more than 3 cm in diameter were 
treated with the monopolar and bipolar methods. 
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Fig. 20.1a-d. a Sonography shows isoechoic hepatocellular carcinoma nodule (arrows) with hypoechoic halo and lateral 
shadows, located in segment VII of liver. b The expandable needle (arrows) is positioned within the lesion and the ho·)ks are 
deployed (arrow). c At the end of treatment an hyperechoic area (arrow) appears around the needle hooks: this is the 
sonographic feature of thermal lesion. d Sonogram obtained 3 months after the end of RF interstitial thermal ablation shows 
that structure of the nodule has completely changed (arrows), it is smaller than before the treatment, and it has posterior 
shadowing 

The tumoral destruction was achieved in all cases, 
with normalization of AFP levels in cases where it 
was increased. The mean number of sessions needed 
to obtain tumor destruction was 3.3 (range, 1-8). 
During the follow-up, the treated HCCs slowly di
minished in size, becoming not detectable by US or 
appearing as small hyperechoic areas or as isoechoic 
areas with hyperechoic rim. During a mean follow
up of 23 months (range 3-66), 16 of 39 (41%) pa
tients had recurrences: local recurrences, however, 
occurred in only 5% of cases, whereas 36% of recur
rences were due to the emergence of new lesions in 
other hepatic segments. Most recurrent tumors un
derwent new courses of RF treatment. Overall, 54 
HCC nodules in 39 patients were treated during the 
study. Median survival time was 44 months (ROSSI et 
al. 1996). 

Another group of 23 patients with either ~ ; ingle 

tumor nodule of not more than 3.5 cm or multiple 
(up to three) tumor nodules, none exceeding 3 ,0 cm 
in diameter, were treated by using expandable 
needle electrodes with four hooks. In this study, 26 
tumor nodules were apparently ablated in a mean of 
1.5 sessions (1.1 for tumor less than 2.5 cm; 1.7 for 
the others). Twenty-one patients were followed up 
for at least 6 months (mean 10 months; range 5-19 
months): one patient showed local recurrence, two 
had new tumor nodules, three had multicentric dis
ease, and 15 remained apparently disease· free 
(ROSSI et al. 1998). 

In a third experience, 12 patients with HCC le
sions with diameter from 3.8 to 6.5 cm were treated 
with RITA (expandable needle electrode) after ;;eg
mental trans arterial embolization. In all cases com-

b 

d 
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Fig. 20.2a-d. a A 3-cm nodule of hepatocellular carcinoma (arrows) hyperechoic, located in segment VI. b Sonogram obtained 
9 months after the end of RF interstitial thermal ablation demonstrates that the nodule (arrow) is isoechoic with hyperechoic 
rim and it has posterior shadowing. c Dynamic CT scan obtained before RF interstitial thermal ablation shows hyper- to 
hypodense tumor (arrow). d Dynamic CT scan obtained after the end of treatment demonstrates a non-enhancing area 
(arrow) larger than the treated tumor 

plete ablation was achieved in a mean number of 1.2 
sessions. During a mean follow-up of 11 months 
(range 6-17) two patients died of unrelated causes, 
and four patients had recurrences. Two cases were 
treated with a new course of RF ablation, while one 
was submitted to surgical resection. Thus, 9 patients 
were alive and apparently disease free (BUSCARINI 
1998). 

In two recent prospective studies the efficacy of 
RF thermal ablation and percutaneous ethanol in
jection (PEl) for the treatment of small HCC was 
compared. Both studies showed that treatment time 
is significantly shorter by using RF than by using 
PEl; the radicality of the RF treatment appeared to 
be higher, being the percentage of cases with com
plete necrosis greater or the number of recurrences 
less; no major complications with both the treat-

ments were observed in one study (LENCIONI et al. 
1998b); complication rate was higher for RF treat
ment than that of PEl in the other (LIVRAGHI et al. 
1999). 

Three patients with five HCC nodules treated with 
the conventional monopolar method died of causes 
other than HCC. Autopsy was performed and the five 
treated tumoral lesions were analyzed. Total necrosis 
was observed in two nodules ranging from 2 to 2.5 
cm in diameter; two nodules ranging from 1 to 2.1 
cm were no longer detected; in only one HCC nodule 
of 2 cm in diameter, treated 13 months before, was a 
tiny viable tumor of few millimeters in size observed 
(ROSSI et al. 1996). Two patients treated with ex
pandable needle electrodes underwent surgery: in 
one nodule 100% necrosis was found; in the second, 
90% necrosis was seen (ROSSI et al. 1998). 

b 

d 
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Fig. 20.3a,b. a Selective hepatic angiogram obtained before 
RF interstitial thermal ablation shows tumor vascularity (ar
row) in right hepatic lobe. b After RF interstitial thermal ab
lation, angiography demonstrates complete disappearance of 
tumoral stain 

20.2.6 
Complications 

In the first group of treated patients only mild pain 
in a minority of cases was observed (ROSSI et al. 
1996). In patients treated with expandable needle 
electrode, 6 patients experienced mild pain, which 
required minor analgesia; one patient, who was as-

L. Buscarini et al. 

ymptomatic during the procedure, suffered from in
tense abdominal pain 2 h after the end of the RF ap
plication, requiring analgesia with morphine chloride 
10 mg and 0.5 mg of atropine; dynamic CT showed 
capsular necrosis. One patient had fever thl~ day after 
that did not require therapy (ROSSI et al.199S). In 5/12 
patients treated with association TAE-RF application, 
fever was observed in the post-treatment period; in 
one case a colliquative aseptic necrosis arisen in the 
site of ablated tumor was effectively treated by percu
taneous drainage (BUSCARINI 1995). 

20.3 
Percutaneous Microwave Coagulation 

The wavelength of microwave is small relative to 
human body size. The tissue behaves mainly as a 
dielectric material. Because dielectric is not uni
form, the field distribution inside the tissue is not 
predictable and therefore the heating of the tissue is 
not as predictable as with conduction heating. Tis
sue coagulation around the electrode has a spindle 
shape, and the necrosis volume is less than that ob
tained by using RF waves. 

The technique is similar to that described for RF 
but the needle electrode is inserted through a guid
ing needle 14 gauge. Percutaneous microwave co
agulation was employed in two small series of pa
tients with HCC. In the first study, IS patien:s with 
HCC not more than 2 cm were treated. The treatment 
was considered to be effective on the basis of 1.;S 
change, confirmed by disappearance of contrast en
hancement at CT andlor decreased intensity of the 
tumor at MR imaging. In all the patients, the treat
ment required a mean number of 2.S sessions. :n one 
case the complete necrosis was confirmed at surgery. 
During a follow-up ranging between 11 and 33 
months recurrences occurred in 3 patients whe· were 
retreated with microwave coagulation (SEKI et al. 
1994a). 

In the second series (9 patients with HCC measur· 
ing 35-67 mm in diameter, who had previously un
dergone unsuccessful embolization), multiple f'unc
tures and multiple microwave emissions were per
formed in various parts of the tumor; the ses~ ;ions 

were two per week. The treatment obtained a com
plete tumor necrosis evaluated on the basis of dy
namic CT in all patients, but after a mean follow-up 
of 6 months radiological evidence of complete ne
crosis persisted only in five lesions (MURAKAMI t't al. 
1995). No complications are cited in either paper. 
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In an interesting case report, microwave therapy 
was used in a case of HCC proliferating in the bile 
duct. The microwave electrode was placed with a 
guide wire under fluoroscopic guidance obtaining a 
complete destruction of the intraductal mass. In a 
follow-up of 12 months no recurrence was observed 
(SEKI et al.1994b). 

20.4 
Conclusions 

Interstitial hyperthermia can easily destroy liver tu
mors as demonstrated by US, US guided biopsy, dy
namic and spiral CT, MR imaging, selective angiog
raphy, pathologic studies and follow-up. The pri
mary goal of this technique is to achieve the largest 
necrosis in the shortest time. The results obtained by 
modified monopolar technique (expandable needles 
and cooled tip needles) or by association of segmen
tal embolization and RF treatment in HCC represent 
a clear improvement with respect to the previous 
results, making it possible to destroy large tumors in 
1 or 2 sessions. 

Compared to other currently available liver tumor 
treatments, RF interstitial thermal ablation has an 
acceptable medical cost, which could range from 700 
to 1000 $; this cost is similar to that reported for PEl 
(LIVRAGHI et al. 1995). 

RF ablation seems to be a safe technique. The dan
ger of bleeding is reduced by the coagulative power 
of interstitial hyperthermia. No tumor seeding along 
the needle track has up to now been seen. In any way 
we believe that caution is needed to treat superfi
cially located tumors. 
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21.1 
Introduction 

Hepatocellular carcinoma (HCC) is the most fre
quently occurring type of primary liver tumor. It 
may appear ex novo in an apparently healthy liver 
without previous evidence of macro regeneration 
nodules or, more frequently, in cases of chronic liver 
diseaser especially cirrhosis (FRANCO 1990). In Italy 
HCC is found to occur in approximately 3% of cir
rhotic patients, while the liver tumors most fre
quently observed in oncology are metastatic. Au
topsy-based research performed between 1905 and 
1973 confirmed the presence of hepatic metastases 
in 24-36% of patients deceased due to malignancies 
(BENGMARK and HAFSTROM 1969; WILKES 1973; 
COLOMBO et al. 1991; WOLF et al. 1991). 

Surgical intervention is considered the most suit
able therapeutic approach since it permits long peri
ods of remission (STEELE and RAVIKUMAR 1989; 
STEELE et al. 1991; VETTO et al. 1990). Its application 
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is however greatly limited, since most patients pre
senting HCC are cirrhotic: limiting the loss of paren
chymal volume is of vital.importance in order to best 
conserve hepatic functional capacity (POMMIER et 
al. 1987). This limitation, in addition to the fact that 
HCC is often multifocal, considerably reduces the 
number of patients eligible for surgical resection 
(LIVRAGHI et al. 1997). 

Alternative palliative treatments such as radiation 
and embolization, applied either singly or in asso
ciation with the locoregional intra-arterial injection 
of chemotherapeutic agents, have not improved rates 
of survival. Of the various percutaneous loco
regional treatments, transcatheter arterial 
chemoembolization (TACE) has failed to success
fully treat various types of HCCs due to their exten
sive vascularization: tumor cells, particularly when 
extracapsular, may be nourished both by branches of 
the hepatic artery and branches of the portal vein 
(LANG and BROWN 1993; COLDWELL et al.1994). 

Percutaneous intrahepatic alcohol injection (PEI) 
is a technique which allows rapid, relatively safe, low
cost ablation treatment of tumoral masses. It may 
also be repeated and normally does not result in sig
nificant loss of healthy parenchyma. Ultimately, it of
fers considerably therapeutic efficiency thanks 
partly to the fact that the ultrasound screening of a 
cirrhotic population allows HCC to be diagnosed 
while the nodules are still small (LIVRAGHI et al. 
1987,1991; SIRONI et al.I991). 

Unfortunately, PEl may fail to eliminate all tu
moral tissue, since the shape and volume of the le
sion created depend on the way in which the alcohol 
spreads throughout it. Distribution may be made in
homogeneous by vascular patterns and the macro
scopic histology of the nodules. Therefore the result
ing necrosis is neither predictable or replicable 
(NOLS0E et al. 1993). Furthermore, the systemic ef
fects of ethanol make it possible to treat only a lim
ited volume in each session, making serial treatment 
sessions lasting from 1 to 8 weeks necessary. Finally, 
the injection of ethanol, especially in encapsulated 
lesions, produces an increase in pressure which may 
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provoke em expulsion of alcohol from the HCC to the 
hepatic capsule, causing pain (BUSCARINI and STASI 
1996). Such a backflow of ethanol may also permit 
neoplastic cells to spread along the path of the 
needle used in the treatment (seeding). Since precise 
data are lacking, this probability is difficult to esti
mate but has been calculated as a risk of 0.5% for 
HCC cases (CEDRONE et al.1991; ZERBEY et al.1994). 
It would be reasonable to suppose that such a risk is 
greater in the case of metastasis, which is normally 
more aggressive (KAISER 1989). 

Considerable interest has recently been directed 
toward two percutaneous methods based on the gen
eration of total tissue necrosis as a result of local hy
perthermia: radiofrequency (RF) and interstitial la
ser photocoagulation (ILP) (MASTERS et al. 1992). 
The idea of using heat to treat tumors is actually an
cient, and it seems that even the ancient Romans 
used cauterization to treat superficial tumors 
(HORNBACK 1989). Research by COLEY demon
strated in 1893 that tumor cells are in fact more vul
nerable to heat damage than healthy tissue. Experi
mental attempts to treat deeply seated tumors using 
external heat sources were performed toward the 
end of the 1970s and during the 1980s. 

The research done by LE VEEN and other Authors 
in 1980 confirmed the particular sensitivity of neo
plastic tissue to heat damage, partly due to its inabil
ity to dissipate heat through increased blood flow as 
occurs in the healthy surrounding tissue. Nonethe
less, the use of locoregional or total body hyperther
mia was limited by the lack of instruments capable 
of making such therapy safe and manageable 
(SOLBIATI et al. 1997). It was impossible to hit the 
target precisely and accurately predict the extent of 
the lesion. Temperatures of approximately 42° were 
required to limit damage to the healthy tissue sur
rounding the tumor while there was no way to moni
tor the temperature generated within the lesion. Fur
thermore, tumors exposed to sublethal temperatures 
proved to become resistant to subsequent heat 
therapy treatments (GERNER et al. 1980). 

Now, with the use of modern cross-sectional im
aging, interventional radiology techniques and con
stantly developing technology it has become pos
sible to treat deep-seated lesions using local hyper
thermia by means of a simple percutaneous needle
prick thanks to RF, which uses needle probes placed 
within the lesion, and ILP, which uses energy pro
vided by a laser and carried by a quartz optical fiber 
(LEVEEN 1987). 

21.2 
Technique 

21.2.1 

F. s. P.~rrari el al. 

Biological Effects of Laser Radiation 

The laser employed in ILP acts simply as a 1·ource of 
electromagnetic radiation. The main characteristics 
oflaser radiation are monochromaticity, collimation 
and the production of a coherent band of photons. 
These characteristics allow energy to be transmitted 
to extremely limited focal diameters, producing in
credibly high levels of power density. The biological 
response and the extent of the tumor necrosis pro
duced by laser hyperthermia are dependent on the 
power employed (in Watts), lesion exposure time, 
the light wavelength used and the absorption char
acteristics of each tissue. 

The laser most widely used in gastroenterology 
and endoscopy is the neodymium-aluminum -garnet 
(Nd:YAG) laser which emits a band of light with a 
wavelength of 1,064 nm (VAN EYKEN et al. 1991; 
NOLS0E et al. 1993). Much experimental resec.rch on 
the effects of heat therapy with Nd:YAG lasers on 
normal liver tissue and concerning the hyperther
mic ablation ofliver tumors in animals has been car
ried out in the last ten years (BOWN 1983; PACE LLA et 
al. 1993). 

In 1987 MATTHEWSON et al. conducted a study of 
interstitial laser therapy on rat livers. They a?plied 
uncoated 0.4 mm fibers to the hepatic parenchyma 
of rats during laparotomy and concluded that ILP 
produces areas of coagulative necrosis which are 
clearly defined, predictable, reproducible and pro
portional in size to power and exposure time. They 
observed that even power levels greater than 1000 J 
failed to produce areas of necrosis with a diameter 
larger than 16 mm. 

In 1990 DACHMAN et al. experimented with the ef
fects of this laser technique on live pigs, using ultra
sound to position uncoated fiber tips and sacrificing 
the pigs after various lengths of time in order to 
evaluate the anatomical and pathological evoltltion 
of the lesions. The findings repeatedly displayed ar
eas of coagulative necrosis characterized by vapor
ization, carbonization and acute flogosis arounc' the 
fiber tip, while there was no apparent damage to sur
rounding tissue (ROSSI et al. 1990; STEGER e. al. 
1991 ). 

In 1992 STEGER et al. experimented with a system 
employing the parallel insertion of quartz fibers in a 
dog liver and the use of a splitter to simultaneollsly 
deliver power to four fibers in order to obtain larger 
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areas of necrosis. This trial attempted to verify the 
applicability of ILP in treating lesions of consider
able dimensions. 

The present protocols for the treatment of liver 
neoplasms normally require exposure times ranging 
from 100 to 400 s and power outputs of up to 10 W. 
The electromagnetic radiation is conveyed by means 
of a quartz optical fiber (0.2-0.6 mm diameter) fitted 
into a Chiba needle positioned in the lesion under 
ultrasound guidance and subsequently retracted 4-5 
mm so as to leave the tip of the fiber in direct contact 
with the neoplasm. The characteristics of the radia
tion allow it to penetrate the tissues considerably. 
The collimated band expands in all directions (scat
tering phenomenon), illuminating a volume of tissue 
in correspondence with the band's point of inci
dence. The photons are absorbed as energy by the 
molecules composing the hepatic tissue, and they 
consequently enter a state of excitement. Since such a 
state is unstable, the molecules tend to lose energy 
through various mechanisms, notably photo
thermally: as such, the energy is dissipated as heat. 

Thus, energy absorption by tissues is followed by 
rapid heat accumulation which exerts different ef
fects on biological systems depending on the tem
perature reached. These effects may be reversible 
(such as acute flogosis caused by a local temperature 
increase) or irreversible, such as coagulative necro
sis, which results in regeneration and fibrosis with a 
central scar, or instantaneous vaporization, which 
brings about total tissue destruction. 

It is important to note that these alterations are 
simultaneously present in each lesion produced. The 
diffusion of the band and thermal conduction pro
duce a elliptic lesion dependent on the level of en
ergy absorbed by the tissues which decreases pro
portionally to the increase in distance from the tip of 
the optical fiber. The area nearest to the point of con
tact with the laser band receives the most energy and 
undergoes vaporization and carbonization; the pe
ripheral layers undergo coagulative necrosis which 
results in cellular regeneration or fibrosis; even more 
peripherally, a perilesional area characterized by 
acute inflammatory response may be observed. In 
other words, temperature decreases as the distance 
from the optical fiber increases, and the various tem
peratures correspond to various effects. 

Temperatures of 43-45°C produce reversible 
damage to cellular enzymes which may become irre
versible if exposure time exceeds 25 min (STEGER et 
al. 1989). Beyond 55-60°C, a macroscopically pale le
sion resulting from coagulative necrosis, collagen 
hyalinization and cellular wrinkling may be ob-

served. At 100°C tissues vaporize and beyond 100°C 
carbonization takes place. At this point it must be 
underlined that the effectiveness of this treatment 
depends on the ability to monitor the position of the 
fiber with respect to the lesion and to evaluate the 
extent of the lesion induced in real time (AMIN et al. 
1993; LIVRAGHI et aI.1997) . 

21.2.2 
Clinical Application 

The research reported in the international literature 
is fundamentally in agreement with regard to the 
main aspects of the various protocols. Patients are 
selected according to precise parameters for admis
sion based on their coagulative capacity, a biopsy 
testing positive for neoplasm, an absence of extrahe
patic diffusion of the disease and the number and 
size of lesions (PACELLA et al. 1996). For this final 
parameter the various protocols are dis
homogeneous, with different case studies accepting 
patients with a maximum number of tumors rang
ing from 3 to 5 and with diameters not exceeding 6 
cm (JAFFE et al. 1968). This disagreement is probably 
a result of the greatest limitation of ILP, that is, its 
inability to generate an area of necrosis larger than 
16 mm. Undoubtedly, once the splitter method be
comes easier to perform and more widespread it will 
substitute the monofiber, making these size limita
tions much less restrictive. 

Fig. 21.1. Insertion of the needle with the tip of the fiber 
displayed 
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All the patients we studied underwent ultrasound 
and CT examination, with and without contrast me
dium, both before and after the laser treatment at in
tervals determined by their individual cases. The 
pre-treatment preparation and post-ILP check-ups 
were no different from those performed in normal 
liver biopsies: ultrasound was used to locate the neo
plasms, the point of percutaneous access was se
lected, local anesthesia was administered, a Chiba 
needle (l8-22G) was introduced to reach the neo
plasm and ultrasound was used to identify the tip of 
the needle with biplanar scans (Fig. 21.1)(NoLS0E et 
a1. 1993). At this point the stylet was substituted with 
an optical fiber with an uncoated final portion and 
the protective needle was retracted (4-5 mm) so that 
the tip of the fiber was in direct contact with the neo
plasm. 

Activation of the laser begins the thermal ablation 
therapy. During the procedure ultrasound monitor
ing visualizes the modifications in the hypoechoic 
echostructural pattern typical of small HCCs 
(MALONE and WYMAN 1992; SHEU et a1. 1984). It 
should be underlined that the above-mentioned 
hypo echoic aspect represents the most typical, but 
not the only, possible pattern of small HCCs: what
ever echoic structure is displayed by the malignant 
nodule, ILP treatment replaces it with an area of 
dishomogeneous hyperechogeneity with irregular, 
ill-defined margins around the tip of the optical fi
ber. This modification of the pattern is due to the 
phenomena of carbonization and vaporization ac
companied by a secondary formation of gas micro
bubbles. 

Fig. 21.2. The fiber is heated and tissue evaporation takes 
place after about 40 s 

F. S. Ferrari et al. 

More peripherally, radially arranged hyp,~rechoic 
strias represent the emission of gas produced by hy
perthermia through the perilesional veins, ulti
mately illustrating echogeneic spots due to gas 
present in the hepatic veins. The hyperechogenicity 
of the nodule expands after approximately 20 s from 
the start of the treatment, reaching a plateau after 4 
min (Fig 21.2). These echostructural modifications 
impair visibility of the nodule, making it difficult to 
identify during the course of the treatment 
(MALONE and WYMAN 1992). However, these modifi
cations are the only (and somewhat imFrecise) 
means available for evaluating the volume of tissue 
treated in real time. 

A sonogram performed 24 h later would typically 
display a central hyperechoic area resulting from 
carbonized tissue surrounded by a hypoechoic ring 
associated with coagulated tissue. Later sonograms 
revealed nodules with completely aspecific 
echostructural characteristics, typically distin
guished by an irregular alternation of hypo- and 
hyperechoic areas but without a discernable distinc
tion between the necrotic tissue and the stili-vital 
tumor mass (PACELLA et a1. 1995). This demon
strates why the role of sonography must be limited to 
the staging, directional guidance and real-time 
evaluation of the treatment and why it is not useful 
in following up patients treated with ILP (LEVEEN 
1997; LEVEEN et a1.1980; MCGAHAN et a1.1990;. 

21.3 
Treatment Follow-up 

The international literature has cited computerized 
tomography (CT) as the method of choice for the 
follow-up of ILP. CT examination must not, however, 
be performed closely following the treatment: <lfter 
48 h a halo of perilesional enhancement due to ao:ute 
heat-induced £logosis is evident, making a differen
tial diagnosis from residual vital neoplastic ti~ sue 
impossible. Various sources have agreed on per
forming the first CT examination 15-20 days after 
treatment, in order to allow observation of the con
solidated ILP outcome without £logistic reaction and 
thus evaluate the entity of the induced necrosis 
(AM IN et a1. 1993) (Fig. 21.3). 

This enables identification of the areas of com
plete necrosis as areas which are clearly hypodense 
in comparison with the healthy parenchyma and 
prove to be avascular and lacking in enhancement 
upon administration of contrast medium, while the 
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Fig. 21.3a,b. a HCC in segment I. b Complete response follow
ing three treatments with ILP. The necrotic area tends to im
plode 

areas of residual vital tumor tissue conserve en
hancement and display densitometric values which 
are between those of necrotic areas and those of 
healthy parenchyma in a portal phase and equal to 
those of healthy parenchyma when in equilibrium. 

The effectiveness of the treatment is rated with 
different methods in the various studies. Two or 
three categories are usually created: some case stud
ies simply distinguish between complete and incom
plete necrosis while others distinguish a complete 
necrosis of a nodule as grade one, necrosis of more 
than 50% of nodular tissue as grade two and necrosis 
of less than 50% of the initial nodule as grade three. 
We have found such distinctions to be unproductive: 
the objective of ILP is total ablation of the neoplasm, 
given the biological nature of residual neoplastic tis
sue. In fact, a considerable cytoreduction (as occurs 

in treatment of metastatic neoplasms) is insufficient: 
total eradication of the HCC is imperative. Therefore 
all lesions displaying incomplete necrosis, irrespec
tive of its extent, must necessarily be retreated until 
total necrosis is attained (CECCONI and CASPANI 
1996). At this point, in order to evaluate the feasibil
ity of retreatment, the arrangement of the residual 
tissue or eventual relapse becomes important (Fig. 
21.4). If the neoplastic tissue is irregularly arranged, 
treatment may be repeated until complete necrosis is 
achieved. If instead the neoplastic tissue is concen
trically arranged around the laser-induced lesion, 
retreatment is geometrically impossible (MCGAHAN 
et al. 1990). 

As to treatment follow-up, in addition to the fun
damental role of CT, new possibilities are emerging 
thanks to continuing improvements in technique 
and research on new drugs. The use of sonographic 
contrast media capable of increasing the sensitivity 
of echo color Doppler with slower flows is becoming 
commonplace (BURNS et al. 1992, 1993). Under
standably, the fact that color Doppler enables the vi
sualization of blood flow (and thus of residual vital 
tissue) by means of a technique which is replicable, 
economical and accessible immediately aroused in
terest among researchers. 

A great deal of research has been done on the vas
cularization of tumor tissue and new insight into the 
structure and arrangement of neoplastic vessels has 
been gained which is in correlation with the infor
mation obtained thanks to imaging: numerous vas
cular structures are located peripherally, and in fact, 
evidence of flow is more easily discerned here than 
at the center of the tumor. The vessels are irregularly 
winding and thin-walled, without a muscular tunic, 
implying reduced resistence and justifying such 
minimal systo-diastolic variations. Finally, numer
ous arterio-venous shunts are responsible for a flow 
of elevated velocity. 

Nonetheless, color Doppler analysis of HCCs is of
ten complicated by various factors: the size and loca
tion of the nodules, a lack of patient collaboration 
and, in particular, the low sensitivity of Color Dop
pler in recognizing the slower flows of small, newly 
formed vessels. In fact, sonographic contrast media 
were introduced in an effort to overcome this short
coming. The initial results of research still in 
progress on their use with HCCs are promising and 
imply that during follow-up sonographic contrast 
media are able to reveal neoplastic tissue which is 
still vascularized and consequently vital (ANGELI et 
al. 1994). 
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21.4 
Safety 

In general the treatment has been shown to be well 
tolerated. The adverse effects most frequently re
ported in the literature include slight abdominal dis
comfort, sometimes radiating toward the right 
shoulder or the epigastric area, easily treated with 
mild analgesics, a slight temperature (37.5-38°C) 
and nausea. More serious complications have in
cluded pleural effusion (when treating nodules near 
the hepatic cupule) and intrahepatic hematomas 
(CECCONI and CASPANI 1996).A case of injury of the 
diaphragm and hemipericardium during ILP treat
ment would suggest avoiding this type of laser hy
perthermia in treating nodules located near the ma
jor vessels and pericardium in order to avoid the 
danger of serious complications. 

F. S. Ferrari et al. 

Fig. 21.4a-c. a HCC measuring approx 35 mm in segment V. 
Spin echo T2 weighted. b Partial necrosis of the nodue dis· 
playing the eccentric presence of residual neoplastic ti~ ; sue. c 
The nodule underwent retreatment with more extensi're ne
crosis on subsequent CT 

One initial fear was that of venous thrombosis of 
the vessels surrounding the lesion, which in reali ty is 
only a rare possibility. On the contrary, the 
perilesional vessels play an important role in dis
persing heat and protecting the surrounding healthy 
tissue from heat damage. Another possible danger 
encountered in all percutaneous treatments is that of 
spreading neoplastic cells along the path of the 
needle (seeding) (CEDRONE et al. 1992). We haVE al
ready mentioned seeding as a possible complication 
during PEI, particularly likely due to the increasl ~ of 
pressure inside the nodule caused by the injection of 
ethanol, which, as it flows back, carries neopla1;tic 
cells with it. Supplying power to the optical fiber dur
ing withdrawal affords sterilization of the exit path, 
thus preventing seeding (VAN EYKEN 1991). 

b 
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21.5 
Results 

Our experience is based on the ILP treatment of 18 
patients presenting HCCs from December 1995 to 
November 1996. Twelve patients were classified as 
belonging to Child's class A and six as belonging to 
class B. Surgery was contraindicated for all patients 
due to the multiplicity of foci, insufficient liver func
tion or particular locations of the nodules which 
made surgical resection especially difficult. 

The criteria for exclusion from the case study was 
that normally used in the international literature 
and previously mentioned: the presence of extrahe
patic disease, the presence of more than 5 liver tu
mors, a single tumor larger than 6 cm in diameter or 
altered coagulative capacity. In all 24 nodules were 
treated and 204 treatment sessions were conducted. 
The average diameter of the nodules treated was 2.9 
cm (1.2-4.8 cm range). The results achieved were 
evaluated by means of CT examination 20 days fol
lowing treatment, which revealed 16 nodules with 
complete necrosis and 6 with incomplete necrosis. 
Two patients were excluded from follow-up: one of 
these underwent surgical treatment since ILP failed 
to effectively treat the nodule; the other failed to par
ticipate in the follow-up program and was excluded 
from our results. 

None of the serious adverse effects mentioned in 
the literature was observed (one patient experienced 
minor pleural effusion which healed spontaneously), 
while some pain, eliminated with mild analgesics, 
and a slight fever were temporarily encountered fol
lowing practically all treatments. Ultimately, as re
ported in the international literature, there was no 
evidence of neoplastic seeding along the needle 
path. 

21.6 
Conclusions 

The data reported in the international literature 
clearly demonstrate that the results achieved with 
ILP depend on accurate centering of the nodule, 
real-time monitoring of the treatment, accurate 
evaluation of the induced necrosis and, in particular, 
the attainment of a necrosis which encompasses the 
entire volume of the tumor. The body of the interna
tionalliterature universally cites sonography as the 
most effective imaging technique for accurately cen-

tering the nodule and monitoring the necrotic pro
cess in real time (MALONE and WYMAN 1992). In
stead, CT with contrast medium has been recog
nized as the gold standard for evaluating the extent 
of the induced necrosis in follow-up, given that it 
clearly distinguishes avascular tissue (resulting from 
complete necrosis) from still-vital residual tumor 
15-20 days following treatment. The parameters to 
be evaluated with CT are the dimensions of the tu
mor and the relative extent of the induced necrosis. 
A nodule with a high necrotic volume and which 
collapses will presumably undergo an involution; 
that is, a reduction in size is a sign of a favorable 
progression. All case studies have confirmed the 
possibility of inducing necrosis in all tumors treated 
with ILP (AM IN et al. 1993). 

At present, the outcome of this treatment is con
tingent on the dimensions of the nodule and its con
figuration. The vast majority of small HCCs are en
capsulated and grow by means of expansion. This 
capsule prevents heat from escaping, affording par
ticularly fruitful results with negligible damage to 
healthy surrounding tissues (Sheu et al.1984; Pacella 
et al. 1995). Non-encapsulated HCCs, which grow by 
means of infiltration, and liver metastases likewise, 
do not undergo the same phenomena and require 
greater quantities of energy in order to attain similar 
therapeutic results, at the same time subjecting the 
nearby healthy perilesional tissue to greater damage. 
With regard to nodule dimensions, we have found 
that the optimal results, in terms of complete necro
sis, are obtained with HCCs of less than 3 cm in di
ameter, due to the intrinsic characteristics of lesions 
produced by laser hyperthermia, which never exceed 
a maximum diameter of 16 mm when measured 
from the tip of a single optical fiber. 

An ulterior advantage of ILP treatment is its 
repeatibility for the treatment of eventual local or 
distant relapses. These latter are in fact inevitable, il
lustrating the typical progression of a HCC. They 
may also be successfully treated with ILP, partly due 
to the fact that regular ultrasound screening of cir
rhotic patients usually permits nodules to be diag
nosed while they are still small (Sheu et al. 1984). In 
contrast, local relapses and areas of residual tumor 
tissue are likely to be treated without success. De
pending of the arrangement of such neoplastic tis
sue, they may also prove impossible to retreat. If this 
tissue is arranged concentrically around an induced 
lesion, ILP treatment is in fact not possible. This 
again emphasizes the present limitation of laser tis
sue ablation: the size of the induced necrotic lesion, 
which is too small to ensure the attainment of a com-
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plete necrosis in every tumor during a single session. 
The possibility of generating larger necrotic areas 

would offer the multiple advantages of reducing the 
number of necessary sessions, diminishing the risk 
of complications, bringing down costs, decreasing 
patient discomfort and, most importantly, reducing 
the chance of non-retreatable local relapses. Re
search is being done on variations of this technique 
which foresee the simultaneous application of multi
ple needles and multiple fibers during a single ses
sion, precisely with the goal of increasing the volume 
of the treated area and consequently of the area of 
induced necrosis (splitter technique). 
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22.1 
Introduction 

Hepatocellular carcinoma (HCC) is one of the most 
common malignancies in the world, with an esti
mated incidence of about 1,000,000 cases per year 
worldwide (LENCIONI and BARTOLOZZI 1997). This 
tumor represents the seventh most common cancer 
in men and the ninth most common cancer in 
women. HCC shows considerable differences among 
the various geographic areas with respect to inci
dence, etiology, and clinico-pathologic features. 
While this neoplasm is very common in Southeast 
Asia and in sub-Saharan Africa, it is relatively rare in 
the United States and in the north of Europe. The 
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south of Europe is characterized by a medium-to
high incidence of HCC. 

In Western countries, as well as in Japan, HCC 
emerges in cirrhotic livers in more than 90% of 
cases. Patients with liver cirrhosis, in fact, have long 
been identified as being a high-risk group for the 
development of HCC. Yearly incidence of HCC in cir
rhotic patients may reach 3-5%, and HCC is recog
nized as the principal cause of death for these pa
tients (LENCIONI and BARTOLOZZI 1997). Since the 
mid -1970s, the recognition of the close association 
of HCC with cirrhosis has stimulated the develop
ment of clinical programs for the early detection of 
HCC in cirrhotic patients. Extensive screening for 
HCC was made possible by the application of sensi
tive and specific diagnostic methods, such as assays 
for serum alpha-fetoprotein (AFP) and real-time ul
trasonography (US). Early detection programs have 
led to the identification of an increasing number of 
early-stage, asymptomatic tumors, potentially suit
able for surgical resection. 

Most patients with HCC, however, are not suitable 
candidates for surgical resection despite early tumor 
detection. Exclusion from surgery is usually due to 
either a severe liver dysfunction caused by the coex
isting cirrhosis or the presence of multiple tumor 
nodules at diagnosis. More recently, following unsat
isfactory reports on long-term survival rates after 
surgical resection for HCC, the indications for par
tial hepatectomy were further restricted. Resective 
surgery in cirrhotic patients, in fact, remains associ
ated with nonnegligible morbidity and mortality, de
spite the advances in surgical techniques. Moreover, 
partial hepatectomy necessarily involves loss of non
cancerous parenchyma: this is a crucial point be
cause in cirrhotic patients hepatic function is al
ready compromised and any intervention that wors
ens it further hastens the onset of liver failure. Fi
nally, because of the underlying cirrhosis, patients 
with HCC had a high tendency to develop new HCC 
lesions after removal of the first tumor, with disease
free rates as low as 0% after 5 years (BARTOLOZZI et 
al. 1995; LIN et al. 1997; LLOVET et al. 1999). 
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As a result of the limitations of surgical resection, 
and because of the shortage of donor organs for liver 
transplantation, nonsurgical interventional thera
pies are currently used to treat the large majority of 
patients with HCC. 

22.2 
Interventional Treatments 
for Hepatocellular Carcinoma 

Many interventional techniques aimed at providing 
local destruction of the tumor have been developed 
and clinically tested over the last decade. Among 
these procedures, percutaneous ethanol injection 
(PEl) has been shown to be effective for the treat
ment of small, nodular-type HCC (LENCIONI et al. 
1995, 1997; LIVRAGHI et al. 1995). PEl is able to in
duce complete or almost complete necrosis of le
sions 3 em or less in greatest dimension, without any 
adverse effects on the noncancerous liver paren
chyma. Moreover, the survival figures reported in 
several studies indicate that the long-term outcomes 
of patients with small HCC treated with PEl are al
most the same as those of patients who underwent 
resection. 

More recently, interstitial hyperthermia created 
by radiofrequency (RF) needle electrodes 
(LENCIONI et al. 1998c; BUSCARINI and ROSSI 1997; 
GOLDBERG et al. 1998a), laser fibers (VOGL et al 
1995), or microwave electrodes (MURAKAMI et al. 
1995) has also been used for percutaneous ablation 
of small HCC. RF thermal ablation, in particular, at
tracted a great deal of attention as it underwent a 
very rapid technical evolution over the past few 
years. Currently, thermal necrosis volumes up to 3-4 
em in diameter can be obtained with a single-probe 
insertion, thereby enabling ablation of small hepatic 
tumors in a single session (Bus CARINI and ROSSI 
1997; LENCIONI et al.1998b; GOLDBERG et al.1998c). 
When compared with PEl in prospective, random
ized trials, RF treatment was found to ensure a more 
reliable necrosis of HCC lesions smaller than 3 em, at 
the same time substantially reducing the number of 
sessions needed to ablate the tumor (LENCIONI et al. 
1998b; LIVRAGHI et al. 1998). 

If small HCC lesions can be currently ablated suc
cessfully in most instances, treatment of large HCC 
tumors remains problematic. In large tumors, in fact, 
alcohol diffusion results are inhomogeneous and in
complete, being impeded by the texture of the tumor 
and by intratumoral septa (BARTOLOZZI and 
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LENCIONI 1996). As a result, viable neoplastic tissue 
often persists after treatment along the periphery of 
the lesion. On the other hand, with RF treatment, it is 
almost impossible to create confluent ther mal ne
crosis volumes covering large neoplastic masses, 
even if repeated needle insertions are carefully 
guided with combined US and spiral CT guidance 
(LENCIONI et al. 1998c). 

Large HCC lesions are usually treated with 
transcatheter arterial chemoembolization (TACE), 
by using various combinations of chemotherapeutic 
drugs and embolic agents (FLORIO et al. 1997; Co
LOMBO 1997; MATSUI et al. 1993). TACE, h)wever, 
was rarely proved to result in complete necrosis of 
large HCC lesions. Repeated procedures over time, 
therefore, are necessary to control the growth of the 
tumor. Repeated TACE sessions, however, frequently 
cause a substantial worsening of the liver function, 
since they damage also noncancerous liver paren
chyma. Therefore, despite the fact that an objective 
response of the tumor was often seen, the real ben
efit of this treatment for survival has been ques
tioned (Groupe D'Etude de Traitment du Carcinome 
Hepatocellulaire 1995). 

In view of the limitations of each interventional 
therapy, there is currently a focus on a multi
modality strategy for the treatment of HCC. In par
ticular, combinations of different interventional pro· 
cedures have been tested in attempts to ensure a 
more effective treatment of large HCC. 

22.3 
Combined Transcatheter Arterial 
Chemoembolization and 
Ethanol Injection 

Combined TACE and PEl is a therapeutic option that 
has been recently proposed to overcome the weak
ness of each of the two procedures in the treatnent 
of large HCC (LENCIONI et al. 1994; BARTOLOZ;:I et 
al. 1995; TANAKA et al. 1992). The rationale for the 
combination of the two treatments relies on the fact 
that after TACE tumor consistency is markedly de
creased and intratumoral septa are usually lis
rupted, as a result of the necrotic phenomena in
duced by the procedure. These histopatholc,gic 
changes make subsequent treatment with PEl easier, 
as they provide enhanced ethanol diffusion within 
the tumor mass. Consequently, higher doses of etla
nol with respect to those used in conventional PEl 
(up to 30-40 ml!session) can be injected, enablmg 
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complete and homogeneous perfusion even of large 
lesions. Moreover, treatment with PEl is facilitated 
by the TACE-derived fibrous wall around the lesion, 
which favors a better retention of the injected etha
nol within the tumor. Finally, after arterial emboliza
tion, the normal wash-out of ethanol is more diffi
cult in the tumorous area, resulting in longer reten
tion of the substance. 

The ideal indication for combined TACE and PEl 
is represented by patients with compensated cirrho
sis and a large, solitary, encapsulated HCC. In our 
experience, nearly 80% of such lesions can be suc
cessfully ablated by a single TACE followed by a cycle 
of 4-8 ethanol injections (Fig. 22.1) (LENCIONI et al. 
1998d). 

On the contrary, in patients with more than one 
huge tumor or with a main tumor associated with a 
number of satellite nodules, combined treatment 
would require an inordinate number of ethanol in
jections and hence an unduly long course of treat
ment. Moreover, such patients tend rapidly to de
velop new HCC lesions as time goes on, and, there
fore, a targeted treatment of each lesion would not be 
possible in whatever manner. In selected cases with a 
large HCC and a limited number of daughter nod
ules, PEl can be performed after TACE solely at the 
level of the main tumor, which is usually the most 
difficult lesion to control by TACE alone, or in lesions 
with unsatisfactory response after TACE (Fig. 22.2). 

Of interest, no major treatment-related complica
tion was observed following combined TACE and 
PEl in all published series (LENCIONI et al. 1998d; 
BARTOLOZZI et al. 1995; KODA et al. 1994; ALLGAIER 
et al. 1998; TANAKA et al. 1998; TATEISHI et al. 1994). 
As in most cases a single TACE session was per
formed; no significant worsening in liver function 
was observed during the follow-up (BARTOLOZZI et 
al. 1995). PEl was not associated with any major ad
verse effect, despite the larger amounts of alcohol in
jected with respect to those commonly used for 
treatment of small lesions. In a few patients, the 
chemical thrombosis of segmental branches of the 
portal vein adjacent to the lesion treated by PEl was 
observed (LENCIONI et al.1998d). This complication, 
which is not uncommon even after conventional PEl, 
had only a minor clinical impact, as thrombi disap
peared spontaneously within a few months. 

We recently reported the long-term outcome of 
patients treated with combined TACE and PEl 
(LENCIONI et al. 1998d). We obtained 3- and 5-year 
survival rates of 69% and 47%, respectively, in a 
population of cirrhotic patients with compensated 
chronic liver disease and a large (3-9 cm) HCC tu-

mor, occurring singly or in association with no more 
than two daughter nodules. Not surprisingly, the de
gree of liver dysfunction (according to the classifica
tion of Child-Pugh) significantly affected survival of 
treated patients. Impressive long-term survival rates, 
indeed, were obtained in patients with Child-Pugh 
class A cirrhosis, who had a survival of 75% at 3 
years and of 59% at 5 years (LENCIONI et al. 1998d). 

The survival figures obtained in patients treated 
with combined TACE and PEl are far higher than 
those reported for matched patients treated by either 
TACE or PEl alone. The results of this combination 
therapy, in fact, have been compared with those ob
tained with the standard TACE protocol commonly 
used for treating large HCC in two prospective, ran
domized studies (BARTOLOZZI et al.1995; TANAKA et 
al. 1992). In both series, therapeutic response and 
disease-free survival rates were shown to be signifi
cantly better in patients treated with combined 
TACE and PEl than in those submitted to repeated 
TACE alone. In our trial, in particular, after com
bined TACE and PEl the median disease-free period 
was more than doubled and the rates of survival 
without recurrence were significantly enhanced: 
while more than 50% of patients treated with TACE 
and PEl were alive and free of disease after 3 years, 
tumor recurrence occurred in more than 50% of pa
tients submitted to repeated TACE alone within the 
1st year (BARTOLOZZI et al. 1995). No randomized 
trial aimed at comparing the combination of TACE 
and PEl versus PEl alone has been published. How
ever, in retrospective series, treatment was with PEl 
alone of patients with large HCC resulted in survival 
rates of only 53% at 3-year and 30% at 5-year 
(LIVRAGHI et al. 1995). 

On the strength of the data now available, com
bined TACE and PEl should be considered the non
surgical treatment of choice for cirrhotic patients 
with large HCC. Long-term survival of patients 
treated with combined TACE and PEl seems to be 
comparable, or even better, than that reported in 
published series of matched patients submitted to 
surgical resection. Comparisons based on historical 
data, however, may be biased by several factors. 
Hence, further prospective, possibly randomized tri
als investigating the long-term outcomes of patients 
treated with combined TACE and PEl versus those 
submitted to surgical resection would be warranted 
to clarify whether this combination treatment could 
replace resective surgery even in operable patients. 
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Fig. 22.1a-i. Large hepatocellular carcinoma treated with combined transcatheter arterial chemoembolization and ethanol 
injection. Before treatment, spiral CT in the arterial (a) and portal phase (b) shows large, hypervascular tumor. Di~:ital 
subtraction angiography (arterial phase, c; parenchymal phase, d) confirms uninodular tumor. CT performed 4 weeks after 
chemoembolization shows minimal retention of iodized oil (e) with persistent enhancement (arterial phase, f; portal ph.lse, 
g). After completion of treatment with ethanol injection, the lesion is markedly reduced in size and no longer enhances in both 
the arterial (h) and the portal phase (i) 
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Fig. 22.lg- i (Continued) 

22.4 
Combined Transcatheter Hepatic Arterial 
Balloon Occlusion/Embolization and 
Radiofrequency Thermal Ablation 

The goal of RF interstitial thermal ablation for he
patic tumors is to offer a chance of efficacious and 
safe treatment for many patients without surgical 
prospects. Ablation of neoplastic tissue is achieved 
through creation of thermal lesions around the 
non insulated tip of a radiofrequency electrode 
which is percutaneously inserted into the tumor 
nodule (ROSSI et al. 1993). Thermal lesions are areas 
of coagulative necrosis surrounded by a band of re
active-regenerative cells with focal vascular neogen
esis evolving into fibrosis (ROSSI et al. 1990; 
MCGAHAN et al. 1991). They are caused by the resis
tive heat which is generated in a core of tissue adher
ing to the non insulated needle electrode tip through 
the ionic "friction" induced by RF energy, and by the 
diffusion of this heat by conduction to the surround
ing tissue (ORGAN 1976; COSMAN et al. 1983). 

The final size of the thermal lesions depends upon 
the total heat deposition in the tissue, the thermal 
conductivity of the tissue, and the heat loss through 
convection by tissue blood flow which acts as a heat 
sink (ORGAN 1976; COSMAN et al. 1983). The heat 
deposition in the tissue depends in turn on the RF 
energy delivered (power and exposure time), the ac
tive exposed electrode tip, and the temperatures 
achieved in the tissue (ORGAN 1976; COSMAN et al. 
1983). 

In early experimental and clinical studies using 
an RF generator which delivered only 30 W maxi
mum power in monopolar mode combined with a 
14G maximum caliber needle electrode, the volume 
of thermal necrosis created for each activation of the 
system was about 1.8 cm3. This meant that in order to 
achieve ablation of tumor nodules smaller than 3.0 
em in diameter multiple electrode insertions and RF 
sessions were necessary (ROSSI et al. 1993, 1996; 
SOLBIATI et al. 1997a). The need to create a large vol
ume of thermal necrosis at each activation of the RF 
generator, thus avoiding multiple electrode inser
tions and simplifying the procedure, became evi
dent. To this end, industries focused their attention 
on the possibility of increasing the energy delivered 
to the tissue. 

A new generation of RF generators capable of 
greater power output was produced and the extra 
power available was exploited through two new 
kinds of electrodes. These were expandable elec
trodes in which the noninsulated surface was en-
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Fig. 22.2a-i. Hepatocellular carcinoma treated with combined transcatheter arterial chemoembolization and ethanol i1jec
tion. Before treatment, spiral CT in the precontrast (a), arterial (b), and portal phase (c) demonstrate large, hypervascular 
tumor in left liver lobe and small, hypovascular lesion in right lobe (arrow in c). On CT performed 4 weeks after transcatheter 
arterial chemoembolization, complete and homogeneous retention of iodized oil is depicted within the main tumor, suggest
ing complete response (baseline scan, d; arterial phase, e; portal phase, f). The small lesion shows incomplete accnmulati< n of 
Lipiodol, with persistent viable tissue along the periphery. After completion of treatment with ethanol injection at the level of 
the small lesion, CT demonstrates a hypo attenuating area of coagulation necrosis replacing the lesion, which still contlins 
some Lipiodol droplets inside (baseline scan, g; arterial phase, h; portal phase, i) 
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Fig. 22.2g-i (Continued) 

larged by hooks that could be deployed from the tip 
at an angle of 90° to each other with a maximum de
ployment diameter of 3.0 cm (ROSSI et al. 1998; 
LENCIONI et al. 1998a), and cooled-tip electrodes in 
which the noninsulated tip was cooled with circulat
ing water to allow deposition of a greater amount of 
energy by reducing the impedance in the adhering 
tissue (LORENZEN 1996; SOLBIATI et al. 1997a; 
LENCIONI et al. 1998b). These new electrodes pro
duced an area of necrosis ranging from about 2.8 cm 
to 3.2 cm in diameter for each activation of the RF 
generator and permitted successful treatment of tu
mor nodules less than 2.5 cm in diameter in a single 
session sometimes with a single electrode insertion 
(ROSSI et al. 1998; SOLBIATI et al. 1997b). Neverthe
less, heat loss by convection due to tissue vascular
ization still limited the size of the thermal lesions 
thereby preventing treatment of tumor nodules 
larger than 2.5 cm with a single needle electrode in
sertion. Besides, the thermal lesions created was 
sometimes irregular in shape owing to the presence 
of large vessels near the electrode resulting in early 
local recurrences (Fig. 22.3) (ROSSI et al. 1998; 
SOLBIATI et al. 1997b). 

In order to widen the use of RF interstitial ther
mal ablation for management of hepatic tumors, 
therefore, it is necessary to create larger thermal le
sions, that are predictable in size and regular in 
shape. For this reason attention has now shifted to 
the relationship between the size and shape of ther
mal lesions and hepatic blood flow. Two experimen
tal studies have been published in which a series of 
thermal lesions was created in pig livers after reduc
tion or elimination of the tissue blood flow by occlu
sion of either the hepatic nourishing vessels or both 
the nourishing and draining vessels to eliminate the 
heat loss by convection (GOLDBERG et al. 1998b; 
ROSSI et al. 1999). One study evaluated the thermal 
lesions obtained with an 18G cooled-tip electrode in 
explanted calf liver and in vivo either in normally 
perfused pig liver or during balloon catheter occlu
sion of hepatic vessels. Eight lesions created in nor
mal pig liver and nine lesions after hepatic vessels 
occlusion were analyzed. Five of these latter were 
made during portal vein occlusion, two during he
patic artery occlusion and two during celiac artery 
occlusion. Impedance value in the system and an ex
posure time of 12 min were used as constant param
eters. A significant increase in the diameter of the 
thermal lesions obtained during reduction of portal 
blood flow compared with those obtained in nor
mally vascularized liver and during occlusion of the 
hepatic artery was reported (GOLDBERG et al. 
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Fig. 22.3a-f. Hepatocellular carcinoma treated with radiofrequency thermal ablation. US images show insertion of the nt 'edle 
(a), and deployment of the hooks within the lesion (b). After creation of two thermal lesions with a single needle inserti .lil, a 
large area of coagulation necrosis is depicted at spiral CT (baseline scan, c; arterial phase, d; portal phase, e) and dynamic 
contrast-enhanced MR imaging (f). However, the shape of the thermal lesion is irregular and a small area of residual viable 
tumor tissue is detected in the antero-medial aspect of the tumor. The incompleteness of necrosis was caused by the adjaCt:ncy 
of the antero-medial portion of the tumor to arterial and portal vessels 
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1998b). In the second study the thermal lesions were 
achieved through a 14G expandable electrode and 
always using the same constant parameters as re
gards the temperatures and exposure times applied. 
Series of four lesions were made in explanted calf 
liver and in vivo in pig liver in conditions of normal 
hepatic blood flow, during surgical occlusion of the 
hepatic artery, the portal vein, or both the hepatic 
artery and the portal vein and during occlusion of 
the hepatic vein by balloon catheter. This study dem
onstrated that tissue vascularity contributes signifi
cantly both to the final size and to the shape of the 
thermal lesions. The final diameter increased more 
or less proportionally as the blood flow decreased. 
Lesions obtained during occlusion of the hepatic ar
tery had a slightly but not significantly larger diam
eter than those created in normally vascularized 
liver, while lesions with a significantly larger diam
eter were achieved during occlusion of the portal 
vein. These findings are in agreement with the dual 
vascularization of the liver: hepatic artery flow con
tributes less than 20% to the overall hepatic blood 
flow while portal vein flow supplies the remaining 
80% (LAuTT and GREENWAY 1987). Besides, the pres
ence of residual patent large vessels resulted in ir
regularities of the margins of the thermal lesions in 
both cases. The thermal lesions obtained with the 
Pringle maneuver as well as those obtained during 
subtotal occlusion of the hepatic veins equaled those 
seen in explanted liver in diameter and were always 
regular in shape. The low impedance values detected 
during RF procedures performed after subtotal oc
clusion of the hepatic vein compared with all the 
other experimental situations suggested that abrupt 
occlusion of the hepatic vein leading to sudden 
tissutal stasis with hyperhydration could result in 
modifications of tissue conductivity which could 
contribute to the size of the lesions obtained (ROSSI 
et al. 1999). 

Although tumor vascularization is known to dif
fer profoundly from that of normal hepatic tissue, 
the findings in these preliminary studies supported 
the idea that occlusion of the vessels supplying the 
tumor tissue during the RF procedure, by avoiding 
heat loss by convection, might result in ablation of a 
large volume of tissue at each activation of the gen
erator. It would thus be possible to treat large tumor 
nodules with a single electrode insertion. Mechani
cal occlusion of the hepatic artery, of the portal vein 
and of the hepatic vein in clinical practice has al
ready been performed routinely in patients without 
major complications (YAMADA et al.1983). The addi
tion of the RF procedure during or soon after vascu-

lar occlusion will add difficulties but these are easily 
surmountable by interventional radiologists. 

On this basis, since hepatocellular carcinomas 
(HCC) are known to be supplied almost completely 
by vessels arising from the hepatic artery (BREDIS 
and YOUNG 1954) in preliminary clinical studies, 
HCC nodules up to 8.5 cm in diameter were treated 
by RF interstitial thermal ablation during arrest of 
hepatic artery blood flow (Fig. 22.4) (GARBAGNATI et 
a11998; LENCIONI et a11998a). 

Occlusion of the hepatic artery was achieved by 
Gelfoam embolization or by balloon catheter occlu
sion and RF treatment was performed under local 
anesthesia by using a multistep technique (Fig. 22.5). 

In these series, apparently complete necrosis was 
observed at radiological imaging in treated HCC 
nodules without major complications (GARBAGNATI 
et al. 1998). In all cases thermal necrosis reproduced 
the tumor nodule shape because intact portal blood 
flow outside the tumor nodule acted as a heat sink 
and prevented diffusion of heat. This was clearly 
demonstrated in 10 patients in whom remote ther
mometry was performed by placing one thermistor 
just inside and one just outside the tumor nodules 
during the RF procedure. A temperature gradient 
was detected with killing temperatures inside the tu
mor nodule and nonkilling outside (S. ROSSI, F. 
GARBAGNATI, and R. LENCIONI, unpublished data). 
In addition, since low impedance values were de
tected during the RF procedures and the thermal le
sions were larger than expected, stopping the arterial 
supply in HCC most likely leads to modification in 
tissue conductivity. 

In fact, it is known that tissue impedance values 
reflect the degree of tissue hydration and its ability 
to transfer heat (ORGAN 1976; COSMAN et al. 1983; 
DJAVAN et al.1997; RING et al.1989). These low tissue 
impedance values might be the cause of such large 
thermal lesions because tissue displaying a low im
pedance value tends to produce larger thermal lesion 
than tissue displaying a high impedance value (OR
GAN 1976; COSMAN et al. 1983; DJAVAN et al. 1997; 
RING et al. 1989). When hepatic artery occlusion is 
achieved by balloon catheter, the procedure can be 
completed with subsequent embolization with 
Lipiodol to destroy daughter nodules outside the 
main tumor or near its capsule (Fig. 22.6) as 
shown in preliminary clinical studies (S. ROSSI, F. 
GARBAGNATI, and R. LENCIONI, unpublished data). 

Metastatic nodules supplied by vessels arising 
from the portal vein will require either portal vein 
occlusion or the Pringle maneuver during the RF 
procedure. In a preliminary report, GOLDBERG et al. 
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Fig. 22.4a-1. Hepatocellular carcinoma treated with radio frequency thermal ablation during balloon catheter occlusion of the 
arterial vessel supplying the tumor-bearing area. Pretreatment CT (a), US (b), and angiography (c) show large, solitary :umor 
of the left hepatic lobe. The expandable electrode needle is placed within the lesion under US guidance (d) and the hooks are 
deployed (e). The balloon catheter is then inflated and the arterial flow to the tumor is stopped (f). The creation of the th ermal 
lesions is monitored by US, by analyzing the typical hyperechoic image produced by heat (g,h). At the end of the procedure, 
a hyperechoic rim is detected at the periphery of the mass (i), and angiography shows devascularization of the tumor 0). An 
anticancer-in-oil emulsion is then injected to treat any possible satellite lesion located in the portal territory of the tum( 'r (k). 
CT obtained after treatment shows hypo attenuating tumor with massive Lipiodol retention in surrounding hepatic paren
chyma (I) 

b 

d 

f 



Combination of Interventional Treatments in Hepatocellular Carcinoma 331 

h 

Fig. 22.4g-i (Continued) 
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Fig. 22.5. Single-session multi-step RF ablation technique 
used for the treatment of large HCC lesions. After creation of 
the first thermal necrosis, the hooks are retracted and the 
electrode needle is withdrawn 1.5 cm along its major axis. 
The hooks are then redeployed, and the RF generator is reac
tivated. Three to five thermal lesions are created, depending 
on the size of the tumor 

(1998b) obtained a large volume of necrosis in three 
metastatic nodules treated during occlusion of por
tal flow compared with other three metastatic nod
ules treated with unaltered blood flow. 

In conclusion, occlusion of the blood flow to avoid 
heat loss by convection results in the creation of RF
induced thermal lesions larger in diameter than 
those obtained in normally vascularized tissue using 
the same needle electrodes and the same exposure 
time and temperatures or impedance. This tech
nique showed promise in preliminary clinical trials 
and could reasonably be applied in the treatment of 
large tumor nodules in patients without surgical 
prospects to achieve large volumes of thermal necro
sis, thus shortening treatment time and reducing 
costs. Occlusion of the hepatic artery seems to be 
appropriate for HCC and for metastatic nodules with 
a similar vascular pattern while either occlusion of 
the portal vein or the Pringle maneuver is most suit
able for metastatic nodules. Occlusion of the hepatic 
vein could probably be useful for all tumor nodules 
irrespective of their vascular supply. However, fur
ther studies are needed because both tumor vascu
larity and tumor tissue characteristics such as hy
dration and impedance differ substantially from 
those of normal liver tissue and are poorly known. 
Besides, debulking of tumor mass does not necessar
ily prolong the patient's survival. 
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23.1 
Introduction 

Several primary tumors, such as breast cancer, bron
chogenic carcinoma, and malignant melanoma, fre
quently develop liver metastases; however, the inci
dence of liver metastases is particularly high in case 
of tumors arising from the gastrointestinal tract, 
mainly colorectal cancer. Nearly 20% of patients 
with colorectal cancer already have liver metastases 
at the time of diagnosis of primary tumor, while an 
additional 30 to 40% of patients will develop liver 
metastases subsequently. Other tumors frequently 
develop liver metastases in the course of their natu
ral history, such as pancreatic cancer (60%), breast 
cancer (55%), gastric cancer (50%), melanoma 
(22%), lung cancer (45%), kidney cancer (30%), and 
bladder cancer (20%). However, in these cases the 
presence of liver metastases is synchronous with 
widespread hematogenous metastases. 

Some years ago oncologists were so pessimistic 
about the outcome of liver metastases that no treat
ment was recommended; on the contrary, at the 
present time impressive improvements in diagnostic 
and therapeutic procedures have been made and a 
substantial fraction of patients with liver metastases 
can experience a prolonged survival or even cure. 
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The choice of the most appropriate treatment for a 
patient with liver metastases requires knowledge of 
the natural history of the disease and an accurate 
staging of the primary tumor and metastatic depos
its. 

For several reasons, systemic chemotherapy rep
resents the modality most frequently used in the 
treatment of hepatic metastases. In fact although he
patic metastases are often present, the liver is rarely 
the sole site of metastatic disease. Therefore the ap
plication of systemic chemotherapy represents in the 
vast majority of patients the most convenient, cost
effective, and efficient approach. 

This chapter will examine the most frequent tu
mors which develop liver metastases, focusing on the 
rationale for interventional procedures in the treat
ment of liver metastatic lesions. 

23.2 
Metastases from Colorectal Cancer 

Liver metastases are most frequently seen in 
colorectal cancer. Data reported by the NIH Consen
sus Conference (1990) show that about 150,000 
Americans are diagnosed with colorectal cancer ev
ery year, and over 60 000 of these will die from this 
tumor. The corresponding figures in Italy are 40 new 
cases every 100 000 people/year with 11 000 deaths/ 
year. Over 20% of patients show hepatic metastases 
at the time of diagnosis, and about 30-40% will de
velop metastases after resection of their primary tu
mor. About half of the patients with colorectal can
cer will die secondary to metastatic disease and for 
many of these patients the involvement of the liver is 
the major and often the only determinant of survival 
(NIH Consensus Conference 1990; WOOD et al. 1976; 
LISE et al. 1990; AUGUST et al. 1985). Colorectal can
cer cells spread from primary tumor to the liver 
through the portal circulation. Liver metastases de
velop a rich blood supply, and both the hepatic ar
tery and the portal vein can supply blood to these 
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lesions. These lesions tend to grow rapidly and the 
natural progression of these metastases depends on 
several factors, including histologic type of primary 
tumor, extent of hepatic involvement, physiologic 
status of the liver parenchyma and growth proper
ties of the tumor cells. Again, the overall survival of 
patients is also affected by the extent of the primary 
lesion and by the prevention of local recurrences, 
especially for rectal tumors (GENNARI et al. 1986; 
HUGHES et a1.1989; STEELE et al. 1991; CADY et al. 
1970; GOSLIN et al. 1982). 

If untreated, liver metastases from colorectal can
cers show a very poor prognosis: median survival 
ranges from 3 to 20 months (STEELE et al.1991; CADY 
et al. 1970: GOSLIN et al. 1982; SCHEELE et al. 1990; 
FINAN et al. 1985; WAGNER et al. 1984; LAHR et al. 
1983) although long-term survivors have occasion
ally been reported. The standard chemotherapeutic 
agent for advanced colorectal cancer is 5-fluorou
racil (5-FU), but tumor response rates are only 10-
15% and median survival is only 6 to 12 months. In 
the past 15 years, biomodulation of 5-FU by leucov
orin (LV) or by methotrexate (MTX) has been exten
sively explored. The meta-analysis with 5-FU + LV 
was based on 1381 patients and demonstrates that 
tumor response rate with the addition of LV to 5-FU 
improves from 13% to 40% (P=O.5I) while survival 
was not affected. The meta-analysis with MTX + 5-
FU was based on 1178 patients included in 8 ran
domized clinical trials and showed that tumor re
sponse rate improved from 10% for 5-FU alone to 
19% for 5-FU/MTX (P=0.04) (Advanced Colorectal 
Cancer Meta-Analysis Project 1994). Moreover, sur
vival was significantly prolonged and median overall 
survival was 9.1 months in the 5-FU group, and 10.7 
months in the 5-FU/MTX groups (P=0.024) (Ad
vanced Colorectal Cancer Meta-Analysis Project 
1994). 

Another approach to improve 5-FU efficacy is the 
administration of 5-FU as a continuous infusion. 
Concerning this point, a meta-analysis has been re
cently published (Meta-Analysis Group in Cancer 
1998) based on 1219 patients included in six ran
domized trials comparing the administration of 5-
FU by continuous intravenous infusion (CI) versus 
the bolus administration in advanced colorectal can
cer. Tumor response rate was 22% in patients as
signed to 5-FU CI and 14% in patients assigned to 5-
FU bolus (95% CI=0.41-0.75) (P=0.0002). The me
dian survival time was 12.1 months in the 5-FU CI 
group compared with 11.3 months in the 5-FU bolus 
group (P=0.04). Locoregional infusional chemo
therapy in the treatment of colorectal hepatic me-
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tastases has also been investigated. Altholgh prom
ising results have been reported in terms c f response 
rate (42-50%) (KEMENY et al. 1987; ROUGIER et al. 
1992), no definitive advantage over systemic treat
ment in terms of survival has been demonstrated 
(Meta-Analysis Group in Cancer 1996). 

Liver resection is the standard treatment for lIm
ited and technically resectable hepatic metastases 
from colorectal carcinoma: 5-year survival rate is 
about 37% in patients with completely rest'Cted soli
tary liver metastases (HUGHES et al.1986; Registry of 
Hepatic Metastases 1988; NORDLINGER et al. 1996). 
Even if randomized trials are lacking, the evidence 
in favor of surgical resection for solitary metastases 
is strong: two studies have compared the survival of 
patients who underwent resection with that of pa
tients with unresected solitary liver meta.,tasis; of 
interest none of the unresected patients survived 
more than 3 years (SCHEELE et al.1990; WIlSON and 
ADSON 1976).The indications for resection of multi
ple hepatic lesions are more controversid. Many 
studies have shown that patients who undergo resec
tion of two or three hepatic lesions have a survival 
similar to that observed after resection of a solitary 
metastasis (HUGHES et al. 1988; DOCI et d. 1991; 
SCHLAG et al. 1990; CADY et al. 1992). In caSE of four 
or more lesions, the role of surgical resection is qUes
tionable; however, even in these situation~;, some 
studies report good results (DOCI et al.1991; SCHLAG 
et al. 1990; CADY et al. 1992; ELIAS et al. 1991). In par·· 
ticular, in the study from Milan among 100 ['atients 
with resected hepatic metastases, eighteen had three 
or more lesions; the median survival for the patients 
with solitary lesions was 36 months ver.iUS 28 
months for patients with four or more lesiom, while 
5-year survival was identical in both groups (DOCI et 
al. 1991). From these studies the prognostic indica
tors of long term survival after resection of liver me
tastases are: number of metastatic lesions (less than 
four), diameter of the lesions (less than 5 cm), no ex
trahepatic disease, long disease free interval after re
section of primary tumor (more than 2 yean:) and 
low carcino-embryonic antigen (CEA) level «5 mgt 
ml). The possibility of obtaining long term survivors 
after resection of liver metastases indicate~ that 
metastatic colorectal carcinoma to the liver is not al
ways a disseminated disease; it is therefore rat ional 
to offer to patients who cannot undergo surgery for 
technical or medical reasons, alternative interven
tional procedures in an attempt to destroy all meta
static lesions. Alternative treatment strategies fo r pa
tients with unresectable liver metastases includf sys
temic chemotherapy, loco-regional (intraarterial or 
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intraportal) chemotherapy, cryosurgery, radio-fre
quency tissue ablation, percutaneous ethanol injec
tion, arterial embolization and chemo-embolization 
and external radiotherapy (KUVSHINOFF 1998; 
DURAND-ZALESKI et al. 1998). 

23.3 
Metastases from Other Primary 
Malignancies 

Excluding the above mentioned tumors, other tu
mors that frequently develop liver metastases are 
breast cancer, lung cancer, gastric cancer and pan
creatic cancer. A common characteristic of these tu
mors is that at the time of liver metastases appear
ance there is generally a systemic extrahepatic in
volvement. Therefore, in these cases, the only thera
peutic choice is systemic chemotherapy. Pancreatic 
and gastric adenocarcinomas represent the two 
other common gastrointestinal malignancies that 
frequently metastasize to the liver as well as to mul
tiple other sites. Response rates to systemic chemo
therapy for hepatic metastases in these diseases are 
low (25%) and are associated with a short survival of 
3-4 months. However, in a selected subgroup of pa
tients, such as patients with a long progression free 
survival or patients with solitary liver metastases, in 
some cases a surgical approach is offered and some
times long-term survivals have been reported. 
Therefore also in these patients with tumors which 
usually develop disseminated metastatic disease but 
with an "uncommon" natural history it is rational to 
evaluate the role of interventional procedures alter
native to surgery. 
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24.1 
Introduction 

Percutaneous image-guided ablative therapies using 
thermal energy sources have received much recent 
attention as minimally invasive strategies to treat 
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either benign or malignant diseases. Radiofre
quency (RF) induced tissue coagulation has been 
used in early clinical trials for the treatment of in
tracraniallesions (ANZAI et al. 1995; COSMAN et al. 
1983), osteoid osteomas (ROSENTHAL et al. 1995) 
and hepatocellular carcinomas (HCCs) (ROSSI et al. 
1993, 1996). Subsequently, the treatment of primary 
and secondary liver tumors has become the most 
interesting field of application of radiofrequency, 
mostly due to the advantages compared to surgical 
resection, e.g., reduced morbidity and mortality, low 
cost, and suitability for real-time image guidance. 
However, for some years the treatment of colorectal 
metastases using RF ablation alone has been prom
ising, but less efficacious than that observed for 
HCCs: this has to be related to differences in histo
pathology and technical limitations. 

Histopathologically, most HCCs are surrounded 
by a fibrous capsule and have a softer consistency 
than the perilesional densely fibrotic liver. When 
HCCs undergo treatments with thermal energy 
sources, like RF, these two characteristics account for 
optimal heat diffusion within the nodule, while the 
surrounding liver working as "refractory material" is 
thoroughly spared (so called "oven effect") (Fig. 
24.1). 

On the contrary, liver metastases are not capsu
lated and tend to infiltrate the surrounding, usually 
non-cirrhotic liver. As a consequence, the amount of 
energy to be deposited with RF to treat a liver me
tastasis is much greater than that needed to treat an 
HCC of the same size, since heating diffuses also 
throughout the surrounding liver and furthermore a 
0.5-1.0 em thick portion of perilesionalliver has to 
be necrotized, in order to reduce the risk of neo
plastic recurrence in a short time (Fig. 24.1) 
(GOLDBERG et at 1997a; SOLBIATI et al. 1997). In the 
past, a key limitation of RF ablation was the extent of 
coagulation produced for a single application of en
ergy (1.6 em diameter for a single conventional elec
trode) (GOLDBERG et al. 1995a; MCGAHAN et al. 
1992a,b; ROSSI et a1.l990), meaning that only tiny 
metastases (less than 1 em in size) could be confi-
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dently treated. Because most potentially treatable tu
mors are larger than this, extended time and labor 
intensive treatment schedules, with repetitive elec
trode placements have traditionally been required to 
treat all but the smallest metastases (ROSSI et al. 
1996, 1998; SOLBIATI et al. 1997). This can explain 
why in the early period of application of RF to liver 
tumors only one paper specifically dealing with the 
treatment of liver metastases has been published: 
SOLBIATI et al. (1997) have treated 31 tumors in 16 
patients with metastatic gastrointestinal carcinomas 
measuring 1.5-7.5 cm in diameter using conven
tional monopolar technique with and without 
multiprobe arrays. In 33% of treated lesions either 
growth progression or post-treatment recurrence 
were observed. 

L. S'Jlbiati et al. 

Fig. 24.1a,b. Schematic representation 
of RF ablation of hepatocellular carci
noma (a) and liver metastas is (b). In a 
the presence of tumor capsule and the 
hard consistency of the perilt sional cir
rhotic account for tht mostly 
intratumoral heating diffusiln ("oven 
effect"). In b heating diffuse~ out from 
the non-capsulated metasta~ is, to the 
normal perilesional liver pa.-enchyma 
in order to create the peritumoral 
"safety halo" 

Thus, the aim for much subsequent development 
has been directed at enlarging the zone of necrosis 
produced from a single application of energy (Fig. 
24.2). 

24.2 
Technique 

24.2.1 
General Principles of Radiofrequency 

RF energy is delivered to the tissue by an ele :trode 
(14-20G needle) that is electrically insulated along 
all but the distal 1-4 cm of the shaft (so callEd "ex-

b 

Fig. 24.2a,b. Schematic represen tation 
of the progressive increase in s ize of 
coagulation necrosis areas ad ieved 
with different RF technologies. Mean 
diameter of necrotic areas is 2. liO.3 
cm with conventional monopole r RF 
technology, 2.6iO.3 cm with internally 
cooled electrodes and 3.2iO.3 cm with 
high RF power combined with cooled 
electrodes (a). With clustered elec
trodes (b) the mean size increas, ~s to 
S.7iO.S cm 
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posed tip" which emits RF current) (Fig. 24.3). The 
optimal exposed tip length can be selected case by 
case by the operator according to the size of the le
sion to be treated. The electrode is placed directly 
into the tumor using so no graphic, computed tomog
raphy (CT) or magnetic resonance (MR) guidance. 
The electrode is attached to a SOO-kHz monopolar 
RF generator that not only provides the necessary 
energy to induce coagulation necrosis but also in
corporates circuitry that measures the generator 
output, tissue impedance, and electrode tip tem
perature. Monitoring of these parameters is neces
sary to achieve optimal results. As the current at
tempts to find its path to the grounding pad (placed 
on the patient's back or thigh), ion agitation is pro
duced within the tissues surrounding the electrode. 
This agitation is converted by friction into heat, in
ducing cellular death through coagulative necrosis 
(COSMAN et al. 1984, 1988). 

Coagulation diameters larger than 1.6 cm cannot 
be achieved using conventional electrodes with in
creased energy deposition because the higher en
ergy results in tissue vaporization and charring near 
the electrode. This process, in turn, increases local 
tissue impedance and decreases RF deposition, heat 
diffusion and coagulation necrosis. Several other ap
proaches have therefore been proposed to overcome 
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these limitations including: the use of multiprobe ar
rays (GOLDBERG et al. 1995b), hooked electrodes 
(ROSSI et al. 1998) and bipolar arrays (MCGAHAN et 
al. 1992b), saline injection during RF application 
(LIVRAGHI et al. 1997), and the use of internally 
cooled RF electrodes without and with pulsed or 
clustered technique (GOLDBERG et al.1996a, 1997a,b, 
1998; LORENTZEN 1996; SOLBIATI et al. 1997). 

24.2.2 
Bipolar Electrodes 

For bipolar RF ablation, a second, ground electrode 
is placed in close proximity to (usually within 4 cm) 
the active electrode. In these systems, heat is gener
ated not only about the active electrode, but also the 
ground, resulting in larger, elliptiform zones of co
agulation necrosis (up to 4.0 cm in long axis) 
(MCGAHAN et al. 1992a,b). This represents a volume 
increase compared to conventional mono polar RF; 
however, because the shape of the induced necrosis 
does not conform to that of most tumors, the real 
gain in treatment effect is less significant. Thus even 
with bipolar RF techniques, multiple treatment ses
sions are often required to treat large lesions. 

24.2.3 
Multiprobe Arrays 

GOLDBERG et al. (l99Sb) have demonstrated that RF 
can be simultaneously applied to multiple mono
polar electrodes in an array. In their study, up to 40 

b 

Fig. 24.3a,b. a 2.5 em long exposed tips 
of clustered electrode. b Clustered elec
trode inserted into guidance device of 
US probe during RF ablation procedure 
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cm3 (cube of approximately 3.5 cm/side) of ex vivo 
tissue was coagulated during a single RF application 
using a four-probe array. Unfortunately, this strategy 
has been difficult to implement in clinical practice 
given the technical challenge of precisely position
ing multiple needles simultaneously (SOLBIATI et al. 
1997). 

24.2.4 
Saline Injection during Radiofrequency 
Ablation 

Another strategy used to increase the extent of co
agulation using a single electrode insertion is that of 
injecting normal saline into the tumor through tiny 
holes at the distal end of the electrode, during RF 
application (LIVRAGHI et al. 1997). Using this tech
nique, LIVRAGHI et al. (1997) reported coagulation 
of up to 4.1 cm in diameter. Possible explanations for 
the increase in coagulation include higher local ion 
concentration from saline injection, reduced effects 
of tissue vaporization (i.e., allowing for probe to tis
sue contact despite the formation of electrically in
sulating gases), or possibly diffusion of boiling sa
line into the tissues. Unfortunately, clinical results 
have been somewhat disappointing with this tech
nique. In their series of 14 patients with tumors up 
to 4.5 cm in diameter, LIVRAGHI et al. (1997) re
ported that coagulation volume was unpredictable, 
that areas of coagulation were irregularly shaped, 
and, more importantly, that partial necrosis was ob
served in some lesions smaller than 3 cm. 

The most promising techniques, RF application to 
hooked electrodes or internally cooled electrodes 
(single or cluster), offer the potential of large-vol
ume coagulation necrosis for clinical tumor ablation 
therapy. These technologies have become available 
from commercial vendors (Radionics Inc., 
Burlington, MA, USA; RITA Inc., Mountain View, CA, 
USA; and RadioTherapeutics Inc., Mountain View, 
CA, USA). 

24.2.5 
Hooked Radiofrequency Systems 

The hooked systems allow the deployment of an ar
ray of multiple, curved stiff wires in the shape of an 
umbrella from a single 14- or 16-G cannula (ROSSI et 
al. 1998). Using a 12-hook array in in-vivo porcine 
liver, LE VEEN (l997) has applied RF at 50 W for 5 
min with a sequential 8% power increase up to 80 W 

1. S,)lbiati et al. 

for a total of 10-12 min to produce spherical regions 
of coagulation necrosis measuring up to 3.5 cm in 
diameter. Similar results were found by SI PERSTEIN 
et al. (1997), who applied 30-50 W for 15 min to a 
four pronged electrode. Reduction of blood flow by 
clamping of the porta hepatis, or repositioning of 
the electrodes (turning the electrode catheter 45° for 
a second insertion), were necessary to achieve repro
ducible 3.5-4.0 cm of coagulation in in-vivo porcine 
liver. These investigators further treated 13 neuroen
docrine tumors in 6 patients. Preliminary- results 
suggest complete ablation of these tumors. 

24.2.6 
Internally Cooled Electrodes 

Two hollow lumens within an electrode enable inter
nal cooling of the tip with chilled perfusate. As a 
result, heating of tissues nearest to the electrode is 
reduced. This allows for greater current deposition 
without tissue charring or impedance rises. Result
ant coagulation necrosis is significantly greater than 
that achieved without electrode cooling (Fig. 24.2). 
Experimentally, GOLDBERG et al. (1996a) found that 
coagulation volume increased progressively as treat
ment duration increased to 40 min, but did not in
crease with longer treatments. Maximum diameter 
of coagulation measured 2.5iO.2 cm, 3.0iO.l cm, 
4.5iO.2 cm, and 4.4i0.3 cm for the 1 cm,2 cm, 3 cm, 
and 4 cm electrode tips, respectively. Reducmg ei
ther the RF current or treatment duration resulted in 
smaller volumes of coagulation necrosis fN any 
given tip temperature. 

Pathologic analyses demonstrated zones 0: con
tinuous coagulation necrosis measuring up to 3.6 cm 
in diameter when RF deposition was greater than 
850 rnA. Similar results have been reportt·d by 
LORENTZEN (1996), who applied RF to ex viv,) calf 
liver using a 14-G internally cooled electrod(~ and 
20DC perfusate. 

24.2.7 
Pulsed Radiofrequency 

If high peak RF currents are applied to internally 
cooled electrodes in a pulsed fashion, greater local 
current density can be deposited into tissues in a 
shorter time, while preventing tissue boiling :lear 
the electrode by allowing for heat dissipation in this 
region (GOLDBERG et al. 1997a). It is currently un
known what duration of either peak energy or re-
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duced energy deposition, or length of the duty cycle 
chosen, is optimal for inducing the greatest volume 
of coagulation necrosis. 

24.2.8 
Cluster Radiofrequency 

Experimentally in ex vivo livers, simultaneous RF 
application to arrays of three internally cooled 
electrodes spaced equidistantly at 0.5 (Fig. 24.3) or 
1 cm apart was demonstrated to be able to produce 
uniform circular cross-sectional areas of coagula
tion necrosis measuring 4.1tO.2 cm in diameter, 
without internal areas of non-necrosis which can 
be caused by a larger spacing of the electrodes 
(GOLDBERG et al. 1998). In ex vivo livers, simulta
neous RF application to internally cooled electrode 
clusters for 15,30 and 45 min produces 4.7tO.l cm, 
6.2tO.l cm, and 7.0tO.2 cm of coagulation, respec
tively, with an approximately 80% increase in di
ameter compared to the results of single internally 
cooled electrodes. 

When cluster electrodes are employed, multiple 
(2-4) standard grounding pads are needed on the 
patient's thigh with a total surface area of at least 400 
cm2• 

24.3 
Treatment Protocol 

24.3.1 
Patient Selection 

Preliminary evaluation of patients includes: liver 
sonography (since most treatments are performed 
under ultrasound real-time guidance), contrast-en
hanced helical CT of the upper abdomen and blood 
tests (liver function tests and coagulation tests). If 
obstructive jaundice is present, the treatment cannot 
be performed due to the risk of bilomas or biliary 
fistulae. From the oncologic side, only patients with 
a maximum of 4-5 liver metastases (and no other 
neoplastic deposits elsewhere depicted by imaging 
modalities) can be reasonably treated, each of them 
not exceeding 4-4.5 cm in size. Since, in fact, a pe
ripheral margin of at least 0.5-1.0 cm of apparently 
healthy hepatic tissue should be ideally treated with 
the goal of minimizing the risk of local recurrence, 
currently available technology cannot guarantee ad
equate treatment of lesions larger than 4.0-4.5 cm. If 
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adequate "safety" margins are not obtained, periph
eral tumor growth may occur and have unfavorable 
geometry for retreatment. Histologically, the me
tastases most suitable for RF treatment are those 
originating from tumors with marked liver tropism 
(mostly colorectal) and hypovascular, compared to 
the surrounding liver parenchyma (e.g., metastases 
from colorectal, pancreatic, gastric, renal and breast 
cancers). Flowing blood, of both the neoplasm and 
perilesional large vessels functions as a heat sink, 
severely affected the efficacy of treatment (SOLBIATI 
et al. 1997). For safety reasons, only lesions at least 1 
cm distant from gallbladder and liver hilum can be 
treated, due to the possibility of inducing thermal 
cholecystitis or stenosis of the main bile ducts with 
obstructive jaundice. 

24.3.2 
Procedure 

According to the amount of energy which has to be 
given (related to the size of the tumor) and the ana
tomicallocation of the target, either local or general 
anesthesia is administered. Lesions smaller than 2 
cm, usually not requiring more than 1000 rnA of 
energy, and located at least 2-3 distant from the liver 
Glisson's capsule can be treated with local anesthe
sia. In all the other occurrences, general anesthesia is 
mandatory. For local anesthesia under conscious se
dation, usually fentanyl and droperidol (or benzo
diazepam) are administered, following application 
on the skin of anesthetic cream (LIVRAGHI et al. 
1997; SOLBIATI et al. 1997; GOLDBERG et al. 1998). 
For general anesthesia, with or without intubation, 
propofol is mostly administered as the main drug. 

If the target is adequately visible with sonography 
(US), real time US is the guidance method of choice, 
using probes with biopsy devices for electrode inser
tion (Fig. 24.4). When sonographic visualization is 
poor, either helical CT or open MR is the mandatory 
guidance method. 

The choice of RF technology (electrodes) is 
mostly based on the size of each target: for lesions 
smaller than 2.0-2.5 cm, single insertion of hooked 
electrode or of 3 cm exposed tip, internally cooled 
needle is mostly performed. Lesions 2.5-3.5 cm in 
size can be treated with multiple (usually 2) inser
tions of hooked electrodes or 3.0-4.0 cm exposed-tip 
internally cooled electrodes or single insertion of 
clustered electrode. Currently lesions exceeding 4.0 
cm in maximum diameter can only be treated with 
1-2 insertions of clustered electrode (GOLDBERG et 
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al.1998) (Fig. 24.5) or a combination of clustered and 
single electrode insertions. 

With any technology, each insertion lasts lO-15 
min, since after this time the impedance rise induced 
by coagulation necrosis progressively blocks the 
heat diffusion in the tumor. Depending on the tech
nology and generator used, RF power is either ti
trated to achieve a specified current or electrode tip 
temperature. For hooked electrodes, up to 100 W of 
RF energy is applied for up to 15 min with energy 
titrated to 90DC tip temperatures. 

When cooled-tip electrodes are used, a peristaltic 
pump infuses 2-3DC distilled water into the cooling 
lumen at a rate sufficient to maintain a tip tempera
ture of 10-20DC (GOLDBERG et al.1996a; LORENTZEN 

1996). The applied energy is variable, depending on 
overall tip exposure, but usually does not exceed 
1500 rnA or 1800 rnA for single electrodes of 2 cm or 
3 cm tip, respectively, or 2000 rnA for a cluster of 
three electrodes of 2.5 cm tip exposure. Following 
the procedure, patients are admitted to a clinical or 
surgical department for a 24-48 h observation pe
riod. 

Follow-up is by history, clinical examination and 
diagnostic imaging. Follow-up contrast enhanced 
CT or MR scans are performed within one week of 
the procedure. Further CTs will be obtained at 3, 6, 
12, 18 and 24 month follow-up visits, and as is 
deemed clinically necessary. Residual tumor ob-

Fig. 24.4. Complete "kit" for RF ablation procedure: electrode 
(clustered) and US 3.5 MHz convex probe with guidance de
vice 
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Fig. 24.5a,b. Complete response of RF ablation procedure. a 
Large (3.8 cm) metastasis from colorectal cancer in SEgment 
4 (markers). b At 3-month follow-up, large (5.6 cm in diam
eter) unenhancing area of coagulative necrosis, involving 
both the tumor and a peripheral portion of norma l liver 
("safety halo") 

served at the initial or 1 month CT scan is retreated if 
at all possible. If tumor progression is noted at 3 
month follow-up, additional treatment sessions with 
radiofrequency tissue ablation are suggested if 1 ech
nically feasible and performed with the consent of 
the patient and a consensus decision between inter
ventional radiologist and oncologist. No more :han 
three sessions of tumor ablation are performec' for 
any given lesion. The decision to administer simulta
neous chemotherapy, other anti-neoplastic regi
mens, or administer only palliative care are dEter
mined by the oncologists, in agreement with the pa
tient. 

a 

b 
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24.4 
Histologic Changes Induced by 
Radiofrequency 

Histologic demonstration of tissue changes induced 
by RF has been achieved in surgical specimens ob
tained at variable time intervals from RF application 
(SOLBIATI et al. 1997). Formalin-fixed, paraffin-em
bedded tissue from surgical specimens can be 
stained with conventional hematoxylin-eosin or 
with peculiar stains for the assessment of cellular 
death: immunostaining with monoclonal anti
carcinoembryonic antigen antibodies, methods for 
the demonstration of the activity of cytochrome-c 
oxidase and succinic dehydrogenase (HUNT 1966) 
and terminal deoxynucleotidil dUTB-biotin nick 
end labeling (TUNEL) for staining DNA strand 
breaks and detecting apoptotic cell nuclei. 

Histopathologic findings show that the main 
change induced by RF application is coagulative ne
crosis, characterized by homogeneous eosinophilia 
with preservation of tumor cell outlines. Necrotic ar
eas are separated from peripheral normal liver or re
sidual viable tumor by a 2-3 mm thick halo of granu
lation tissue with hemorrhagic changes, correspond
ing to the enhancing peripheral rim at CT and MR 
imaging (Fig. 24.6). 

The size of coagulative necrosis in histopatho
logic specimens corresponds precisely to the size of 
unenhancing areas seen at CT and MR imaging. Fol
lowing the introduction of hooked electrodes and 

Fig. 24.6. Tl-weighted,gadolinium enhanced MRI scan show
ing a hypointense area of post-RF ablation (3 months before) 
coagulation necrosis, surrounded by a hyperintense rim rep
resenting granulation tissue, as confirmed in the histologic 
specimen (top right corner) including coagulative necrosis 
(left), granulation tissue (middle) and unablated perilesional 
tumor (right) 
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internally cooled electrodes, central areas of char in
duced by treatments with the single-probe technique 
are no longer found. Inside the necrotic areas, usu
ally at the periphery, small foci of apparently viable 
tumor tissue with fully preserved architecture are 
found. The cells of these foci display cytoplasmic 
shrinkage and densification, as well as a variable de
gree of chromatin condensation with focal forma
tion of apoptotic-like bodies. Even when thoroughly 
morphologically preserved, however, the cells of 
these foci (areas of "apoptosis" induced by heating) 
show no enzymatic activity and a completely posi
tive response to TUNEL staining (suggesting exten
sive fragmentation of DNA chains). 

24.5 
Follow-up Imaging 

24.5.1 
Ultrasound 

US is now the best imaging method to guide the 
positioning of the RF electrodes, but B-mode US 
findings are not helpful in predicting the extent of 
coagulation necrosis (LIVRAGHI et al. 1997; ROSSI et 
al. 1996; SOLBIATI et al. 1997). A hyperechoic focus of 
variable size and shape enlarging during the proce
dure is seen surrounding the distal portion of the 
electrode (Fig. 24.7). The size of this bright area 
overestimates by approximately 10-20% the real size 
of induced coagulative necrosis, but can be used as 
an indicator of the amount of necrosis achieved. 

If the size of the hyperechoic focus seems appar
ently smaller than expected, after few minutes, dur
ing the same treatment session, US blood pool con
trast agents such as Levovist (microbubbles) can be 
intravenously administered and color Doppler, 
power Doppler or B-mode contrast harmonic imag
ing studies can be performed in order to differenti
ate untreated tumor from avascular coagulation ne
crosis (GOLDBERG et al. 1997b; SOLBIATI et al. 1996, 
1999). The detection of residual intratumoral vascu
larity or of perilesional displacement of liver blood 
vessels allow the confident assessment of either the 
completeness of the treatment or the need for fur
ther RF application (Fig. 24.8). 

The hyperechoic area can, however, obscure the 
electrode and tumor, and make it relatively difficult 
to reposition the electrode for further treatment. 
Follow-up imaging 15-60 min after the procedure 
often demonstrates complete resolution of this 
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Fig. 24.7a-c. a 1.4 cm hypoechoic colorectal metastasis before RF ablation. b Immediately at the end of the proc~dure the 
lesion is no longer visible and replaced by a wide (2.5 em) hyperechoic area casting a posterior acoustic shadow. cAt 7-day US 
follow-up the area of coagulative necrosis is hardly detectable, being nearly isoechoic and surrounded by an incomplete and 
thin hypo echoic halo 

c,d e. ... _;:..~_ 

Fig. 24.8a-d. a Tl-weighted, 
gadolinium enhanced MRI 
scan shows a hypoi:1tense, 
single, 2 em colorectal me
tastasis in segment 6 (~rrow). 
b Blood flow signals which 
were undetected on 
unenhanced color D'Jppler 
scans, are seen followin.~ drip 
infusion of Levovist. c Fifteen 
minutes after the end ,Jf RF 
ablation, the actual extt ~nt of 
coagulation necrosis al ea is 
not clearly assessed with US. 
A second administratic,n of 
Levovist followed by color 
Doppler study shows a wide 
(3.5+3.0) avascular area with 
peripheral displacemen ' of 
liver blood vessels and no evi
dence of vascularized residual 
tumor. d At 7-day follow-up, 
contrast-enhanced MRI ,:on
firms a corresponding are a of 
necrosis (arrow) 

c 
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hyperechogenicity, which is thought to represent the 
gas microbubbles forming in the heated tissue. At 3 
days to 4 weeks after the procedure, the characteris
tic peritumoral halo has often disappeared and the 
ablated tumor cannot be differentiated from normal 
liver (Fig. 24.7). 

24.5.2 
(T and MR Imaging 

Immediately after RF ablation, treated areas appear 
on contrast enhanced CT as regions of hypo
attenuation devoid of characteristic parenchymal 
enhancement (LIVRAGHI et al. 1997; ROSSI et al. 
1996; SOLBIATI et al. 1997, 1998). These regions are 
more conspicuous and their margins are better de
fined 3-14 days after treatment; they can be differ
entiated from hypo attenuating tumor on delayed 
opacification images, where hypo attenuation per
sists in coagulated tissues but not in viable tumor 
(Fig. 24.9). Radiological-pathological correlations in 
both experimental and clinical studies have demon
strated that CT findings predict the region of coagu
lation to within 2 mm (GOLDBERG et al. 1996; 
SOLBIATI et al. 1997). 

Follow-up CT and/or MR at 1-3 months has been 
reported (SOLBIATI et al. 1997, 1998; SIRONI et al. 
1996) to be useful for confirming treatment success 
and for detecting residual peripheral tumor which is 
often amenable to additional RF sessions. A bulky, ir
regular rim at the edge of a treatment site is the most 
common appearance of an incompletely treated le
sion. Peripheral tumor regrowth missed at 3-month 
CT/MR could, however, become apparent only later, 
at 6-9 months follow-up (Fig. 24.10). 

CT/MR follow-up at 6 months in successfully 
treated lesions demonstrates tumor regression and a 
smaller coagulation necrosis area (Fig. 24.11). MR 
signal characteristics of treated tumors can be vari
able as foci of high, low or heterogeneous Tl- and 
T2-weighted signals can be seen (SIRONI et al. 1996). 
The signal characteristics can vary over time with 
decreased signal observed on T2-weighted images in 
most treated lesions by 3 months following treat
ment. Changes in the signal intensity likely corre
spond to the altered protein content of the coagu
lated tissues. Regions of tumor that have been 
treated do not demonstrate enhancement following 
the intravenous administration of Gd-DTPA (SIRONI 
et al. 1996; SOLBIATI et al. 1997). In some cases, im
ages obtained 3 days to 6 months following ablation 
demonstrate a densely enhancing peripheral rim of 
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fairly uniform thickness surrounding the region of 
coagulation necrosis (Fig. 24.6). This finding has 
been demonstrated in experimental animals and in 
clinical studies to represent an inflammatory reac
tion to the thermal necrosis. 

24.6 
Indications for Radiofrequency Ablation 

At the very beginning of the clinical experience in 
the treatment of liver metastases (mostly from 
colorectal cancer) with RF ablation, four major indi
cations were followed: (I) development of new le
sions on follow-up imaging studies in patients al
ready undergoing one or more prior surgical 
metastasectomies; (2) recurrence of tumor tissue 
along the margins of previous surgical resection 
(Fig. 24.12); (3) technically inoperable metastases 
and (4) metastases in patients refusing surgical re
section. The impressive technological improvement 
of RF in a very short time, the increasing clinical 
experience, the closer and closer relationships be
tween interventional radiologists and oncologists 
and, mostly, the demonstration of the promising re
sults achieved with a negligible rate of complications 
have led to a progressive increase in the number of 
indications, such as: (I) subsequent detection (once
twice per year) with imaging methods of new small 
liver metastases in patients with or without history 
of prior resections (Fig. 24.13); (2) small metastases 
which would require, for technical or anatomical 
reasons, large resections; and (3) residual viable tu
mor following other non-surgical treatments, e.g. 
metastases from breast cancer surviving after che
motherapy or from neuroendocrine tumor after 
chemoembolization. 

24.7 
Results 

The rationale for local treatment of hepatic me
tastases is based primarily on the success achieved 
using a surgical approach. Without resection, the 
prognosis for patients with hepatic metastases from 
colorectal carcinoma is dismal, with 5-year survival 
reported to be less than 1 % and median survival es
timated at 9.6 months (3.8-21.3 month range) 
(LEHNERT et a1.1995; STANGL et a1.1994; STEELE and 
RAVIKUMAR 1989). Unfortunately, at least for the 
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most consistent group of liver metastases (from 
colorectal cancer), systemic chemotherapy, radia
tion therapy, and PEl have been relatively unsuccess
ful in significantly improving patient outcomes. In a 
recent review of the literature, TELLEZ et al. (1998) 
has showed that favorable (even though always tran
sient) responses to chemoembolization of colorectal 
metastases occur only in 63% of cases. As a result, 
hepatic resection (metastasectomy) is the only 
widely available curative treatment for these pa-

L. S(llbiati ec al. 

Fig. 24.9a-c. Successful RF ablation of two contiguou:; liver 
metastases (arrows) (a) from clear-cell carcinoma of tlte left 
kidney. At 6-month follow-up, CT scans (b,c) show wide 
unenhancing areas of coagulative necrosis (arrows) with no 
evidence of residual unablated tumor 

tients. With resection, survival rates of 85-91 % :it 1-
year, 35-43% at 3-year and 21-37% at 5-year foLow
up and overall median survival of 33 months have 
been reported with proper patient selection (CADY 

and STONE 1991; GAYOWSKI et al. 1994; LEHNERf et 
al. 1995; PETRELLI et al. 1991; SAENZ et al. 1939). 
However, despite its success in improving overall 
patient survival, metastasectomy is associated with 
significant morbidity (5-18%), as well as a 
perioperative mortality rate of 2-10% (CADY ,illd 

b 
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Fig. 24.10. a Six months after RF ablation of single, 3 cm 
colorectal metastasis in a patient previously undergoing two 
surgical resections for the same disease, contrast -enhanced 
MRI scan shows an unenhancing oval hypointense area of 
coagulative necrosis, surrounded by a 1.5 em thick halo of 
regrowing viable tumor (arrows) . b Histologic specimen con
firms the presence of viable tumor around the necrotic area 
(arrows) 

STONE 1991; DOCI et al. 1991; GAYOWSKI et al. 1994; 
LEHNERT et al. 1995; SAENZ et al. 1989; SUGIHARA et 
al. 1993). Unfortunately, surgery is actually curative 
in only 10% of patients (HEMMING and LANGER 

1994; HUGHES et al. 1998), with tumor recurrence in 
the liver occurring in 53-68% of patients at a mean 
interval of 17 months post primary resection (DOCI 

et al. 1991; HARNED et al. 1994; LEHNERT et al. 1995; 
SUGIHARA et al. 1993). Reresection of new me
tastases can only be performed in a minority of pa-
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Fig. 24.lla,b. Long-term follow-up of RF-ablated metastasis. 
a 3x2 em hypodense area of coagulative necrosis in the left 
lobe (arrows) following RF ablation of 2.0 em metastasis 
from gastric cancer. b At 2-year follow-up, marked decrease 
in size of the necrotic area (arrows), with no evidence of re
sidual viable tumor 

tients and is associated with higher mortality (up to 
9%) and morbidity (up to 50%) than the initial re
section (GRIFFITH et al. 1990; HEMMING and 
LANGER 1994). Median survival time following 
reresection is 22 months (GRIFFITH et al. 1990; 
HEMMING and LANGER 1994). 

For noncolorectal hepatic metastases, only resec
tion of metastases from Wilms' tumors and 
carcinoids is associated with prolonged survival 
(WOLF et al. 1991) . 

a 

b 
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Fig. 24.12. Hypodense area of coagulative necrosis at I-year 
follow-up after RF ablation of recurrence of liver colorectal 
metastasis grown along the margins of previous surgical re
section (6 months before) (see adjacent surgical metallic 
clips) 

Furthermore, only a small fraction of patients 
with hepatic metastases can actually undergo 
metastasectomy as they are either deemed poor sur
gical risks, or the number and distribution of their 
tumors does not permit complete resection while at 
the same time leaving behind an adequate volume of 
normal liver to support life. 

To date, five series using different methods of 
radiofrequency application for the treatment of he
patic metastases have been reported as peer-re
viewed, full length articles (LIVRAGHI et al. 1997; 
ROSSI et al. 1996; SIPERSTEIN et al. 1997; SOLBIATI et 
al. 1997,1998). Abstract presentation of other series 
of RF treatment for hepatic malignancy have begun 
to appear (DODD et al.1997; GOLDBERG et al.1997a). 

ROSSI et al. (1996) treated 11 patients with 13 he
patic metastases using multiple insertions of con
ventional monopolar and bipolar radiofrequency 
electrodes over multiple treatment sessions. Only 
one patient was alive without evidence of tumor at 
one year, while local recurrence was evident at CT or 
pathology in 55% of patients. 

SOLBIATI et al. (1997) have treated 31 tumors in 16 
patients with metastatic gastrointestinal carcinomas 
measuring 1.5-7.5 cm in diameter using conven
tional monopolar technique with and without 
multiprobe arrays. Complete treatment, defined as 
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no evidence of local tumor growth by CT and MR 
imaging at 6-month follow-up was achieved in 66.6% 
of the lesions, all of which were less than 3 cm in di
ameter. Disease free survival was achieved in 50% of 
patients with mean follow up of 16.6 month s. Overall 
survival was 100% at one year and 61.5% at two 
years. SOLBIATI et al. (1997) have also reported a se
ries of 29 patients with 44 hepatic metast~lses from 
colorectal and other gastrointestinal malignancies 
measuring 1.5-4.5 cm in diameter, treated llsing in
ternally cooled electrodes. No more than t 'NO treat
ment sessions were required for any patien1. No evi
dence of local recurrence was seen in 84% of these 
lesions with a mean follow-up of 7.9 months (range 
3-15 months) and disease free survival wa1 seen in 
66.7% of patients. 

LIVRAGHI et al. (1997) treated 14 patients with 24 
hepatic metastases (1.2-4.5 em diameter) usng con
ventional radiofrequency electrodes and 1;imulta
neous intra parenchymal saline infusion. Complete 
necrosis of the tumor at 6-month follow-up was 
achieved in 52% of the lesions, all of which were 
smaller than 3.5 cm in diameter. 

SIPERSTEIN et al. (1997) treated 13 neuroendo
crine liver metastases from 1.5-8.0 cm in diameter in 
6 patients using a laparascopic approach to deploy a 
hooked-electrode system. One to eight appli,:ations 
of RF were used to apply 30-50 W for 5-15 min. Pro
cedure duration lasted from 1:45 to 7:05 h. Prelimi
nary results were encouraging as 3-month CT fol-

Fig. 24.13. Follow-up CT scan of patient undergoing subse
quent RF ablation treatments for colorectal metastases. :)res
ence of hypodense, unenhancing areas of coagulative nt ~ cro

sis from RF ablations performed 18 months (A), 12 months 
(B) and 6 months (C) previously 
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low-up for 11 lesions suggested complete ablation of 
these tumors, and the authors reported "symptom
atic improvement in patients with secreting tumor". 
However, the extremely short duration of follow-up 
(less than the 6 months) necessary to visualize re
sidual tumor by CT for 2/3 of the patients and the use 
of subjective patient symptoms over "incomplete" 
biochemical data as an endpoint strongly suggest 
that further follow-up is necessary before firm con
clusions can be reached about this technique. 

Currently, in our group 220 liver metastases (169 
from colorectal cancer) have been treated with RF 
ablation. Of these, 101 colorectallesions have been 
followed for 6-40 months (long before the introduc
tion of clustered electrodes): local post-treatment 
regrowth was found in only 19% of lesions originally 
smaller than 3 cm and in 43% of lesions larger than 3 
cm. In this group of patients with colorectal me
tastases long term follow-up has been presented 
(SOLBIATI et al. 1998) with an overall survival of 
92%, 56%, and 32% and a disease-free survival of 
56%,29% and 14% observed respectively at 1-,2-, 
and 3-year follow-up. With the increasing technical 
possibility of achieving large areas of coagulative 
necrosis and a better imaging follow-up, current 
(unpublished) survival rates seem to progressively 
improve (62% at 2 years and 41% at 3 years). These 
data, apparently slightly less successful than the re
sults of surgical resection reported in the literature 
(see above), are actually to be considered at least 
equivalent (if not better) than the surgical data, be
ing mostly obtained in patients assessed as non-sur
gical candidates. 

24.8 
Complications 

Few complications have been reported for RF abla
tion in the liver (less than 2% of procedures). ROSSI 
et al. (1996) and SIPERSTEIN et al. (1997) reported no 
complications in their combined series comprising 
over 100 patients. SOLBIATI et al. (1997) observed 
two cases of self-remitting intra-peritoneal bleeding, 
one each using conventional and cooled-tip elec
trodes over 100 patients (250 treatments). Transfu
sions were not required in either case. One case of 
transient ascites was reported by LIVRAGHI et al. 
(1997), and attributed to the saline infusion. 
LIVRAGHI has also orally communicated the occur
rence of one case of peritonitis, presumably from a 
breakdown of sterile technique. Given the limited 
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number of complications weighing against the po
tential of tumor eradication, the risk-benefit ratio of 
this procedure is highly favorable. 

The primary risks potentially involved with this 
procedure include: hemorrhage, damage to contigu
ous structures, potential burns from inadequate 
grounding of the system, incomplete removal of liv
ing tumor, and creation of a "dead space" which may 
serve as a potential nidus for infection. Damage to 
nearby structures such as arteries, nerves and the 
biliary tract will be avoided by appropriate selection 
of patients, and by precise electrode placement un
der ultrasound guidance. Burns have been reported 
as a consequence of inadequate grounding while us
ing a single needle as the ground or while using clus
tered electrodes without adequately large grounding 
pads, as occurred in two cases in our experience, 
both of them patients with unilateral hip prosthesis 
applied many years before. These 1 x2 cm second de
gree burns healed in 6 weeks with only Silividine ap
plication and no other sequelae. 

The risk of devitalized tissue serving as a nidus 
for infection is considered remote for several rea
sons. Necrotic tumor is common, yet infection is a 
rare complication. Furthermore, it has been clearly 
demonstrated that over time resorption of necrotic 
tissue occurs. 

24.9 
Conclusions 

Percutaneous image-guided application of radio
frequency is a relatively new strategy for inducing 
thermally mediated coagulation necrosis. As such, 
RF ablation may ultimately prove beneficial as a 
minimally invasive method for treating liver me
tastases. Because the goal of tumor eradication ne
cessitates ablating the entire tumor and a 0.5-1 cm 
peripheral margin of grossly normal tissue, com
plete ablation of the entire neoplasm requires the 
induction of large volumes of coagulation necrosis. 
Several recent technical innovations, including RF 
application to multiple and/or internally cooled 
electrodes, enable increased energy deposition into 
tissues with a resultant increase in the volume of 
induced coagulation necrosis. These advances are 
timely because many sequential, overlapping appli
cations of RF to a single electrode are required to 
treat all but the smallest of tumors using conven
tional monopolar electrodes, which is difficult to 
accomplish in clinical practice. The use of clustered 
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electrodes may therefore allow the treatment of 
larger metastases with a single application of 
radiofrequency. 

Optimization of RF energy delivery and/or 
modulation of tumor or organ biology may allow tai
loring of induced tissue destruction, thereby en
abling adequate and predictable treatment of tu
mors. However, perfusion mediated tissue cooling 
limits both tissue heat deposition and the extent of 
coagulation necrosis induced by RF tumor ablation 
in vascular tissues and tumors. Development of 
strategies to reduce blood flow during RF tumor ab
lation may ultimately allow for an improved treat
ment effect (GOLDBERG et al. 1996b), encouraging 
optimism about the future of RF ablation tech
niques. 
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25.1 
Introduction 

Since the early 1960s, the use of percutaneous 
Seldinger's technique has enabled any visceral arte
rial tree to be easily reached with low invasivity for 
diagnostic purposes. Therapy then became the ex
tension of angiography, and arterial infusion che
motherapy (AIC) for liver cancer was first used by 
SULLIVAN (1963). Arterial embolization of liver tu
mors was also performed to reduce pain in large 
expansive masses or for emergency hemostasis in 
acute blood loss, and was applied to palliative treat
ment of the hepatocellular carcinoma by DOYON 
(1974) and by GOLDSTEIN et al. (1987). 

Single or multiple localized liver metastases are 
mainly treated with hepatectomy; however, hepatec
tomy may not be possible in high-risk patients or 
when patients refuse to undergo surgery. It may be 
considered doubtful in any case whether surgery is 
really the best therapeutic option or not if cost, 
invasivity, time of hospitalization and rate of recur
rences are evaluated. I believe that US-guided 
thermo ablation, laser therapy and cryotherapy will 
probably replace resective surgery, as already stated 

R. ROVERS!, MD; Chief, Department of Diagnostic Imaging 
and Interventional Radiology, Bellaria-Maggiore Hospital, 
Via Altura 3,1-40100 Bologna, Italy 

for small hepatocellular carcinoma, also for localized 
metastatic lesions because of lower invasivity, cost 
and time of hospitalization: encouraging even if not 
yet established clinical results have been reported 
(VOGL et al. 1997; NAGATA et al. 1997; MAEDA 1994; 
NAKAMURA 1994). 

In multifocal or localized not surgically suitable 
liver metastases locoregional intraarterial treat
ments are now extensively used, mainly as a further 
step of the programmed therapy: systemic chemo
therapy still remains in most patients the first step. 
Anticancer drugs may be delivered mainly using ar
terial infusion through indwelling catheters or 
chemoembolizations: hypoxia (THEICHER et al. 
1981; ROVERSI et al. 1997) and/or hyperthermia 
(TANAKA et a1.1992; NAGATA et al. 1997) may be also 
associated. 

Some techniques employed for AIC of hepatic 
liver metastases are actually no longer used in clini
cal practice as surgical dearterialization, even if 
NOBIN et al. (1989) reported 60% good clinical re
sults treating liver metastases from carcinoid with 
temporary dearterialization and KIMOTO et al. 
(1995) used repeated hepatic dearterialization for 
unresectable liver metastases from gastric cancer in 
five cases. Isolated embolization should also be no 
longer used. Long-term perfusion with indwelling 
catheters, already extensively employed for at least 
20 years, has been now renewed by the technique of 
percutaneous placement of the device. 

Chemoembolizations with DSM or Lipiodol
ization adds to the effect of the intraarterial drug 
perfusion the occlusive ischemia obtained with oily 
contrast media or with reabsorbable materials such 
as gelatin sponge or microspheres, adding hypoxia 
and a prolonged contact time to the increased drug 
delivery and higher concentration in the neoplastic 
tissue (WALLACE et al. 1990). 

More invasive and technically complex proce
dures such as hypoxic hepatic perfusion (ROVERSI et 
al. 1997), isolated hepatic perfusion (RAVIKUMAR 
and DIXON 1996) or isolated hepatic perfusion with 
tumor necrosis factor (HAFSTROM et al. 1994) have 
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appeared in the last few years. Their clinical results 
are still to be evaluated in randomized trials. 

motherapy following complete surgical rt'section of 
the primary lesion (SALTZ 1991); patient., who un
dergo hepatic resection for colorectal metastases 
should also be considered for postoperativ,! adjuvant 
chemotherapy, to decrease the likelihood of recur
rence and to improve survival (CURLEY et 11. 1993). 

A summary of the most used techniques of AIC 
derived from the authors is reported in Table 25.1. 

The first target of AIC is to treat diffuse metastatic 
liver disease. Data support the use of adjuvant che-

Table 25.1. Summary of the reported AIC techniques 

Authors 

DE DYCKER RP 
CIVALLERI et al. 
FUJIMOTO et al. 
KOIKE et al. 
KOIKE et al. 
MAVOR et al. 
SAKAMATO et al. 
TEDER et al. 
KOBAYASHI et al. 

INOUE et al. 

LINKS et al. 
SUZUKI et al. 
COLDWELL DM, 
MORTIMER JE 
KIMOTO et al. 
WALLACE et al. 
UEKADO et al. 
Luo et al. 
LANG EK, BROWN CL Jr 
KONNO et al. 
KAMEYAMA et al. 
SUGIMOTO E 
YAMASHITA et al. 

SUGIMOTO et al. 

SATO et al. 
ALLEN-MERSH et al. 

YAMAMOTO et al. 

NAKAYAMA et al. 
NAKAMURA K 
MORI et al. 
SHIDA et al. 

Source 

Reg Cancer Treat 3/6 (302-304) 1991 
Br J Surg 76/7 (699-703) 1989 
Reg Cancer Treat 6/1 (7-11) 1993 
Jpn J Cancer Chemother 15/8 Ii (2601-2605) 1988 
Jpn J Cancer Chemother 16/8 Ii (2818-2821) 1989 
Nucl Med Commun 8/12 (1011-1018) 1987 
Reg Cancer Treat 6/1 (12-18) 1993 
Anticancer Res 13/6A (2161-2164) 1993 
Acta Radiol 28/3 (275-280) 1987 

Acta Radiol30/6 (603-608) 1989 

Reg Cancer Treat 6/3 (121-124) 1993 
Jpn J Cancer Chemother 19/3 (323-326) 1992 
Reg Cancer Treat 3/6 (298-301) 1991 

Hpb Surg 8/3 (175-180) 1995 
Cardiovasc Intervent Radiol13/3 (153-160) 1990 
Jpn J Cancer Chemother 21110 (1673-1676) 1994 
Adv Ther 14/4 (192-198) 1997 
Radiology 189/2 (417-422) 1993 
Acta Oncol33/2 (133-137) 1994 
Jpn J Cancer Chemother 15/8 Ii (2510-2513) 1988 
J Saitama Med Sc IL 2113 (185-191) 1994 
Cancer 64/12 (2437-2444) 1989 

Jpn J Cancer Chemother 1997; 24/12 (1753-1756) 

Jpn J Cancer Chemother 19/4 (537-539) 1992 
Lancet 344/8932 (1255-1260) 1994 

Reg Cancer Treat 6/3 (125-130) 1993 

Jpn J Cancer Chemother 20/11 (1504-1506) 1993 
Jpn J Nucl Med 29/3 (377-383) 1992 
Jpn J Cancer Chemother 20/11 (1547-1550) 1993 
Jpn J Cancer Chemother 22/2 (221-225) 1995 

Technique of treatment 

Degradable starch micro spheres 
Degradable starch micro spheres 
Degradable starch microspheres 
Degradable starch micro spheres 
Degradable starch micro spheres 
Degradable starch micro spheres 
Degradable starch micro spheres 
Degradable starch micro spheres 
Adriamycin/mitomycin c lipiodol 
suspension 
Adriamycin/mitomycin c lipiodol 
suspension 
Lipiodol-Adriamycin 
Adriamycin4 Ipiodot suspension 
Hepatic artery embolization 

Hepatic dearterialization 
Infusion and chemoembolization 
Chemoembolization 
Chemoembolization 
Selective chemoembolization 
Targeted chemotherapy (CEAT) 
Lipiodol cisplatin sandwich therapy 
Arterial embolization using Lipiodol 
5-Fluoro-2-deoxyuridine-c8 in Iymph)
graphic agent 
Isolated liver chemoperfusion using 
cisplatin 
Large doses mitomycin c and 5-fluorollracil 
Continuous hepatic-artery floxuridine 
infusion 
Continuous infusion of IL-2 and intermit
tent doxorubicin 
Continuous infusion of 5-fluorouracil 
Continuous infusion 
Continuous infusion of CDDP 
Continuous infusion of 5-fluorouracil plus 
leucovorin 

ARAI et al. 
ARAI et al. 
TSUJI et al. 
STEPHENS FO 

Jpn J Cancer Chemother 20/11 (1527-1530) 1993 Intermittent infusion of 5-FU 

ICHIKAWA et al. 
MARUYAMA et al. 
EKBERG et al. 
CURLEY et al. 
YAMAMURA et al. 
NAKAGAWA et al. 

TSUJITANI et al. 

Cancer Chemother Pharmacol40/6 (526-530) 1997 Intermittent infusion of high-dose 5-Ft: 
Jpn J Cancer Chemother 20/11 (1520-1523) 1993 Intermittent high dose 5-FU 
Reg Cancer Treat 5/34 (146-153) 1992 Hepatic artery 5-FU infusion followed by 

Reg Cancer Treat 5/34 (154-158) 1992 
Jpn J Cancer Chemother 1997; 24/13 (2011-2014) 
J Surg Oncol37/2 (94-99) 1988 
Am J Surg 166/6 (743-748) 1993 
Jpn J Cancer Chemother 20/11 (1516-1519) 1993 
Jpn J Cancer Chemother 23/6 (783-785) 1996 

Eur J Surg Oncol17/5 (526-529) 1991 

portal vein FUDR 
intra -arterial infusion 
Cisplatin/5-fluorouracil intraperitoneal 
Intraperitoneal infusion of 5-FU 
Hepatic infusion 
Infusion of 5-FU and leucovorin 
Infusion of low dose cisplatin and oral 
administration of high dose doxyfluridine 
Low-dosage intraportal 5-FU infusion 
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Table 25.1. Summary of the reported AIC techniques (Continued) 

Authors Source Technique of treatment 

KOHNO et a1. Jpn J Cancer Chemother 22/5 (695-698) 1995 5-FU, leucovorin, etoposide, and cisplatin 
(FLEP) 

DAZZI et a1. Tumori 80/3 (204--208) 1994 High-dose intra-arterial plus intraperitoneal 
chemotherapy 

ICHIKAWA et a1. 
TANADA et a1. 

Reg Cancer Treat 5/34 (154-158) 1992 Balloon occluded arterial infusion 
Arterial embolization chemotherapy -
arterial infusion chemotherapy 
Dearterialization and embolization 
Interferon with or without hepatic artery 
embolization 

Jpn J Cancer Chemother 23/11 (1440-1442) 1996 

NOBIN et a1. 
HANSSEN et a1. 

Acta Onco128/3 (419-424) 1989 
Acta Onco130/4 (523-527) 1991 

ONOGAWA et a1. Jpn J Cancer Chemother 1997; 24/12 (1804-1808) Hepatic arterial infusion chemotherapy and 
systemic endocrine therapy 

GOLDBERG et a1. Br J Cancer 63/2 (308-310) 1991 Angiotensin II and cytotoxic micro spheres 

IWASAKI et a1. Jpn J Cancer Chemother 23/11 (1558-1560) 1996 Hypertensive chemotherapy with angio
tensin II 

Am J Surg 166/6 (743-748) 1993 Arterial infusion chemotherapy after cura-CURLEY et a1. 
tive resection 
OZEKI et a1. J Jpn Soc Cancer Ther 3112 (157-162) 1996 Hepatectomy after neoadjuvant chemo

therapy 
KITADA et a1. Jpn J Cancer Chemother 20/11 (1601-1604) 1993 Thermocoagulation combined with selective 

intraarterial infusion 
A/LOUNI et a1. Am J Clin Oncol Cancer Clin Trials 13/6 

(532-535) 1990 
Radiation therapy and infusion FUDR 

Cancer 64/9 (1783-1789) 1989 WILEY et a1. 
HAFSTROM et a1. Reg Cancer Treat 7/34 (172-176) 1994 

Hepatic artery 5-fluorouracil and irradiation 
Isolated regional liver perfusion with tumor 
necrosis factor-alpha followed by 
hyperthermic melphalan perfusion 

RAVIKUMAR TS DIXON K Surg Oneol Clin North Am 5/2 (443-449) 1996 Isolated liver perfusion 
ROVERSI et a1. Radiologia Medica 93:410-417, 1997 

25.2 
Intraarterial Perfusion with Port-a-Cath 

The technique of implanting an arterial indwelling 
catheter using a percutaneous subclavian, axillary or 
femoral approach was first introduced by ARAI 
(1994) and then used by other groups (WACKER et al. 
1997; GROSSO et al. 1997; MORANDI et al. 1998). The 
percutaneous approach allows a strong increase in 
the number of the procedures compared to a surgi
cal implant, moreover avoiding long hospitalization 
and surgical risks. Any difference between the clini
cal results may be suggested. 

A US-guided subclavian percutaneous approach 
has been suggested by ARAI (1994) and GROSSO et al. 
(1997) (Fig. 25.1). The femoral approach (Fig. 25.2) 
could also be used as in the first part of personal ex
perience, involving, however, some discomfort to the 
patient (SAWADA et al. 1992). The axillary approach 
(Fig. 25.3) is preferred by us, which combines the ad
vantages of subclavian placement without the need 

Hepatic hypoxic perfusion 

for a US-guided puncture and facilitates replace
ment and/or removal. 

An accurate angiographic understanding of the 
hepatic vascular anatomy is mandatory before start
ing the placement of a surgical or percutaneous 
Port-a-Cath. The most important factor for a suc
cessful infusion therapy is a single feeding artery to 
the liver. In the case of multiple hepatic arteries, one 
must be selected and the others embolized. Vascular 
anomalies of the hepatic arteries (Fig. 25.4) can be 
found in about 37% of cases (DAVITT! et al. 1992), 
the most frequent being the right hepatic artery aris
ing from the superior mesenteric artery (SMA). The 
right hepatic artery from the SMA should not be 
used for the placement, to avoid the risk of distal 
embolization in the mesenteric territory or retro
grade thrombosis: the middle-left hepatic artery 
arising from the celiac axis should then be used. 

Collaterals such as right gastric (RAG), gas
troduodenal (GD), and seldomly left gastric artery 
should also be embolized before the indwelling cath-
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Fig. 25.1a,b. Liver metastases from colorectal cancer treated with AlC through percutaneous Port-a-Cath. Previous ineffechve 
surgical Port-a-Cath (arrow). a US guided subclavian approach. b Catheter's tip pulled into the proper hepatic artery with 
lateral hole in common hepatic artery. Coils were used for arterial redistribution. Gastroduodenal artery previou:;]y ligated 

a -----~-L.:....;...;......;.---1 b 

Fig. 25.2a,b. Liver metastases from colorectal cancer treated with AlC through percutaneous Port-a-Cath. a Cathete - intro
duced by right femoral approach. Device over the inguinal ligament. b Catheter pulled distally into the right hepatic artery 
with lateral hole cut in the common hepatic artery. Gastroduodenal artery embolized with coils (arrow) 

eter is placed to avoid the passage of the drug into 
undesirable areas (Fig. 25.5). 

It has been reported by ARAI (1994) that if perfu
sion is performed without a complete redistribution 
the therapeutic effect decreases and complications 
occur. A whole liver perfusion cannot be obtained 
without entirely deriving the hepatic blood flow to a 
single hepatic artery in the case of multiple vessels, 
and the embolization of GD cannot be avoided; but I 
believe it unnecessary to routinely embolize as sug-

gested by ARAI (1994) the RAG. We have nevt'r ob
served drug-related gastric symptoms in patients 
with embolization of only the GD: moreover, a case 
of large gastric ulcer in our personal experien( e ap· 
peared in a patient with previous embolization of 
the RAG using acrylic glue. 

In surgically implanted Port-a-Caths the catheter 
is introduced through the GD and pulled into the he
patic artery and the tip is fixed with a surgical stitch. 
Using the percutaneous approach, the tip can be 

b 
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Fig. 25.3. Percutaneous Port-a-Cath. Axillary approach. De
vice under the external third of the clavicle (arrow) 

fixed in the GD with a single bolus of bucrylate 
(ARAI 1994) cutting a lateral hole in the catheter at 
the level of the proper common hepatic artery. In the 
experience of GROSSO et al. (1997), the distal part of 
the catheter has been, however, placed freely in the 
common hepatic artery permitting an easy removal, 
but with an obviously higher risk of displacement. 

In cases with a short proper hepatic artery it may 
be preferable to pull the catheter subselectively into 
the hepatic arterial system, previously embolizing 
GD and cutting a large lateral hole in the catheter at 
the level of the proper hepatic artery (Fig. 25.5). The 

a 

a 

b 

Fig. 25.5a,b. Liver metastases from colorectal cancer treated 
with AIC through percutaneous Port-a-Cath. Femoral ap
proach. a Hepatic subselective DSA before the procedure: 
hypervascular lesions in the right lobe. b Distal tip pulled into 
the right hepatic artery with lateral hole in common hepatic 
artery. Gastroduodenal artery emboli zed with coils (arrow) 

b 

Fig. 25.4a,b. Redistribution of the hepatic arterial system. a Middle hepatic artery arising from gastroduodenal artery (arrow) . 
b Embolization with coils (arrow) of the middle hepatic artery to derive the whole flow to the proper hepatic artery 
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Fig. 25.6. Hepatic subselective DSA femoral percutaneous 
Port-a-Cath. Good perfusion of the liver 

catheter may also be pulled into the GD (Figs. 25.6, 
25.9), embolizing with coils the proximal right gas
troepiploic artery and cutting a lateral hole in the 
common hepatic artery. Abnormalities of the liver 
perfusion not infrequently occur during Port-a-Cath 
infusion. 

R. Roversi 

Among 51 patients with unresectable metastatic 
liver tumors who had implanted port systems, 49 
perfusion abnormalities were detected in 32 patients 
(SEKI et al.1996; HOEFER et al.1990).A correct deliv
ery of the drug to the whole liver and a correct place
ment of the catheter's tip should always be con
trolled with CT (ROTH et al. 1989; SEKI et al. 1996; 
MILLER et al.1989; SIDIBE et al. 1989) through an in
jection in the device (Figs. 25.7, 25.8, 25.10). 

In 25% (122/33) of the procedures we performed 
positioning the distal tip in the proper hepatic artery 
without fixation with !BC, a displacement occurred, 
requiring the immediate repositioning or changing 
of the catheter (Fig. 25.11). 

Arai's technique of fixation with isobutyl-2-cy
anoacrylate avoids in almost all cases the displace
ment, enabling, however, the catheter to be changed 
if necessary. 

The reported mean duration of AlC with percuta
neously inserted ports ranges from 27 weeks 
(WACKER et al. 1997) to the rather optimistic 20.9 
months (ARAI et al. 1997): the therapy drop-out rate 
due to catheter-associated complications was very 

Fig. 25.7a-d. Colorectalliver metastases treated with AIC through percutaneous Port-a-Cath. a,b CT before the treatment: 
lesions in the upper right and left (a) and low (b) liver lobes, centrally necrotic. c,d CT control through the device 24 h Ifter: 
proper perfusion of the liver; high perfusion of the outer wall of the lesions, well demonstrating the increased drug delivery 

b 

d 
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Fig. 25.8a,b. Perfusion controls immediately (a, DSA) and 24 
h after (b, CT) 

low (9%) for ARAI et al. (1997). In surgical implants 
the median length of active treatment of 78 patients 
receiving a port during laparotomy for colon re
section or for port implantation was II months 
(DAVITT! et al. 1992). 

Twenty-five complications of surgically im
planted port-catheter systems on 78 patients were 
found by the same group (4 skin necrosis, 3 pocket 
infections, 2 seromas, 7 extravasation in the area of 
the chamber with transient local inflammation, 2 
ruptures of the catheter and one of the port, 2 he
patic artery thrombosis, I artery-biliary fistula, 2 
gastric ulcers). 

Intrahepatic bilomas (AOKI et al. 1993), pseudo
thrombosis of the common hepatic artery (WACKER 
et a1.1995), marked atrophy of the liver (KAMEOKA et 
al. 1995), hepatic artery-biliary (NODA et al. 1996) 
and common bile duct fistulas (OHORI et al. 1996), 
major upper gastrointestinal hemorrhages (Ross et 
aI.1996),gastro-duodenal ulcers (ITANO et a1.1993), 
bile duct strictures (CLARK and GALLANT 1987), 

Fig. 25.9. Percutaneous Port-a-Cath by axillary approach. 
Catheter pulled into the gastroduodenal artery with lateral 
hole cut in the common hepatic artery. Right gastroepiploic 
artery embolized (arrow) with coils to avoid the passage of 
drug in the vessels of the gastric wall 

progressive arterial perfusion abnormalities (ROTH 
et al. 1989), and fatty metamorphosis in the over
perfused liver segment after FUDR therapy (ZEISS et 
al. 1990) are also reported. Extravasation of 5-fluo
rouracil (5-FU) following thrombosis of the gas
troduodenal artery may perforate into the hepatic 
artery, portal vein, duodenum or biliary tree causing 
hepatic artery pseudo-aneurysms (Ross et a1.l996). 

In the personal still unpublished experience of 
122 cases of percutaneously inserted Port-a-Caths, 
we observed a complication rate of 31 % (chiefly 
pocket infections, ruptures of the catheter and he
patic artery thrombosis) forcing in 33/122 the with
drawal of the device (Fig. 25.10). The incidence of 
technical problems should certainly decrease along 
with technical advances, especially new materials. 

The reported rate of required hospitalization dur
ing the infusion treatment with percutaneous Port
a-Cath has been reported to be 4.3%, 3.9% and 6.5% 
in cases with colorectal cancer, gastric cancer and 
breast cancer, respectively, and with an overall rate of 
5.1% (ARAI 1994). 

Using surgical or percutaneous long-term Port-a
Cath infusion, many schedules for the choice of 
drugs, doses and delivering have been selected by 
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Fig. 2S.10a-f. Same case as in Fig. 25.9. a DSA control: nonproper liver perfusion 
sparing the left lobe, with passage of contrast medium in duodenal vessels. b-d CT 
control: perfusion of the right lobe. Hyperperfusion of the lesion in the outer wall, 
suggesting a high-dose delivery of the drug. e Later CT control: no perfusion of the 
right lobe; contrast medium in the left gastric artery with perfusion of the left lobe 
as well as of the gastric wall. f DSA control two weeks later: complete thrombosis 
of the gastrohepatic artery; patency of the left gastric and splenic arteries. 
Thrombi around the catheter (arrows), despite previous therapy with calciparine 

'~""IIIIL_'" d 

the authors. The most often used drugs have been 
isolated 5-fluorouracil (NAKAYAMA et al. 1993; ARAI 

et al. 1993,1997), combined mitomycin C and 5-fluo
rouracil (SATO et al. 1992), 5-fluorouracil plus leuco-

vorin (SHIDA et al. 1995; YAMAMURA et al. 1995), 
platin derivates (SUGIMOTO et al. 1997; MORI et al. 
1993), floxuridine (ALLEN-MERSH et al. 1994), IL-2 
and doxorubicin (YAMAMOTO et al. 1993), and 5· FD, 

f 
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Fig. 25.11a,b. Liver metastases from colorectal cancer treated 
with AIC through percutaneous Port-a-Cath by axillary ap
proach. a Recoil in splenic artery (arrow) of the catheter pre
viously pulled into the proper hepatic artery. b Catheter re
placed using a hydrophilic guidewire 

leucovorin, etoposide, and cisplatin (FLEP) (KOHNO 
etal.1995). 

Drugs have been given by continuous infusion in 
large doses (SATO et al. 1992), by continuous infusion 
(YAMAMOTO et al. 1993; NAKAYAMA et al. 1993; 
NAKAMURA 1992; MORI et al. 1993; SHIDA et al. 
1995), by weekly intermittent infusion at high doses 
(ARAI et a1. 1993,1997; TsuJI et a1. 1993), by hepatic 
artery infusion followed by portal vein infusion 
(STEPHENS 1992), by infusion of low dose cisplatin 
and oral administration of high dose doxyfluridine 
(NAKAGAWA et al. 1996), by low-dosage intraportal 
infusion of 5-FU (TSUJITANI et al. 1991) and finally 
by high-dose intra-arterial infusion plus intraperito
neal chemotherapy (DAZZI et al. 1994). In intermit
tent hepatic arterial infusion of high-dose 5-FU on a 
weekly schedule suggested by ARAI et al. (1997),1000 
mg/m2 of 5-FU is administered over 5 h once a week 
on an outpatient basis. 

The frequency of morphological positive re
sponse to AIC with Port-a-Caths ranges from 86% 

for liver metastases from breast cancer to 19% for 
colorectal metastases treated with low-dose perfu
sion (KOYANAGI 1994). In other reports colorectal 
metastases showed a higher frequency of response, 
ranging from 78% (ARAI et a1. 1997) to 36% (SIDIBE 
et a1. 1989) (the last obtained in hypovascular le
sions, when in hypervascular 64% of responses was 
observed by the same group) (Fig. 25.12). 

As for survival, 75% at 1 year and 38% at 2 years 
have also been reported (IWASAKI et a1. 1996; 
icHIKAWA et al. 1992; KONDO 1994; SHUTO et al. 
1997) for colorectal metastases. The maximum re
ported overall survival was 25 months in colorectal 
metastases (ARAI et a1. 1997) and 27 months in 
breast metastases (SCHNEEBAUM et a1. 1994; KITADA 
et a1. 1993). Responses obtained using AIC with ind
welling catheters are reported in Table 25.2. 

Fig. 25.12a,b. Colorectal liver metastases treated with AIC 
through percutaneous Port-a-Cath. a CT before the treat
ment: diffuse metastatic lesions in the right and left liver, 
centrally necrotic and with hypoperfused middle zone. b 
Three months after the start of the AIC decrease of the le
sions, together with perifocal hypervascular halo probably 
expressing reactive granulomatosis 

a 

b 
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Table 25.2. Morphological and clinical results of AIC through indwelling catheters (surgical and percutaneous implant) 

Authors Year Primitive Technique Response (%) Overall survival Survival 
(months) 

ALLEN-MERSH et al. 1994 Colorectal HAl 13.5 
ARAI 1994 Breast HAl 81 12.5 
ARAI 1994 Gastric HAl 72 15 
ARAI 1994 Colorectal HAl 62 
ARAI et al. 1997 Colorectal HAl 78 25 
CURLEY et al. 1993 Colorectal HAl 39 

Post suo r. 
IWASAKI et al. 1996 Gastric HAl 66.7 

Angiotensin II 
SIDIBE et al. 1989 Colorectal HAl 64 

Hyperv. 
DAZZI et al. 1994 Colorectal HAl 59 

High dose 
IcHIKAWA et al. 1992 Colorectal HAl 20 2 years: 38% 

KOYANAGI 1994 Combined HAl 52 
Low dose 

KOYANAGI 1994 Colorectal HAl 19 
Low dose 

KOYANAGI 1994 Breast HAl 86 
Low dose 

KOYANAGI 1994 Gastric HAl 33.3 
Low dose 

SAKAMOTO et al. 1993 Colorectal HAl 
SAWADA et al. 1992 Colorectal HAl 
SCHNEEBAUM et al. 1994 Breast HAl 
SHIDA et al. 1995 Colorectal HAl 

SIDIBE et al. 1989 Colorectal HAl 

Tanada et al. 1996 Colorectal HAl 

HAl, Hepatic arterial infusion 

25.3 
Transcatheter Arterial Embolization 

Transcatheter arterial embolization (TAE) is the first 
applied technique of angiography by Seldinger's 
method for the therapy of tumors, and COLDWELL 
and MORTIMER (1991) believed that liver metastases 
can be treated by TAE. TAE should, however, be con
sidered out -of-date for the treatment of hepatic me
tastases except in the case of emergency hemor
rhage in order to obtain sudden hemostasis. 

For TAE many embolic materials are available, 
gelatin sponge such as Gelfoam and Spongel, micro
capsules of anticancer drugs, albumin microspheres, 
Lipiodol Ultrafluid, Ivalon, magnetic particles, steel 
coils, isobutyl-2-cyanoacrylate (IBC), ethanol, and 
degradable starch micro spheres (DSM) (KOIKE et al. 

76.6 14.8 
39 

27 
67 1 year: 75% 

36 
Hypov. 

15.6 1 yeal: 54% 

1988,1989; MAVOR et al. 1987). Gelatin sponge is the 
most frequently used in liver embolization {Fig. 
25.13). It embolizes arteries up to relatively pc'riph .. 
eral sites, but it is reabsorbed and then the arteries 
are reopened. 

Microcapsules, albumin microspheres and 
Lipiodol produce micro-embolization in even more 
peripheral arteries and are used in DS-TACE and Lp
TACE. Ivalon, magnetic particles, IBC and steel coils 
are not reabsorbed. The former three agents 
embolize peripheral arteries, but are only seldom 
used for hepatic embolization. Coils is routinely em
ployed to occlude proximal arteries during redistri
bution before the placement of an indwelling cath
eter or a procedure of hepatic hypoxic perfusion. 

Despite its weak rationale, the reported results of 
isolated TAE in liver metastases are not despicab leo A 
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Fig. 25.13. Embolization with gelatin sponge of the whole ar
terial hepatic system 

mean duration of survival of 1l.5 months in patients 
treated with TAE was reported by CHUANG and 
WALLACE (1981). KURODA et al. (1989) evaluated his
tologically the effect of TAE in metastatic liver tu
mors from gastrointestinal cancer resected at sur
gery or removed at autopsy (TANADA et al. 1997). 
Three tumors of five were found to be completely 
necrotized and approximately 80% of the remaining 
were necrotic. 

Extensive thrombosis of the portal system, un
usual in liver metastases, is an absolute contraindi
cation for TAE. Embolization can be used, however, 
in the case of segmental thrombosis. In the case of 
serum bilirubin levels of higher than 5 mg% or se
rum cholinesterase levels below 1000 u/ml, embo
lization procedures should be done in selected cases 
or using a subselective approach according to 
GORICH et al. (1993). In our opinion, in patients with 
metastatic diffuse liver disease showing an increas
ing progressive level of serum bilirubin, TAE, as 
TACE or other AIC techniques, should never be used 
because of their therapeutic uselessness. 

Because non-cancerous tissues are also affected, 
transient hepatic dysfunction may be associateu 
with TAE. GOT, GPT, LDH, and total bilirubin usually 
increase immediately after, and return to pre-treat
ment levels about 10 days later. Cholinesterase and 
serum albumin fall gradually after the treatment, 
reach the lowest levels about 2 weeks later, and re
turn to pre-treatment levels after about 4 weeks. 

These changes depend on the dose of embolic 
materials and may occasionally progress to unex
pected hepatic failure. It is, however, highly uncom
mon to observe a hepatic failure in TAE-treated pa
tients with previous demonstrated portal venous pa
tency. 

25.4 
Transcatheter Arterial 
Chemoembolization 

In transcatheter arterial chemoembolization 
(TACE), the injection of embolic particles follows 
the intraarterial infusion of chemotherapeutic 
agents (PENTECOST 1993). TACE may be considered 
as the most powerful one-shot intraarterial therapy 
with a high rate of morphological responses for he
patic liver tumors: improvements in long-term sur
vival for patients with metastatic colon cancer have, 
however, been only suggested but not proven 
(SOULEN 1997). 

Of all the AIC treatments, TACE has been re
ported to produce the most efficient local tumor 
control (HOOGEWOUD 1994) and is mainly proposed 
for the treatment of patients with colorectal me
tastases to the liver, a resectable primary tumor, and 
no evidence of other metastatic disease (LANG and 
BROWN 1993) or for palliation of carcinoid liver me
tastases (THERASSE et al. 1993). 

TACE is typically a two-stage therapy, the first an 
intraarterial drug infusion, the last a vascular occlu
sion. The antitumor effect depends on a synergy be
tween the actions of chemotherapy and ischemia, 
where the occlusion of the tumor arterial supply ad
vantageously follows the controlled infusion of che
motherapeutic drug(s). 

Two main procedures are actually employed: 
DSM-TACE, where reabsorbable micro spheres are 
used as embolizing material: Lp-TACE, so called 
"targeted therapy" (KONNO 1994), based on the use 
of oily contrast medium as embolizing material and 
carrier of antiblastic drugs. 

25.4.1 
DSM-Chemoembolization 

DSM is a suspension of starch micro spheres - mean 
diameter 0.045 mm - obtained through emulsifica
tion and polymerization of hydrolyzed potato 
starch, and suspended in normal saline at 60 mg/ml. 
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DSM have been in most reports injected together 
with the intraarterial infusion of the drug, or seldom 
directly charged with mitomycin e. They have been 
used experimentally and clinically in the treatment 
of liver cancer (TEDER and JOHANSSON 1993; MAVOR 
et al. 1987) to produce a transient vascular occlusion 
and to slow the blood stream. The potent antitumor 
effects of DSM -TACE seemed then to derive from the 
synergistic action of the drug cytotoxicity and re
tention by DSM (SAKAMOTO et al. 1993). The in
crease of both the drug's concentration and the time 
of contact between tissue and drugs improves the 
efficacy of the drugs inducing a better tumor re
sponse (LORENZ et al. 1989). Intraarterially injected 
DSM also reduce the systemic drug concentration 
(STARKHAMMAR and HAKANSSON 1987), the tempo
rary blockage of arterioles trapping the co-injected 
drug in the tumor (STARKHAMMAR et al.I987). DSM 
remains in the vascularized liver metastases more 
than 24 h, resulting in prolonged local delivery of 
chemotherapeutic agents (PIPERKOVA et al. 1994). 

The median biological half-time of the particles 
within the whole liver was 2.4 days (range 1.5-11.7 
days), but was longer in tumors than in normal liver 
(GOLDBERG et al.I99lb). Based on the mitomycin C 
levels in the peripheral blood after combined infu
sion with DSM and mitomycin C, occlusion of intra
hepatic vessels with DSM persisted for at least 60 
min (FUJIMOTO et al. 1993). 

Observations showed a wide range of required 
DSM dose. Seventy-five percent of the DSM dosage 
inducing reversed flow in the common hepatic ar
tery should be used for treatment (LORENZ et al. 
1989): therefore, each individual dose must be deter
mined by digital subtraction angiography (DSA). A 
dose of 12.5 mg/kg DSM was found to give an effec
tive tumor targeting as well as a lower regional toxic
ity. 

Vascularity is a major prognostic factor for DSM
TACE as for all techniques of Ale. It is well known 
that the frequency of hypervascular liver metastases 
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showing complete and partial respcnses to 
loco regional treatments is higher if compared to 
hypovascular metastases. 

A reversal of tumor vascularity has been observed 
by CIVALLERI et al. (1989) after intraarterIal injec
tion of DSM: a flow redistribution towards 
hypovascular areas appeared, showing nc.t pfl~vi

ously appreciated cold lesions. A similar efect may 
also be obtained using intraarterial hypErtensive 
drugs such as angiotensin II or noradrenaline. A 
postembolization syndrome presenting with tran
sient upper abdominal pain, nausea and vomitting 
can be expected in nearly two-thirds of treated pa
tients. The observed results of DSM-TACE are re
ported in Table 25.3. 

The highest frequency of positive response for 
DSM-TACE was 76.2% in colorectal metastases 
(FUJIMOTO 1994; FUJIMOTO et al. 1993). Forty-two 
percent of responses in colorectal and 60% in breast 
metastases, respectively, were observed by LORENZ et 
al. (1989) and DE DYCKER and TIMMERMANN (1991). 
Hypervascularization improves the responses of 
DSM-TACE as of other AIC techniques: 56% of re
sponses occurred in hypervascular lesions, only 12% 
in hypovascular lesions (CIVALLERI et al. 1989). Hy
perthermia has been associated with DSM -TACE by 
TANAKA et al. (1992) with 40% of responses. Overall 
survival after DSM-TACE was 12 months for breast 
and 12±5.9 months for colorectal metastases 
(FUJIMOTO et al. 1993). 

25.4.2 
Lipiodol Chemoembolization 

In Lp-TACE oily lymphographic agents are w:ed as 
carriers to convey the anticancer drug to a 
hypervascular tumor tissue, enabling a simple but 
effective "targeted chemotherapy": the combination 
between oily agent and drug is termed "oily antican·· 
cer agent" (KONNO 1994). A mean survival time of 

Table 25.3. Morphological and clinical results of chemoembolization with detachable starch micro spheres (DSM-TACE) 

Authors Year Primitive Technique % Response Overall survival 

CIVALLERI et al. 1989 Combined DSM-TACE 56 (hyper.) 
CIVALLERI et al. 1989 Combined DSM-TACE 12 (hypo.) 
DE DYCKER et al. 1991 Breast DSM-TACE 60 12 months 
FUJIMOTO et al. 1993 Colorectal DSM-TACE 76.2 12.6±5.9 months 
LORENZ et al. 1989 Colorectal DSM-TACE 42 
TANAKA et al. 1992 Combined DSM-TACE 40 (if more than 42°) 

plus hyperthermia 
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15.8 months and a 2-year survival rate of 23.3% have 
been reported by SATOH et al. (1990) in metastatic 
liver cancers treated with chemoembolization using 
a mixture of an anticancer drug with Lipiodol plus 
Gelfoam, considered more effective than a mixture 
of an anticancer drug with Gelfoam alone. 

Lipiodol, the most used oily agent in Western 
countries, is given in Lp-TACE by intraarterial injec
tion: to achieve the targeting, newly formed vessels 
should be present in the lesion together with evi
dence of neovascularity, and the tumor should be 
stained. If there is no vascularity in the tumor, 
Lipiodol will not flow into it, explaining the high effi
cacy of Lp-TACE in the treatment of hyper
vascularized metastases from carcinoid and the low 
effect in hypovascular colorectal metastases. 

Lipiodol should be injected in the proper hepatic 
artery: in cases with occlusion of the celiac trunk or 
thrombosis of the hepatic arterial system following 
multiple procedures Lp-TACE is possible in any case 
with modern coaxial catheters via tortuous seg
ments of the pancreaticoduodenal arcades (GORICH 
et al. 1996; BILBAO-JAUREGUIZAR et al. 1991), superi
or phrenic arteries or hepatic collaterals (Figs. 25.14, 
25.15). 

Hyperselective Lp-TACE may be used (if associ
ated with percutaneous ethanol injection) for the 

a 

treatment of single small hepatocellular carcinoma, 
but in multiple liver metastases only a whole-liver 
therapy should be performed and the mixture must 
be injected into the proper hepatic artery. 

Lipiodol is delivered proportionally to tumor and 
normal hepatic tissue depending on the degree of 
vascularization. It is eliminated from the normal tis
sue relatively quickly, usually disappearing after 24 h 
but stays longer in hypervascular tumor tissues, so 
indicating the efficacy of tumor targeting. Tumor to 
liver ratios of dose delivered ranged from 1.21: 1 to 
4.7:1 (median 3.1 :1) (PERRING et al.1994) in cases of 
hypervascular lesions. 

Non-cancerous tissues are also affected by 
Lipiodol embolization. It is recommended therefore 
to strictly determine the minimum necessary vol
ume of Lipiodol to inject. In the whole-liver treat
ment needed for diffuse metastatic disease it is not 
possible to limit the effect on non-cancerous normal 
tissues by superselective catheterization. A case is re
ported where hyperselective Lp-TACE was per
formed in the left lobe, due to the need to spare the 
normal liver tissue after a right lobe resection for 
breast liver metastases (Figs. 25.16, 25.17). 

For a successful Lp-TACE targeted therapy, the 
anticancer drug should be homogeneously sus
pended in oil droplets and must be stable in the oil, 

b 

Fig. 25.14a,b. Liver metastases from colorectal cancer treated with Lp-TACE performed through collateral vessels. Complete 
thrombosis of the hepatic artery after two sessions of HHP and one session of Lp-TACE.lnferior right phrenic artery used for 
the treatment. a Proximal subselective catheterization used to treat the upper segments of the right lobe. b Distal 
hyperselective catheterization to perfuse the caudal segments. A 4F hydrophilic catheter has been used 
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Fig. 25.15a-d. Same patient as in Fig. 25.14. CT controls. a Large lesion in the central right lobe before the treatment. b Lipiodol 
after the first session of Lp-TACE with hypertensive induced therapy through the hepatic artery. c,d Lipiodol uptakt· after a 
further session of Lp-TACE. Infusion in the inferior right phrenic artery. Hypertensive treatment unnecessary because of the 
small caliber of the feeding vessels to the tumor ensuring a forced infusion of the oily contrast medium 

gradually diffusing from the droplets to the sur
rounding cancer tissues. Lipiodol will act as a reser
voir for the anticancer agent (KONNO 1994). 

The mixture between Lipiodol and drug is usually 
done dissolving the drug in hydro soluble contrast me
dium and mixing the solution with Lipiodol with a 3-
way stopcock. Relatively stable mixtures can be pre
pared if anticancer drugs are dissolved in 60% 
Urografin, a water soluble contrast medium with dis
tilled water at 1/5 the volume of Urografin: the specific 
gravity is equivalent to that of Lipiodol and stable mix
tures (i.e., water-in-oil emulsion) can be obtained. 
However, prolonged delivery, which is the biggest ad
vantage of the Lp-TACE, is partially lost in this case be
cause Lipiodol is separated from the drug contained in 
the hydrosoluble contrast medium, easily washed out 
leaving the Lipiodol alone in the tissue (KONNO 1994). 
Water soluble anticancer agents should then be used in 
Lp-TACE if directly dissolved in Lipiodol. 

The patterns of Lipiodol uptake in liver me
tastases were classified into 4 types: homogeneous 
accumulation (20%) (Fig. 25.18), heterogeneous ac
cumulation (16%), accumulation with a central de·
fect (57%), and no accumulation (7%) (Fig. ~:5.19) 
(INOUE et al. 1989). 

An obvious correlation was observed betweEn tu
mor vascularity and Lipiodol accumulation 
(SUGIMOTO 1994). The Lipiodol was found to deposit 
on the periphery of metastases of less than 10 cm di
ameter (PERRING et al. 1994) and to remain in he
patic metastases during the first month in 94%, after 
2 months in 31 %, and after 3 months in 17% 
(KOBAYASHI et al. 1987). An improved targetir g of 
Lipiodol in hypovascular lesions may be achi,~ved 
using the intraarterial infusion of hyperter sive 
drugs as angiotensin II or noradrenaline (Fig. 25. 20). 

Adverse events following Lp-TACE such as 1 iver 
infarction, necrosis of the biliary ducts, bile cysts 

b 

d 
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a b 

c d 

Fig. 25.16a-d. Liver metastases from breast cancer in the left lobe appeared five months after resective surgery of the right 
lobe. a Proximal subselective DSA of the residual hepatic artery : hypervascularized lesion. Lp-TACE performed 
hyperselectively with coaxial catheters to treat only the affected segments, sparing the normal tissue. b Final result. c,d DSA 
control three months later: no revascularization found 

(TSURUTA et al. 1990), sclerosing cholangitis 
(RICHARDET et al. 1994), bilomas (INOUE et al. 1991), 
gastroduodenal ulcerations, etc., are below 5% 
(GORICH et al. 1993). No similar cases were observed 
in our personal experience, where a high frequency 
of hepatic arterial thrombosis appeared in patients 
undergoing multiple sessions of Lp-TACE. 

Morphologic changes in the gallbladder after Lp
TACE have been observed in 45.9% of cases due to 
transient ischemic damage by inflow of Lipiodol 
with anticancer agent into the cystic artery, which is 
almost inevitable. 

Postembolization syndrome with upper abdomi
nal pain, nausea and vomiting can be expected in 
nearly two-thirds of patients. A major portal vein 
obstruction, a compromised hepatic functional re
serve, an excessive amount (>20 ml) of iodized oil 
and a biliary obstruction were considered (CHUNG 
et al. 1996) as important predisposing factors to 

post-embolization syndrome, even if they should 
rather be considered as true contraindications to Lp
TACE. 

Hepatic arterial occlusion after repeated proce
dures (CHUNG et al. 1996) not infrequently occurs af
ter multiple Lp-TACE treatments such as after Port
a-Cath infusion or hypoxic hepatic perfusion. Col
lateral pathways such as inferior phrenic artery or 
GD may be used to continue the transcatheter treat
ment (DUPRAT et al. 1988). 

As in TAE, thrombosis of the main or right portal 
vein should be considered as an absolute, and of the 
left portal vein as a relative, contraindication: if se
rum bilirubin levels exceed 5 mg/ml, Lp-TACE as all 
embolization and chemoembolization procedures 
should not be performed, except in selected cases or 
with a hyperselective approach (GORICH et aI.1993). 

Pulmonary oil embolism was reported by CHUNG 
et al. (1993) if more than 20 ml of iodized oil is used 
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Fig. 2S.17a-d. Same case as in Fig. 25.16. a CT before the treatment: two large highly vascularized masses in the left lobe. b CT 
control three months after hyperselective Lp-TACE: strong reduction in size of the lesions with slight residual peripheral 
staining. c Direct CT three months after the treatment: uptake of Lipiodol. d Enhanced CT: no change of the lesion dU:'ing the 
enhanced phase, suggesting no recurrence 

Fig. 2S.18a,b. Liver metastases from ovarian cancer treated with Lp-TACE. a CT control 24 h after the treatment: strong 
Lipiodol uptake in a large lesion of the right lobe with satellites around it. Lipiodol partially opacifies the normal liver ti:.sue. 
b CT control two months later: Lipiodol remains in the lesions, when normal tissue is completely washed 

b 

d 
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Fig. 25.19a,b. Liver metastases from colorectal cancer treated with Lp-TACE. a CT before the treatment: large lesion in the 
central right lobe with satellites. b CT control two weeks later: poor uptake of Lipiodol in the lesion, suggesting a low 
therapeutic effect 

a b 

Fig. 25.20a,b. Liver metastases from colorectal cancer treated with Lp-TACE. a CT before the treatment: lesions in the right 
lobe. b CT control after Lp-TACE: uptake of Lipiodol in the neoplastic tissue following flow redistribution induced with 
intraarterial noradrenaline 

b 
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for Lp-TACE: one death occurred 10 days after the 
treatment because of a respiratory arrest with pro
gression of the pulmonary infiltrate. A total dose of 
15 ml of Lipiodol should therefore never be exceeded 
(TAKAYASU et al. 1987). 

The most often used drugs for Lp-TACE have 
been adriamycin combined with mitomycin C 
(KOBAYASHI et al.1987; INOUE et al.1989; LINKS et al. 
1993; KONNO et al. 1994), isolated Adriamycin 
(SUZUKI et al. 1992), cisplatin (KAMEYAMA et al. 
1988. ARAKI et al. 1989) and 5-fluoro-2-deoxy
uridine-C8 (YAMASHITA et al. 1989). Doses com
monly employed have been 20-60 mg for doxorubi
cin (CHUNG et al. 1996),40-80 mg for adriamycin 
(LINKS et al. 1993), 10 mg for mitomycin C (SANZ 
ALTAMIRA et al. 1997), and 100 mg for cisplatin 
(SASAKI et al. 1994). In our personal experience 1 
mg/kg of doxorubicin dissolved in 15 ml of Lipiodol 
was routinely delivered. The summary of responses 
obtained by Lp-TACE is reported in Table 25.4. 

Positive responses occurred with a frequency of 
60% in hypervascular carcinoid metastases (NOBIN 
et al. 1989; HANSSEN et al. 1991). In colorectal me
tastases, response ranged from 59% in hyper
vascular to 17% in hypovascular (KAMEYAMA et al. 
1993). An overall survival of 13.83 months in 
colorectal metastases has been observed by TANADA 
et al. (1996). The maximum I-year survival for 
colorectal metastases has been 70% (YAMASHITA et 
al. 1989); a 5-years survival of 75% is reported by 
HANSSEN et al. (1991) for carcinoid metastases. 

In our personal experience (ROVERSI 1996) with 
27 cases of hepatic metastases from colorectal can-
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cer treated with Lp-TACE with Lipiodolized doxoru
bicin, positive responses occurred in 43%. [n 70% of 
the patients lost during the follow-up the reason of 
death was intrahepatic progression, suggesl ing a low 
control of Lp-TACE on the hepatic disease. :~ifty per
cent of cases of post-procedure syndrome were also 
seen by us according to GORICH et al. (19~3), with 
48% of WHO-based toxicity. 

25.5 
Hypoxic Hepatic Perfusion 

It has been demonstrated (KAMEYAMA et al. 1989, 
1993) and previously reported for chemo
embolizations with DSM and Lipiodol that a delayed 
washout of intratumor blood flow with stagnation is 
associated with the highest concentration of the 
drug in the hepatic tissue, due to the lack of washout 
and to a strong increase of the time of contact be
tween the tumor and the drug, with a better extrac
tion during the first pass in the liver. 

The occlusion with a balloon catheter of the 
proper hepatic artery has been initially used to pre
vent chemoembolic agents from flowing into the 
gastric branches, redirecting blood flow toward the 
liver to protect against gastric complications 
(NAKAMURA et al. 1991). AIC after the occlusion of 
hepatic arterial flow has been used for hepatocellu
lar carcinoma (UNE et al. 1993) to increase the intra
hepatic drug concentration, resulting in response 
rates higher than those with free-flow infusion 

Table 25.4. Morphological and clinical results of chemoembolization with Lipiodolized drugs (Lp-TACE) 

Authors Year Primitive Technique % Response Overall survival % Surviyal 

GORICR et al. 1993 Colorectal TACE 60-80% 

JACOBSEN et al. 1995 Carcinoid TAE 39% 5 years: i 1.4% 

HANSSEN et al. 1991 Carcinoid TAE 60% 5 years: 75% 

INOUE et al. 1989 Colorectal TACE 59% ILl months 1 year: 4:' % 

KAMEYAMA et al. 1993 Colorectal TACE 50% 
hyperv. 

KAMEYAMA et al. 1993 Colorectal TACE 17% 
hypov. 

KONNO et al. 1994 Combined TACE 1 year: 61% 

NOBIN et al. 1989 Carcinoid TAEIDEART 60% 

SUGIMOTO et al. 1994 Colorectal TACE 56% 12 months 1 year: 46. g% 

TANADA et al. 1996 Colorectal TACE 13.83 months 1 year: 63% 

YAMASHITA et al. 1989 Colorectal TACE 46% 1 year: 70% 
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methods (KAMEYAMA et al. 1989, 1993). A modified 
stop-flow whole-liver technique of AIC was then de
veloped expressly for the treatment of hepatic me
tastases (ROVERSI et al. 1997). 

A 5-French catheter is percutaneously introduced 
in the proper hepatic artery: the femoral approach 
has been used at first, but we actually believe that the 
brachial or axillary approach should be preferred 
because of an easier subselective hepatic catheter
ization. The first step of the hypoxic hepatic perfu
sion (HHP) is DSA control of the patency of the por
tal system, which is mandatory also in embolization 
procedures such as TAE, Lp-TACE or DSM-TACE. A 
complete redistribution of the arterial flow to 
achieve a single vessel hepatic inflow must also be 
performed if necessary according to the criteria pro
posed for AIC with Port-a-Cath. 

The embolization of the RGA to avoid the passage 
of the drug in the gastric vessels is unnecessary be
fore HHP because of the reversal of flow in RGA fol
lowing the balloon inflation. GD should be 
embolized only when the balloon must be inflated in 
the gastrohepatic artery, due to a short proper he
patic artery (Fig. 25.21). In those cases GD emboliza
tion prevents the washout effect by the reversed flow 
from GD in the arterial hepatic system. The diagnos
tic catheter is then changed on an hydrophilic guide 
wire with a SF balloon catheter (Fig. 25.22). The bal
loon is placed proximally up to the hepatic bifurca-

Fig. 25.21. Axillary approach for HHP. Gastroduodenal artery 
embolized with coils. Balloon inflated in the gastrohepatic 
artery at the level of GO. Embolization of GO to avoid the 
reversal of flow in GO toward the hepatic arterial system, 
limiting the stop-flow effect and washing the drug out of the 
liver 

Fig. 25.22. a Selective OSA of the celiac axis. b SF balloon 
catheter inflated in the proper hepatic artery before HHP 

tion distally to GD, and the main lumen is connected 
with a peristaltic pump system. The balloon is then 
inflated with contrast medium diluted in saline and 
the hepatic arterial stop-flow is fluoroscopically con
trolled (Fig. 25.23). Next 250-300 ml of saline with 
20-30 mg of MMC are infused by the peristaltic sys
tem in 10 min, the infusion starting 5 min after the 
inflation of the balloon. MMC is used in our protocol 
because of the strengthening of the cytoreductive ef
fect of alkylating drugs that occlusive ischemia in
duces on tumor tissues, with a ratio of 10:1 if com
pared to normoperfused tissues (THEICHER et al. 
1981). After the infusion and before the deflation of 
the balloon a forced embolization of the arterial he
patic system is performed, to obtain a gelatin sponge 
cast in the arterial system (Fig. 25.24). The balloon 
catheter is then removed. 

It should be emphasized that a free-flow intraar
terial hepatic injection of a drug is followed by an 
only transient increase of its plasmatic concentra
tion due to the washout effect, if compared to a stop
flow injection. The cessation of the hepatic arterial 
stream in HHP highly reduces or eliminates the 
washout effect, so extending the drug-tissue contact. 
It has been reported that tumors with a free-flow 
washout time of the drug of less than 80 s are not 
very responsive to loco regional treatments 
(KAMEYAMA et al. 1993). A prolonged time of contact 
between drug and neoplastic tissue obtained with 
the hepatic arterial occlusion may therefore amplify 
the cytoreductive effect, which is also improved by 
the complete first passage extraction and by the is
chemic enhancement. 

a 
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Fig. 25.23. DSA unsubtracted control of the intraarterial stop
flow immediately before HHP. Staining of the contrast me
dium in proximal hepatic artery. Balloon lengthening along 
the arterial axis, probably due to overinflation, carefully to 
avoid to prevent hepatic arterial thrombosis 

The balloon occlusion during intraarterial drug 
perfusion of a volume of solution large enough then 
achieves a whole-liver perfusion, with a plasmatic 
concentration of the drug equal to the drug's con
centration of the injected solution, and a drug-tissue 
time of contact maintained for the length of the bal
loon inflation. 

Patient posture should also be considered in HHP, 
because of the changes of the liver perfusion ob
served during free-flow intraarterial infusion (SONE 
et al. 1993). 

A selective cytoreductive effect should also be ex
pected using HHP: it is well known (WALLACE et al. 
1990) that arterial perfusion of liver tumors ac
counts for more than 90% whereas the portal system 
contributes two-thirds to the perfusion of normal 
liver parenchyma (Fig. 25.25). 

Hypoxia following hepatic arterial occlusion will 
then shoot mainly tumor cells, with a selective in
crease of the cytoreductive effect of MMC 
(THEICHER et al. 1981), lower in the normal liver tis
sue from which arises the major part of the blood 
flow from the portal venous system. 

The morphologic responses of HHP observed in 
98 patients treated for hepatic metastases (mainly 
from colorectal cancer) are reported in Table 25.5. 
Apparently complete morphologic responses after 
HHP (complete necrosis with absence of enhanced 
viable tissue) occurred in 48% of our patients (Figs. 
25.26, 25.27) and responses more than 50% in 80% 
(Figs. 25.28-25.31). Progression of the disease or no 
change appeared in 20%. The reported frequency of 
positive responses for HHP is similar to the fre
quency obtained using long-term Port-a-Cath infu-
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Fig. 25.24. TAE with gelatin sponge after HHP 

sion (78%) (ARAI et al. 1997). CT controls, however, 
were performed much sooner in our experience (35-
40 days). A post-procedure syndrome occurred in 
55% of the patients and in 9% an ischemic cholecys
titis was observed at CT control (Fig. 25.32). Death 
also occurred in one patient with a normal portal 
system, showing a massive hepatic necrosis together 
with a hepatorenal syndrome four days after a HPP. 

Thrombosis of the proper hepatic artery oc( urred 
in about 20% of the cases treated with a single ses
sion of HHP, probably due both to the overinf'ation 
of the balloon with following intimal lesion and to 
intimal damage by hyperconcentrated drug. In cases 
in which HHP has been repeated, the frequency of 
thrombosis of the proper hepatic artery increased 
up to 60% or more (Fig. 25.33). 

No cases of toxicity after HHP occurred; 66% of 
the patients were symptomatic before the treatment: 
in 67% of them symptoms disappeared with im
provement of the performance status. 

Table 25.5. Morphological results of hypoxic hepatic per
fusion (ROVERSl R, unpublished data) 

Total 
Complete responses 
Partial responses 
No change or progression 

No of cases % 

98 
47 
32 
19 

100 
48 
33 
19 
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a b 

Fig. 2S.2Sa,b. Hepatic subselective DSA. Liver metastases from colorectal cancer. a Arterial phase. Central hypervascular lesion 
in the right lobe, fully supplied by hepatic arteries. Newly formed vessels in the lesion. b Portal venous phase. The lesion 
appears as a "black hole", without any supply by the portal venous system 

Fig. 2S.26a-c. Liver metastases from gallbladder cancer treated with HHP. a CT before the treatment: lesions near the external 
wall of the gallbladder. b CT control 35 days after first HHP: extensive necrosis of the lesions with remnants of viable tissue. 
c CT 35 days after second HHP: progression of the necrosis with disappearance of remnants 

c 
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Fig. 25.27a,b. Liver metastases from colorectal cancer treated with HHP. a CT before the treatment: large lesions oc:upying 
most of the central right lobe. b CT control 35 days after HHP: extensive necrosis of the lesions without evidence of rE mnants 
of viable tissue 

a 

Fig. 25.28a,b. Liver metastases from colorectal cancer treated with HHP. a CT before the treatment: a lesion in the fifth segment 
of the right lobe. b CT control after HHP: extensive necrosis of the lesions, with remnants of viable tissue on the outer wall 
(arrow) 

b 

Fig. 25.30a-d. Liver metastases from colorectal cancer treated with HHP. a,b CT before the treatment: lesions in the left lobe. [> 
c,d CT controls after HHP: extensive necrosis of the lesions, with remnants of viable tissue 
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a b 

Fig. 25.29a,b. Liver metastases from colorectal cancer treated with HHP. a CT before the treatment: lesions in the left lobe. 
b CT control after HHP: extensive necrosis of the lesions, with remnants of viable tissue on the lower zone (arrow) 

a b 

c 
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Fig. 25.31a-f. Liver metastases from colorectal cancer treated with two sessions of HHP. a CT before the treatment: lesi,ms in 
the upper right lobe. b CT control 35 days after the first HHP: partial response with extensive necrosis. c DSA: further HHP 
procedure three months later. d CT control 35 days after: positive response confirmed by shrinking of the lesions and signs 
of calcification. e Thrombosis of the hepatic artery after a third HHP session. Coaxial catheter introduced in collateral v~ssels 
to perform Lp-TACE. f CT control four months later: recurrence in the fifth segment of the liver, programmed for 
thermoablation 

Fig. 25.32. Ischemic cholecystopathy following HHP. Enlargement of the gall
bladder 

c 

f 
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a 

c d 

Fig. 2S.33a-d. Iatrogenic arteriopathies after HHP. a Dissection of the hepatic artery. b Stenosis with pseudo aneurysm ob
served three months after the first treatment. c Thrombosis of the hepatic artery. d Whole thrombosis of the arterial hepatic 
system appeared after the third treatment 

25.6 
Drug Targeting 

The most important limit of AIC in treating 
hypovascular liver metastases is the low targeting of 
the drug. Only a fraction of the drug itself flows into 
the tumoral tissue if metastases are vascularized as 
or less than normal tissue, and most of the therapeu
tic action is lost. Two negative effects result: first, 
that adverse reactions are induced on normal liver 
tissue; second, that a higher dose is needed to obtain 
a positive response, enhancing the damage on the 
normal liver. To improve the targeting of drug so 
sparing normal tissue DSM have been used initially 
as previously reported. 

Angiotensin II (INOUE et a1.1997) and noradrena
line (SATO 1994) were seen to enhance drug delivery 
in AIC for hepatic tumors if injected, either by the 
intravenous or the intraarterial method. The theo
retical purpose of the so called induced hypertensive 
chemotherapy is to increase the blood flow in the tu
mor so improving delivery of anticancer drug and 
targeting to tumor tissue. 

During hypertension induced by drugs the blood 
flow in both primary and secondary liver tumors did 
not change, while blood flow in liver parenchyma 
decreases (TANIGUCHI et al. 1996): as a result, a rela
tive increase in tumor blood flow appears. 

Delivery of cytotoxic micro spheres to liver tu
mors using DSM-TACE may be improved by ma
nipulating the tumor to the normal liver blood flow 
ratio using angiotensin II (AT-II) (LEEN et al. 1993). 

Measuring hepatic arterial blood flow (HABF) in 
patients with colorectalliver metastases during and 
after an intraarterial infusion of AT-II (l51lg in 3 ml 
of saline over 90 s), HABF was reduced by 70-76% 
within 30 s of the start of AT-II infusion, recovered 
rapidly from the end of the infusion, and increased 
by up to 20% above the baseline for approximately 2 
min (LEEN et al. 1993). The median increase in tu
mor normal tissue ratio following angiotensin II in
fusion was by a factor of 2.8 (GOLDBERG et al. 1989, 
1991c). Angiotensin II may also be given, as norad
renaline, through a peripheral vein by a micro
infusion pump. When systolic pressure rose to about 
140 to 150 mmHg, drug can be delivered through an 
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implanted port or by bolus injection (IWASAKI et a1. 
1996). Increased blood flow following AT-II infusion 
may then increase the exposure of tumor to thera
peutic agents (HEMINGWAY et a1. 1992). Two-route 
chemotherapy under AT-II induced hypertension 
using a totally implanted injection port system for 
liver metastases derived from digestive cancers was 
used by HOKITA et al (1989). 

As for DSM, the intraarterial infusion of norad
renaline (AT-II is not available in Western countries) 
has been employed by us to improve the targeting of 
Lipiodol in hypovascular liver metastases. A signifi
cant increase of the accumulation was seen as com
pared to the basal injection (Figs. 25.34, 25.35). 

25.7 
Combined Techniques 

To obtain results in the therapy of tumors, all avail
able techniques should be theoretically associated 

a 

c 
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and used at their best. Nevertheless, available studies 
on combined techniques do not always offer satis· 
factory results. Combining TAE, radiotheraJY, im· 
munotherapy, and infusion chemotherapy with hy· 
perthermia in 45 cases with liver metc:.stases, 
NAGATA et a1. (1997) obtained at CT control 3% of 
complete responses and 38% of partial, with 29':Vo 
progression of the disease. Combined hepatic irra
diation and hepatic artery infusion even if well tol
erated (MILLER et a1.1989) seem not to impro/e sur
vival (WILEY et a1. 1989; AJLOUNI et a1. 1990). 

As regards the relationship between re~;ective 

surgery and AIC, a treatment including neo-adju
vant locoregional immuno-chemotherapy, surgical 
resection and adjuvant locoregional immuno-che
motherapy has been used by LYGIDAKIS et a1. (1997) 
in patients with unresectable liver tumors, w ith an 
amazing 5-year survival rate of 65% and over;lll re
sponse rate of 80% (SUZUKI et a1. 1987). 

Adjuvant chemotherapy following complete sur· 
gical resection of the primary tumor has beer sug·· 
gested (SALTZ 1991). Some authors believe that in 

b 

d 

Fig. 2S.34a-d. Liver metastases from colorectal cancer treated with Lp-TACE. a CT before the treatment: extensive metastases 
in the medial right and left lobe. b Hepatic arteriography: large central hypovascular lesion with hyperperfusion of the nornal 
liver tissue. c CT control after Lp-TACE: uptake of Lipiodol in the neoplastic tissue. d DSA control: reversal of flow from 1 he 
normal tissue to the outer wall of the tumor lesions after intraarterial injection of noradrenaline 
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Fig. 2S.3Sa-d. Hypervascular liver metastases from colorectal cancer. a,b DSA: hyperperfusion of the lesions in the arterial 
phase. c,d CT: middle zone of the lesions less perfused as compared to normal liver tissue in portal phase. The center is 
completely necrotic 

hepatectomy after neoadjuvant AIC for metastases 
many problems remain to be resolved and that effi
cacy is doubtful. A postoperative adjuvant chemo
therapy should be considered after hepatic resection 
for colorectal metastases, following the decreased in
cidence of recurrent disease (CURLEY et al. 1993) in 
patients who received adjuvant AIC compared with 
historical controls treated with surgery alone. 

A strong cytoreductive approach to the treatment 
of multiple liver metastases isolated to the liver has 
been introduced by SUGAR BAKER and STEVES 
(1993), using an induction chemotherapy to achieve 
a response or stabilize disease in the liver. Patients 
are then selected for surgery, and a complete re
sponse may be achieved through the use of 
cytoreductive techniques. The reported median sur
vival greatly exceeds in their experience that re
ported for AIC alone. 

No reports are still available with regard to the re
sults of therapies combining US-guided 
thermoablation or laser therapy and locoregional 
treatments such as Port-a-Cath AIC, TACE or HHP. 

Complex highly invasive procedures have 
been reported such as isolated liver perfusion 

(RAVIKUMAR and DIXON 1996) and isolated regional 
liver perfusion with tumor necrosis factor-alpha fol
lowed by hyperthermic melphalan perfusion 
(HAFSTROM et al. 1994). A definitive conclusion on 
clinical efficacy is still not possible. 

25.8 
Discussion 

Anatomic dye injection studies of the blood supply 
of colorectal hepatic metastases confirm that tumors 
are supplied predominantly by the hepatic artery 
(SIGURDSON et al.1987; GOLDBERG et al.I991a).AIC 
should then increase the local drug concentration 
and consequently the frequency of morphological 
response. One milligram of a drug injected in the 
hepatic artery is equivalent during the first pass to 
6-12 mg injected intravenously (KOYANAGI 1994). 
AIC may also relieve adverse reactions, less fre
quent at lower doses and related to the total dose 
given. The first pass effect is maximized, and it 
should be underlined that morphological response 
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depends mainly on the first pass of the drug 
(TAGUCHI 1994). 

Vascularity is a capital prognostic factor for AIC, 
and the frequency of hypervascular liver metastases 
showing complete and partial responses to 
locoregional treatments is much higher than that of 
hypovascular lesions. If metastases are hyper
perfused as compared to normal tissue (NAKAMURA 
1992), AIC results in a significantly greater drug de
livery to tumor, inducing of course an improved tu
mor response (LORENZ et al. 1989). Liver metastases, 
however, especially colorectal, are more often 
hypovascular. 

An exact criterion for the measurement of mor
phological responses to AIC should also be estab
lished. Responses are commonly evaluated quantify
ing the percentage of hepatic replacement (PHR), 
but in DWORKIN'S opinion (1995) the volume of me
tastases should instead be used either to assess the 
extent of disease or the effect of treatment. Only 
disappearance of the lesion is considered in onco
logical practice as a complete response, and the re
duction ofless than 50% if compared to the starting 
volume, observed by aftertreatment CT, MRI or US 
controls, as a partial response. This criterion 
should be accepted in the case of small lesions and 
if long-term controls are programmed; however, in 
large lesions a short-term disappearance may not 
be achieved. A complete necrosis of the lesion dur
ing a short-term CT or MRI control (as pro
grammed in HHP) together with the absence of tu
mor enhanced tissue should be therefore also con
sidered as a complete response, and a loss of the 
enhanced viable tissue of more than 50% consid
ered as a partial response. 

Both disappearance and complete necrosis of the 
lesions should be confirmed by biopsy, obtained ei
ther with US or CT guidance or occasionally in 
course of resection, but in US/CT guided biopsies 
multiple approaches are needed and moreover only 
a positive result could be considered, a negative re
sult being a possible false negative especially in large 
lesions. 

It should be stressed that the apparently "com
plete" responses following AIC are in most cases a 
false CT negative: viable cells in the other wall of the 
lesions often persist assuring a short-term recur
rence, microscopically corresponding to the rem
nants well visualized in partial responses. 

In diffuse or multifocalliver metastases not suit
able for surgery or with the so called "cosmetic" tech
niques such as thermoablation or similar, systemic 
chemotherapy has been the standard treatment. 
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Nevertheless, responses to systemic chemotherapr 
are reported as poor (ARAI et al. 1997) and AIC was 
then expected to improve the results. A significant 
prolongation of the overall survival in intraat terially 
treated patients compared with controls who re
ceived conventional symptom palliation was demon
strated by ALLEN-MERSH et al. (1994), but thi1' report 
cannot be considered as a comparison with systemic 
chemotherapy. Prospective randomized trials com
paring systemic chemotherapy AIC with th~ stan
dard bolus dose of 5-fluorouracil (KEMENY et al. 
1993), with regional infusion therapy via surgically 
implanted pumps (PENTECOST 1993) or with hepatic 
artery chemotherapy with fluorodeoxyuride 
(SUGARBAKER and STEVES 1993) found increased re
sponse rates, although the impact on surviyal has 
been minimal. Trials carried out in the late 1980s re
ported by ARAI (1994) confirmed that AIC [ad no 
significant impact on survival of patients wifl. liver 
metastases if compared with systemic chemo
therapy. 

On the other hand, AOKI et al. (1991) found that 
the survival duration was significantly longer in the 
intraarterial group by the Wilcoxon generalized test 
and the Cox Mantel test (P<O.01). 

A conclusion on the hypothetic advantage on sur
vival in patients treated with AIC compared with 
systemic chemotherapy has therefore not yet been 
demonstrated even if a good control in the sho,t pe
riod may be easily accepted by the high rate of mor
phological responses (ICHIKAWA et al. 1992). 

ARAI (1994) stressed moreover that AI C and ;;imi
lar techniques were not mature in older reports us
ing Port-a-Caths, the incidence of hepatic arlerial 
thrombosis or displacement of the distal tip of the 
catheter being so high as to prevent a prolo:lged 
treatment, which appears the most important factor 
in obtaining a longer survival. The influence of tech
nical devices was also underestimated. In Arc the 
technical support has a strong influence, and deyices 
and techniques have actually been highly improved 
compared to the late 1980s. 

No standardized schedules of systemic chemo
therapy were accepted for the treatment of colorE ctal 
cancer, and drugs have been used in AIC at a do~;age 
similar to or less than a systemic dose without phar
macokinetic bases and knowledge of the optimal 
dosage and the optimal infusion rate of each drug. 
Clinical pharmacokinetics should then be better 
studied and the optimal dosage and schedule of e lch 
drug revealed. 

Finally, in liver metastases the prognosis depends 
on several factors other than metastases themselyes, 
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first of all the presence or not of extrahepatic lesions 
(YAMASHITA et al. 1990). It is at first mandatory 
therefore to associate with every AIC technique sys
temic chemotherapy. It should be then specified how 
long liver metastases can be controlled and in how 
many patients the death caused by liver metastases 
can be prevented by Ale. If survival may be pro
longed from the expected period ended by liver me
tastases without AIC treatment to the survival pe
riod ended by extrahepatic lesions, AIC will be 
judged to be a valuable treatment. 

Every AIC procedure has its advantages and dis
advantages. 

As previously reported, isolated TAE, except in 
emergency cases such as hemoperitoneum in rup
tured HHC, should not be used to treat malignant 
hepatic lesions. There is no reason to perform a per
cutaneous invasive approach for oncological pur
poses avoiding the exploitation of the highly effec
tive cytoreductive action of hyperconcentrated 
drugs. Only combined techniques such as chemo
embolizations should be therefore employed. 

As regards Port-a-Caths, a discussion about the 
criteria of preference between percutaneous or sur
gical placement is unnecessary. Percutaneous place
ment is less expensive, involves a shorter time of 
hospitalization, may be performed even with day
hospital management and is less invasive (ARAI et al 
1997; GROSSO et aI1997). If placement is technically 
correct, there is no reason to suppose that clinical or 
morphological results will differ. The risk of dis
placement of the catheters is higher for percutane
ous implants than for surgical, but only percutane
ous Port-a-Caths can be easily removed or changed. 
The axillary approach is, in our personal experience, 
to be preferred. 

Complications such as pocket infections and he
patic artery thrombosis may often occur using both 
techniques. The global rate of complications seems 
in any case lower in percutaneous implants (ARAI et 
al. 1997) than in surgical implants (DAVITTI et al. 
1992) and the drop-out rate of the first group is the 
lowest (9%) (ARAI 1994). In our personal experience 
of 122 percutaneous implants, a drop-out rate of 27% 
occurred: we therefore believe, after two years expe
rience of percutaneous Port-a-Caths, a long-term in
fusion quietly prolonged for more than 16 weeks 
(four months) to be uncommon. 

The clinical efficacy of an indwelling catheter 
strictly depends on this precise placement. The ho
mogeneous liver perfusion should be confirmed by 
CT and a badly placed catheter always at once re
placed or changed so avoiding complications such as 

gastric ulcers, pancreatitis or splenic embolization 
and sparing the patient an unhelpful drug therapy. 
Changes of arterial blood flow patterns and then of 
drug distribution by the patients' posture due to the 
slow flow rate, assessed by SONE et al. (1993), may 
cause unequal perfusion and therefore unequal re
sponse. 

Chemoembolizations have also been proved to be 
effective in the treatment of hepatic metastases from 
the colon cancer, especially from the standpoint of 
response rate, and may be considered beneficial even 
in heavily pretreated patients (LINKS et al. 1993) who 
have failed systemic chemotherapy. Patients should 
have a good performance status and metastatic dis
ease confined to the liver (SANZ-ALTAMIRA et al. 
1997). 

Either Lp-TACE or DSM-TACE have shown evi
dence of a high-rate tumor response, due both to tis
sue hyperconcentration of the drug and the long 
contact time between the agent and the tumor tissue. 
Lipiodol embolization is not as complete as DSM 
embolization, and some blood flow is maintained in 
the tumor tissue. Embolization with gelatin sponge 
should always therefore complete the injection of the 
Lipiodolized drug. In chemoembolizations, a high 
rate of post-procedure syndrome occurs, and portal 
patency is the first criterion of recruitment. 

In hypoxic perfusion (HHP) (as in DSM-TACE or 
Lp-TACE) , the delayed washout of intratumor blood 
flow with stagnation and the increase of the time of 
contact between the tumor and the drug are the 
main factors for the high rate of response 
(KAMEYAMA et al. 1993). It must be emphasized, 
however, that HHP is typically a one-step procedure: 
a progressive decrease of the efficacy appears after 
further sessions, together with a higher rate of he
patic arterial thrombosis than every other AIC pro
cedure. A single session should only be then per
formed, but the high rate of positive responses ob
tained in a short time suggests that HHP probably 
has, among AIC techniques, the most efficacious 
cytoreductive effect. 

A comparison between clinical efficacy of AIC 
procedures is difficult especially because of the wide 
variety of techniques. Almost every combination of 
drugs and delivery has been tested, and it appears 
very difficult to arrive at any valuable conclusion. 
The number of variables such as primary cancer, 
stage of the disease, previous treatments, duration 
and number of the sessions, drugs, doses and deliv
ery is so high as to prevent any certainty. This is par
ticularly true for AIC with Port-a-Cath: chemo
embolizations are less difficult to standardize. 
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If we compare the best results of arterial infusion, 
chemoembolizations and HHP in colorectal me
tastases, a surprising frequency rate of positive mor
phological responses (78%) should be emphasized 
using percutaneous Port-a-Cath and high-dose in
termittent weekly infusion (Arai's technique), to
gether with 70% of prevention of hepatic death and 
the highest overall median survival time of 25.8 
months. 

DSM -TACE showed a similar frequency of re
sponse of 76.2% in colorectal metastases (FUJIMOTO 
et al. 1993), but a lower frequency (60%) in breast 
metastases (DE DYCKER and TIMMERMANN 1991). 
The overall survival was only 12 months for breast 
and 12±5.9 months for colorectal metastases. 

Using Lp-TACE, 43% of positive responses oc
curred in our personal experience, in accordance 
with YAMASHITA et al. (1989) (46%) but not with 
GORICH et al. (1993) (60-80%) and INOUE et al. 
(1989) (59%). The reported overall survival has been 
13.83 months (TANADA et al. 1996) and 11.1 months 
(INOUE et al. 1989). In a comparison between con
tinuous AIC and Lp-TACE, TANADA et al. (1996) sug
gested a better response rate for AIC even if without 
any significant difference in survival, so confirming 
the slightly lower efficacy of Lp-TACE compared to 
other therapies. 

Hypoxic perfusion (HHP) showed in our personal 
experience (ROVERSI et al. 1997) a response rate of 
80%, corresponding to the results of AIC with Port
a -Cath using Arai's schedule and of DSM -TACE 
(FUJIMOTO et al. 1993), but higher than of Lp-TACE, 
suggesting a better cytoreductive effect. 

Various primitive cancers, previous treatments, 
number of lesions and of clinical status and no ran
domization have prevented the buildup of a signifi
cant survival curve in patients treated with HHP, but 
in only 7% of our monitored patients has the cause 
of death been a progression of the intrahepatic dis
ease. A high rate of responses is not necessarily a 
valid prerequisite for a longer survival in liver me
tastases because, as reported by ARAI (1994), prog
nosis depends on several factors other than me
tastases themselves such as the presence or not of ex
trahepatic lesions. Moreover, the confirmed strong 
cytoreductive effect of HHP is also a short-term ef
fect, the majority of patients with apparently com
plete response showing recurrences of the intrahe
patic disease in recent CT studies. 

After a two-years experience with isolated HHP 
we therefore believe it mandatory to always combine 
a long-term AIC (using a percutaneous Port-a-Cath) 
with HHP to maximize the long-term hepatic con-
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trol and to limit intrahepatic recurrences, and sys
temic chemotherapy for the control of extrahepatic 
disease. 

Except Lp-TACE, showing slightly lower results 
than those of Port-a-Cath infusion, DSM-TACE and 
HHP, all AIC reported techniques may achieve a 
hypothetic highest frequency of positive responses 
of about 80%, at least in colorectalliver met"stases .. 
In any case, if the reported overall median survival 
time of 25.8 months is confirmed, the intermittent 
hepatic arterial infusion through Port-a-Ccths of 
high-dose 5-FU on a weekly schedule (ARk et al. 
1997) actually appears the most clinically valuable 
AIC treatment for hepatic metastases, the reported 
results on survival greatly exceeding those obtained 
with continuous infusion and chemoembolizations, 
with a corresponding frequency of positive morpho
logical results. This could then become the standard 
schedule of AIC for liver metastases. 

Percutaneous US-guide thermo ablation or laser 
therapy should be also associated, in order 10 de
crease the amount of the tumoral tissue improving 
the cytoreductive action of the therapy. A systemic 
treatment is finally needed for metastatic liver can
cer, as well as for regional control of lesions (TOMITA 
1994). 
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Cryosurgery has been recognized as a promising 
new modality for treatment of malignant tumors of 
the liver. This technique was originally employed to 
treat superficial tumors; however, the development 
of new cryosurgical instrumentation and imaging 
modalities to monitor cryotherapy treatment has al
lowed the application of cryosurgery to freeze tumor 
tissue deep within the parenchyma (ONIK et al.1993; 
POLK et al. 1995; RAMMING 1995). Currently cryo
therapy is widely used in ophthalmology, dermatol
ogy, neurosurgery, urology, hepatic surgery and sev
eral other clinical applications. 

In the liver, the aim of this local curative proce
dure is to induce tumor cells necrosis using subzero 
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temperatures with a greater preservation of sur
rounding normal parenchyma than traditional seg
mentectomy or lobectomy (BuscH and KEMENY 
1995; FONG et al. 1995; RAMMING 1995; SHAFIR et al. 
1996). 

Cryosurgery, the "in situ freezing of cancer", is 
considered a safe and effective treatment used in pa
tients who would not be candidates for traditional 
hepatic resection because of bilobar disease or a 
poor overall clinical condition and/or limited he
patic functional reserve. In addition, tumors adja
cent to the major vessels can be treated without sac
rificing the vasculature. Patients with liver-only he
patic tumors are evaluated for possible cryosurgical 
treatment (MCCALL et al. 1995). 

The presence of extrahepatic disease is generally 
considered a contraindication for the operation al
though patients with colorectalliver metastases and 
one or two isolated lung metastases may undergo the 
operation, provided they will subsequently be able to 
sustain a curative lung metastasectomy. Moreover, 
curative treatment of all the hepatic tumor tissue 
that is identified on preoperative and intraoperative 
imaging should be achieved by cryoablation alone or 
combined with liver resection. Cryosurgery was 
originally applied in the treatment of liver tumor us
ing laparotomic preparation of the liver because of 
the technical characteristics of cryoprobe, which 
cannot allow a percutaneous approach. 

With the refinement of cryosurgical instrumen
tation, laparoscopic cryoablation has been pro
posed and the indication extended to the treatment 
of patients with isolated hepatic tumors 
(CUSCHIERI et al. 1995). Very recently a new percu
taneously insertable and MR-compatible cryoprobe 
for interstitial cryotherapy of the liver has been uti
lized in animal models, giving new opportunities 
for the non-surgical treatment of liver tumors 
(ZHOU et al. 1993). 

Preliminary clinical results in using cryotherapy 
for the treatment of multiple liver metastases show a 
5-year survival rate similar to that achieved with tra
ditional hepatic resection, with a significant reduc-
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tion of morbidity compared to traditional surgical 
treatment (RAVIKUMAR et al. 1991a,b; ZHOU et al. 
1993). 

26.2 
Surgical Techniques 

26.2.1 
Open Cryoablation 

The patient is placed on the operative table in a su
pine position and a standard subcostal bilateral inci
sion is employed to gain access to the abdominal 
cavity, which is explored to rule out the presence of 
macroscopic tumor deposits outside the liver. The 
demonstration of metastatic hepatoduodenallymph 
nodes at intraoperative frozen section is not consid
ered a contraindication to hepatic cryoablation pro
vided an accurate lymphadenectomy is performed, 
which is extended up to the celiac trunk. The entire 
liver parenchyma is scanned by intraoperative ultra
sound with a 5.5- and a 7 .S-MHz probe to confirm 
the presence of the previously diagnosed lesions, to 
define their relations with vascular and biliary 
structures and to identify any lesion smaller than 1 
cm that may not have been detected by preoperative 
imaging techniques. After defining the complete 
map of the distribution of the hepatic lesions, a sur
gical treatment plan is decided upon (KANE 1993; 
RAVIKUMAR et al. 1994). 

The indication for cryoablation is to treat multi
ple isolated lesions with diameters ranging between 
a few millimeters up to 6-7 cm, located deep in the 
liver parenchyma, either on one side or on both sides 
of the liver. 

Intraoperative ultrasound is employed to accu
rately identify the path that the cryoprobe will have 
to follow, to avoid damaging important structures. 
Once this is identified, a fine 18G needle with an ex
ternal sheath is positioned under the ultrasound 
control inside the lesion using Seldinger's technique. 

With the external shaft left in place the needle is 
removed, a guide-wire is introduced inside the exter
nal sheath and is advanced until its J tip is seen exit
ing in the middle of the tumor nodule. The external 
sheath of the needle is then removed and a dilating 
probe with external cannula is advanced over the 
guide-wire and is positioned inside the lesion. The 
diameter of the dilating probe and of the cryoprobe 
that will be employed (3 or 8 mm in diameter) de
pends on the size of the lesion that has to be treated. 

A. Giovagn(,ni et al. 

The 3 mm probe creates a 5 cm ice-ball in its largest 
diameter, with a tumor-free zone of up to 4 cm . The 8 
mm probe creates a 7 cm ice-ball with a tUillo)r-free 
zone of up to 6 cm. The reason a tumoricidd tem
perature is obtained in a smaller ice-ball vohme is 
due to the temperature gradient inside the i,:e-ball 
increasing by lOoe/mm of tissue with increasing dis
tance from the probe. Larger or irregularly shaped 
lesions may be treated by a combinati)n of 
cryoprobes placed in an asymmetrical position in
side the tumor nodule so that the respective ice-balls 
will fuse with each other to eventually create a single 
ice-ball of larger diameter. After removing the dilat
ing probe together with the guide wire, the cannula 
remains positioned with its distal end in the middle 
of the nodule. Next, a blunt cryoprobe is introiuced 
inside the cannula and is advanced towards th~ cen
ter of the nodule. After the correct position of the 
cryoprobe has been verified by ultrawund 

Fig. 26.ta,b. Intraoperative ultrasound (IOUS) is employt·d to 
verify the correct position of the cryoprobe and to monitor 
the ice-ball formation. a Open cryoablation: surgical view. b 
IOUS image of ice-ball formation. Cyoprobes, thermo
couples, sonographic probe and ice-balls are evident 

a 

b 



Cryotherapy of Liver Metastases 

(Fig. 26.1), the external cannula is retracted and the 
freezing process is begun. The development of an 
ice-ball around the probe is visualized on the ultra
sound screen by the appearance of a hyperechoic 
rim with posterior acoustic shadowing. 

Cryoablation of a lesion located close to a major 
vessel is free from consequences because the vessel 
protects itself from freezing by means of its high 
blood flow ("heat sink effect"). 

The bile ducts have no protection from freezing 
and therefore lesions close to a major bile duct 
should not be treated with a cryoprobe to reduce the 
risks of the patient developing a postoperative bil
iary fistula. Lesions in the proximity of major bile 
ducts are preferably resected. 

26.2.2 
Laparoscopic Cryoablation 

The selection criteria for laparoscopic cryoablation 
of a primary or secondary hepatic tumor are the 
presence of a number of nodules equal to or less 
than 3 up to 5 cm in diameter. Lesion location in 
segments VII and VIII is not a contraindication to 
laparoscopic cryoablation. Pneumoperitoneum is 
established with standard techniques. The first 10-
12 mm trocar is positioned in the right upper quad
rant along the mid-clavicular line and the peritoneal 
cavity is explored with a 45° forward oblique view
ing telescope, to exclude any sign of extrahepatic 
abdominal involvement. Another 10-12 mm trocar 
is positioned on the right along the anterior axillary 
line for intraoperative laparoscopic ultrasound. A 
6.5 MHz laparoscopic ultrasound probe with an ar
ticulating distal extremity is introduced from the 
lateral trocar and is employed to scan the entire sur
face of the liver in a systematic manner (LEzocHE et 
al. 1998). The position of the subsequent trocars is 
decided according to the number of lesions that have 
to be treated and their location. 

The total number of trocars that are employed has 
to take into account the fact that two trocars, one for 
the telescope and one for the ultrasound probe, have 
to be available at all times during the operation to 
monitor the freezing process (Fig. 26.2). Tumor nod
ules located in anterior liver segments (Ill, IVb, V 
and VIII) are reached with the cryoprobes directly 
from the anterior surface of the liver with no hepatic 
preparation. Instead, tumors located in segments II, 
VI, VII and the apex of segments IVa and VIII re
quire some liver preparation to avoid freezing of 
perihepatic tissues, such as the diaphragm. 
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Fig. 26.2, Laparoscopic cryoablation. The refinement of cryo
surgical instrumentation has opened up the laparoscopic 
approach for the cryoablation procedure 

Under laparoscopic vision with ultrasound con
trol, a 5 mm blunt laparoscopic cryoprobe (40 cm in 
length) is introduced by direct puncture into the 
liver and directed towards the middle of the nodule 
to be treated (CMS Accuprobe System, Cryomedical 
Sciences, Inc., Rockville, MD, USA). As with open 
cryoablation, laparoscopic cryoprobe introduction 
is also done free-handed and has to be performed 
with extreme caution. 

The maximum diameter of the ice-ball that devel
ops around the tip of the 5 mm cryoprobe is 6 cm 
with a tumor-free zone of 5 cm, which is the maxi
mum diameter that we choose to treat by 
laparoscopic cryoablation. More than one cryoprobe 
is employed to treat irregularly shaped lesions. In 
this case, as in open cryoablation, the probes are po
sitioned in an asymmetrical position with respect to 
the center of the lesion, so that the expanding 
iceballs eventually join one another to include the 
entire lesion and an adequate margin of normal liver 
tissue (1-1.5 cm). 

26.3 
Cryoablation 

The process of cryoablation is identical for the open 
and for the laparoscopic procedures; therefore it will 
be described as a single procedure. When the cryo
probe is in the correct position, liquid nitrogen is 
circulated to rapidly decrease the temperature of the 
surrounding liver tissue to -lOOoe, when the cryo-
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probe sticks into the lesion. The other cryoprobes 
are then positioned with the same technique inside 
the lesion. Ideally, the freezing process should be 
activated simultaneously, unless a different hepatic 
exposure is required. When all the cryoprobes that 
can be activated at the same time are in the correct 
position liquid nitrogen is again circulated through 
the probes until the temperature of the tissue de
creases from -100°C to -196°C. The development of 
the ice-ball is visualized on the ultrasound screen by 
the appearance of a hyperechoic rim with posterior 
acoustic shadowing. 

The freezing process continues for 15-20 min 
during which time the ice-ball expands until its di
ameter becomes larger than the tumor diameter by 1 
cm on each side. A thermocouple may be introduced 
inside the liver (through a separate 18G percutane
ous cannula during laparoscopic cryoablation), and 
its tip is positioned into macroscopically normal 
liver tissue close to the nodule. Devitalization of the 
tissue is demonstrated when the temperature of the 
thermocouple which is external to the nodule de
creases to -40°C. Occasionally more than one ther
mocouple may be employed. Additional cryoprobes 
may be positioned in the liver nodule when in doubt 
about the efficacy of cryodestruction at one particu
lar point of the nodule. After the first freezing pro
cess is completed the lesion is allowed to thaw. Thaw
ing may be followed by a second freeze of up to 15 
min, which is more effective than a single freeze 
(LITVINENKO 1994; STEWART et al. 1995). 

The cryoprobes are actively warmed during the 
second thawing to remove them when the tissue is 
still frozen and the solid track can be plugged more 
easily with regenerated cellulose mesh (Tabotamp, 
Johnson & Johnson, USA). This is then sealed with 
cyanoacrylate glue. An original method that we have 
developed to achieve hemostasis is to irrigate the 
cellulose mesh with saline and to apply high fre
quency electrocautery which is transmitted along 
the cellulose plug to promote its adhesion inside the 
track. Complete ablation of the tumor nodule may be 
demonstrated after thawing is completed, when the 
thawed tumor nodule, the thawed normal liver pa
renchyma, and the surrounding normal liver tissue 
demonstrate a different echogenic pattern. 

During thawing, parenchymal splits on the liver 
surface are occasionally observed when the ice-ball 
reached Glisson's capsule, and these may be a source 
of hemorrhage. If this is the case, hemostasis must be 
rapidly obtained because brisk bleeding may ensue 
and may require conversion to open surgery during 
the laparoscopic procedure (POLK et al.1995). 
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During the operation, patient monitoring in· 
cludes measurements of intraarterial pr,~ssure, 

central venous pressure and temperature. A phar
macological increase of the glomerular fill ration 
has been observed to facilitate the eliminalion of 
the products of cryodestruction that are rele~.sed in 
the bloodstream during and immediately afler the 
operation. 

Double freezing is more cryodestructiv€ than 
single freezing but may give rise to severe thromb
ocytopenia. Thrombocytopenia correlates with 
hepatocellular injury and reaches its lowest level 
(more than 50% decrease) by the second postopera
tive day, after which it gradually returns to normal. 

Both during the operation and immediately after, 
a rapid increase in the serum levels of tumor mark
ers and hepatocellular enzyme (AST, ALT, LDH, bi
lirubin) are observed but these return to a normal 
level by the second-third postoperative day. 

Cryoablation induces cell necrosis by several 
mechanisms: intra- and extracellular ice formltion; 
solute-solvent shifts causing cell dehydration and 
membrane ruptures; and small vessel obliter ation 
with resulting hypoxia. Tumor cells and normal 
hepatocytes are destroyed with approximately equal 
efficacy by freezing (BISCHOF et al. 1993; TACKE et al. 
1998; RUBINSKY et al. 1966). 

Interruption of the hyperenhancing line around 
the cryolesion was observed when large vessels were 
directed towards the zone of freezing, near to the 
boundary of the cryolesion. A small amount of pa
renchyma was seen surrounding these vessels and 
interrupting the freeze front line. This phenom~non 
is possibly due to the relatively high temperature 
maintained by the blood flow in the surrounding tis
sues, with subsequent limitation of their damage. 

Several factors can influence the ability of the tis
sue to be damaged by freezing. Most important are 
the thermal history (e.g., freezing rate, minimum 
temperature and the period during which the tissue 
is maintained at the lowest temperature, heating ef
fects from local blood flow and metabolism). 

A recent study performed on animals demon
strated a difference in size of frozen and damaged 
regions, when tissues with different metabolism and 
vascularization were frozen. Greater cellular dehy
dration occurs in normal human liver, followed by 
metastasis from colon carcinoma and finally by pri
mary hepatic tumors. This consideration suggests 
that relapse should be expected in these regions, pe
ripherally to major vessels. 

The necrotic remains of hepatic tumors treated 
with cryoablation and surrounding normal tissues 
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that are destroyed are left in situ to be reabsorbed 
with progressive reduction in size of cryolesion 
within 3 to 6 months (shrinkage). 

Histological analysis of cryolesions resected 
(cryo-assisted surgical resection) showed a preser
vation of cellular architecture of the normal liver pa
renchyma and metastatic nodule with peripheral si
nusoid enlargement (Fig. 26.3). In a period of 6 days 
a coagulative necrosis replaced the metastatic nod
ule and healthy frozen parenchyma. All blood vessels 
less than 0.5 mm in diameter within the necrotic re
gion were thrombosed; at the same time, at the pe
riphery of the cryolesion, a thin wall of granulation 
tissue with neovascularity, regenerating bile ducts 
and progressive shrinkage of sinusoidal enlarge
ment characteristic of the early post-treatment 
phase were found. The parenchyma cells, intracellu
lar architecture and blood vessels in the surrounding 
liver were not affected. 

Fig. 26.3a,b. Pathologic findings of cryolesion resected 
(cryoassisted resection). a Macrohistologic inclusion. b 
Scheme of pathologic specimen. Immediately after the freez 
ing process, the architecture of metastases remains unmodi
fied; in a period of 6 days from treatment, the coagulative 
necrosis replaces the metastatic nodule and healthy frozen 
liver parenchyma 

26.4 
Therapeutic Response and Follow-up 
Protocol 
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The therapeutic response of cryosurgery can be as
sessed on the basis of findings from different imag
ing modalities like ultrasonography (US) and power 
Doppler-US (PD-US), CT, and MR imaging. Hepatic 
lesion which undergoes cryosurgery is usually 
named, conventionally, cryolesion. Complete re
sponse is considered in cases in which cryolesion 
volume is larger than the treated lesion and there is 
no evidence of residual viable tumor tissue. Partial 
or minor response is defined as persistence of small 
(>70% or <70% of necrotic rate respectively of tu
mor volume) areas of residual tumor. 

Follow-up protocol included abdominal US, spiral 
CT and MRI performed 1 week, 1 and 3 months after 
the procedure and at a 3-month interval thereafter. 
The main goal of the first imaging examination 1 
week post-treatment is to detect the possible early 
complications of the procedure and to verify the ex
tension and the localization of the cryolesion. 

Right-pleural effusions with possible basal 
ateliectasis and peri-hepatic fluid collections which 
do not require drainage and lasted a couple of weeks 
represents the most frequent (about 45% of cases) 
complications of the procedure in the early postop
erative period. Severe bleeding from the liver sur
face, intralesion hematoma or abscesses which re
quire drainage, biliary fistula, biliary obstruction 
and portal thrombosis are uncommon complica
tions of cryotherapy occurring in patients with large 
nodules. 

In the other later examinations included in the 
protocol follow-up, patients are studied to diagnose 
recurrences of the treated tumors (i .e., local recur
rence), recurrences caused by the evidence of new 
intrahepatic lesions or extrahepatic metastasis. 

Unrelated to tomographic scan modalities (CT, 
US or MRI), three different shapes of cryolesions 
were seen at post-treatment exams: round-shaped, 
wedge-shaped and tear-drop-shaped cryolesions 
(Figs. 26.4-26.6). These findings are independent of 
the size, histology or technical approach utilized for 
cryoablation (open vs laparoscopic) and depend on 
the course and the orientation of the cryoprobe 
within the liver parenchyma. Particularly for the 
tear-drop-shaped cryolesion, a possible vascular 
thrombosis with subsequent hepatic infarction is 
evoked (KuszYK et al. 1996). US is widely used in
traoperatively, and is very effective in measuring 
the diameter of frozen solid hepatic tissue. In the 
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days immediately after the treatment, US could play 
an important role in identifying early complica
tions of the procedure such as intrahepatic he
matoma, perihepatic fluid collection, and portal 
thrombosis. 

Fig. 26.4a,b. Normal MRI appearance of cryolesions 1 week 
after treatment. Round-shaped cryolesion: a Tl-weighted im
age; b T2-weighted image. The round-shaped lesions depend 
on the orientation at which the cryoprobe is inserted into the 
liver and which might result when blood supplies to the le
sion treated are spared 
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Fig. 26.5a,b. Normal MRI aspect of cryolesions 1 week after 
treatment. Tear-drop-shaped cryolesion: a Tl-weighted im
age; b T2-weighted image. The tear-drop-shaped le.;ions 
present a similar origin as described for the r,mnd 
cryolesion; the shape depends on the cryoprobe pathw2 y 

The normal US appearance of cryolesions shows 
mainly dishomogeneous-hyperechoic areas mr
rounded by a hypoechoic rim which separates them 
from normal hepatic parenchyma (Fig. 26.7) (LA \1 et 
al. 1995). This finding is related to the presence )f a 
coagulative necrosis and new-formation hemat(,ma 
in the center of cryolesion where the cryoprobe was 
located, which causes a great quantity of interf,ces 
responsible for the strong hyperechogenicity and the 
sinusoidal dilatation in the periphery of the iesi ;ms 
as histologically demonstrated. 

b 
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Fig. 26.6a,b. Normal MRI aspect of cryolesions 1 week after 
treatment. Wedge-shaped cryolesion: a Tl-weighted image; b 
T2-weighted image. The cryoprobe may present some 
uninsulated tracts; in this condition the resulting cryolesion 
might extend to the liver surface regardless of either the 
depth of the tumor that is treated or the cryoprobe orienta
tion. Moreover, an obliteration of both the arterial and portal 
venous branch could provoke hepatic infarction 

As time passes the cryolesion tend to get orga
nized, with a progressive reduction in size, assuming 
an echo graphic aspect of complex mass due to phe
nomena of fibrotic and colliquative degeneration in
side the lesion. The progressive ((shrinkage" of the 
cryolesion and the changes in echogenicity of the 
surrounding liver parenchyma, reducing liver-lesion 
contrast, make the diagnostic accuracy of the US 
scans very poor. 

In the case of local recurrence which might de
velop several months after the procedure, US ap
pears unable to identify the neoplastic area inside 
the cryolesion. For this purpose, a great contribution 
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to the study of the hepatic lesion treated with local 
ablation procedures has been made by the introduc
tion of the echocontrast agents. 

Color-power Doppler (CPD) and more recently 
contrast-enhanced CPD increase the diagnostic pos
sibility of the US in identifying both the extension of 
cryolesion and the possible local recurrence. 

The cryolesion appears as an avascular area with a 
increase of CPD signal at the periphery due to sinu
soidal dilatation and granulation tissue formation 
(Fig. 26.8). In the case of local recurrence, a very 
small vessel within the mass treated could be dem
onstrated using contrast enhanced CPD (Fig. 26.9). 
The presence of intralesional or perilesional vascu
lar spots, which are uncertain for disease recur
rences, should be considered as the possible target 
for US guided biopsy for histologic proof. 

Computed tomography was extensively used in 
the follow-up of cryoablation of liver tumors 
(KuszYK et al. 1996; MclOUGHLIN et al. 1995) (Fig. 
26.10). Contrast enhanced CT shows, in the early pe
riod after cryoablation, a well defined non-enhanced 
region of frozen tissues that is of lower attenuation 
than normal liver. The tracks from the recently in
serted cryoprobes and small gas bubbles, which are 
irregularly distributed trough the frozen area, may 
be also visible on CT. 

Fig. 26.7. Ultrasonography of cryolesion 3 weeks after treat
ment. A wedge shaped area corresponding to cryolesion is 
shown. Three main layers are evident from center to periph
ery: central hyperechoic zone (hole produced by cryoprobe) 
corresponding to hemorrhage and necrotic tissues; 
dishomogeneous hypo echoic area of coagulative necrosis 
within the metastatic lesions; peripheral hypoechoic rim re
lating to sinusoidal enlargement and granulation tissues 



a 

b 

396 

Fig. 26.8a,b. Color power Doppler ultrasonography. Complete 
response 2 months after cryoablation. a The cryolesion ap
pears as a hyperechoic mass with any power Doppler signals 
inside. b After echocontrast agent e.v. injected no changes in 
PD signals are demonstrated 

Air is introduced along the insertion path of the 
probe or may be present as a result of tissue necrosis; 
these bubbles usually disappear after several weeks. 
Higher attenuation areas within the cryolesions are 
indicative of hemorrhage. When the region of cryo
therapy lies near the liver surface, there may be sub
capsular extension of the cryonecrotic region. 
Cryolesion shows peripheral enhancement which is 
observed in the venous and equilibrium phase after 
contrast delivery (McLoUGHLIN et al. 1995). In the 
case of local recurrence, contrast enhanced-CT 
might show the evidence of a focal area of contrast 
enhancement within the cryolesion never detected 
by previous examination. 
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Fig. 26.9a,b. Color power Doppler ultrasonography. Putial 
response 6 months after cryoablation. a The cryolesio.l ap
pears as a dishomogeneous area with initial small vascular 
spots on power Doppler signal. b After echo contrast agnt i.v. 
injected, a dramatic increase of the vascular spots in the 
recurrency area is demonstrated 

CT findings, however, are often unspecific, and 
the distinction between a normal CT appearan( e of 
the cryolesion and the possible early complicatons 
is critical in many cases. In particular, using CT 
intralesional hemorrhage or abscess present a simi
lar CT aspect (avascular area with hyperenhancing 
peripheral rim) with wedge-shaped or round
shaped cryolesion. 

For this reason, more recently, MRI has been used 
for follow-up purposes either in the early period 
after cryoablation and during cryoablation 
(GIOVAGNONI et al.1997a,b) . On MRI, cryolesion , on 
Tl-weighted images, appears as a dishomogene )us 
area slighty hyperintense or isointense compared to 
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health parenchyma; less frequently the cryolesion 
remains hypointense with a signal intensity similar 
to metastases at pre-treatment (MATSUMOTO et al. 
1992). 

On T2-weighted images, the signal intensity of the 
cryolesions is low with respect to normal paren
chyma, with demonstration of a series of layers 
within the cryolesion corresponding to the different 
zones histologically identified. On dynamic contrast 
enhanced Tl-weighted images, the cryolesions ap
peared as a avascular non-enhanced area with a 
hyperintense peripheral rim of enhancement (Fig. 
26.10). Multiple foci of absent signal intensity in 
both Tl-weighted and T2-weighted images, inter
preted as gas bubbles, are often demonstrated. 

Interruption of hyperenhancing line around the 
cryolesion was observed when large vessels were di
rected towards the zone of freezing, near to the 
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Fig. 26.lOa-c. Multiple cryolesions (1 week after treatment). a 
Unenhanced CT. b MRI GE Tl-weighted image, pre-contrast. 
c MRI GE Tl-weighted dynamic images, post i.v. injection of 
Gd-DTPA (0.1 mmol/kg). Multiple avascular unenhanced ar
eas corresponding to cryolesions are appreciable both at CT 
and MRI, relating to central coagulative necrosis and indicate 
successful treatment. A peripheral rim of enhancement is 
evident in late phase corresponding to sinusoidal enlarge
ment 

"~ ________ ~ ____________ ....... c 

boundary of the cryolesion (Fig. 26.11). A small 
amount of parenchyma was seen surrounding these 
vessels and interrupting the freeze front line. This 
phenomenon is possibly due to the relatively high 
temperature maintained by the blood flow in the 
surrounding tissues, with subsequent limitation of 
their damage. In the case of complete response, a 
progressive shrinkage of the cryolesion is evident at 
three to five months (Fig. 26.12); during this period, 
the cryolesion maintains both avascular unen
hanced behavior at dynamic contrast scans and a 
relative hypointensity on T2-weighted images com
pared to surrounding parenchyma. 

Conversely the local recurrence is evident as a fo
cal area of increase of signal intensity on T2W im
ages which correspond to a hyperenhanced focal 
nodule in post Gd-chelate Tl-weighted images (Fig. 
26.13). MRI has demonstrated its usefulness in dif-
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Fig. 26.11. Patient with hepatic cryolesion 1 month after 
treatment. GE Tl-weighted enhanced images (venous phase). 
The peripheral rim is interrupted, since a portal branch is 
close to the lesion and a small amount of undamaged tissue is 
present. These regions should be carefully monitored as areas 
at risk for possible relapse 

ferentiating the normal appearance of cryolesion 
and more frequently serious complications of the 
procedure such as intralesional hemorrhages or ab
scess. In these cases MRI gives more information 
compared to the other imaging modalities regarding 
the presence, size and extension of fluid collection, 
relationship with biliary tract and blood vessels, of
fering important elements for the choice of the best 
therapeutic approach. 

Very recently the use of superparamagnetic iron 
oxide hepatobiliary contrast agent (Endorem, 
Guerbet, France) has been utilized in follow-up of 
patients with liver metastases treated with 
cryoablation (GIOVAGNONI et al. 1997b). The use of 
contrast agents increase the sensitivity of MRI in the 
detection of new focal liver lesions; conversely the 
lack of enhancement of the cryolesion does not allow 
the differentiation between cryolesion with local re
currence and completely successfully treated me
tastases. 

Cryosurgery should be considered another mo
dality of treatment in patients who are not candi
dates for traditional hepatic resection, because of 

Fig. 26.12a,b. Patient with hepatic cryolesions. a MRI contrast 
enhanced (i.v. injection of Gd-DTPA 0.1 mmollkg). Tl
weighted image 1 month after treatment. Normal MRI ap
pearance of cryolesion; avascular area with hyperenhancing 
rim are demonstrated. b Contrast enhanced Tl-weighted 
images, 4 months post-treatment. A reduction in size of 
cryolesion compared to previous examinations is evident. 
The lesions, however, show a dishomogeneous enhancement 
in late phase; this finding suggests unsuccessful treatment 
local with recurrence 

A. Giovagnc ni et .11. 

Fig. 26.13. Dynamic contrast enhanced MR images oHepati.; 
cryolesion. Progressive reduction in size of cryoiesioll (1, 2, 
3) (shrinkage) at 1, 3, 9 months after treatment. One yea:" 
follow-up (4) shows an increase in size of lesior with 
dishomogeneous peripheral enhancement relating to recur· 
renee of metastastic disease 
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multiplicity, anatomic location, the patient's condi
tion or limited hepatic reserve. Although the pre
liminary data are of great interest, the clinical effi
cacy of this procedure is far from being defined and 
more survival trials should be done. 
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27.1 
Introduction 

Liver tumors are rare in children, representing 1.5-
3% of all tumors (KRAMAROVA et al.1996; NEWMAN 
1997; STOCKER et al. 1998; TSCHAPPELER 1993; Vos 
1995). They usually present with abdominal disten
sion, occasionally with pain, fever, pallor, anemia or 
jaundice. The main problem is the differentiation 
between benign (LUKS et al. 1991) and malignant 
tumors. About 60% of liver tumors are malignant. 
Alpha-fetoprotein serum level is an essential test in 
diagnosis and follow-up of a liver tumor. It is el
evated in about 90% of hepatoblastoma (HB) and 
80% of hepatocellular carcinoma (HCC) (BRUNELLE 
et al. 1994; COHEN 1992). 
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Current imaging techniques play an important 
role in diagnosis, staging (COHEN et al. 1996), thera
peutic decision and follow-up (BOWMAN and RIELY 
1996; DONNELLY and BISSET 1998; WEIMANN et al. 
1997). The first imaging modality to be done in a 
child with a large liver is ultrasonography (US), be
cause of its large accessibility and higher sensitivity. 

US usually differentiates, with the clinical presen
tation, tumors from other liver lesions, such as ab
scesses, hematoma, hydatid cysts, focal fatty infiltra
tion and cirrhotic nodules. Tumors of the right adre
nal gland are differentiated from liver tumors on the 
position of the inferior vena cava, easily assessed by 
US: the vein is displaced anteriorly by a right adrenal 
tumor and posteriorly by a liver tumor. US is often 
sufficient to make the diagnosis of solitary or multi
ple angioma of the liver. Cystic tumors such as cystic 
lymphangiomas are so characteristic that they do 
not need any further imaging. No truly cystic tumors 
are malignant. When the tumor is solid and secretes 
high levels of alpha-fetoprotein (OHAMA et a1.1997), 
the prognosis is directly related to the resectability 
(ACHILLEOS et al.1996; OKADA et al.1998}.A precise 
preoperative workup is necessary by CT; we empha
size the role of spiral CT with 3D reconstruction 
(FRUSH et al. 1997; HERZBERG et al. 1998; PLUMLEY 
et al. 1995), magnetic resonance imaging (MRI) 
(BUETOW et al. 1997b; SIEGEL and LUKER 1996), and 
angiography. When alpha-fetoprotein levels are nor
mal, the exact nature of the tumor may be difficult to 
assess by imaging techniques only. Diagnosis is fre
quently made on liver biopsy. 

27.2 
Benign Tumors 

27.2.1 
Hemangioma 

This is the most frequent liver tumor in infancy. The 
female to male ratio is about 2:1 (BRUNELLE et al. 
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1994). It may present itself as a solitary form or as a 
diffuse one. The term "cavernous hemangioma" is 
usually applied only to focal, well defined lesions, 
whereas "infantile hemangioendothelioma" is gen
erally used to describe more diffuse lesions, particu
larly in newborns (DAVENPORT et al. 1995). Clinical 
presentation and evolution are different: multiple 
hepatic hemangiomas in most cases occur after a 
free interval after birth (generally 1 week), whereas 
solitary hemangiomas are usually diagnosed at birth 
(KANE et al. 1997). Liver hemangiomas can be dis
covered antenatally (DE BIEVRE et al. 1994; SAMUEL 
and SPITZ 1995); intrauterine bleeding with bloody 
amniotic fluid, severe anemia, congestive heart fail
ure and hydrops fetalis were described (FoK et al. 
1996; Wu and TENG 1994). 

They have a natural tendency to slow fibro
lipomatous involution (18 months to 8 years), often 
after a period of rapid growth (6-8 months) and a 
variable long-standing florid period. Regression of 
solitary hemangiomas is more rapid, starting before 
the third month and calcifications are more frequent 
than in multiple forms (BRUNELLE et al. 1994). An 
exclusive involvement of the extrahepatic biliary 
tree with hepatomegaly and obstructive jaundice is 
reported (MAKSIMAK et al. 1990). The pathogenesis 
is not yet understood; a rare familial occurrence sug
gesting an autosomal dominant inheritance is re
ported (BLEI et al. 1998; MOSER et al.I998). 

Histologically they are characterized by endothe
lial proliferation, increased turnover of mast cells, 
and progressive perivascular deposition of fibrofatty 
tissue. Infantile hemangioendothelioma and cavern
ous hemangioma differ from the size of the vascular 
spaces, capillary in the former, larger blood-filled in 
the latter. 

The diagnosis is strongly suspected in an infant 
with hepatomegaly, cutaneous hemangiomas and 
cardiac failure: liver US is not necessary as a routine 
test in children with several immature angiomas, but 
without the other signs (LORETTE et al. 1996). Other 
severe complications may occur, including con
sumptive coagulopathy (Kasabach-Merrit syndrome 
characterized by an atypical histology "infantile 
kaposiform hemangioendothelioma"), hemoperito
neum, and late recurrence, suggestive of malignant 
degeneration (AWAN et al. 1996). Alpha-fetoprotein 
may be highly elevated in preterm infants 
(LEHRNBECHER et al. 1996). 

Cardiac failure is more frequent in multiple than 
in solitary hemangiomas, whereas thrombopenia is 
more frequent in solitary forms. The overall progno
sis of multiple hemangiomas is pejorative compared 
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with solitary ones. A rare combination of testicular 
feminization (Morris S.) with disseminated liver he
mangiomatosis is described (NEDKOVA et al.I996). 

On US (SIEGEL 1995), liver hemangioma presents 
itself either as a solid heterogeneous mass o:~ as a 
huge tumoral hepatomegaly with multiple nc dules 
which are more often hypo echoic. The differential 
diagnosis mainly includes metastatic neurobla~toma 
(Pepper's syndrome), when the lesions are mu:tiple, 
hepatoblastoma in solitary forms and the rare 
hemangiopericytoma (FLORES-STADLER et al. 1997). 
In both types of hemangioma, color and/or power 
Doppler show an increased centripetal vasculariza
tion, sometimes with fistulas, with enlarged hepatic 
artery and veins and proximal aorta while pulsed 
Doppler demonstrates high flow velocity (80-90 cml 
s) and a low resistance index (RI: 0.4-0.7) (Fig. 27.1). 
With the fibrolipomatous involution the RI progres
sively increases. 

If diagnosis remains uncertain, CT has to be per
formed demonstrating, after bolus injection, marked 
peripheral enhancement of the hemangioma, identi
fied as a low-attenuation lesion on unenha1ced 
scans. Subsequent images show progressive centrip
etal opacification, and on delayed scans extending to 
at least 30 min there is complete isodense fill-m of 
the lesion compared to normal liver parenchyma 
(Fig. 27.2). Some variations on this pattern have been 
described. 

MRI is a good imaging modality. Hemangiomas 
have a high signal intensity on heavily T2 weighted 
images. Dynamic contrast -enhanced GRE imaging 
confirms the diagnosis with 100% specificity and 
95% accuracy, based on a pathognomonic nodular, 
globular enhancement pattern, with progressive 
centripetal filling-in, within 5-30 min. 

An early "blush" on Tc-99m RBC hepatic scintig
raphy is another diagnosti. feature of this type of le
sion (PARK et al. 1996). 

Angiography is nowadays only performed ~.s a 
prelude to therapeutic embolization in the caSt! of 
complications of the diffuse form (Fig. 27.3). It shows 
dilated feeding arteries, large draining hepatic velns, 
and multiple well-limited nodules with capillary 
staining, peripheral in the early phase, homoge
neous in the late phase (BRUNELLE et al. 1994). Sys
temic high dose steroid administration is the Erst 
choice of therapy with a response rate of around 30 
to 60%. Interferon alpha-2a or 2b also shows encour
aging results. The response to therapy may be evalu
ated by pulsed Doppler of the proximal aorta: reduc
tion in flow (BRUCE et al. 1995; PEREZ PAYAROLS et al. 
1995). Also MRI may be useful for monitoring 
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Fig. 27.1a- c. Hepatic hemangioendothelioma in a newborn. 
Evaluation of a hypoechogenic nodule with power Doppler 
(a,b) shows the typical centripetal vascularization. The he
patic artery is bigger than normal (c) 
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Fig. 27.2a-d. Hepatic hemangioendothelioma in a newborn 
(same case). CT without contrast medium (a) shows multiple 
hypointense nodules. Dynamic scans after contrast medium 
show an evident peripheral ring (30 s) (b), a progressive cen
tripetal enhancement (1 min, 30 s) (c), and a homogeneous 
opacification of the masses (3 min) (d) 
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therapy: decrease in lesion size and subsequently in 
number and reduction of the signal intensity on T2-
weighted images (CHUNG et al. 1996; STOVER et al. 
1995). Embolization and/or surgery (SAMUEL and 
SPITZ 1995) is performed as the last resort OYER et 
al. 1996). 

The so called cavernous hemangiomas that affect 
older children and adolescents are usually an inci
dental postmortem finding. Occasionally, they 
present themselves with hepatomegaly. On US they 
are homogeneous and hyperechoic if degeneration 
or fibrosis have not occurred. A definitive diagnosis 
requires another imaging study, such as contrast en
hanced CT or MRI (NELSON and CHEZMAR 1990). 
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Fig. 27.3a- c. Hepatic hemangioendothelioma in a newborn. 
Angiography shows the typical centripetal vascularization 

27.2.2 
Mesenchymal Hamartoma 

This seems to be a developmental anomaly ral her 
than a true neoplasm, composed of a mixture of 
hepatocytes, abnormal bile ducts and immalure 
mesenchyme in variable portions (ALWAIDH et al. 
1997; LAI et al. 1996). Mesenchymal hamartoma may 
be solid, but most are either partially or totally cyitic 
(DAS et al.1997; GEORGE et al. 1994; MOTIWALE el al. 
1996). It has a marked male predominance. Clin cal 
presentation most frequently occurs betweer: 4 
months and 2 years of age and is characterized by an 
asymptomatic, sometimes very large, right upper 
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quadrant mass, sometimes with severe unexplained 
apnea (BALMER et al. 1996). Symptoms, if they occur, 
are related to mass effect on adjacent organs. The 
inferior vena cava may be obstructed. The tumor 
may be diagnosed prenatally by US (BEJVAN et al. 
1997; Rurz et al. 1995; SING H et al. 1996; TOVBIN et al. 
1997). This tumor has a good prognosis and is usu
ally cured by excision. The natural history of mesen
chymal hamartoma of the liver is poorly under
stood. A link with the hepatic undifferentiated sar
coma is suggested (LAUWERS et al. 1997). Cases of 
spontaneous involution and resolution are reported 
(BARNHART et al. 1997). 

Sonography very often demonstrates a large, pre
dominantly cystic hepatic mass, with thin echogenic 
septa (Fig. 27.4). A hepatic origin of the lesion is not 
always evident. The solid subtype usually demon
strates increased echogenicity compared to normal 
liver parenchyma. The large solid components are 
relatively vascular. The typical CT or MR appearance 
of the mesenchymal hamartoma is a large, usually 
well defined, multilocular cystic mass (Fig. 27.5). 
Septations of variable thickness and calcifications 
may be identified on CT. Solid components enhance 
after administration of intravenous contrast mate
rial (WHOLEY and WOJNO 1994). 

27.2.3 
Adenoma 

Hepatocellular adenoma (HCA) is a relatively rare 
lesion more often associated with glycogen storage 

Fig. 27.4. Mesenchymatous hamartoma in a 6-year-old boy. 
US show a complex mass extensively occupying the right lobe 
of the liver 
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Fig. 27.Sa-e. Mesenchymatous hamartoma in a 5-month-old 
baby. US (a) shows a voluminous left hepatic mass with 
hyperechogenic spots inside (calcifications) and without liq
uid areas. SE Tl-weighted (b) and SE T2-weighted (e) MR 
scans show a clear hypersignal of the mass on T2 

disease type I, less often type III and rarely type IV 
(ALSHAK et al. 1994; BRUNELLE et al. 1984; LABRUNE 
et al. 1997), Fanconi's anemia (due to anabolic ste
roid treatment) (GAREL et al. 1981), Hurler's disease, 
severe combined immunodeficiency, and some 
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Fig. 27.6a-d. Adenoma in a 7-year-old girl. US show a well circumscribed isoechoic mass in the right lobe of the liver (a). 
Power Doppler shows the vascularization of the tumor (b) while pulsed Doppler examination shows the venous spectnm of 
the intratumoral vessels (c) associated with pulsatile peripheral flow (d) 

progestative drugs (RESNICK et al. 1995) or other 
disease (BALA et al. 1997). A few cases in otherwise 
healthy children have been reported (BOURLIERE
NAJEAN et al. 1989; MILILLO et al. 1997). Histologi
cally it consists of normal liver cells. 

The lesion rarely achieves sufficient size to pro
duce symptoms and, in many cases, it is discovered 
incidentally on imaging studies performed for other 
reasons. These tumors, usually solitary, but rarely 
multiple (GOKHALE and WHITINGTON 1996), may be 
seen because of complications: hemorrhagic infarc
tion, necrosis, and rupture with hemoperitoneum, 
and infection. Degeneration into HCC is possible. 

On US the echogenicity is variable and areas of 
central hemorrhage and calcifications are sugges
tive. The lesion is usually well circumscribed and 
may be iso- or hypoechoic. If bleeding occurs, ad
enoma can be hyperechoic or can have a mixed echo 

pattern (LEE et al.1994). Color/power Doppler shows 
intratumoral vessels with a venous spectrum (none 
with an arterial Doppler wave form), associated with 
either pulsatile and continuous peripheral flow; this 
pattern allows the differentiation with focal nod.liar 
hyperplasia (Fig. 27.6) (BARTOLOZZI et al. 1997). 

The typical CT (STY et al. 1992) appearance is of 
low-attenuation masses, best visualized on un
enhanced scans. Heterogeneous enhancemenl is 
usually identified after intravenous contrast ag ent 
administration. Hemorrhage in the lesion may f ro
duce a central area of increased attenuation on 
non enhanced scans. 

Hepatic adenomas are often isointense to normal 
liver parenchyma on Tl-weighted MR, with a hypo
intense rim (STY et al. 1992). Since these tumors of
ten contain fat, they may range in signal intensity on 
Tl-weighted images from mildly hypointense to 
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high signal intensity. HCA is mildly hyperintense 
and somewhat heterogeneous on T2 weighted im
ages (Fig. 27.7). Most frequently hemorrhage ap
pears as a region of mixed high signal intensity on 
Tl- and T2-weighted images (EDELMAN et al. 1996). 
Embolization is performed on emergency basis be
cause of bleeding. 

27.2.4 
Focal Nodular Hyperplasia 

This is a benign epithelial tumor that likely repre
sents a local hyperplastic response of normal hepa
tocytes to a congenital vascular anomaly (BUETOW 
et al. 1996; GUARISO et al. 1998). It is reported in all 
pediatric age groups with a female predominance. It 
is generally a unique, large-lobulated, well defined 
and hypervascular mass, characterized pathologi
cally by a central dense fibrous scar from which 
septa containing proliferating bile ducts and blood 
vessels radiate. Among the septa there are normal 
hepatocytes.It is most frequently detected as an in
cidental finding during radiologic investigations. 
Symptomatic patients complain of an abdominal 
mass or abdominal pain investigations. The associa
tion of a portocaval shunt is significant compared to 
other tumors (SAKATOKU et al. 1996). The prenatal 
diagnosis by US has been reported (PETRIKOVSKY et 
al. 1994); in one case the infant was ante natally ex
posed to steroids (PRASAD et al.1995). Focal nodular 
hyperplasia (FNH) resulting in secondary poly
cythemia and stained positively for erythropoietin 
by immunohistochemistry has been recently de
scribed (SANDLER et al. 1997). 

On US (BUETOW et al. 1996), FNH is homoge
neous, generally isoechoic, and in some cases has a 
central fibrotic scar which is hyperechoic and may 
demonstrate hypervascularity on color Doppler. In 
some cases, color Doppler will reveal a central 
hypervascular nidus, corresponding to the scar that 
was not visualized on gray-scale images. In 25% of 
cases the vessels follow a typical stellate pattern: sev
eral small-sized arteries which originate from a 
single, central, large vessel. In contrast with the pat
tern of HCA, central continuous flow is never de
picted. Large draining vessels may be identified in 
the periphery at the tumor margins (pulsatile flow is 
also evident). Power Doppler imaging is superior to 
conventional color Doppler sonography in the de
piction of the intratumoral flow (BARTOLOZZI et al. 
1997). It enables detection of flow also in lesions 
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Fig. 27.7a,b. Multiple adenomas in glycogenosis. Young adult: 
MRI, SE Tl-weighted (a) and SE T2-weighted (b) scans. Mul
tiple isointense nodules (Tl) with some hyperintense spots 
inside (fat). Inhomogeneous signal enhancement on T2 

smaller than 3 em. These US characteristics may 
overlap with those of well-differentiated hepatocel
lular carcinomas. 

On unenhanced CT, FNH appears as a homoge
neous, slightly hypoattenuating or isoattenuating 
mass. A central hypoattenuating scar may be visual
ized in one-third of cases, small and subtle. On MR 
images (TOMA et al. 1990), the lesion is generally of 
low-intermediate signal intensity on Tl weighted 
images and mildly increased signal intensity on T2 
weighted images. The central scar is generally hypo
intense on Tl weighted images, and slightly hyper
intense on T2 weighted images. Neither the presence 
of scar nor its features is diagnostic of FNH. 

The tumor is the second benign hepatic lesion 
which can be identified on the basis of their virtually 
pathognomonic enhancement profile on CT and 
MRI. Correct timing of the arterial phase data acqui
sition is crucial for a confident diagnosis. The mainly 
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arterial supply of the lesion is reflected by very early 
and homogeneous enhancement (within the first 30 
s) followed by rapid wash-out and equilibration with 
surrounding hepatic parenchyma (90 s after intrave
nous injection of contrast material). Only the cen
trally located scar demonstrates late enhancement 
on the equilibrium phase images (Fig. 27.8) 
(BUETOW et al. 1996). CT has the highest diagnostic 
accuracy (DE GAETANO et al. 1996). Unfortunately, 
the features of focal nodular hyperplasia may also be 
seen with a well-differentiated small hepatocellular 
carcinoma, a fibrolamellar carcinoma, an adenoma 
and a hyperplastic nodule (SHAMSI et al. 1993). Nor
mal or increased uptake on a Tc-99m sulfur colloid 
scan (about 50%) is extremely helpful in supporting 
the diagnosis of FNH (BUETOW et al. 1996). 

P. Tomil et al. 

A multimodality approach is essential; imaging 
follow-up, needle biopsy, or even surgical rei ection 
may be required in some cases (BUETOW et al. 1996). 
Angiography is performed to reduce, by emboliza
tion, the vascularization and volume of the tumor 
(REYMOND et al. 1995). It shows a hypervascular tu
mor with one or two enlarged arteries giving 
branches from the periphery to the center of lhe tu
mor. Dilated veins are seen at the periphery and 
there is a massive opacification of hepatic veins on 
the late films. This type of vascularization gives the 
impression that the tumor is embedded in a vascular 
net (BRUNELLE et al.1994).All branches of the Dortal 
vein are present and patent. 

Fig. 27.8a-d. Focal nodular hyperplasia in a 9-year-old boy. CT without contrast medium (a) shows a hepatic right ITass 
slightly hypodense with a central zone of lower density (scar). Dynamic CT scans after contrast medium (b-d) show enharce
ment of the mass (not of the central scar) at 1 min (b); homogeneous enhancement of the mass at 2 min (c) and ate 
enhancement of the scar that appears hyperdense compared to the mass at 6 min (d) 
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27.2.5 
Other Benign Tumors 

Other primary benign hepatic tumors are quite rare. 
These include teratoma, lymphangioma, epithe
lioma, epidermoid cyst, and lipoma (angio
myolipoma with/without tuberous sclerosis) (BEN
IZHAK et al. 1995; MONGA et al. 1994). Rare tumors 
arise from the biliary tract (papilloma, cystad
enoma, and fibroma) (BARZILAI and LERNER 1997). 
Papillomatosis of the gallbladder associated with 
metachromatic leukodystrophy was described 
(FOCK et al. 1995); it presents itself as a cystic mass 
(OAK et al. 1997). Areas of preexisting benign cysta
denoma were found in patients with cystadenocarci
noma (DEVANEY et al. 1994). Lymphangioma is a 
congenital malformation of the lymphatic channels. 
Sonography shows a multilocular, hypoechoic mass. 
Solid areas may be noted (Fig. 27.9). 

Nodular regenerative hyperplasia (NHR) of the 
liver is a condition of unknown origin, rarely occur
ring in children (DALL'IGNA et al. 1996; MORAN et al. 
1991), usually accidentally discovered, described in 
association with a variety of clinical conditions 
(myelo-lymphoproliferative disorders, Donohue's 
syndrome, DIC, rheumatic diseases) and drugs 
(anticonvulsants). It is considered a "tumor-like le
sion" and should not be confused with regenerative 
nodules associated with cirrhosis. NHR may be asso
ciated with portal hypertension in one-half of cases 
(DACHMAN et al. 1987b): obliteration of many small 
portal veins. It was found in fetuses that exhibited 
several other malformations (GALDEANO and DRUT 
1991). Histologically it consists of single or multiple 
regenerative foci of hyperplastic hepatocytes with
out fibrous septa among the nodules (CANO-Rurz et 
al. 1985). Probably NHR is a secondary and non-spe
cific tissue adaptation to heterogeneous distribution 
of blood flow; an intrahepatic microvascular mecha
nism has been considered most likely patho
genetically (PEREZ Rurz et aI.1991). Neither surgical 
removal nor other treatment is needed. Possible 
pathogenetic relationships with HCC have been de
scribed (NZEAKO et al. 1996). 

The nodules may take up technetium sulfur col
loid and have variable echogenicity on US (more of
ten hyperechoic). They are hypodense on CT with/ 
without significant enhancement (DACHMAN et al. 
1987b; FENG et al. 1991). On MRI the lesions are iso/ 
hypointense. Hyperechoic lesions on US or 
hypodense lesions on TC, barely or not seen on MRI, 
can be indicative of NHR in an appropriate clinical 
setting (CASILLAS et al. 1997). 
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Fig. 27.9. Cystic lymphangioma in a 3-year-old child: US 
shows a big multilocular cystic mass in the right lobe of the 
liver 

27.3 
Primary Malignant Tumors 

27.3.1 
Hepatoblastoma 

This is the most frequent malignant tumor after 
neuroblastoma and Wilms' tumor, and occurs in 
children younger than 5 years of age (COHEN 1992). 
Approximately 50% to 60% of cases are identified 
before 1 year of age (STY et al. 1992; MARTINEZ 
IBANEZ et al. 1986). Various conditions are associ
ated with an increased risk of HB: hemihypertrophy 
(RATTAN et al. 1995), Beckwith-Wiedemann syn
drome, polycystic kidneys, diaphragmatic hernia, 
Meckel's diverticulum, neonatal hepatitis, trisomy 
18 (TERAGUCHI et al. 1997), familial adenomatous 
polyposis and various metabolic disorders (BOVE et 
a1.1996; GIARDIELLO et al. 1996; STY et al. 1992; TSAr 
et al. 1996). The risk of HB for low birth weight chil
dren may be inherently high, especially for lower 
birth weights, and the recent rapid increasing trend 
(5.2%) in incidence over the past two decades 
(DOUGLASS 1997; Ross 1997; Ross and GURNEY 
1998) may be the result of an increase in the number 
of more immature infants with a more sensitive liver 
and also more frequent exposure to risk factors re
lated to perinatal treatment (RTBONS and SLOVIS 
1998; TANIMURA et al. 1998). The HB with unfavor
able biologic behavior develops in children who are 
extremely premature at birth (IKEDA et a1.1998). 

There is a slightly increased incidence in boys. A 
possible association between in vitro fertilization 
and the tumor is suggested (TOREN et al. 1995). The 
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child usually presents an asymptomatic right upper 
quadrant mass. In some cases, pain, fever, anorexia, 
vomiting, weight loss, and jaundice may be present. 
Alpha-fetoprotein serum levels are elevated in more 
than 90% of cases and therefore diagnosis is easy. 
Extramedullary hematopoiesis is a characteristic 
feature of HBj it is induced by intratumoral produc
tion of cytokines (VON SCHWEINITZ et al. 1995). A 
variety of paraneoplastic syndromes has been de
scribed (male sexual precocity, hypoglycemia, hy
percalcemia,etc.) (COHEN 1992). 

Prognosis depends on resectability of the lesion 
(GEIGER 1996; VON SCHWEINITZ et al.1994 ).Marked 
reduction of volume is obtained with chemotherapy 
(90% of HB is resectable after chemotherapy) 
(EHRLICH et al. 1997; REYNOLDS 1995; STRINGER et 
al. 1995). The increased actual half-life of alpha-feto-
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protein indicates residual active tumor after surgical 
resection (HAN et al. 1997). 

It is usually, on US, a solid, unique, heterog('neous 
mass with lobulated margins, calcifications and ar
eas of necrosis. Amputation or thrombosis of portal 
or hepatic veins is strongly suggestive of the dagno
sis (Fig. 27.lO) (BRUNELLE et al. 1994; DACHMAN et 
al. 1987a). Multicentric, diffuse and multi cystic 
forms can be seen. 

CT and/or MRI are performed at diagnos:s and 
before surgery to assess the precise extension of the 
lesion (PARIENTE 1994; STY et al. 1992). Mo st HB 
demonstrate decreased attenuation compared to 
surrounding liver on unenhanced CT. The margins 
are well defined, but the internal architecture is in· 
homogeneous, due to areas of hemorrhage or n ecro·· 
sis. Calcifications are well identified. Contra~ ten·· 

Fig. 27.10a-d. Hepatoblastoma in a 2-year-old child. Both US 
(a) and CT after contrast medium (b) show a voluminc·us, 
inhomogeneous mass in the right lobe of the liver. Hepatic 
arteriography (c) performed 5 months later confirms the 
presence of the voluminous hypervascular mass in the: th, 
6th and 7th segments of the liver. 

b 
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hancement is usually less than that of normal liver 
parenchyma. Pulmonary metastases may be identi
fied by CT. 

HB is more often hypointense to normal liver on 
Tl weighted MR images (Fig. 27.11). Internal areas 
of hyperintensity correspond to subacute hemor
rhage. On T2 weighted images these tumors are 
hyperintense and inhomogeneous. Hypointense 
bands correspond to areas of fibrosis and lobulation, 
and signal voids to calcifications. 

Angiography (BRUNELLE et al. 1994) is still per
formed before surgery when the tumor is close to the 
hepatic hilum or when there is suspicion of portal 
cavernoma. Most of these tumors are hypervascular: 

Fig. 27.11a,b. Hepatoblastoma in a 4-year-old child. Coronal 
Tl-weighted (a) and axial Tl-weighted (fat pre-saturation) 
after Gd-DOTA (b) MR scans. In the right hepatic lobe is evi
dent an inhomogeneous, hypointense area showing low en
hancement after infusion of Gd-DOTA. The typical interrup
tion of the right portal branch is evident 
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neovascularity, irregular vessel margins, and en
cased vessels are present. The typical large size of 
these neoplasms may produce significant vascular 
displacement or occlusion. Thrombosis of the portal 
vein trunk or of the proximal branches leads to de
velopment of a cavernous hepatopetal network 
which may contraindicate or complicate surgery. 

27.3.2 
Hepatocellular Carcinoma 

This is rarer than HB and usually arises in children 
older than 4 years. There are two peaks of incidence 
in children, the first one occurring at approximately 
4 years of age and the second one in adolescence 
(MOORE et al.1997; STY et al. 1992). There is a slight 
male dominance. The tumor usually arises in chil
dren with chronic liver diseases (SIEGEL 1995). They 
include cirrhosis (biliary atresia, hepatitis, Byler's 
disease, Niemann-Pick disease) (KOHNO et al. 1995; 
JASKIEWICZ et al. 1995; PENNINGTON et al. 1996), 
HCA (particularly in glycogen storage disease), ty
rosinemia (major risk after 3 years of age), and neo
natal hemochromatosis (ESQUIVEL et al. 1994; 
OLIVEIRA et al. 1998). It may be associated with 
Gardner's syndrome or familial adenomatous poly
posis (GRUNER et al. 1998). Association with der
matomyositis was described (LEAUTE et al. 1995). 
The clinical presentation is a palpable right upper 
quadrant mass, sometimes associated with pain or 
discomfort. Alpha-fetoprotein serum level is in
creased in less than 80% of cases. The tumor is more 
often multicentric and invasive than HB. 

Most tumors are hyperechoic relative to normal 
parenchyma and heterogeneous. Cystic areas are un
common. Vascular invasion or occlusion may be 
identified sonographically and suggests the diagno
sis of malignancy (Fig. 27.12) (SIEGEL 1995). High
velocity Doppler signals have been reported, prob
ably due to large pressure gradients related to arte
riovenous shunting in the lesion. Blood flow within 
and around the tumor is observed in more than 75% 
of HCC on color-flow imaging (LIN et al. 1997; 
NUMATA et al. 1993; SIEGEL 1995). HCC in children 
and adolescents carries a much poorer prognosis 
compared to HB (DOUGLASS 1997) as chemotherapy 
causes no response. 

Treatment is only surgical: resection or transplan
tation. A complete work-up is mandatory including 
CT of the chest, MRI, and, in doubtful cases, CT after 
intra-arterial injection of Lipiodol (PARIENTE 1994). 
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Fig. 27.12a,b. Hepatocarcinoma in a 12-year-old boy affected 
by hepatitis B. Transversal (a) and oblique longitudinal along 
the portal vein (b) US sections show the neoplastic thrombo
sis of the fork and the principal section of the portal vein. 
Surrounding liver appears inhomogeneous due to the pres
ence of the tumor 

MRI appears to be quite sensitive for the detec
tion of HCC, relatively hypointense on T1 weighted 
images, and invariably hyperintense on T2 weighted 
images. Other MR findings are pseudocapsule for
mation, intratumoral septa, daughter nodules, fatty 
degeneration in the tumor, and vascular invasion 
(STY et al. 1992). 

A distinct histological variant of HCC with a more 
favorable outcome occurs in the non-cirrhotic liver 
of older children and young adults (mean age: 17 
years) and has been called fibrolamellar hepato
carcinoma (BRUNELLE et al. 1994; COHEN 1992; 
HAYASKI et al. 1988; STEVENS et al. 1995; STY et al. 
1992). There is no distinctive radiological findings to 
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enable a conclusive diagnosis. Diagnosis can be 
made preoperatively on percutaneous liver biopsy. 
The mass may be surrounded by a zone of FKH (ar
terial supply most probably derived from the tumor) 
(SAXENA et al. 1994). 

Gallbladder carcinoma is an extremely rere tu
mor in childhood. We have found only six Cclses in 
the literature. Most of them were associated with an 
ethnic group: the Navajo Indians. A case associated 
with achondroplasia was reported (EIRE et al. 1995). 
Also a case of obstructive jaundice resulting from 
adenocarcinoma of the ampulla of Vater in an 11-
year-old boy was described (ANDIRAN et al. 1597). 

27.3.3 
Sarcoma 

Hepatic sarcomas are rare in children, includin:~ sev·· 
eral types. Rhabdomyosarcoma (RMS) may ')rigi
nate in the major bile ducts (hepatobiliary :~MS) 

with a botryoid appearance, biliary tract dilatation 
and jaundice. When it arises from the distal intrahe
patic duct, it is indistinguishable from other pri
mary neoplasms of the liver (BRUNELLE et al. 1994; 
BUETOW et al. 1997a; COHEN 1992; MOON et al. 1994; 
Ros et al. 1986; STY et al. 1992). The tumor (1 % Jf all 
pediatric RMS) occurs in infants and children be
tween two and five years old, but some cases ar ~ de
scribed at 5 months and 11 years. A very slight male 
predominance was reported. 

It grows insidiously and frequently causes w( ~ight 

loss, intermittent jaundice with fever, hepatomegaly, 
constipation, nausea, and vomiting accompanied by 
elevation of bilirubin and alkaline phosphatase. Not 
surprisingly, some of the cases have been init ially 
misdiagnosed as infectious hepatitis. 

RMS occurs usually as a large (mean tumor diam
eter: 13 cm), solitary, spherical mass that is locatE din 
the right lobe of the liver. US shows a predomina ntly 
echogenic mass with some anechoic spaces of vari
ous shapes: the rapid growth is probably responsible 
for the areas of hemorrhagic necrosis and subse
quent cystic degeneration. Sometimes US will show 
a typical pattern of a tumor mass within the hLum 
surrounded by fluid areas: this pattern should be 
suggestive of an intraluminal biliary tumor. Some
times it may be mistaken for a choledocal cyst (S;'NZ 
et al. 1997) (Fig. 27.13). 

The increased water content within the abundant 
myxoid stroma accounts for the attenuation 101ver 
than that of soft tissue on CT scans and high signal 
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Fig. 27.13a,b. Rhabdomyosarcoma of the biliary tract in a 4-
year-old child. US (a) shows a dilatation of the terminal cho
ledochus with vegetation inside. Percutaneous cholecystog
raphy (b) confirms the dilatation with a "minus" in the termi
nal tract 

intensity on T2 weighted MR images (MR cholang
iography is a promising tool for evaluation of the 
major bile ducts in children). Enhancing peripheral 
rim, representing fibrous pseudo capsule of the tu
mor, was occasionally found, but there is no consis
tent pattern of contrast enhancement. CT (chest, ab
domen, pelvis) allows the tumor to be staged and 
shows hepatic metastases and retroperitoneal or hi
lar adenopathy. Metastases are also found with some 
frequency in the chest, on peritoneal surfaces, in
cluding the omentum, mesentery and diaphragm 
and in bones. Gallium or thallium scintigraphy (with 
or without bone scintigraphy) could be performed 
to assess for metastatic disease. Percutaneous 
transhepatic cholangiography and (PTC) biliary 
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drainage may be required when there is obstructive 
jaundice. The typical finding at PTC is the presence 
of extensive, often bizarre, filling defects corre
sponding to ductal tumor (ROEBUCK et a1.l998). 

Smooth muscle spindle cells neoplasm seem to be 
particularly frequent in immunocompromised chil
dren. The development of leiomyosarcomas, occur
ring in the allograft itself, is described in pediatric 
liver reClplents (PENN 1996). Hepatobiliary 
leiomyomas and leiomyosarcomas have been de
scribed in HIV infected children (LEVIN et al. 1994; 
TOMA et al. 1997). 

Hepatic undifferentiated (embryonal) sarcoma 
(UES) is the fourth or fifth most common liver tu
mor in the pediatric population. It is composed of 
spindle- and stellate-shaped sarcomatous cells, 
closely packed in whirls or sheets or scattered 
loosely in a myxoid ground substance. At pathologic 
and US examination UES is predominantly solid 
(mean, 83% of volume). Conversely, CT shows low 
attenuation in 88% of the tumor volume and T2 
weighted MR images show high signal intensity 
(equal to that of CSF) in 89% of the masses (Fig. 
27.14). The increased water content within the abun
dant myxoid stroma of UES accounts for the CT and 
MRI patterns (BUETOW et a1.1997a; YOON et aI.1997). 
UES may arise in a mesenchymal hamartoma (DE 
CHADAREVIAN et a1. 1994; LAuwERs et al. 1997). 

Pediatric hepatic angiosarcomas have been de
scribed (MISTRY et al. 1995). In some cases the 
clinico-pathological features may suggest a link with 
benign hemangioendothelioma (AWAN et al. 1996). 

Infantile choriocarcinoma (KIM et al. 1993) is a 
rare liver tumor that develops in the placenta and 
spreads to the child. The mass is hypervascularized 
with a clinical pattern of developing anemia, liver 
tumor, rapid progression to death and maternal 
choriocarcinoma (ANDREITCHOUK et a1. 1996; 
KISHKURNO et a1. 1997; PICTON et a1. 1995). Estima
tion of hCG may be diagnostic. The MRI findings are: 
low signal intensity with internal foci of high signal 
(repeated hemorrhage) on T 1 and high signal with in
ternal foci of low signal on T2 (SASH! et al. 1996). 

27.3.4 
Epithelioid Hemangioendothelioma 

This is a very uncommon malignant type of vascular 
tumor, mainly reported in adults . It may occur in 
older girls as a diffuse mass invading hepatic veins 
and causing Budd-Chiari syndrome (Fig. 27.15) 
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Fig. 27.14a,b. Undifferentiated sarcoma in a 12-year-old boy. SE Tl-weighted (a) and SE T2-weighted (b) MRI scans show the 
clear hypersignal of the mass on T2 scan. The evident amputation of a portal branch is a typical sign of malignancy 

Fig. 27.ISa-d. Epithelioid hemangioma in a newborn with prenatal diagnosis of cystic intrahepatic mass. Color Doppler shows 
that the liquid intrahepatic mass, involving hepatic veins, is communicating with inferior vena cava (a). This is confirmed by 
cavography (b). A small balloon located in the communication between inferior vena cava and liver (c) stopped the flow and 
permitted the performance of a surgical intervention (the patient died). CT shows the widespread liver destruction (d) 

b 

d 
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(BRUNELLE et al. 1994; HAN et al. 1998; HASE et al. 
1995; SIEGEL 1995; WONG and MASEL 1995; PET HE et 
al. 1995; POGGIANI et al. 1998). 

27.4 
Metastatic Disease 

Virtually all malignant neoplasms of childhood, 
with the general exception of central nervous system 
tumors, can metastasize to the liver (Fig. 27.16) 
(MAHL et al. 1997). The most frequent ones are due 
to Wilms' tumor, neuroblastoma or rhabdomyosar
coma. They presents themselves on US as nodules 
more often hypoechoic with hepatomegaly and vari
able, diffuse distortion of parenchymal echo texture. 

Among infants, neuroblastoma is the most com
mon source of hepatic metastases. Stage IV-S, in in
fants younger than 6 months of age, is associated 
with extensive hepatic metastasis (Pepper's syn
drome) (Fig. 27.17). Hepatomegaly may be massive 
despite a small, seldom evident primary lesion. This 
type of neuroblastoma has a better prognosis than 
neuroblastoma presenting in older children and has 
a tendency to a spontaneous regression with com
plete healing in most cases: the survival probability 
is about 79% (CLAVIEZ et al. 1996). Long-standing 
cases of hepatopathy are described; probably, both 
the liver infiltration and the chemotherapy (pro
vided for patients initially diagnosed as critically ill) 
playa role in this process (CLAVIEZ et al. 1996). The 
very young IV -S patients (age <4 weeks at diagnosis) 
are at high risk of dying of respiratory complications 
as a result of massive hepatomegaly (Hsu et al. 1996; 
VAN NOESEL et aI1997). 

Fig. 27.16. Carcinoid metastasis in a 9-year-old boy. CT with
out contrast medium shows multiple hypo intense nodules 
with evident colliquative aspects 
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Fig. 27.17.45 neuroblastoma in a 1-month-old baby. SE T2-
weighted MR scan. Diffuse metastasization of the liver. Me
tastasis appears clearly hyperintense 

In children older than 6 months to 1 year of age, 
neuroblastoma most commonly metastasizes to 
bone marrow, bones, and lymph nodes. Hepatic me
tastases can occur in advanced disease. The disease 
progression to stage 4 is strongly related to the pres
ence of biologic markers in the tumor (HACHITANDA 
and HATA 1996; VAN NOESEL et aI1997). 

Leukemia and lymphoma may also present a dif
fuse liver enlargement or multiple hypoechoic nod
ules. A high incidence of allograft involvement by 
lymphoma is reported (PENN 1996). 

CT generally is more sensitive than sonography 
for the detection of hepatic metastasis, most fre
quently identified as multiple low-attenuation areas 
on unenhanced scans (COHEN 1992; STY et al. 1992). 
Both neuroblastoma and metastatic Wilms' tumor 
usually produce inhomogeneous enhancement. Cal
cifications are sometimes evident in metastatic neu
roblastoma. 

Hepatic involvement with lymphoma may be 
identified as poorly defined, low-attenuation lesions 
with irregular margins. All imaging modalities are 
very poor for identification of lymphoma in the liver 
and spleen. CT is probably better than ultrasound 
with an overall sensitivity of probably no more than 
40% (COHEN 1992). MRI has been reported to be not 
better than CT or showing the disease in more 
spleens than CT. Lymphoma tissue has a Tl and T2 
relaxation time similar to normal spleen, and tumor 
is best identified on T2 weighted images as a mottled 
appearance in the organ, because of the presence of 
associated fibrosis, hemorrhage, edema, or necrosis 
(Figs. 27.18, 27.19) (COHEN 1992). 
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Fig. 27.18. Non-Hodgkin's lymphoma in a 5-year-old boy. SE 
Tl-weighted MR section shows 2 voluminous hypointense 
hepatic nodules. Note the presence of another extrahepatic 
prerenal left nodule and the diffuse infiltration of the left 
kidney 
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28.1 
Introduction 

The advances in solid organ transplantation 
achieved in the last 2 decades have seen liver trans
plantation become a realistic treatment option for 
patients with hepatic failure. Technical improve
ments, careful patient selection and particularly the 
use of cyclosporin have elevated survival rates to 
83% at 1 year and 75% at 4 years (STARZL et al. 
1989a,b). A wide range of acute and chronic hepatic 
diseases are presently treated by transplantation. 
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Excellent results have been reported in patients with 
cryptogenic cirrhosis, chronic active autoimmune or 
viral (hepatitis C virus) hepatitis, alcoholic cirrhosis, 
inborn metabolic disorders such as hemochromato
sis and Wilson's disease, as well as cholestatic dis
eases such as primary biliary cirrhosis, sclerosing 
cholangitis and biliary atresia. Other common indi
cations include postnecrotic cirrhosis, acute liver 
failure due to viral hepatitis and drugs, as well as 
Budd-Chiari syndrome. 

Liver transplantation in the presence of hepato
cellular carcinoma or cholangiocarcinoma is more 
controversial because of the risk of recurrence 
(PICHLYMAYR et al. 1989). A small percentage of pa
tients with occult tumor who undergo liver trans
plantation is inevitable, and many surgeons treat pa
tients with known hepatocellular carcinoma, depen
dent on the tumor stage. The use ofliver transplanta
tion to treat unresectable cancer is the subject of in
vestigation, often in combination with adjuvant che
motherapy or other treatment protocols. Another 
controversial indication for liver transplantation is 
cirrhosis due to hepatitis B infection. Although there 
is no reliable way of preventing recurrence, some pa
tients have shown a benefit from the procedure. 

Absolute contraindications to hepatic transplan
tation include AIDS, metastatic hepatocellular carci
noma, non-neuroendocrine liver metastases, active 
alcohol or intravenous drug abuse, as well as severe 
cardiopulmonary disease. Conditions such as portal 
or mesenteric venous thrombosis, previous shunt 
operations to relieve variceal hemorrhage and scar
ring from multiple abdominal operations are no 
longer considered contraindications to transplanta
tion. 

Abdominal imaging and interventional radiologi
cal procedures are an integral part of any liver trans
plantation program. Preoperative imaging is used to 
target patients suitable for transplantation and to 
identify anatomic abnormalities which may alter 
surgical technique (ZAJKO et al. 1988). Following 
transplantation, imaging techniques are necessary to 
monitor the graft and assess complications. These 
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include surgical, biliary and vascular complications 
as well as post-transplant or recurrent malignancy. 
Interventional procedures play an important role in 
the management of several complications. Also 
transjugular intrahepatic portosystemic shunt pro
cedures are sometimes used as a temporizing mea
sure in patients awaiting transplantation (LABERGE 
et a1. 1993). 

Orthotopic liver transplantation represents the 
most commonly employed procedure but other sur
gical techniques do exist. "Split liver" techniques, 
where one donor organ is used for two recipients, 
were developed in an effort to overcome the shortage 
of donor organs and to transplant portions of adult 
livers into children. Alternatively, a portion of a liver 
from a living relative can be used for transplantation. 
A further development has been ectopic transplan
tation of an auxiliary liver without removal of the 
native liver, which may be used in reversible acute 
liver failure (HEATON et a1. 1995). However, this text 
will focus on the dominant technique of orthotopic 
hepatic transplantation and discuss both pre
transplant imaging as well as post-transplant assess
ment and treatment of complications. 

28.2 
Pre-transplant Imaging 

Pre-transplant imaging is involved not with diagnos
ing specific liver diseases, but with recognizing the 
sequelae of long-standing disease. Careful patient se
lection is mandated by the general shortage of donor 
livers as well as the significant morbidity and mortal
ity and high costs associated with liver transplanta
tion. Pretransplant abdominal imaging plays an im
portant role in identifying contraindications to trans
plantation and anatomic abnormalities and variants 
that may alter the surgical approach. 

Pathologic conditions that require preoperative 
assessment include primary and secondary malig
nancy that may preclude transplantation (FERRIS et 
a1. 1995) as well as vascular abnormalities (ZAJKO et 
a1. 1985a; CARDELLA and AMPLATZ 1987) such as 
portal thrombosis which requires operative throm
bectomy or venous grafting. Here the extent of por
tal thrombosis determines surgical planning. Short 
segment thromboses are treated with thrombectomy 
or short interposition vein grafts. If the thrombosed 
segment is long, donor iliac veins must be harvested 
for portal reconstruction or venous jump grafting 
between the superior mesenteric vein and the portal 
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vein. Other vascular pathologies which requir,~ iden
tification include stenotic celiac artery lesions and 
caval abnormalities. Since hepatic arterial inflow 
represents the sole blood supply to the post·trans
plant bile ducts, obstruction of the celiac axi1; must 
be alleviated to avoid biliary complications. '~his is 
usually achieved by using a donor iliac arterial graft 
which is anastomosed with the recipient aorta. The 
identification of several vascular anatomic variants 
may also impact surgical planning. MismatC:les in 
donor and recipient vascular size will potentially re
quire altered anastomotic techniques. 

Liver transplantation in the presence of a primary 
hepatic malignancy remains a controversial topic. 
Experience has been acquired on the risk of recur
rence since early liver transplants were perfe rmed 
on patients with unresectable primary andneta
static malignancy because of the lack of portal hy
pertension and hence reduced surgical mortality~ 
Tumor stage is the major factor determining recur
rence of hepatocellular carcinomas following trans-
plantation.1t has been shown that lesions under 4 cm 
may be cured by transplantation. The challenge for 
radiologists is to correctly stage hepatocellular carci
nomas preoperatively and to identify negative prog
nostic factors (KARANI and WILLIAMS 1993). Other 
than tumor size, these include vascular invasion, bi
lobed distribution of lesions and the presence of re
gionallymph node metastases. Patients with extra
hepatic metastasis of primary hepatobiliary malig
nancy are not candidates for transplantation. :jke
wise, with the exception of some neuroendocrine tu
mors, patients with liver metastases are refused 
transplantation. 

28.2.1 
Duplex Sonography 

Duplex sonography is probably the most important 
imaging modality prior to transplantation and is 
obtained on all transplant candidates (LONGLEY et 
a1. 1988). The examination involves Doppler ex~mi
nation of portal and hepatic veins as well as real
time B-mode imaging of hepatic parenchyma and 
bile ducts. 

Of great importance to the surgeon is the eva'ua
tion of portal vein patency and size since these fac
tors can alter surgical technique. The presence of ex
trahepatic portal and mesenteric venous thrombosis 
may even prohibit transplantation. The extrahep Itic 
portal vein normally measures 8 to 12 mm in cross
section and should have a minimum diameter of.[ or 
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5 mm to enable successful portal anastomosis. 
Thrombus in the portal vein is seen on B-mode im
aging as echogenic intraluminal material. Cavernous 
transformation is recognized as a racemose con
glomerate of collaterals in the position of the porta 
hepatis and must not be mistaken for a patent portal 
vein. The presence of portal thrombosis should in
crease suspicion of malignancy as up to half of pa
tients with hepatocellular carcinoma have vascular 
invasion and thrombosis (FREENY et al. 1992). Nor
mal portal venous flow is hepatopedal and mono
phasic, which is well demonstrated by duplex Dop
pler examination. Hepatofugal flow is an indication 
of portal hypertension. Other changes of portal hy
pertension which are readily detected by sonography 
include ascites, splenomegaly and venous collaterals. 
The patency and size of the hepatic veins as well as the 
retrohepatic inferior vena cava must also be estab
lished preoperatively. This is of particular importance 
in children with biliary atresia who often have associ
ated abnormalities of the inferior vena cava. Usually 
duplex examination will also include confirmation of 
hepatic arterial in-flow. Any vascular abnormality re
vealed by duplex sonography is further evaluated with 
magnetic resonance imaging (MRI) and MR angiog
raphy (FINN et al. 1991; NGHIEM et al. 1995) or con
ventional angiography. 

Gray scale sonographic imaging of the hepatic 
parenchyma is an excellent method of detecting fo
cal liver lesions. Of utmost importance is the 
pre transplant visualization of hepatomas which, as 
explained earlier, has significant implications on the 
prognosis and hence the decision to operate. Sono
graphic evaluation may be insufficient in patients 
with advanced cirrhosis because of diffuse paren
chymal hyperechogenicity caused by fatty infiltra
tion and fibrosis. In these cases, MRI or CT is re
quired to rule out malignant hepatic lesions. 

28.2.2 
Computed Tomography 

CT can answer many of the questions asked of imag
ing studies in the evaluation of patients for liver 
transplantation. The most important role of CT is 
the detection of primary malignant hepatobiliary 
masses as an appendage to duplex sonography 
(WERNECKE et al. 1991). Nevertheless, CT also sup
plies useful information for size-matching donor 
and recipient livers and vascular structures as well 
as providing an abdominal survey for extrahepatic 
malignancy (NGHIEM 1995). 
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In noncirrhotic livers, malignant lesions usually 
appear as hypovascular masses and are therefore 
best detected using contrast -enhanced CT. However, 
in severely cirrhotic livers this relationship may be 
reversed. Further, primary and metastatic lesions 
which are hypervascular may appear isodense to 
liver parenchyma on venous phase imaging and are 
more apparent on non contrast CT. The introduction 
of helical CT allowed imaging in the arterial and 
portovenous phase using only one contrast bolus. 
Arterial phase CT is useful for depicting vascular 
anatomy as well as evaluating vascular invasion by 
malignant tumors. Hence, CT evaluation of the 
pretransplant liver usually takes a triphasic ap
proach including an unenhanced scan followed by 
arterial and portovenous imaging (HOLLETT et al. 
1995). 

It has been shown that liver-lesion conspicuity is 
maximized by using CT arterial portography 
(HEIKEN et al. 1989). With this technique, contrast is 
injected through a catheter in the splenic or superior 
mesenteric arteries and CT scanning of the liver is 
timed to coincide with the first pass of portal venous 
contrast. Because of its invasive nature, this tech
nique is only employed in selected cases, for example 
for the differential indication of transplantation ver
sus resection. 

28.2.3 
MRlmaging 

MR imaging is not routinely used in the evaluation 
of candidates for liver transplantation. Presently, it is 
used when sonography and CT are indeterminate 
and in patients with severe allergies to iodinated 
contrast. MRI is at least as sensitive as CT in the 
detection of hepatomas (WINTER et al. 1994) and 
more specific in the characterization of benign liver 
lesions. Apart from lengthy examination times and 
higher costs, the only disadvantage of MRI is that it 
does not provide a total abdominal survey including 
evaluation of extrahepatic disease. However, MRI 
offers several advantages. The assessment of vascu
lar structures using flow-sensitive techniques and 
contrast-enhanced 3D MR angiography offers the 
possibility of evaluating the portal vein in terms of 
patency and flow direction (NGHIEM et al. 1995) as 
well as obtaining a relatively detailed map of arterial 
anatomy for preoperative planning purposes. More
over, using heavily T2-weighted pulse sequences, 
MR cholangiography can render high resolution 
images of the biliary tree, potentially obviating the 



426 

need for invasive cholangiography, which may be 
required in patients with biliary disease such as scle
rosing cholangitis. Hence, MRI offers the possibility 
of a "one-stop-shop" pretransplant assessment of all 
imaging aspects pertaining to pretransplant evalua
tion. At present, however, neither the efficacy nor the 
cost-effectiveness of such an approach has been in
vestigated. In any event, MRI will increasingly be
come an important tool in the imaging assessment 
liver transplant candidates. 

28.2.4 
Invasive Techniques 

Invasive diagnostic techniques that may be used in 
the preoperative evaluation for liver transplantation 
include angiography (ZAJKO et al. 1985a; CARDELLA 
and AMPLATZ 1987), cholangiography as well as per
cutaneous or transjugular biopsy (LABERGE et al. 
1993). 

As mentioned earlier, angiography is generally 
employed if noninvasive imaging studies reveal evi
dence of a vascular abnormality which may alter sur
gical technique or even preclude transplantation. 
Pretransplant angiography may be required to con
firm portal vein patency or better demonstrate arte
rial anatomic variants. If conventional indirect 
portography does not allow adequate visualization 
of the portal venous system, dual catheter injection 
into the splenic and superior mesenteric arteries, 
wedged hepatic venography or direct portography 
may be indicated. Rarely, inferior cava venography is 
used to evaluate caval abnormalities preoperatively. 
However, with rapid improvements in noninvasive 
vascular imaging, particularly MR angiography, the 
need for preoperative catheter angiography is di
minishing. 

Like angiography, cholangiography is rarely nec
essary in the preoperative assessment of liver trans
plantation candidates and is reserved for patients 
with known or suspected sclerosing cholangitis. 
However, even in these patients the differentiation 
between benign duct strictures and cholangio
carcinoma may be difficult. Brush biopsy during en
doscopic retrograde cholangiography can also be 
useful to exclude malignancy. 

Hepatic lesions which are not adequately charac
terized by imaging techniques require biopsy. This is 
generally performed using ultrasound or CT guid
ance. Random biopsy of diffuse liver disease may be 
indicated in patients with an unknown cause of liver 
failure or in order to establish the extent of underly-
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ing cirrhosis in non-neoplastic disease. For this pur· 
pose, transjugular biopsy has been shown to yield 
fewer complications than the percutaneolls ap·· 
proach. 

In patients with advanced cirrhosis, transJugular 
intrahepatic porto-systemic shunt can be a useful 
temporizing procedure to maintain portal patency 
or lower portal venous pressure and control variceal 
bleeding while awaiting transplant organ avail ability 
(FREEDMAN et al. 1993). 

28.3 
Surgical Considerations 

Orthotopic liver transplantation requires four vas
cular anastomoses including the suprahepatic and 
infrahepatic vena cava, the portal vein and the he
patic artery as well as one biliary anastomosis. The 
suprahepatic and infrahepatic anastomoses are 
made first. These are usually end-to-end anasto
moses but alternative techniques may be USE d de
pending on the given anatomic status. For example, 
absence of the recipient intrahepatic inferior verra 
cava (lVC) or size discrepancy between donor and 
recipient IVC is overcome by forming a "piggyback" 
anastomosis in which the infrahepatic donor infe
rior vena cava is sutured closed and the suprahe·· 
patic donor inferior vena cava is anastomosed 10 the 
recipient hepatic venous confluens (Fig. 28.1). After 

Fig. 28.1. Gadolinium-enhanced Tl-weighted axial spin echo 
image shows "piggyback" anastomosis (arrow). Due tc size 
discrepancy between donor and recipient inferior vena :ava, 
the infrahepatic donor inferior vena cava is sutured closed 
and the suprahepatic donor inferior vena cava is anlsto
mosed to the recipient hepatic venous confluens. A subhe
patic hematoma (arrowheads) with an enhancing capsule is 
also visualized 
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the caval anastomoses have been established, the 
hepatic artery anastomosis is fashioned. In patients 
with normal vascular anatomy, the anastomosis is 
usually made between the donor common hepatic
splenic artery bifurcation or the celiac trunk and the 
recipient right and left hepatic artery bifurcation or 
the gastroduodenal-proper hepatic artery bifurca
tion. If either the donor or the recipient has a dual 
arterial blood supply from the celiac and superior 
mesenteric arteries, the larger artery is generally 
used for the anastomosis. Alternatively, two anasto
moses can be made. In the presence of a celiac axis 
stenosis or discrepancy between donor and recipi
ent artery size, a donor iliac artery homograft may 
be needed. The portal vein anastomosis is typically 
an end-to-end connection between donor and re
cipient extrahepatic portal veins. An iliac venous 
homograft may be needed in cases of extensive por
tal and mesenteric thrombosis. 

The ideal biliary anastomosis following cholecys
tectomy is a choledocho-choledochostomy between 
the donor common bile duct and the recipient com
mon hepatic duct. A T-tube is usually left in place for 
3 months providing access for cholangiography and 
biliary procedures. If the recipient common hepatic 
duct is diseased as in patients with sclerosing cho
langitis or biliary atresia, or if it is too short, a 
choledochojejunostomy is performed with or with
out an internal biliary stent. 

28.4 
Post-transplant Imaging 

28.4.1 
Monitoring the Liver Transplant 

28.4.1.1 
Duplex Sonography 

Duplex sonography is the most important modality 
for screening the liver transplant and is performed 
routinely in the immediate postoperative setting as 
well as in the mid and long-term follow-up 
(LETOURNEAU et al. 1987). The duplex examination 
involves evaluation of the patency of the hepatic ar
tery, portal vein, hepatic veins and inferior vena cava 
(Fig. 28.2) as well as B-mode assessment of the liver 
parenchyma and bile ducts. Anastomotic sites are 
evaluated whenever possible. This can sometimes be 
difficult in the case of the hepatic artery anastomo
sis, especially in the immediate postoperative pe-
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Fig. 2S.2a-c. Normal post-transplant Doppler waveforms 
from the portal vein (a), hepatic vein (b) and hepatic artery (c) 

riod. However, Doppler waveforms from the main 
right and left hepatic arteries as well as intrahepatic 
arteries can generally be obtained. The normal he
patic artery waveform is a low-impedance pattern 
with constant diastolic flow. Hepatic vein waveforms 
are similar to those in the inferior vena cava and 
show a period phasic pattern reflecting flow velocity 
changes during the cardiac cycle. The normal portal 
vein has a continuous hepatopetal flow with minor 
variations due to respiration (Fig. 28.2). 

Real-time gray-scale imaging of the liver trans
plant is performed to assess the homogeneity of the 

a 

b 

c 



428 

liver parenchyma and to rule out bile duct dilatation. 
Small perihepatic seromas or hematomas are com
mon in the early postoperative period and usually 
resolve within several days (Fig. 28.3). If fluid collec
tions fail to resolve or even enlarge, the possibility of 
superinfection or bile leak should be considered. 

28.4.1.2 
Cholangiography 

Cholangiography usually allows identification of the 
biliary anastomosis as well as cystic duct remnants 
(Fig. 28.4). The anastomosis and the intrahepatic 
bile ducts should be evaluated for the presence of 
strictures or bile leakage. Intrahepatic ducts should 
taper normally. In general, cholangiography is per
formed initially only one or two weeks after trans
plantation. On follow-up, both donor and recipient 
bile ducts show a slight increase in diameter 
(CAMPBELL et al. 1992). The duct-duct anastomosis 
should not be significantly narrowed (Fig. 28.4). 

28.4.1.3 
Computed Tomography 

CT is not routinely performed in the post-transplant 
setting unless complications are suspected or if 
sonography provides insufficient visualization. CT 
allows exquisite assessment of liver parenchyma and 
bile ducts. In about 60% of patients, low attenuation 
periportal tracking (Fig. 28.5) is evident on CT after 
transplantation (Dupuy et al.1991). Once thought to 
represent rejection, it has since been shown that 
these low-attenuation collars dilatated lymphatic 
vessels as a result of severed lymphatic drainage at 
the time of transplantation and do not represent 

Fig. 28.3. B-mode ultrasound image shows elliptical subcap
sular hematoma with echogenic material representing fibrin 
(arrow) 
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Fig. 28.4. Normal post-transplant I-tube cholangiogram 
showing the choledocho-choledochostomy (arrow) ani the 
cystic duct remnant (arrowhead) 

imminent rejection or a diminished progr!osis 
(MARINCEK et al. 1986; KAPLAN et al. 1989). As Nith 
ultrasound, small perihepatic fluid collections are 
often visualized several days after transplantation 
(Fig. 28.5). These may require image-assisted aspira
tion or drainage if they persist or undergo superin
fection. 

28.4.2 
Vascular Complications 

Vascular complications are reported in appr::>xi
mately 9% of patients with liver transplants and are 
considered the most common significant postop'~ra
tive complications (DALEN et al.1987; LANGNAS et al. 
1991). Early recognition and treatment are crucial to 
graft survival. Since clinical presentation can yary 
from mildly elevated hepatic function tests to fulmi
nant hepatic failure, imaging studies are needed to 
detect or rule out vascular abnormalities. The main
stay of post-transplant screening is duplex sonog
raphy. Catheter angiography is employed to confrm 
duplex findings or when sonographic evaluatio:l is 
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insufficient. Invasive vascular access may also be 
used to administer therapy in some instances. Arte
rial complications include hepatic artery stenosis 
and thrombosis, hepatic artery pseudo aneurysms as 
well as arteriovenous fistulas. Venous complications 
are less common and include stenosis and thrombo
sis of the portal vein or inferior vena cava. 

28.4.2.1 
Arterial Complications 

28.4.2.1.1 
HEPATIC ARTERY STENOSIS AND THROMBOSIS 
Hepatic artery thrombosis is the most common vas
cular complication after liver transplantation and is 
reported in approximately 6% of adults and up to 
18% of children. Graft ischemia causes biliary leaks 
and strictures as well as hepatic infarction. Clinical 
presentation is very variable including elevated liver 
function tests in the asymptomatic patient, delayed 
bile leak, septicemia and fulminant hepatic necrosis. 
The latter requires early retransplantation for sur
vival. Risk factors for the development of hepatic 
artery thrombosis include ABO incompatibility, pro
longed cold ischemia times and small caliber vessels 
such as in pediatric patients. 

Duplex sonography is the ideal noninvasive 
screening modality for detecting hepatic artery oc
clusion and stenosis and as such for identifying pa
tients who require further evaluation with catheter 
arteriography (FLINT et al. 1988). Hepatic artery 
stenosis (Fig. 28.6) is important to identify because it 
is treatable by balloon angioplasty (RABY et al. 1991; 
ORONS and ZAJKO 1995) and if left untreated may 

Fig. 28.5. Contrast-enhanced CT demonstrates hypodense 
periportal collars (arrowheads) thought to represent lymph 
stasis as a result of severed lymphatics during transplanta
tion. Perihepatic and perisplenic fluid collections are also 
visua lized (arrows) 
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Fig. 28.6a,b. Cut-film celiac angiogram (a) shows two donor 
hepatic artery stenoses (arrows) distal to the arterial anasto
mosis (arrowhead). Digital subtraction angiogram (b) fol
lowing balloon dilatation 

progress to thrombosis. Conversely, the early detec
tion of hepatic artery thrombosis (Figs. 28.7,28.8) al
lows retransplantation before the development of se
vere hepatic failure or overwhelming sepsis. 

Diagnosis of hepatic artery thrombosis is made 
when there is an absence of Doppler-detectable 
proper hepatic or intrahepatic flow signal. The Dop
pler findings of hepatic artery stenosis are an in
crease in peak systolic velocity at the site of stenosis 
with turbulence-induced spectral broadening dis
tally. However, reliance on direct visualization of the 
flow alterations at the site of the stenosis may be as
sociated with false-negative interpretations. There
fore, more consistently obtainable intrahepatic Dop
pler waveforms should also be analyzed for evidence 
of proximal arterial obstruction (DODD et al. 1994). 
Distal to a significant stenosis, a resistive index of 
less than 0.5 or a systolic acceleration time greater 
than 0.8 s is highly suggestive of stenosis. The same 
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Fig. 28.? Digital subtraction angiogram shows thrombosis of 
the donor right hepatic artery (arrowheads) 

Fig. 28.8. Celiac angiogram demonstrates chronic hepatic ar
tery thrombosis with formation of multiple collateral vessels 

intrahepatic tardus/parvus waveform is seen in 
cases of hepatic artery thrombosis associated with 
collateral flow to the graft (DODD et a1.1994). Hence, 
evidence of such a flow signal from an intrahepatic 
artery should alert the examiner to a proximal arte
rial obstruction and prompt further angiographic 
evaluation. 

Ultrasound or CT should be used to evaluate the 
liver parenchyma in patients with hepatic artery 
thrombosis. If hepatic infarction is seen on either ul
trasound or CT (Fig. 28.9), it is almost always a sig
nificant event (COOK and CROFTON 1997). In
farctions are usually peripheral and wedge-shaped 
but may appear as centrally located round lesions. 
With time, cystic components develop which may 
become infected and require percutaneous drainage. 
Contrast-enhanced CT is slightly superior to ultra

sound for detecting hepatic infarction. Frequently, 
portal venous gas is seen on CT in the infarcted seg
ment. 
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Cholangiographic findings of hepatic artery 
thrombosis are the result of ischemia and include 
nonanastomotic bile leak and stricture (ORONS et al. 
1995). Ultimately, bile duct necrosis causes dilltation 
into large irregular cystic spaces. 

Hepatic artery thrombosis is often a devastating 
event which is associated with high mortality rates 
without retransplantation (LERUT et a1. 1988; ZAJKO 
et a1.1988). In an attempt to postpone surgery, some 
investigators have proposed urgent revascular
ization with urokinase and/or stent placement 
(HIDALGO et a1. 1989; MARUJO et a1. 1991; VORWERK 
et a1. 1994). Unfortunately, thrombolytic the~apy is 
contraindicated in many patients with hepatic artery 
thrombosis because of the temporal proximity of the 
liver transplantation and the occurrence of hepatic 
artery thrombosis. 

Hepatic artery stenosis, on the other hand, can be 
successfully treated with percutaneous transluminal 
angioplasty (Fig. 28.6), thus obviating the nfed for 
retransplantation in some patients. Stenoses that oc
cur in the immediate postoperative phase art' likely 
associated with surgical technique and thus require 
surgical revision. Balloon dilatation should 110t be 
performed until at least 10 days or 2 weeks postop
eratively to avoid rupture of the arterial suture line. 
Several reports have shown clinical improvement in 
patients who have undergone balloon dilatal ion of 
hepatic artery stenoses (RABY et a1.1991; ORO: .. S and 
ZAJKO 1995). However, long-term success apP';!ars to 
be related to graft function at the time of prEsenta
tion rather than the technical success of the proce
dure. 

28.4.2.1.2 
HEPATIC ARTERY PSEUDOANEURYSM 
Hepatic artery pseudo aneurysm is an unconmon 
complication of liver transplantation which causes 
hematobilia, hemoperitbneum and gastrointl~stinal 
bleeding that may be life-threatening. The most com
mon site for pseudoaneurysm formation is th,~ arte
rial anastomosis. The rest are intrahepatic lesions fol
lowing percutaneous biopsy or biliary drainage pro
cedures. Pseudo aneurysms can be detected using 
contrast -enhanced CT or ultrasound, with CT being 
the more sensitive technique (ZAJKO et a1.1989:,. With 
ultrasound, all perianastomotic fluid collections 
should be examined by color Doppler for evidence of 
turbulent arterial flow (TOBBEN et a1. 1988). 

Most extrahepatic anastomotic pseudc aneu
rysms are the result of technical failure and th us re
quire surgical revision. Intrahepatic pseudo
aneurysms, on the other hand, are generally acces-
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sible by endovascular techniques for transcatheter 
embolization (ORONS and ZAJKO 1995). 

28.4.2.2 
Portal Vein Complications 

Portal vein stenosis and thrombosis are relatively 
rare complications of hepatic transplantation, oc
curring in under 3% of transplants (LERUT et 
a1.l987a; MARUJO et al. 1991). As with hepatic artery 
stenosis, portal vein stenosis occurs most commonly 
at the anastomosis. If symptomatic, portal vein 
stenosis and thrombosis present with elevated liver 
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Fig. 28.9a-c. Superior mesenteric angiogram (a) shows opaci
fication of the celiac artery via the gastroduodenal artery in
dicative of proximal celiac trunk occlusion. Lateral 
aortogram (b) confirms occlusion of the celiac axis and dis
plays an additional stenosis at the hepatic artery anastomosis 
(arrow) . Contrast-enhanced CT (c) in the same patient shows 
hypodense hepatic infarction of the right lobe (arrows) as 
well as a large hyperdense perihepatic hematoma (arrow
heads) 

function tests as well as symptoms and signs of por
tal hypertension such as variceal hemorrhage, as
cites and splenomegaly. Portal vein thrombosis is 
readily identified on noninvasive imaging studies 
including sonography, CT and MRI. The presump
tive diagnosis of portal vein stenosis can be made by 
duplex sonography if turbulent flow within the por
tal vein is demonstrated (Fig. 28.10). However, de
finitive diagnosis is made angiographically using 
superior mesenteric and/or splenic catheterization 
(Fig. 28.10). Pressure gradient measurements should 
be made to assess the hemodynamic significance of 
the stenosis. 
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Portal vein thrombosis (Fig. 28.11) usually re
quires surgical thrombectomy, venous grafting or 
retransplantation. Several reports have shown good 
results with use of transhepatic balloon dilation for 
the treatment of portal vein stenosis (RABY et al. 
1991; ZAJKO et al.1994). 

28.4.2.3 
Inferior Vena Cava Complications 

Stenosis of the inferior vena cava is a rare complica
tion of hepatic transplantation and has been re
ported in 0.8% to 2.8% of transplants (LERUT et al. 
1988). Suprahepatic caval stenosis causes hepatic 
venous obstruction and may lead to Budd-Chiari 
syndrome (Fig. 28.12). Caval stenosis can occur in 
the early postoperative phase or several years after 
transplantation. Discrepancy in the size of the donor 
and recipient inferior vena cava as well as suprahe
patic caval kinking have been implicated as causes of 
caval stenosis. In the long term, fibrosis, chronic 
thrombus and neointimal hyperplasia are the likely 
causes of delayed caval stenosis. Retransplantation 
has been reported to increase the risk of suprahe
patic caval stenosis because of the increased fibrosis 
around the suprahepatic caval anastomosis (Fig. 
28.13). Thrombosis of the inferior vena cava is a rare 
postoperative event in transplant recipients. How
ever, if left unrecognized, caval thrombosis will de
velop in many patients with obstruction of the infe
rior vena cava and may extend into the hepatic veins. 
Early recognition and treatment of caval stenosis is 
therefore crucial to prevent this serious event. 

Ultrasound and CT may show pleural effusion, as
cites, hepatosplenomegaly and dilation of the infe
rior vena cava as sequelae of significant caval steno-
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Fig. 28.10a,b. Doppler examination of the portal vein (a) 
demonstrates evidence of turbulent flow. Indirec t spleno
portography confirms portal vein stenosis at the portal anas
tomosis (b) 

sis. Doppler examination of hepatic veins may dem· 
onstrate flow reversal and absence of periodicity in 
the hepatic venous waveform. Definitive diagnosis. 
however, is based on cavography and pressure gradi· 
ent measurements. 

Caval stenosis can be successfully treated by bal
loon dilatation or stent placement (ZAJKO et a1.1994; 
PFAMMATTER et al.1997) (Fig. 28.13}.As with '1enous 
obstructions at other sites, repeated intervE'ntions 
may be necessary to maintain venous patency. 

28.4.3 
Biliary Complications 

Bile duct complications are a significant cause of 
post-transplant morbidity and mortality. Children 
have a higher rate than adults of biliary complica
tions with the overall incidence being 13% to 25% of 
liver transplant recipients (LERUT et al. 1987b). Fac
tors that significantly impact on the development 
and extent of biliary complications include cold is
chemia times, surgical anastomosis and vascular in
sufficiency. Most bile duct complications occur 
within the first three months following transplanta
tion although some strictures and stones may be
come apparent years later. 

Biliary complications can be broadly divided into 
bile leak and bile obstruction. Bile leak is causEd by 
technical failure at the T-tube site or at the duct-duct 
anastomosis and by hepatic artery thrombos is at 
nonanastomotic sites. Bile obstruction can als,) be 
divided into anastomotic and nonanastomotic stric
tures with causes other than technical failure, being 
ischemia-induced stricture, stones, mucocele of the 
cystic duct remnant and recurrent malignancy. 

b 
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Cholangiography is the mainstay for diagnosing 
biliary complications. Ultrasound and CT are useful 
for demonstrating secondary findings such as 
biloma and bile duct dilatation but are not sensitive 
for detection of early bile duct abnormalities 
(ZEMEL et al. 1988). MR cholangiography is a 
noninvasive alternative to cholangiography and is 
particularly useful in patients who do not have a T
tube in place. 

Fig. 28.12. Contrast-enhanced CT shows classic findings of 
Budd-Chiari syndrome in a liver transplant recipient with 
heterogeneous parenchymal enhancement. A stent has been 
placed in the inferior vena cava (arrow) 
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Fig. 28.11a-c. Arterial (a) and portal venous (b) phases of 
superior mesenteric angiogram show chronic portal vein 
thrombosis with collateral vessels in the porta hepatis (ar

row) eight months after hepatic transplantation. Cavernous 
transformation of the porta hepatis is well demonstrated on 
contrast-enhanced CT (c). An intrahepatic biloma in the left 
liver lobe is also visualized (arrowhead) 

b 
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Fig. 28.13a,b. Inferior Ci'vogram 
(a) shows suprahepati : caval 
stenosis (arrow) proximal to a 
"piggyback" anastomosis (arrow

heads) in a patient who under
went hepatic retranspla ntation. 
The stenosis was treated by 
placement of a stent (b) 

Fig. 28.14a,b. Cholangiography (a) three weeks after liver 
transplantation shows a bile leak at the T-tube site with con
trast tracking along the T-tube (arrowheads) and forming a 
lateral subhepatic fluid collection (arrow) . The associated 
subhepatic biloma is well demonstrated on contrast -en
hanced CT (b) 

b 
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28.4.3.1 
Bile Duct Leaks 

28.4.3.1.1 
T-TuBE SITE 

The T -tube site is the most common location of bile 
leakage and is almost always due to a technical prob
lem (SHENG et al. 1994). Usually, the bile leaks are 
small and occur parallel to the T-tube (Fig. 28.14) 
but may also arise following accidental or 
nonaccidental tube removal. At cholangiography the 
bile leaks are readily recognized as linear areas of 
contrast extravasation. Larger leaks may form a sub
hepatic fluid collection which can be demonstrated 
using ultrasound or CT (Fig. 28.14). 

Because of the immunocompromised status of 
the transplant patient, bile leaks pose a serious 
threat of infection, potentially causing bile peritoni
tis, infected biloma or bacteremia (TZAKIS et al. 
1985; ZAJKO et al. 1987a). CT or ultrasound guided 
needle aspiration or drainage procedures may be re
quired in these cases. Small T-tube bile leaks usually 
resolve spontaneously. If cholangiography demon
strates a persistent leak or if fluid collections en
large, some sort of intervention may be necessary. 
Corrective procedures include surgical revision, 
transhepatic biliary drainage and endoscopic 
sphincterotomy with percutaneous drainage of 
biloma (ZAJKO et al.1987a; WARD et al.1991). 

28.4.3.1.2 
ANASTOMOTIC 

Anastomotic bile leak can be the result of technical 
failure or hepatic artery thrombosis. The latter must 
always be ruled out angiographically. At cholangiog
raphy, contrast extravasation from the anastomosis 
(Fig. 28.15) can be seen with formation of an extra
hepatic fluid collection (ZAJKO et al. 1985b; SHENG 
et al. 1994). As with T-tube site leaks, there is a seri
ous threat of infection, especially since anastomotic 
leaks occur in the early postoperative period. Anas
tomotic leaks usually require surgical revision al
though some leaks may respond to the combination 
of percutaneous biliary drainage or transhepatic bil
iary stenting (Fig. 28.15). 

28.4.3.1.3 
NONANASTOMOTIC 

Nonanastamotic intrahepatic bile leaks and the for
mation of bilomas are considered serious findings 
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Fig. 28.15. Post-transplant cholangiogram shows contrast ex
travasation (arrowhead) due to anastomotic bile leak which 
has been treated by percutaneous transhepatic biliary drain
age (arrows) as well as percutaneous drainage of subhepatic 
biloma (double arrow) 

because they are usually associated with bile duct 
necrosis as a result of ischemia. The incidence of 
hepatic artery thrombosis in patients with 
nonanastomotic bile leak has been reported to be 
89% (ZAJKO et al. 1987b). Angiographic confirma
tion of hepatic artery patency is therefore a primary 
concern. Bile leaks caused by hepatic artery throm
bosis are usually in the hilar region but may be in
trahepatic. Cholangiography may demonstrate bile 
leaks and strictures with formation of large irregu
lar fluid collections representing distended necrotic 
bile ducts. 

Leaks and bilomas frequently become infected in 
patients with hepatic artery occlusion and thus ne
cessitate percutaneous drainage as a temporizing 
measure. Ultimately, however, most patients with 
this serious complication will require retrans
plantation although percutaneous drainage has pro
vided long-term yield in some children. This is be
cause collateral blood supply can develop in pediat
ric recipients following hepatic artery thrombosis 
(TZAKIS et al.1985; KAPLAN et al. 1990). 
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28.4.3.2 
Biliary Obstruction 

28.4.3.2.1 
ANASTOMOTIC STRICTURES 
Anastomotic bile duct strictures are usually caused 
by fibrosis and scarring and can occur from weeks to 
years after liver transplantation (ZAJKO et al. 1988). 
Unlike nonanastomotic strictures, anastomotic 
strictures are rarely associated with hepatic artery 
thrombosis (Fig. 28.16). Mild anastomotic narrow
ing is often seen at cholangiography but is usually 
clinically insignificant. If proximal dilatation of bile 
ducts is observed and there is delayed bile duct emp-
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tying, percutaneous biliary drainage should be per
formed. Biliary stones may form in patients with 
delayed stricture formation and can become lodged 
at the stricture site. Good results have been reported 
with balloon dilatation of anastomotic biliary stric
tures with a 6-month patency rate of 80% and a 5-
year patency rate of 60% (WARD et al. 1990; ZAJKO et 
al. 1995). 

28.4.3.2.2 
NONANASTOMOTIC STRICTURES 
Similar to nonanastomotic bile leak, non
anastomotic stricture is usually caused by ischemia 
of the donor bile ducts. Causes include hepatic ar-

Fig. 28.16a-c. MR cholangiogram (a) six months after I rans
plantation in a patient with anastomotic bile duct stricture 
(arrow). Findings were corroborated by ERCP (b). EvenlUally 
the duct-duct anastomosis was converted to a hepatico
jejunostomy (c) because of persistent stricture 

b 
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tery thrombosis, long cold ischemia times, ABO 
blood type incompatibility of donor and recipient 
and chronic ductopenic rejection (ZAJKO et al. 
1987b; KAPLAN et al. 1990). 

The hepatic artery represents the sole arterial 
blood supply to donor livers since collaterals to the 
native liver via the gastroduodenal artery are sev
ered during transplantation. Hepatic artery throm
bosis is therefore a major ischemic insult to bile 
ducts, usually resulting in necrosis with associated 
leaks, strictures and biloma formation in the region 
of the biliary hilus. This course generally requires 
percutaneous drainage as a temporizing measure 
followed eventually by retransplantation. Strictures 
caused by prolonged cold ischemia times of the do
nor liver may have a similar appearance to those of 
hepatic artery thrombosis. In both cases, strictures 
develop from 3 weeks to 3 months after transplanta
tion. 

Strictures caused by ductopenic rejection, on the 
other hand, are the result of an arteriopathy and do 
not develop until several months after transplanta
tion. Unlike with hepatic artery thrombosis, stric
tures resulting from lesser ischemic insults tend to 
be focal and firm rather than necrotic (WARD et al. 
1990, 1994). With improved immunosuppressive 
therapy, bile duct strictures from ductopenic rejec
tion are being observed less frequently. 

Cholangiography is the primary diagnostic mo
dality for diagnosing bile duct stricture (Fig. 28.17). 
Doppler or angiographic assessment of hepatic ar-

I 

Fig. 2S.17. Cholangiogram in a patient with hepatic artery 
thrombosis shows mild anastomotic stricture (arrow) and 
significant nonanastomotic stricture in the region of the hi
lus (double arrow) as well as other in trahepatic sites (arrow
heads) 
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Fig. 2S.1Sa,b. Cholangiogram (a) shows nonanastomotic in
trahepatic bile duct stricture (arrow) which was treated by 
balloon dilatation (b) 

tery patency is important in any patient with 
non anastomotic bile duct stricture or leak. Several 
investigators have reported good results with bal
loon dilatation (Fig. 28.18) and stenting of non
anastomotic strictures (WARD et al. 1990; ZAJKO et 
al. 1995), especially in patients with causes other 
than hepatic artery thrombosis and ductopenic re
jection. 

28.4.3.2.3 
OTHER CAUSES 
Biliary obstruction may be caused by a mal
positioned T-tube or an inspissated surgical stent. 
Stents may fail to migrate into the small bowl or be
come lodged in the anastomosis, thus requiring en
doscopic or percutaneous removal. Obstructing 
calculi (Fig. 28.19) can also usually be removed or 
crushed percutaneously using a Dormia basket. 

A rare cause of bile duct obstruction is a mucocele 
of the remnant donor cystic duct (ZAJKO et al. 1990). 
This occurs when the remnant cystic duct is ob
structed by the duct-duct anastomosis causing mu-

a 

b 
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Fig. 28.19. Cholangiogram in a liver transplant recipient with 
anastomotic and nonanastomotic strictures shows filling de
fects (arrows) in the right hepatic duct representing bile duct 
calculi 

cous accumulation. A rounded mass eventually de
velops and causes extrinsic compression of the do
nor common hepatic duct. CT and ultrasound show 
a well-defined cystic mass adjacent to the anastomo
sis. 

Recurrent malignancy of the donor bile ducts oc
curs in at least two-thirds of patients with cholangio
carcinoma and may be hilar, intrahepatic or both 
(HERBENER et al. 1988). Transhepatic brush biopsies 
may be useful to confirm the diagnosis. 

Finally, bile duct obstruction may be caused by 
redundancy and kinking of the donor and recipient 
extrahepatic bile ducts. This generally requires sur
gical revision. 

28.4.4 
Abdominal Complications 

The risk of abdominal complications associated 
with major abdominal surgery exist in liver trans-
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plant recipients. Postoperative perihepatic fluid col
lections occur commonly and include seromas, he
matomas and bilomas (WOOD et al. 1985). These are 
readily recognized at ultrasound and CT. Hemato
mas may be differentiated from other fluid collec
tions if they are hyperdense on CT (Figs. 28.9, 28.20) 
in the early phase or if they contain echogenic fibrin 
on ultrasound (Fig. 28.3) in the chronic phase. 
Bilomas are generally difficult to differentiate from 
seromas without aspiration. If a persistent t1uid col
lection is found to be a biloma, cholangiography 
should be performed to identify the site of bile leak
age and the patency of the hepatic artery s:10uld be 
assessed ultrasonographically. Owing to the 
immunocompromised status of liver transplant pa
tients, the risk of superinfection of perihepatic fluid 
collections (Fig. 28.21) is considerable. These can 
usually be definitively treated by percu taneous 
drainage (KAPLAN et al. 1990). 

Other rare abdominal complications ·)f liver 
transplantation include adrenal hemorrhage, acute 
pancreatitis and colonic complications. Colonic per
foration may be infectious but is usually the result of 
direct surgical injury. Pneumatosis cystoides coli has 
been reported to occur in liver transplant recipients 
but is of doubtful clinical significance (ANIJORSKY 
1990). Acute pancreatitis is an uncommon occur·· 
rence following transplantation or after biliary 
drainage and has a CT and ultrasound appt arance 
similar to that of nontransplant patients. Hemor· 
rhage of the right adrenal gland as a result of surgi
cal ligation of the right adrenal vein while removing 
a portion of the inferior vena cava is a furtht'r pos
sible complication but is rarely of clinical signifi-

Fig. 28.20. Unenhanced CT performed several days after 
orthotopic liver transplantation shows hyperdense pf·rihe
patic hematoma (arrowheads) 
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Fig. 28.21. Contrast-enhanced CT demonstrates infected sub
hepatic biloma with enhancing capsule (arrowheads) 

cance (BOWEN et al. 1990). Adrenal hemorrhage is 
easily identified with both CT and ultrasound. 

28.4.5 
Risk of Malignancy 

Organ transplant patients are at an increased risk of 
developing malignancies. The majority are basal and 
squamous cell skin malignancies as well as lympho
mas (STIEBER et al. 1991; DODD et al. 1992). The de
velopment of post-transplant lymphoproliferative 
disease is associated with cyclosporin therapy which 
inhibits suppressor T cells and allows proliferation 
of B cells. There also appears to be an association 
with Epstein-Barr virus (HARRIS et al. 1987). The 
imaging of post-transplant lymphoproliferative dis
ease is essentially the same as that of non-Hodgkin's 
lymphoma and, as such, any body tissue including 
the transplanted organ may be involved. The most 
common sites are lymph nodes and the gastrointes
tinal tract. 

Liver transplant patients with a history of inflam
matory bowel disease and primary sclerosing cho
langitis appear to have an increased risk of develop
ing colorectal carcinoma (BLEDAY et al. 1993). Pa
tients who have undergone hepatic transplantation 
for hepatocellular malignancy may develop recur
rent or metastatic disease, with the risk of recur
rence being linked to the preoperative stage. How
ever, patients with incidental preoperatively unde
tected hepatocellular carcinoma have a low risk of 
recurrent disease. 
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29.1 
Introduction 

The two major goals of magnetic resonance imaging 
(MRI) of the liver are cancer detection and tissue 
characterization. However, in this respect, MRI has a 
strong competitor, namely computed tomography 
(CT). Indeed, with the advent of the spiral technique 
and a better understanding of the pharmacokinetics 
of iodinated contrast media, highly optimized CT 
imaging protocols, such as double-phase spiral CT, 
have been established in clinical practice. This has 
resulted in greatly improved liver imaging. Focal le-

F. TERRIER, MD; Professor and Chairman, Department of 
Radiology, University Hospital of Geneva, Micheli-du-Crest 
24, CH-1211 Geneva 14, Switzerland 
J.P. VALLEE, MD; Department of Radiology, University Hos
pital of Geneva, Micheli-du-Crest 24, CH-1211 Geneva 14, 
Switzerland 
S. POCHON, PhD; Bracco Research, CH-1211 Geneva 14, 
Switzerland 
N. HOWARTH, MD; Department of Radiology, University Hos
pital of Geneva, Micheli-du-Crest 24, CH-1211 Geneva 14, 
Switzerland 
C.D. BECKER, MD; Head, Unit of Abdominal and Gynecologi
cal Radiology, University Hospital of Geneva, Micheli-du
Crest 24, CH-1211 Geneva 14, Switzerland 

sions less than 1 cm are now routinely detected with 
CT (HOLLETT et al. 1995). However, although sensi
tivity in detecting focal liver lesions is the first requi
site of an imaging procedure, characterization of 
small lesions is also of great importance, because of 
the high prevalence (>20%) of benign hepatic tu
mors, particularly hemangiomas, in the general 
adult population (KARHUNEN 1986). Unfortunately, 
characterization of such small liver lesions with CT 
is often difficult (HANAFUSA et al. 1995). Even com
mon liver cysts, when less than 10 mm in size, can be 
troublesome. In fact, we now encounter the same 
problems with liver CT as those we have already 
been facing with chest CT. Thanks to the exquisite 
resolution obtained in CT imaging of the lung pa
renchyma, small peripheral nodules, a few mm in 
size, are frequently detected. In a given patient, it is 
often impossible to decide with certainty whether 
they represent benign lesions, such as granulomas, 
or malignant lesions, such as metastases. This is of 
concern, particularly in a patient with a known ma
lignancy, because the presence or absence of lung 
metastases may be crucial in the choice of an appro
priate therapy. One further aspect to consider is that 
percutaneous biopsy of these small lesions, in the 
lung as in the liver, can be difficult with a low yield 
for cytologic or histologic diagnosis. 

Problems of characterization of focal liver lesions 
with CT are not limited only to nodules of small size. 
The differential diagnosis of hypervascular tumors, 
such as focal nodular hyperplasia, adenoma or well
differentiated hepatocellular carcinoma, even larger 
than 1 cm, can sometimes be difficult, despite the use 
of state-of-the-art double-spiral CT. Some heman
giomas may present as hypervascular lesions 
(HANAFUSA et al. 1995, 1997; SEMELKA et aI. 1994), 
lacking the well-known pathognomonic feature of 
nodular enhancement (GAA et al. 1991; QUINN and 
BENJAMIN 1992; LESLIE 1995a,b). They are then al
most indistinguishable from other hypervascular tu
mors, such as hypervascular metastases for example. 

Therefore, there is still plenty of room for improve
ment in liver imaging despite the advent of spiral CT! 
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MRI is increasingly used today in liver imaging in 
the hope of not only increasing sensitivity, but 
mostly to improve characterization of focal lesions. 

For tissue characterization with MRI, various 
qualitative criteria (e.g., size, outline, homogeneity 
of signal intensity, etc.) and quantitative parameters 
(e.g., signal intensity ratios, relaxation times) have 
been proposed and the importance of T2-weighted 
images has been emphasized. Unfortunately, tissue 
characterization with unenhanced MRI is unreliable, 
particularly at high field strength, because of overlap 
in the qualitative criteria and the quantitative pa
rameters of focal liver lesions. 

For this reason, there is now a consensus that use 
of contrast media is mandatory in liver MRI, both for 
the sake of improved detection and characterization 
of focal lesions. Up to now, the contrast media which 
have been most frequently used are non-specific ga
dolinium chelates. However, these contrast media, 
which diffuse rapidly into the extracellular space, 
provide similar information to iodinated contrast 
media used with CT. Therefore, although the diag
nostic accuracy of liver MRI, using high-field 
strength, state-of-the-art equipment allowing fast 
scanning and dynamic studies after intravenous bo
lus injection of non-specific gadolinium chelates is 
already considered superior to that of CT, liver-spe
cific contrast media have been developed and others 
are still under development. The aim is to further 
improve the diagnostic value of MRI, in terms both 
of detection and, even more importantly, of charac
terization. 

29.2 
Classification of Contrast Media for 
Liver Imaging 

One can classify contrast media on the basis of their 
biodistribution. We will consider the mechanisms by 
which they alter signal intensity later. The contrast 
media we are interested in are all injected intrave
nously (although some of them can also be injected 
intraarterially, for example directly into the hepatic 
artery or the superior mesenteric artery). Therefore, 
all of them are transported by the blood circulation 
to their target, the liver. From the intravascular 
space, however, they diffuse differently, according to 
the class they belong to. 

The so-called non-specific MRI contrast media, 
which are gadolinium chelates (of which several are 
now approved for clinical use: Gd-DTPA, Magnevist; 
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Gd-DOTA, Dotarem; Gd-DTPA-BMA, Omniscan; 
Gd-HP-D03 A, ProHance) diffuse rapidly into the 
interstitial space. They show a behavior which is 
similar to iodinated contrast media used for CT. 
They do not penetrate into intact cells, at least not 
significantly, and are eliminated through the kid
neys. 

On the other hand, the so-called specific contrast 
media show several types of behavior, according to 
their biodistribution (Low 1997; HAHN and SAINI 
1998). 

RES-specific contrast media are particles, such as 
superparamagnetic iron oxides, which are phagocy
tosed by the reticulo-endothelial system (RES) 
(PETERSTEIN et al. 1996). Physico-chemical proper
ties, such as particle size and coating determine into 
which cells of the RES (liver, spleen, lymph nodes, 
bone marrow) they are preferentially phagocytosed 
and the rate of their clearance. Hepatocyte-specific 
contrast media are internalized into hepatocytes 
(GIOVAGNONI and PACI 1996). Such contrast media 
are taken into hepatocytes by several mechanisms, 
explaining why there are several types of such con
trast media, with different properties. Up to now, at 
least three of them have already been used in pa
tients: manganese-DPDP, gadolinium-BOPTA and 
gadolinium-EOB-DTPA. All three are eliminated in 
part with bile, allowing opacification of the biliary 
tree. A fourth one, asialoglycoprotein-SPIO, has been 
studied only in animals up to now, but it is also dis
cussed below, because its mechanism of uptake in 
hepatocytes and its effect on image contras tare 
completely different from the other three. 

Finally, tumor-specific contrast media can be 
taken up specifically in tumors, through mecha
nisms which are not well understood. One example 
is metalloporphyrins which accumulate in nec~otic 
tissues. 

Whereas the mechanism by which iodinated ·:on
trast media alter radio-density is unique, namely x
ray attenuation, MRI contrast agents affect signal in
tensity through several parameters. Thus, some con
trast media affect (shorten) mostly the T1 relaxation 
time. However, at high dose, they also shorten the T2 
relaxation time. Other contrast media, mostly the 
particulate ones, influence predominantly the T2* 
relaxation time, because they greatly disturb the lo
cal magnetic field. The latter usually (but not al
ways!) also have a T1 effect at low dose. It is alsolm
portant to be aware that unlike iodinated contrast 
media, the effect of which is a direct one (the rr.ol
ecules of the contrast medium attenuate the X-ray, 
depending on their concentration), MRI contrast 
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media have an indirect effect. They influence the re
laxation times of the water molecules of the tissues 
in which they are present. This has an important 
consequence. The effect of a contrast medium visible 
on the image depends not only on its concentration 
in the tissue, but also on the basic magnetic proper
ties of the latter. 

In the following sections, we will describe in more 
detail the different types of hepato-specific contrast 
media. 

29.3 
RES-Specific Contrast Media 

Iron oxide-based RES-specific contrast media have 
been extensively studied experimentally and are 
now routinely used in several centers. The first "in
vivo" results were published in 1985 (WOLF et al. 
1985). Over the following years, several investigators 
reported the use of superparamagnetic iron oxides 
as MRI contrast agents (SAINI et al. 1987). Early 
clinical trials were conducted at the Massachusetts 
General Hospital in 1987 (STARK et al. 1988; 
FERRUCCI and STARK 1990). 

Once injected intravenously, these particulate 
agents are rapidly removed (plasma half-life of 
around 15 min) from the circulation by the mac
rophage monocytic phagocytic system (or RES) of 
the body. In this regard, the Kupffer cells in the liver 
play a dominant role. They line the liver sinusoids 
and are thus in direct contact with blood. Although 
they represent less than 10% of the liver volume, they 
normally contribute more than 80% of the blood fil
tering function of the entire RES of the body (BIOZZI 
and STIFFEL 1965). They can phagocytose and de
grade proteins and lipids. They neutralize certain 
drugs and foreign molecules. They clear the portal 
blood of bacteria, viruses, endotoxins, and immune 
complexes. As already mentioned, they take up intra
venously administered SPIO particles, which are 
then catabolized through various iron metabolic 
pathways. 

Iron-oxide based MRI contrast media contain a 
magnetically responsive core (magnetite), which is 
made up of one or many aggregates of individual 
iron oxide crystals. To achieve stability of the col
loidal solution, surface molecules have to be at
tached to the magnetic core. In addition, a target 
specific molecule can be bound to the complex to 
direct the contrast medium to a certain receptor or 
antigenic site. 
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Biodistribution of iron oxide preparations is 
largely determined by particle size and by molecules 
attached to the particle surface (WEISSLEDER and 
PAPISOV 1992; PETERSTEIN et al. 1996). Medium 
sized and large particles (>30 nm) tend to accumu
late in spleen and lung, while small particles «30 
nm) accumulate significantly in liver, bone marrow, 
and lymph nodes. Small neutrally charged particles 
preferably distribute to lymph nodes, whereas posi
tively charged compounds of the same size are rap
idly taken up in the liver. SPIO particles with galac
tose terminals are predominantly captured by hepa
tocytes via the asialoglycoprotein receptor (see be
low); dextran-coated particles are phagocytosed by 
macrophages (including Kupffer cells). 

A suspension of homogeneously dispersed SPIO 
is characterized by high T1 and T2 relaxivity 
(CHAMBON et al. 1993). JOSEPHSON et al. (1988) have 
shown that the T1 relaxivity of SPIO particles re
quires intimate contact between water molecules 
and the surface of the iron oxides. As the T1 
relaxivity is a function of the surface area, it in
creases when the particles are dispersed in the sol
vent and not concentrated in a small volume. Con
versely, as clustering of SPIO particles occurring at 
high concentrations decreases the surface of iron ox
ide in contact with water molecules, the T1 relaxivity 
decreases. Therefore, a T1 effect (brightening on MR 
images) predominates at low concentrations. 

The T2 effect (darkening on MR images) pro
duced by SPIO particles is caused by dipole-dipole 
interactions and magnetic susceptibility. The latter 
is the major relaxation mechanism at high concen
tration and usually predominates in the normal liver 
parenchyma. Indeed, SPIO particles are taken up by 
the cells of the RES and concentrated in lysosomes in 
the form of clusters. In this configuration, the small 
particles generate a strong heterogeneity in the local 
magnetic field. The proton spins of water molecules 
diffusing across these local magnetic gradients ex
perience a rapid dephasing, and consequently their 
apparent T2, i.e. 12*, is significantly shortened 
(MAJUMDAR et al.1988, 1989; ROZNEMAN et al.1990; 
MULLER et al. 1991). This effect is so potent, that 
even concentrated in a small percentage of the liver 
volume (i.e., the Kupffer cells), SPIO particles pro
duce complete signal loss from the entire liver. Fur
thermore, any T1 effect is obscured. 

Malignant tumor nodules (hepatocellular carci
nomas, metastases) may also contain phagocytosing 
macrophages, but usually the density of the latter is 
too low to sequester a detectable amount of SPIO 
particles. As a result, there is no change in the relax-
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Fig. 29.1a-f. Hepatocellular carcinoma. a,b Native Tl-weighted spin echo (SE) images. c,d Native T2-weighted gradient ,~cho 
(GE) images. e,f Post SPIO T2-weighted GE images. A two-centimeter nodule (arrowhead) in the left lobe as well as sel'eral 
smaller nodules (open arrows) in segment IV are hardly seen on the native images and are well recognized as bright spots after 
SPIO administration (e). Note liver cirrhosis, ascites, and tumorous portal vein thrombosis (arrow) 

ation times of tumors, and the signal difference be
tween normal liver tissue and tumor is therefore in
creased (the nodules appear as bright spots) (Fig. 
29.1). In this way, the conspicuity of tumor nodules 
on MR images, i.e., the sensitivity of MRI in the de
tection of such nodules, is greatly improved, as 
shown in several papers (BELLIN et al. 1994; DENYS 
et al. 1994; Ros et ai.l995; HAGSPIEL et al. 1995). 

The sensitivity of SPIO-enhanced MR is close to 
that of CT portography and in the same rangE as 
double-spiral CT (SENETERRE et al. 1996; STROTZER 
et al. 1997). Besides, SPIO particles are particularly 
helpful for lesion characterization (GRANDIN et al. 
1995; VOGL et al.1995, 1996a,b). 

The presence of Kupffer cells in lesions like focal 
nodular hyperplasia and adenoma results in darkcn-

b 
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Fig. 29.2a-c. Focal nodular hyperplasia (FNH). a Native Tl
weighted SE image. b Native T2-weighted fast SE image. c 
Post SPIO T2-weighted fast SE image. On a, the tumor in seg
ment II is isointense to the normal liver parenchyma, but 
slightly heterogeneous. At its periphery, one recognizes ves
sels (arrowheads) encircling the tumor like the tyre of a 
wheel, which is a typical feature of FNH. On b, the tumor is 
moderately hyperintense and has a internal nodular struc
ture. However, a well-defined central stellate structure is not 
seen. After SPIO administration (c), the tumor becomes 
strongly dark, like surrounding normal liver parenchyma, 
which indicates the presence of Kupffer cells and its benign 
nature. However, because a central scar is lacking, we have 
also considered adenoma in the differential diagnosis, and 
the patient (a 34 year old woman) was operated upon 
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Fig. 29.3a,b. Focal nodular hyperplasia. a Native T2-weighted 
SE image. b Post SPIO T2-weighted. SE image. The central 
scar (arrowhead) appears better on b, due to the strong dark
ening of the nodule (arrows) after SPIO administration. In 
this case, we made a definite diagnosis of FNH. Neither sur
gery nor biopsy were performed. Even follow-up was not rec
ommended 

ing of the tumor on T2 and T2* -weighted images 
(due to the uptake of SPIO particles), which indi
cates its benign nature (VOGL 1995, 1996a,b) (Figs. 
29.2,29.3). However, absence of uptake does not ex
clude a benign liver tumor, nor does scattered uptake 
exclude the possibility of a highly differentiated 
hepatocellular carcinoma. 

Due to the marked shortening of T2* of liver pa
renchyma, SPIO particles have been mainly used as a 
negative contrast agent. Thus, in earlier clinical tri
als, their effect was evaluated almost exclusively on 
T2- and T2* -weighted images. More recently, atten
tion has also been given to Tl-weighted sequences. 
Indeed, the latter are very useful for characteriza
tion. It has been shown that SPIO particles can 
greatly influence the Tl relaxation time of heman
giomas and cause strong signal enhancement on Tl-

a 

b 
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Fig. 29.4a-d. Hemangioma. a Native Tl-weighted SE image. b Native T2 multisegmented echoplanar (EPI) SE image. c,d Same 
sequences as a and b, after SPIO. Note the strong enhancement of the hemangioma on the Tl-weighted image after SPIO 
administration (c) 

weighted images (GRANGIER et al. 1994; URHAHN et 
al.1996) (Figs. 29.4-29.6). This behavior is typical for 
hemangiomas and is due to the fact that SPIO par
ticles are dispersed in low concentration in the vas
cular lakes of hemangiomas. 

The compound which was first introduced into 
clinical practice is a stable colloidal aqueous suspen
sion of dextran-coated iron oxide particles, desig
nated AMI-25 or Feridex (Advanced Magnetics, Inc., 
Cambridge, MA, USA). In Europe, it has been com
mercialized under the name of Endorem 
(Laboratoire Guerbet, Aulnay-sous-Bois, France). 
Measured by light scattering, the particle size is dis
tributed between 120 and 180 nm. 

The r2 relaxivity in plasma is 0.7x 105 (mol!l)-I S-I 
at 37°C at 20 MHz. Under the same conditions, the r1 
relaxivity is 0.17x105 (mol/lfl S-I. It is a reddish
brown to black solution, with an iron content of 11.2 
mg Fe/ml. Immediately before intravenous use, it is 
diluted into 100 ml glucose 10%. Then, it is injected 
slowly as an infusion at a dose of 15 llJIlol iron/kg 
body weight, over about 20-30 min. About 70% of 
the injected dose is taken up by the liver. Imaging is 

usually performed 40-60 min after the beginning of 
the injection, but the enhancement lasts as long as 4-
7 days. 

Side effects are observed in up to 10% of tht· pa
tients (LANIADO and CHACHUAT 1995). The most 
frequent complication is lower back pain. However, 
interruption of the infusion or even administration 
of medication against pain are necessary in only 
very few cases. The exact mechanism of lower back 
pain following injection of SPIO particles is un
known, but the same kind of pain has been noticed 
previously after intravenous injection of iron prt'pa
rations as a treatment of anemia. Interestingly, simi
lar back pain is also a typical symptom in acute in
travascular hemolysis. More serious side effects, 
such as arterial hypotension and anaphylactoid re
action, have also rarely occurred after injection of 
SPIO particles. 

As pre-contrast images appear necessary in our 
experience, we usually remove the patient from :he 
magnet for the contrast medium administration. In 
the meantime, we can examine another patient. (IUf 

current imaging strategy at a field strength of 1.5 T is 
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Fig. 29.5a-d. Liver metastases from a neuroendocrine tumor of the pancreas. a Native T I-weighted SE image. b Native T2-
weighted fast SE image. c,d Same sequences as a and b, after SPIO. Multiple nodules, hypointense on a and hyperintense on b. 
After SPIO administration no change in the signal intensity of the nodules, neither on T! (c) nor on T2-weighted images (d). 
Note that some of the nodules (open arrow) are very hyperintense on T2-weighted images, similar to hemangiomas. The use 
of SPIO makes the differentiation between metastases and hemangiomas easier 

as follows: breathhold Tl-weighted gradient echo se
quence, respiratory gated moderately T2-weighted 
fast spin echo sequence, and breathhold T2*
weighted gradient echo sequence (all three before 
and after administration of SPIO particles). 

Other T2* particulate contrast media have been 
developed. Resovist (SH U 555 A, Schering AG, Ber
lin, Germany) has the advantage of being injectable 
as a bolus, so that vascularization of liver tumors can 
be studied for improved characterization (VOGL 
1996a,b, 1997; Kopp et a1.1997). 

The Tl effect of SPIO particles described above is 
very helpful for tissue characterization. However, it 
is often a drawback for lesion detection. In fact, ves
sels with moderate flow, for example venous struc
tures in the liver, are also positively enhanced with 
SPIO particles even on T2-weighted sequences. Such 
vessels lying orthogonal to the imaging plane appear 
as bright dots, which can be very difficult to differen-

tiate from small solid nodules. Therefore, manufac
turers are designing new particles with a very strong 
T2* effect but without a Tl effect. Using such con
trast media, the signal in the vessels disappears, due 
to the T2* effect, leaving only solid nodules as bright 
structures (POCHON et a1. 1997). 

Theoretically, it would appear useful to have a Tl 
particulate contrast media, in order to have a posi
tive RES-specific contrast. The advantage would be 
to depend on Tl- instead on T2-weighted images, 
which have a lower signal-to-noise ratio. This would 
be particularly helpful at low field strengths. Lipo
somes represent a possible approach to deliver a ga
dolinium chelate selectively either to the Kupffer 
cells or to the hepatocytes, depending on the vesicles 
size and their physical characteristics. The gado
linium chelate can be encapsulated in the aqueous 
core of the liposomes, or it can also be incorporated 
into the membranes of the liposomal vesicles 
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Fig. 29.6. Post-to-precontrast ratio of liver tumors after SPIO 
(TI, Tl-weighted SE images, T2-2, T2-weighted SE images, 
second echo; EG, T2-weighted gradient echo images). A ratio 
of 1 indicates no change in the signal intensity after SPIO, a 
ratio superior of 1, positive enhancement of the tumor 
(brightening), a ratio inferior to 1, negative enhancement 
~da~kening). Statistically significant (P<0.05) are the changes 
III liver on T2-2 and EG (darkening), in hemangioma on Tl 
(brightening) and T2-2 (darkening), in FNH on T2-2 (dark
ening), and in adenoma on T2-2 (darkening). According to 
these results, only hemangiomas show a positive enhance
ment on Tl-weighted SE images after SPIO administration 

(KABALKA et al. 1991). Micelles may be a more effi
cient alternative than liposomes for specifically de
livering contrast media. 

In addition to the aforementioned SPIO particles, 
there is a second class of superparamagnetic par
ticles, called ultrasmall superparamagnetic iron ox
ides (USPIO). They differ from the former by their 
smaller size (about 20 nm), a longer blood half-life 
(about 2 h) and a lower r2/rl relaxivity ratio: 53/24 
for USPIO (AMI-227, Sinerem, Laboratoire Guerbet, 
France) versus 160/40 and 151/25 for SPIO (Ami-251 
Endorem, Laboratoire Guerbet, France, and SH U 
555 A IResovist, Schering AG, Germany, respec
tively); the units are in (mmoi/lr' s-' (REIMER and 
TOMBACH 1998). USPIO particles can be used as 
blood pool agents for MR angiography, due to their 
persistent Tl effect (LOUBEYRE et al. 1997). Com
pared to SPIO particles, they offer additional fea
tures for lesion characterization, because they give 
information on tumor vascularization (SAINI et al. 
1995; HARISINGHANI et al. 1997). They also can be 
made specific to hepatocytes by attaching galactose
terminated polysaccharides on their surface (see be
low). 

F. Terrier et al. 

29.4 
Hepatocyte-Specific Contrast Media 

29.4.1 
Mn-DPDP 

Manganese-DPDP (manganeseII-N,N'-dipyridoxyl
ethylene-diamine-N,N'-diacetate-5,5'-bisphosphate, 
manganese dipyridoxal diphosphate, Mangafodipir 
Trisodium, Nycomed, Wayne, USA) is an analog of 
vitamin B6 (pyridoxal 5'-phosphate). It was initially 
thought to be extracted by the hepatocytes by means 
of the transport system for this vitamin (BERNAR
DINO et al. 1992). However, recent observations did 
not support this hypothesis (COLET et al. 1998). Be
cause it is a weak chelate of the manganese ion, it 
dissociates in vivo to give free manganese, Wilich is 
taken up by the hepatocytes and excreted into the 
bile. The dipyridoxyI5'-phosphate ligand is excreted 
directly through the kidneys. The role of the ligand 
is to facilitate a slow release of the manganese. The 
paramagnetic property of manganese, whicil is a 
transition metal, derives from its five unpaired elec
trons (in comparison, gadolinium has seven un
paired electrons). Mn-DPDP is infused intrave
nously (over 15-20 min) at a dose of 5 111ll01lkg 
bodyweight, and not injected as a bolus, so that pa
tients are usually removed from the magnet between 
pre- and post-contrast imaging in order to allow 
contrast medium administration. 

Following intravenous injection of Mn-DPDP, 
liver enhancement occurs as early as after 1 min. The 
peak of liver enhancement lies between 10 and 30 
min after injection (about 100% increase in signal 
intensity) (WANG 1998). Mn-DPDP is slowly cleared 
by the liver into the bile with a 50% decrease in the 
maximal enhancement of the liver approximately 2 h 
after injection and concomitant increase in signal 
intensity of the bile (LIM et al. 1992). In patients with 
cirrhosis, liver enhancement is less intense and may 
be heterogeneous compared with that of nor-cir
rhotic livers (MURAKAMI et a1.l996) . 

As a liver-specific contrast medium, Mn-DPDP 
has been used to improve the conspicuity of '0 cal 
liver lesions. Because non-hepatocellular tumors 
lack the ability to selectively take up Mn-DPDP, me
tastases appear as hypointense lesions within the 
strongly enhanced liver (HAMM et al. 1992; AICHER 
et a1.1993; BIRNBAUM et a1.1994) (Fig. 29.7).A Ellro
pean phase III clinical trial showed that Mn-DI'DP
enhanced MRI was superior to unenhanced MRI and 
to contrast-enhanced CT for the detection of bcal 
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Fig. 29.7a-d. Liver metastases from a colon carcinoma. a Post-contrast CT. b Native Tl-weighted GE image. c Post manganese
DPDP Tl-weighted GE image. d Post SPIO T2-weighted fast SE image (d was performed 2 months after c). Multiple nodules, 
not seen on CT (a), are detected with MRI. The number of lesions seen on post-contrast images (c,d) is much higher than on 
pre-contrast images (b). The advantage of manganese-DPDP over SPIO is that it relies on the use of Tl- instead of T2-
weighted images and therefore the signal-to-noise ratio is much higher. With both contrast agents, the differentiation between 
small nodules and vessels lying orthogonal to the image plane is difficult 

liver lesions (RUMMENY et al.1997; WANG et al.1997; 
TORRES et al. 1997) 

In addition, in both animal and clinical studies, a 
rim of peripheral enhancement surrounding some 
malignant primary and secondary liver tumors has 
been observed (ROFSKY and EARLS 1996) (Fig. 
29.8). NI et al. (1993) have attributed this rim, on 
the basis of histology, to peritumoral malignant in
filtration and compression of adjacent liver paren
chyma, which impairs biliary drainage and elimi
nation of Mn-DPDP. The presence of this rim, 
which is best seen on delayed images, is useful in 
distinguishing metastases from cysts and heman
giomas. 

Unlike metastases, hepatocellular tumors main
tain some ability to take up Mn-DPDP. Thus, hepato-

cyte-derived tumors such as well-differentiated 
hepatocellular carcinomas, regenerating nodules, 
adenomas and focal nodular hyperplasias show 
strong enhancement (VOGL et al. 1993; LIOU et al. 
1994; ROFSKY and EARLS 1996; ROFSKY et al. 1993) 
(Fig. 29.9). Because these tumors do not contain 
functioning bile ducts, the Mn-DPDP cannot be ex
creted. Therefore, the enhancement lasts longer than 
that of normal liver parenchyma and these tumors 
become brighter on delayed images. 

The positive enhancement of well-differentiated 
hepatocellular carcinomas persists for more than 48 
h, with the highest conspicuity appearing 24 h after 
the injection. In some tumors, a thin pseudocapsule 
of low signal intensity can be identified on enhanced 
images. 
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Fig. 29.8a-c. Liver metastases from a colon carcinoma. a Na
tive Tl-weighted GE image. b Native T2-weighted fast SE 
image. c Post manganese-DPDP Tl-weighted GE image. A 
strongly enhancing rim arocmd the tumor is seen after man
ganese-DPDP administration (c). It corresponds to a faint 
hyperintense halo on the native T2-weighted image (b). 
Edema and bile retention in compressed peritumoral liver 
parenchyma explain this aspect 

F. Terrier et al. 

In addition to well-differentiated hepatocellular 
carcinomas, regenerating nodules, adenomas and 
focal nodular hyperplasias also show enhancement 
with Mn-DPDP. In focal nodular hyperplasia, the 
central scar is well visualized as a hypointense stel
late structure on Mn-DPDP enhanced images (Fig. 
29.10). Enhancement of benign tumors with Mn
DPDP may simulate the appearance of an hepatocel
lular carcinoma, therefore complicating image inter
pretation. 

Undifferentiated hepatocellular carcinomas are 
characterized by a lack of enhancement and there
fore, like metastases, a maximal conspicuity within 
30 min. This observation suggests that both early 
(within the first hour) and delayed (at 24 h) images 
are important to improve detection and character
ization of liver tumors. 

Although, as discussed above, Mn -D PD P could be 
of help for the characterization of primary liver tu
mors, more data are needed before definite c(lnclu
sions can be drawn. Furthermore, one potential 
drawback is that hemangiomas and metastase~ have 
a similar appearance on enhanced Tl-weighted im·· 
ages (hypointense compared to the enhanced liver) 
(Fig. 29.11). Because Mn-DPDP is injected as an in
fusion, it cannot be used to study a dynamic effect, 
such as with the gadolinum chelates. Fortunately, thE' 
contrast medium has no influence on T2-weighted 
images. Thus, tissue characterization is possible us
ing the same criteria as on native T2-weighted im
ages (high, water-like signal intensity of hemangio
mas), but, of course, with the same limitations. 

A major advantage of Mn-DPDP versus SPIO par
ticles is that lesion detection is based on Tl
weighted images rather than on T2-weighted images 
with poor signal-to-noise ratio. Furthermore, unlike 
unspecific gadolinium chelates and like the (,ther 
hepato-specific contrast media, fast imaging is not 
required, because the imaging window is not just the 
early phase after contrast medium injection (there is 
no equilibrium phase as with conventional gado
linium chelates!). Therefore, Mn-DPDP has a poten
tial application with low field MR equipment for 
liver imaging. 

29.4.2 
Gd-BOPTA 

Gd-BOPTA/dimeg (Mu!tiHance, Bracco Milan, Itlly) 
has the official generic name gadobenate 
dimeglumine (INN), and its complete chemical 
name is I-deoxy-l-(methylamino )-D-glucitol di-
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Fig. 29.9a-d. Hepatocellular carcinoma. a Arterial phase spiral CT. b Portal venous phase spiral CT. c Native II-weighted GE 
image. d Post manganese-DPDP II-weighted GE image. A 3-cm large, enhancing tumor (arrow) is seen on the arterial phase 
spiral CT (a) in a patient with liver cirrhosis. Because of rapid wash-out of the contrast agent, it is no longer visible on the 
portal venous phase (b). On MRI, only the post-contrast image (d) allows visualization of the tumor (arrow). It is characterized 
by strong uptake of manganese-DPDP as well as the presence of a hypointense capsule 

hydrogen [4-carboxy-5,8,II-tris( carboxymethyl)-I
phenyl-2-oxa-5,8, II-triazatridecan-13-oato(5-) 1 
gadolinate (2-) (2:1). Like Gd-EOB-DTPA (see be
low), it consists essentially of a hydrophilic Gd
DTPA moiety covalently coupled to a lipophilic ben
zene ring. This complex is amphiphilic and under
goes both hepatobiliary and renal excretion. Its he
patic uptake is thought to occur through the organic 
anion transport system (the bromosulfophthaleinl 
bilirubin transport system) situated on the mem
brane of the hepatocytes (DE HAEN et al. 1995, 
1996). 

It is injected intravenously as a bolus at a dose of 
0.05 or 0.1 mmollkg body weight. The percentage 
amount of the administered dose undergoing hepa
tocyte uptake and subsequent biliary excretion var-

ies among species. Thus, in rats, it is about 50%; in 
humans, only approximately 2-4% (DE HAEN and 
GOZZINI 1993). The remainder of the administered 
dose of Gd-BOPTA undergoes renal filtration and 
urinary excretion. In spite of the small proportion of 
Gd-BOPTA that accumulates in hepatocytes, en
hancement of liver parenchyma is strong and sus
tained. As early as 10 min after injection, an increase 
in liver signal intensity of more than 100% is ob
served after the injection of 0.1 mmollkg Gd-BOPTA 
and persists for more than 2 h (VOGL et al. 1992; 
GIOVAGNONI and PACI 1996). 

The high relaxivity of Gd-BOPTA within liver tis
sue is explained by high macromolecular binding of 
the contrast medium with hepatocyte proteins and 
membranes (CAUDANA et al. 1996). 
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Fig. 29. lOa-e. Focal nodular hyperplasia. a Native Tl
weighted GE image. b,e Axial and sagittal post manganese
DPDP Tl-weighted GE images. Strongly enhancing tumor 
after manganese-DPDP administration, showing a character
istic wheel-pattern and a central scar (arrow). A definite di
agnosis of FNH is possible, based on the internal morphology 
of the tumor. These features are not seen on the pre-contrast 
image 

F. Terrier et al. 

Gd-BOPTA serves both as a non-specific extracel
lular contrast medium on early post-contrast images 
and as an hepato-specific intracellular contrast me
dium on delayed images. This dual function facili
tates lesion detection and characterization. 

In general terms, after administration of a con
trast medium, the difference in signal intensity (the 
image contrast) between a lesion and the surround
ing parenchyma is determined by differences in (a) 
concentration in contrast medium between the le
sion and the surrounding liver parenchyma, (b) dif
ferences in relaxivity of the contrast medium in the 
lesion and in the surrounding liver parenchyma, and 
(c) differences in the intrinsic magnetic properties 
of the lesion and the surrounding liver parenchyma. 

The observed Tl (Tlabs) of the tissue after admin· 
istration of a gadolinium chelate can be predicted. 
from the intrinsic Tl of the tissue (Tl intr) and the 
concentration dependent Tl of the contrast agent 
(Tle) as follows: 

lITlobs = I/Tl intr + lITle 

A similar equation is also valid for the T2 relax
ation time. 

Among the three aforementioned factors deter
mining the difference in signal intensity betWEen a 
lesion and the surrounding parenchyma after con
trast medium administration, the difference in con
centration in the lesion and in the surroundinf pa
renchyma is the most important. Therefore, IE t us 
consider it in more detail. As long as the greatest 
amount of the contrast medium is still in the iLtra
vascular space (capillary phase, within 20-30 s from 
the injection of contrast medium, followed by pC1rtai 
venous phase, approximately 1 min after the injec
tion of contrast medium), lesion and liver enhance
ment is dominated by the relative size of this space 
(corresponding to the degree of vascularization). A 
hypervascular tumor shows a stronger enhancement 
than a hypovascular one. However, with progres>ive 
distribution of the contrast medium into the inter
stitial space, other parameters become predominant, 
namely the permeability of the vessels and the rda
tive size of the interstitial space. Thus, viable malig
nant tumorous tissue usually enhances strongly be
cause of high vascular permeability and large inler
stitial space. Finally, in the equilibrium phase (i .e., 
when the contrast medium concentration in the in
travascular and the interstitial space of the liver is 
the same, namely 3 min or more after the injection of 
contrast medium), the contrast medium concentra
tion in the interstitial space of the tumor is often 
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Fig. 29.11a-c. Hemangioma. a Native T! -weighted GE image. 
b Native T2-weighted GE image. c Post manganese-DPDP Tl
weighted GE image. A l-cm lesion appears hypointense on a 
and hyperintense on b. After administration of manganese
DPDP (c), the conspicuity of the lesion is increased because 
of enhancement of the surrounding liver parenchyma. How
ever, the behavior after manganese-DPDP does not allow 
characterization of the lesion. Compare to Fig. 29.7 
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very similar to that of the interstitial space of the 
liver. Therefore, in this phase, the tumor is easily 
missed (no difference in image contrast between the 
tumor and the surrounding liver parenchyma). 
However, some tumors with a prominent interstitial 
space, including cholangiocarcinomas, will accumu
late more contrast medium than the liver, explaining 
their increased conspicuity on delayed images. Fur
thermore, it has been observed that in some malig
nant tumors, due to increased diffusion of intersti
tial fluid from the tumor towards the surrounding 
liver parenchyma, there is a wash-out of the contrast 
medium at the periphery of the tumor on delayed 
images. This phenomenon produces a characteristic 
halo around the tumor, which is highly specific of 
malignancy (MAHFouz et al. 1994) (Fig. 29.12). 

Thanks to the specific uptake of Gd-BOPTA in 
hepatocytes, there is no equilibrium phase as is the 
case with non-specific contrast media. With the sub
sequent wash-out of the contrast medium from the 
tumor interstitial space, maximal tumor conspicuity 
is obtained 60-120 min after injection. Thus, on 
early dynamic images, Gd-BOPTA provides infor
mation about patterns of enhancement related to tu
mor vascularization and thus gives important clues 
for tumor characterization (Fig. 29.l3). Late images 
allow optimal lesion detection (Fig. 29.14) . 

In experimental and preliminary clinical studies, 
the usefulness of Gd-BOPTA for the detection of 
liver metastases and hepatocellular carcinomas has 
been demonstrated (RUNGE et al. 1997; CAUDANA et 
al. 1996; MURAKAMI et al. 1996). In phase II and III 
studies, adverse reactions/events have been ob
served in 10-15%. In the vast majority, they have 
been transient, self-limiting and mild in intensity 
and consisted mostly of hypertension (1.37%), nau
sea (l.09%) and tachycardia (0.96%) (HAMM 1998). 

29.4.3 
Gd-EOB-DTPA 

Gd-EOB-DTPA [gadolinium(III)-3,6,9-triaza-3,6,9-
tris (carboxylmethyl)-4-( 4-ethoxybenzyl)-undecan
dicarboxylic acid, gadolinium-ethoxybenzyl-di
ethylenetriamine pentacetic acid, Eovist, Schering 
AG, Berlin, Germany] is characterized by a high af
finity for the hepatocytes and an important biliary 
excretion. It is obtained by covalently linking the 
ethoxybenzyl moiety to gadolinium-DTPA. The li
pophilic EOB moiety facilitates selective hepatocyte 
uptake and subsequent biliary excretion. 
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Fig. 29.12a-c. Liver metastasis from a colon carcinoma. a Na
tive Tl-weighted SE image. b Native T2-weighted SE image. c 
Post gadolinium-BOPTA Tl-weighted SE image (delayed im
age). On c, one observes accumulation of the contrast in the 
center of the nodule, while there is washed-out at the periph
ery (halo sign). This phenomenon is highly specific of a ma
lignant liver tumor, mainly metastasis. The high intensity of 
the tumor on the native T2-weighted image (b) would have 
made characterization of the tumor difficult if only native 
images had been acquired (differential diagnosis with a he
mangioma!). (Courtesy of Bracco, Milan, Italy) 

F. Terrier et al. 

Fig. 29. 13a-c. Hemangioma. a Native Tl-weighted GE image. 
b,c Post gadolinium-BOPTA Tl-weighted GE image at 4 and 
9 min, respectively. Typical nodular enhancement of th,~ he
mangioma with progressive filling, allowing a definite diag
nosis. (Courtesy of Bracco, Milan, Italy) 

Hepatocyte uptake of Gd-EOB-DTPA occurs via 
the same active organic anion transport mechanism 
as bilirubin, whereas biliary excretion is via a differ
ent active transport mechanism (HAMM et al. 1995; 
REIMER et al. 1996; SCHUHMAN-GAMPIERI et al. 
1992). Compared with unmodified Gd-DTPA, Gd-

a 

b 
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EOB-DTPA produces a fivefold increase in liver tis
sue relaxivity. 

Approximately 50% of the administered dose is 
excreted in the bile, which is much higher than the 
biliary excretion of Gd-BOPTA (HAMM et al. 1995). 
The remainder undergoes renal glomerular filtration 
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Fig. 29.14a-c. Liver metastases. a Native Tl-weighted SE im
age. b Post gadolinium-BOPTA Tl-weighted SE image (de
layed image). c Native T2-weighted SE image. Two small 
infracentrimetric metastases showing a halo sign (central 
enhancing spot and peripheral wash-out) (arrowheads) on 
the post-contrast image (b). This sign distinguishes them 
from orthogonally imaged vessels (curved arrow). On the 
native T2-weighted image (c), one of these two metastases is 
also seen as a bright spot (arrow), but it is impossible to dif
ferentiate it with certainty from an orthogonally imaged ves
sel. (Courtesy of Bracco, Milan, Italy) 

and excretion. Biphasic enhancement of normal 
liver parenchyma occurs after Gd-EOB-DTPA ad
ministration. During the initial phase, there is imme
diate and marked liver enhancement over the first 
minute, as the contrast medium distributes into the 
extracellular interstitial space, similar to that ob-

b 
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served after Gd-DTPA. During the following 
hepatobiliary phase, the Gd-EOB-DTPA is taken up 
by hepatocytes and excreted into the bile. This pro
duces a slower increase in liver enhancement during 
the next 20 min to reach a plateau of liver signal in
tensity, which lasts for about 2 h (HAMM et al. 1995; 
GIOVAGNONI and PACI 1996). 

The appearance of liver lesions depends upon the 
timing of the image acquisition. Early dynamic im
aging during the perfusion phase shows enhance
ment of lesions in accordance with their degree of 
vascularity, later with the permeability of their ves
sels and the size of their interstitial space (VOGL et al. 
1996c). Images obtained following the perfusion 
phase during the hepatobiliary phase depict most 
liver lesions as hypointense foci within the enhanc
ing liver parenchyma (REIMER et al. 1997). 

Hepatocellular carcinomas show initial enhance
ment with Gd-EOB-DTPA on arterial phase images, 
independent of histologic tumor grade. On later 
hepatobiliary phase images, almost all hepatocellu
lar carcinomas show negative enhancement with 
Gd-EOB-DTPA, unlike with Mn-DPDP (VOGL et al. 
1996c). The only exception are highly differentiated 
hepatocellular carcinomas, which show prolonged 
positive enhancement. This finding implies that up
take of Gd-EOB-DTPA relies on a higher level of 
hepatocyte function than Mn-DPDP. 

Gd-EOB-DTPA accumulates in focal nodular 
hyperplasias and adenomas due to the presence of 
functioning hepatocytes. Prolonged retention of 
contrast medium is observed on very delayed im
ages, because of dysplasia of the bile duct within 
these tumors, retarding elimination of the contrast 
medium (VOGL et al. 1996c). 

29.4.4 
Asialoglycoprotein-SPIO 

Some iron oxide preparations can be delivered to 
asialoglycoprotein (ASG) receptors on hepatocytes. 
ASG receptors are physiologically abundant on 
hepatocytes (400,000-500,000 receptors per cell) 
and are normally responsible for the clearance of 
desialylated glycoproteins by the liver (REIMER et al. 
1991). ASG receptor specificity of pharmaceuticals 
can be achieved by attaching them to galactose-termi
nated polysaccharides, such as arabinogalactan, a 
branching galactose containing polysaccharide ob
tained from larch wood. Thus, these compounds bind 
to hepatocyte cell surface membranes and are then 
internalized into hepatocytes within lysosomes. 

F. Terrier et al. 

For hepatocyte specific imaging, ultrasmall 
superparamagnetic iron oxide particles are used as 
the magnetically active core. Thanks to their small 
size (around 10 nm in diameter), nonspecific uptake 
of the particles by the Kupffer cells do not compete 
with specific accumulation into hepatocytes. Phago
cytosis by Kupffer cells is namely size-related, small 
particles being removed from the blood only very 
slowly. 

Although arabinogalactan -coated ultras mall 
superparamagnetic particles are specific for hepato
cytes, their underlying mechanism is thus com
pletely different from that of Gd-BOPTA and Gd
EOB-DTPA. They act as T2* -contrast medium, which 
means that they reduce the signal intensity of nor
mal liver parenchyma, unlike the gadolinium-based 
hepatospecific contrast media, which increase it 
(SMALL et al. 1994). Besides, they are not eliminated 
into the bile. Malignant primary hepatic tumors lose 
the expression of the ASG cell surface receptor dur-
ing malignant degeneration and, therefore, do not 
take up arabinogalactan-coated SPIO particlts. 

On the other hand, benign primary hepatic tu
mors, such as focal nodular hyperplasia and ad
enoma, express the ASG receptor, which potentially 
would allow differentiation between benign and ma
lignant tumors. 

29.S 
Tumor-Specific Contrast Media 

Tumor-specific contrast media have been tested in 
animal studies. Metalloporphyrins have shown 
moderate accumulation in tumors on delaYEd im
ages (24-48 h after injection). Today, it seems that 
this behavior does not rely on a tumor-specific 
mechanism, but rather on the presence of necrosis 
(NI et al. 1997). From CT, it is known that Lipiodol 
shows a rather specific accumulation in hepatocytic 
tumors. Up to now, an equivalent of Lipiodol fo r MRI 
has not been used, but this would be theore1 ically 
feasible. 

29.6 
Which Contrast Media and 
Which Imaging Strategy? 

The field of tissue-specific contrast media for lVRI is 
currently evolving extremely rapidly. ThereforE, it is 
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not surprising that there is as yet no consensus on 
the best strategy in liver MRI. Several approaches 
have been put forward, where many factors playa 
role in the choice a particular imaging center makes, 
one of them being the privileged contacts it can have 
with a given contrast medium company! For several 
years, there has been no doubt that contrast media 
are mandatory for liver MRI. However, the following 
questions remain unanswered: what type of contrast 
media should be used: non-specific or hepato-spe
cific? If hepato-specific contrast media are con
firmed as superior to non-specific ones, should RES 
specific or hepatocyte-specific contrast media be se
lected? Should the choice of a contrast medium be 
limited to a single one whatever the indication, or is 
a tailored approach preferable, depending on the 
particular indication? 

The imaging protocol for a given contrast me
dium is also a matter of debate. Which is the best 
timing of imaging after contrast medium adminis
tration? These are only some of many unresolved 
questions. 

We can summarize our personal experience, 
mostly with SPIO particles and Mn DPDP, as follows: 
we are strongly in favor of using hepato-specific con
trast media for liver MRI. Indeed, non-specific con
trast media yield the same kind of information as io
dinated contrast media. Taking into consideration 
the advantages and drawbacks of MRI versus state
of-the-art CT, the latter is, at the present time, the 
preferred modality. Furthermore, because the tim
ing of the imaging sequence after contrast medium 
administration is so crucial, it is quite demanding to 
obtain an examination of adequate quality using 
non-specific contrast media. Doubtless, fast imaging 
allowing images to be obtained in the arterial phase 
after administration of non-specific contrast media 
is very sensitive for hypervascular lesions (such as 
double-spiral CT with arterial phase). However, hy
pervascularity is not pathognomonic for a specific 
entity. This is also true in liver cirrhosis, in which 
daily practice shows that regenerating nodules can 
also be hypervascular and thus very similar, in this 
respect, to small foci of hepatocellular carcinoma. 
This observation contradicts the commonly ex
pressed view that hypervascularity is a specific sign 
of malignancy in the setting of liver cirrhosis 
(MATSUI et al. 1991). 

Compared to RES-specific contrast media (SPIO 
particles), hepatocyte-specific (Mn-DPDP) contrast 
media offer severai advantages for lesion detection. 
The most important is the fact that the imaging se
quence relies on Tl-weighted images, which have a 
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better signal-to-noise ratio than T2-weighted im
ages. This point favors the use of Mn-DPDP (or other 
hepatocyte-specific contrast media) for imaging at 
low field. Besides, Mn-DPDP is very well tolerated, 
and we have not observed, up to now, any severe ad
verse reactions. This is confirmed in the literature. 
To some extent, tumor characterization is also fea
sible with Mn-DPDP, since uptake by the tumor indi
cates that the latter originates from hepatocytes. 
However, differentiation between a well-differenti
ated hepatocellular carcinoma and a benign tumor is 
not possible, on the basis of contrast medium uptake 
only. 

On the contrary, in our experience, SPIO particles 
have been very attractive for tissue characterization. 
It is our preferred contrast medium to confirm or 
exclude the diagnosis of hemangioma, when other 
imaging modalities have not been conclusive (Figs. 
29.15,29.16). For the differential diagnosis between 
focal nodular hyperplasia, adenoma and hepatocellu
lar carcinoma, SPIO particles give relevant informa
tion in the majority of cases, allowing a definite diag
nosis (Fig. 29.17). They also allow the better distinc
tion between tumor nodule and surrounding edema, 
thus yielding more precise information on tumor size 
and extent than native images (Fig. 29.18). 

29.7 
Specific Liver Contrast Media 
for Studying Liver Function 

The predominant functions of the liver are the clear
ance of endo- and xenobiotics, their metabolism and 
excretion, and the synthesis of biologically impor
tant compounds such as clotting factors and albu
min. In many diffuse liver diseases, several aspects 
of liver function are decreased. Measurements of 
liver function are therefore useful for diagnosis and 
especially for grading the severity of diffuse liver 
diseases. 

Diffuse liver diseases, including the end-stage of 
many of them, i.e., liver cirrhosis, are a major health 
problem. For example, in many European countries, 
the prevalence of alcoholic liver cirrhosis has been 
estimated at approximately 3000 per 10° population. 
The mortality rate due to cirrhosis in European 
countries is between 100 and 400 per 106 per year in 
men and between 40 and 150 per 106 per year in 
women (RUEFF 1989). 

Hepatic failure is ultimately the major cause of 
death in patients with severe diffuse liver disease. 
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Fig. 29.1Sa-d. Hemangioma. a Native Tl-weighted SE image. b Native T2-weighted SE image. c Post SPIO Tl-weighted SE 
image. d Post manganese-DPDP Tl-weighted GE image. Typical strong positive enhancement of the hemangioma on the Tl
weighted image after administration of SPIO (c). Note the central hypointense structure, corresponding probably to an area 
of thrombosis or fibrosis. Manganese-DPDP (d) increases the contrast between the hemangioma and the liver paren.::hyma, 
but does not give conclusive information for lesion characterization 

Fig. 29.16a,b 

d 

b 
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(] Fig. 29.16a-e. Hemangioma versus metastasis. a,b Post con
trast spiral CT. c Native Tl-weighted SE image.d Native T2-
weighted fast SE image. e Post SPIO Tl-weighted SE image. 
In this 46 year old patient with known pancreas carcinoma, 
spiral CT reveals a characteristic hemangioma in segment 
VII with nodular enhancement (arrow in a). A second lesion 
(curved arrow in b) shows homogeneous enhancement, so 
that conclusive diagnosis is not possible (hemangioma or 
hypervascular metastasis?). On the native T2-weighted image 
(d), the nodule is hyperintense, but less than the cerebrospi
nalliquid in the vertebral canal, so that a conclusive diagno
sis of hemangioma is not possible. After administration of 
SPIO (e), the nodule shows a positive enhancement, allowing 
the definite diagnosis of hemangioma. Another hemangioma 
(open arrow), not seen on the native image, is seen on the 
post-SPIO image 
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Fig. 29.17a-c. Hyperplastic adenoma with foci of hepatocel
lular carcinoma. a Postcontrast CT. b Native T2-weighted fast 
SE image. c Post SPIO T2-weighted fast SE image. In this pa
tient 60 year old with liver cirrhosis, CT (a) demonstrates a 
large heterogeneous tumor hanging from the inferior surface 
of segment VI. Percutaneous biopsy could not reveal malig
nant cells and a diagnosis of adenoma was made. On the T2-
weighted image (b), there are multiple hypointense foci in the 
tumor, due to old hemorrhages (hemosiderin). After SPIO 
administration (c), the tumor shows heterogeneous uptake, 
with darkening mostly in its periphery. However, several ar
eas do not present change in signal intensity. The diagnosis 
of hepatocellular carcinoma was made and the tumor surgi
cally removed. At histology, foci of HCC in a hyperplastic 
adenoma were demonstrated 

a 

b 

c 



a 

b 

462 

Fig. 29.18a,b. Hepatocellular carcinoma. a Native T2-
weighted multisegmented SE EPI. b Post SPIO T2-weighted 
multisegmented EPI SE images. On the native image (a), a 
large hyperintense tumor is seen in segments VII and VIII. 
After SPIO administration (b), the exact size of the tumor is 
much better appreciated as well as its internal nodular struc
ture and its infiltration into the inferior vena cava (arrow
heads). The hyperintensity around the tumor on the native 
image is due to severe peritumoral edema, reflecting the ag
gressive nature of the tumor 

Therefore, quantification of liver function should 
improve our understanding of the natural history of 
diffuse liver diseases and give more precise indices 
of prognosis and well as the effect of therapeutic in
terventions (LAUTERBUR and PREISIG 1991). 

In addition to laboratory tests (e.g., galactose 
elimination capacity and lidocaine test), imaging ap
pears as another tool for assessing liver function. 
Hepatobiliary scintigraphy has been considered for 
many years as appropriate for studying liver func
tion (BROWN et al. 1988; KRISHNAMURTHY and 
TURNER 1990; Doo et al. 1991). However, it is used 
mainly to assess patency of the biliary tract and, to a 
lesser extent, for the diagnosis and grading of hepa-

F. Terrier et al. 

to cellular dysfunction in diffuse liver diseases. Its 
limitation is related to suboptimal spatial resolution 
and the lack of data regarding accuracy and repro
ducibility of functional parameters. Therefore, 
hepatobiliary scintigraphy is currently used only 
marginally for evaluating hepatocellular dysfunc
tion. However, the advent of hepato-specific contrast 
media gives MRI the potential to playa major role in 
this regard. 

MRI offers several advantages over hepatobiliary 
scintigraphy, the most important being much better 
spatial resolution. Besides, it is already used in many 
patients with liver disease because of its aC)ility to 
give very accurate anatomical information and to 
detect and characterize focal liver lesions. Therefore, 
it is reasonable to assume that MRI will gain priority 
in the investigation of diffuse liver diseases. 

The strategy behind the application of nuclear 
medicine and MRI for functional imaging of the 
liver is the same, using either the macrophage activ
ity of the liver or cellular mechanisms of bile forma
tion as targets for radiolabeled or magnetically ac
tive pharmaceuticals. 

In comparison with laboratory tests, the clinical 
impact of imaging techniques in the diagnosis and 
management of diffuse liver diseases is still limited 
(nuclear medicine) or at a research stage (MRI). 
However, these techniques offer several theoretical 
advantages for the evaluation of liver function: 

The hepatic uptake of a radiopharmaceutical or a 
contrast medium and its biliary excreti·)n are 
measured directly in the liver parenchyma and 
the bile. Thus, the evaluation of liver function 
does not rely on the clearance of a compound, i.e., 
the disappearance from the blood, which may be 
influenced by extrahepatic factors (for example, 
extrahepatic catabolism or renal excretion) 

- Liver function can be assessed in relation to spe
cific liver areas, whereas laboratory techniques 
give only global information on the live as a 
whole organ. This capability of the imaging tech
niques may be useful to guide liver biopsy in het
erogeneously distributed liver diseases and to de
termine hepatic reserve before liver resecti.m. By 
clarifying diagnostic questions, such as the pres
ence of focal fatty liver, unnecessary biopsy at
tempts can be avoided 

- Liver size can be accurately determined, allowing 
correlation of liver function with liver volu.ne. 

The hepatospecific MRI contrast agents described 
above have been primarily designed for imp~oved 
detection and characterization of primary and sec-
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ondary liver tumors. However, because hepatic up
take of these contrast agents relies on the functional 
integrity of hepatocytes or Kupffer cells, it was as
sumed from the beginning that they could also pro
vide information on some aspects of organ function 
and be useful in the diagnosis and management of 
diffuse liver diseases (YOUNG et al. 1989; TANIMOTO 
and STARK 1991; SIDHU et al. 1993). 

Manganese-DPDP, in particular, has been used 
experimentally for demonstrating hepatic dysfunc
tion. In rabbits, by monitoring gallbladder enhance
ment, COLEY et al. (1995) have shown delayed but 
otherwise normal peak enhancement in segmental 
biliary occlusion, delayed and diminished enhance
ment with hepatitis, and absence of enhancement in 
total biliary occlusion. Using a rat model of acute 
and chronic ethanol intoxication, SIDHU et al. (1993) 
could detect hepatic toxicity by measuring the 
changes of liver signal intensity after administration 
of Mn-DPDP. Their results suggest that acute, and 
possibly also chronic ethanol, liver damage at an 
early stage are reflected in alterations of contrast en
hancement with Mn-DPDP. 

From preliminary studies, the hepatic uptake of 
Mn-DPDP does not appear to be reduced by the 
presence of biliary obstruction in contrast to that of 
Gd-EOB-DTPA and Gd-BOPTA (CLEMENT et al. 
1992; NI et al. 1994, 1995). 

In the case of acute hepatitis, the hepatic uptake 
of Gd-EOB-DTPA and Gd-BOPTA was diminished, 
suggesting that these agents could be used to evalu
ate liver function (KIM et al. 1997; MARZOLA et al. 
1997). 

Because the phagocytic activity of Kupffer cells is 
related to the functional state of the hepatocytes, dif
fuse liver diseases, such as hepatitis or liver cirrhosis, 
cause impairment of the hepatocyte function. This 
correlation between the functional state of the hepa
tocytes and the Kupffer cells has been the back
ground for the hypothesis of using SPIO particles as 
a method of evaluating liver function by imaging 
(KREFT et al.I997). Using SPIO particles, TERRIER et 
al. (1995) have shown a decreased phagocytic activ
ity in the liver following ischemia. CLEMENT et al. 
(1991) have demonstrated reduced uptake of SPIO 
particles in carbon tetrachloride induced liver cir
rhosis in rats. The same observation was made in pa
tients suffering from cirrhosis or hepatitis 
(ELIZONDO et al. 1990). MUHLER et al. (1993) have 
studied SPIO particles in acute rejection of liver 
transplants in rats. It has been shown in experimen
tal and clinical work that the decreased phagocytic 
activity of the Kupffer cells does not compromise the 
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efficacy of SPIO particles for tumor detection in liver 
cirrhosis (CLEMENT et al. 1991; YAMASHITA et al. 
1996; REIMER and TOMBACH 1998). 

Arabinogalactan coated ultrasmall super
paramagnetic iron oxide (USPIO) particles have also 
been used to study some aspects of liver functions. 
Asialoglycoprotein receptors can be used as markers 
of hepatocyte function (SMALL et al. 1994). Using 
arabinogalactan-USPIO, REIMER et al. (1991) have 
demonstrated in rat models a decreased uptake in 
acute hepatitis, chronic hepatitis, cirrhosis, but not 
in fatty liver. 

29.8 
Conclusions 

The field of specific contrast media for liver MRI is 
rapidly evolving and holds great promise. Today, it 
seems obvious that such contrast media will have a 
definite role in clinical practice. However, which 
type of contrast media will finally prevail, and for 
which indications, is still a matter of intense study 
and discussion. Such contrast media will improve 
detection and characterization of focal liver lesions. 

One aspect, which appears most exciting, is the 
use of hepato-specific contrast media for studying 
and quantifying liver function. Such an application 
would be of great interest for the diagnosis and prog
nosis of diffuse liver diseases. Besides, planning a 
liver resection in a patient with hepatocellular carci
noma and liver cirrhosis is a clinically important and 
frequent situation, in which evaluation of the func
tional "hepatic reserve", could have an important 
impact on patient management. Functional liver im
aging using MRI is, however, still in the domain of 
experimental research and has not yet made a break
through into clinical practice. 
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30.1 
Introduction 

With advances in imaging and surgical techniques, 
the number of patients undergoing partial hepatec
tomies for primary or secondary liver tumors have 
significantly increased during the past decade. Im
provements in imaging modalities have contributed 
to early detection, precise localization and charac
terization of liver lesions (MENU 1998). Refinements 
in surgical techniques have reduced both the mor
bidity and the mortality rates from elective hepatec
tomy and have allowed surgeons to consider more 
extensive resections. Nevertheless, in most patients 
with liver tumors, surgery is not an appropriate op
tion. Patients with primary hepatocellular carci
noma (HCC) are often poor surgical candidates, be
cause of the lack of hepatic reserve resulting from 
coexisting liver cirrhosis or the presence of multiple 
lesions at the time of the diagnosis (LENCIONI and 
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BARTOLOZZI 1997; COLOMBO 1997; JOHNSON 1997). 
Also, in most patients with hepatic metastases resec
tion is not feasible because the lesion is adjacent to 
critical vascular structures or too many segments 
are involved that resection would not leave enough 
liver tissue for survival (STEELE and RAVIKUMAR 
1989). 

Therefore, nonsurgical interventional therapies 
for tumor ablation have gained an increasingly im
portant role in the treatment of liver malignancies 
(DE SANCTIS et al. 1998; LIN et al. 1997). These tech
niques have emerged as powerful therapeutic tools 
with a constantly growing number of applications 
(LIN et al. 1997). Two fundamentally different ap
proaches of treatment have been used: (a) the direct 
percutaneous image-guided approach, in which 
chemical or thermal ways of tissue destruction are 
used, as in intratumor injection of alcohol or in 
radiofrequency or laser thermal ablation; and (b) the 
intraarterial approach, in which chemotherapeutic 
agents and embolic materials are injected via a cath
eter inserted into the branches of the hepatic artery, 
as in transcatheter arterial embolization or chemo
embolization (LENCIONI and BARTOLOZZI 1997; 
DALLA PALMA 1998). 

One of the most difficult and troublesome issues 
of interventional techniques of liver tumor ablation 
is how to correctly confirm complete necrosis of the 
treated lesion, which would be equivalent to surgical 
resection. Although definite proof of the effective
ness would be indicated by the absence of viable tu
mor cells, it is impossible to know the histologic 
characteristics of the whole tumor even if repeated 
biopsies are performed. Thus, biopsy can be consid
ered entirely reliable for evaluating therapeutic effi
cacy solely when it shows viable malignancy. Serum 
tumor markers are of limited usefulness for assess
ing tumor response. Patients with small HCC, in fact, 
frequently have normal pretreatment levels of alpha
fetoprotein (AFP). Moreover, tumor markers levels 
can diminish or return to normal even when the ne
crosis of the tumor is only partial. Therefore, the 
evaluation of the therapeutic effect of interventional 
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procedures is based mainly on findings at imaging 
studies, which should accurately reflect the degree of 
the treatment and show areas of residual tumor. This 
is particularly important since in case of incomplete 
necrosis of the lesion, the treatment can be repeated, 
and tumor ablation can be further pursued. In this 
chapter, we discuss the imaging findings and the di
agnostic criteria that can be useful to establish the 
outcome of the most widely used interventional pro
cedures for liver tumor ablation. 

30.2 
Percutaneous Ethanol Injection 

Percutaneous ethanol injection (PEl) is a therapeu
tic technique that has been established since 1986 
(LIVRAGHI et al. 1986). Alcohol enters the cells by 
diffusion, producing immediate cellular dehydration 
and protein denaturation, which result in coagula
tive necrosis of the tumor. In addition, ethanol in
duces a chemical vasculitis followed by thrombosis 
of small vessels within and around the tumor. PEl is 
currently used for treating small, nodular-type HCC 
lesions less than 3-4 cm in greatest dimension 
(LENCIONI et al. 1995a, 1997; LIVRAGHI 1998; 
LIVRAGHI et al. 1995; CASTELLANO et al. 1997; 
POMPILI et al. 1997; KUMADA et al. 1997), and can be 
profitably combined with transarterial chemo
embolization to treat larger HCC tumors (TANAKA 
et al. 1992, 1998; BARTOLOZZI et al. 1995; KODA et al. 
1994; LENCIONI et al. 1998b; ALLGAIER et al. 1998). 

PEl is best administered under US guidance be
cause real-time control allows for a faster procedure, 
precise centering of the needle in the target, and con
tinuous monitoring of the procedure. This last point 
is crucial since one must be able to evaluate the dis
tribution of the injected ethanol in order to achieve 
complete perfusion of the tumor or to detect imme
diately ethanol leaks outside the lesion, which may 
cause complications such as injury of the bile ducts 
or chemical thrombosis of liver vessels adjacent to 
the tumor (LENCIONI et al.1995c; LIN et al.1997).An 
inherent limitation of gray-scale US, however, is its 
inability to evaluate the therapeutic effect of treat
ment. In fact, although PEl usually causes substantial 
changes in the US pattern of the lesion, it is almost 
impossible to evaluate with US the necrotic area pro
duced by PEl, owing to the similar appearance of ne
crosis and viable neoplastic tissue (BARTOLOZZI and 
LENCIONI 1996). US can be used to demonstrate re
duction of tumor size after treatment, which may in-
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dicate successful therapy. However, it takes a consid
erable length of time to evaluate the therapeutic ef
fect of treatment, judging from the reduction of le
sion size after treatment. 

To achieve information regarding the therapeutic 
response of the tumor during the course of PEl treat
ment' the use of color Doppler US is to be recom
mended. HCC, in fact, is a hypervascular tumor in 
which color signals with an arterial Doppler spec
trum are usually well depicted before treatment, par
ticularlywhen using the power Doppler mode or in
jecting microbubble contrast agents to enhance the 
Doppler signal (LENCIONI et al. 1996; UENO et al. 
1998; KIM AY et al. 1998). After successful ablation, 
color signals become no longer detectable on either 
un enhanced or contrast -enhanced color Doppler VS 
studies (LENCIONI et al. 1995b; BARTOLOZZI et al. 
1998; UENO et al. 1998). In contrast, in lesions con
taining residual viable tumor, color signals are usu
ally still recognizable. In these cases, the portion of 
the tumor in which color signals are still detec ted af
ter therapy closely matches the area of viable cancer 
as seen on spiral CT scans (Figs. 30.1-30.4). ~'here
fore, contrast-enhanced color Doppler US is also ex
tremely useful in the retreatment of lesions with PEl 
because it allows for precise targeting of the needle 
in the viable portion of the tumor (BARTOLOZZI et at 
1998). 

Use of color Doppler US, however, is limitfd be
cause not all native tumors demonstrate a distinct 
intratumoral blood flow (LENCIONI et al. 1995b; 
BARTOLOZZI et al.1998; UENO et al.1998). MOfl~over, 
small portions of viable neoplastic tissue may go un
detected even when using the power Doppler mode 
coupled with contrast agents to maximize colo:~ sen-
sitivity. Hence, we do not suggest that color Doppler 
US should be used as the final diagnostic test for es-
tablishing the outcome of therapy. Rather, un
enhanced and contrast-enhanced color Doppler US 
studies could be used to monitor the response of the 
tumor during the course of PEl treatment. We sug
gest the performance of an un enhanced color Dop
pler US study of the lesion immediately before each 
PEl session: if intratumoral color signals are still de
picted, further ethanol should be administered be
cause the presence of residual tumor can be confi
dently assumed. In this case, unenhanced color :Jop
pIer US can also be used to target the viable ponions 
of the tumor during the injection. On the contrary, 
when no intratumoral blood flow signals are found 
on the unenhanced color Doppler US, the contrast
enhanced color Doppler US study can be performed 
to search for residual viable tumor areas undetected 
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Fig. 30.1a-d. Contrast-enhanced color Doppler US performed before treatment shows hypervascular tumor (a). Contrast
enhanced power Doppler imaging better delineates the vascular architecture of the native tumor (b). After percutaneous 
ethanol injection, residual viable tumor is demonstrated by contrast-enhanced power Doppler US in the antero-medial aspect 
of the tumor (arrow in c). After additional treatment with percutaneous ethanol injection, targeted in the areas of residual 
hypervascular tissue, complete absence of flow is demonstrated by contrast-enhanced power Doppler US (d) 

Fig.30.2a,b. Contrast-enhanced color Doppler US performed after percutaneous ethanol injection shows a small area of 
residual viable tumor in the anterior aspect of the lesion. After additional ethanol injections, performed with contrast
enhanced color Doppler US guidance, the small viable portion of the tumor is no longer detected on contrast-enhanced color 
Doppler US (b) 

b 
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Fig. 30.3a-d. Same case as in Fig. 30.1. Dual-phase spiral CT in the arterial (a) and the portal venous phase (b) performed after 
ethanol injection therapy shows residual hypervascular tumor in the antero-medial aspect of the lesion (arrow in a), corre
sponding to findings in Fig. 30.lc. Repeated spiral CT in the arterial (c) and the portal phase (d) after further treatment of thE 
lesion shows complete tumor necrosis, corresponding to findings in Fig. 30.ld 

by the unenhanced study and to target these viable 
portions of the tumor during the injection. When no 
intratumoral enhancing areas are depicted on con
trast -enhanced color Doppler US, further evaluation 
with spiral CT or dynamic MR imaging can be 
scheduled to confirm the favorable outcome of treat
ment and rule out possible false-negative results 
(BARTOLOZZI et al. 1998). 

Spiral CT and dynamic contrast-enhanced MR 
imaging, in fact, are recognized as the standard im
aging modalities for evaluating the response of HCC 
to PEl (BARTOLOZZI et al. 1994a,b; SIRONI et al. 1994; 
BECKER et al. 1997). With spiral CT, lesions ablated by 
PEl appear as hypoattenuating, nonenhancing areas 
in both the arterial and the portal venous phases 
(Fig. 30.5) (BARTOLOZZI and LENCIONI 1996; JOSEPH 

et al. 1993). On the contrary, in the case of partial ne
crosis, the areas of residual viable neoplastic tissue 
can be easily recognized as they stand out in the ar
terial phase against the faintly enhanced normal 
liver parenchyma and the unenhanced areas of co
agulation necrosis (Fig. 30.6) (BARTOLOZZI and 
LENCIONI 1996; JOSEPH et al.1993). 

The enhancement pattern of the tumor-bearing 
area, however, must be carefully examined to assess 
the outcome of therapy. In particular, the finding of a 
wedge-shaped area of increased enhancement dur
ing the arterial phase in the vicinity of the treated 
lesion must be differentiated in terms of whether re
sidual or recurrent infiltrative-type HCC is demon
strated or whether a hyperperfusion abnormality is 
present. Hyperperfusion abnormalities following 
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Fig.30.4a,b. Same case as in Fig. 30.2. a Arterial-phase spiral CT performed after ethanol injection therapy shows small area 
of residual viable tumor (arrow), corresponding to findings in Fig. 30.2a. b After the second treatment cycle, the enhancing 
area is no longer depictable on the arterial-phase spiral CT image, corresponding to findings in Fig. 30.2b 

Fig. 30.5a-d. Hepatocellular carcinoma with complete necrosis after percutaneous ethanol injection. Before treatment, the lesion 
is slightly hyperdense in the arterial phase (a) and isodense in the portal phase (b). After treatment, the tumor is replaced by a 
hypoattenuating area of coagulation necrosis, which fails to enhance in the arterial (c) and the portal venous phase (d) 
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Fig. 30.6a-c. Hepatocellular carcinoma with partial necrosis 
after percutaneous ethanol injection. Before treatment, the 
lesion appears hyperattenuating in the arterial phase (a). Af
ter ethanol injection therapy, most of the lesion is destroyed 
and appears hypoattenuating in the arterial phase spiral CT 
image (b). Residual enhancing viable tumor tissue is still 
present in the postero-medial aspect of the tumor (arrow in 
b). After additional treatment with transcatheter arterial 
chemoembolization, Lipiodol is retained in the viable por
tion of the tumor (c) 

C. Bartolozzi et al. 

PEl may be caused by PEl-induced chemical throm
bosis in the peripheral portal vein branches sur
rounding the lesion or because of microscopic arte
riovenous shunts produced by needle injury. Dis
tinction between tumor progression and hyper
perfusion abnormalities may be difficult, and re
quires accurate comparison of pretreatment and 
posttreatment studies (Yu et al. 1997; KIM TK et al. 
1998; LENCIONI et al. 1993). 

With unenhanced MR imaging, alcohol-induced 
necrosis is usually shown as a markedly hypointense 
area on spin-echo T2 weighted images (BARTOLOZZI 
et al. 1994a; SIRONI et al. 1994). This peculiar feature 
is due to the strong dehydrating effect of alcohol, 
which results in a coagulative necrosis of the tumor. 
Conversely, viable neoplastic tissue that persists af
ter treatment maintains the high signal intensity 
shown on spin-echo T2 weighted images obtained 
before treatment and can therefore be recognized as 
a hyperintense area. To enhance the diagnostic accu
racy of MR imaging, the use of dynamic studies after 
the administration of a paramagnetic contrast agent 
is to be recommended (BARTOLOZZI et al. 1994a; 
SIRONI et al. 1994). Dynamic contrast-enhanced MR 
imaging, like spiral CT, may clearly show the pres .. 
ence of residual viable tumor because of the early 
arterial uptake of contrast resembling that of native 
lesions. Necrotic tumor, in contrast, fails to enhance 
throughout the entire dynamic study (Fig. 30.7) 
(FUJITA et al. 1998). 

Also with MR imaging, hepatic parenchymal 
hyperperfusion abnormalities may be seen adjacent 
to a treated HCC on dynamic contrast-enhanced MR 
images (ITO et al. 1995). In addition, a thin and regu
lar peripheral rim, which enhances in the delayed 
phase, may be detected around the necrotic area pro
duced by PEL This feature is due to the presence of 
granulation tissue along the periphery of the treated 
lesion and should not be misinterpreted as tumor 
persistence of recurrence (LENCIONI et al. 1993, 
SIRONI et al. 1991; KUBOTA et al. 1989; SIRONI ft al. 
1993; NAGEL and BERNARDINO 1993). In the case of 
questionable enhancing areas at the periphery of the 
tumor, MR imaging has an inherent advantage over 
spiral CT, as additional information can be obtained 
with the use of tissue-specific MR contrast agents, 
such as those targeted to the reticulo-endothelial 
system. Residual or recurrent viable tumor, in fact, 
does not take up the agent, and can therefore be dis
tinguished from perfusion abnormalities, in which 
the uptake of reticulo-endothelial system-specific 
agents is usually normal (NArK et al. 1997; Ros eT al. 
1995). 
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The follow-up protocol for HCC patients who un
derwent PEl includes: US and assays for AFP level at 
3-month intervals, and spiral CT or dynamic MR im
aging at 6-month intervals. Patients must be studied 
to diagnose either recurrences of the treated tumors 
or recurrences caused by the emergence of new 
nodular lesions (NISHIZAKI et al. 1997). Complete re
sponse is considered to be obtained when no en
hancing areas are seen at the level of the treated le
sion on contrast-enhanced CT or dynamic MR imag
ing, reduction in size persisting during the follow
up, and serologic markers remaining stable. 

30.3 
Transcatheter Arterial 
Chemoembolization 

Transcatheter arterial chemoembolization (TACE) is 
a therapeutic technique that was developed in the 
late 1970s by Eastern investigators. Over the last ten 
years, this procedure has been increasingly used for 
the treatment of HCC, initially in Asia and then in 
Europe (LENCIONI and BARTOLOZZI 1997; Groupe 
d'Etude et de Traitement du Carcinome Hepato
cellulaire 1995). The aim of intraarterial chemo
therapy is to increase the concentration of antican
cer agents within the tumor. Arterial embolization, 
in contrast, aims at creating tumor necrosis by is
chemia and relies on the fact that the main blood 
supply from HCC comes from arteries while non
tumoral hepatic tissue is supplied by the portal vein. 
In TACE, intraarterial chemotherapy and arterial 
embolization are combined in an attempt to en
hance the anticancer effect of each of the two proce
dures. TACE allows a drug concentration to be 
achieved in the tumor 10 to 25 times greater than 
can be achieved by infusion alone (LENCIONI and 
BARTOLOZZI 1997). Moreover, up to 85% of the ad
ministered drug is trapped in the liver, minimizing 
systemic toxicity. The use of iodized oil in combina
tion with a chemotherapeutic agent (anticancer-in
oil emulsion) further increases the duration of can
cer cell exposure to the drug. The iodized oil drop
lets deposited in the tumor, in fact, disappear at a 
slower rate compared with those deposited in the 
normal liver tissue, and remain for many months 
within HCC nodules (TANAKA et al. 1992; 
BARTOLOZZI et al. 1995; KODA et al. 1994; LENCIONI 
et al. 1998b; ALLGAIER et al. 1998; TANAKA et al. 
1998). 

473 

The effect of TACE on liver tumors depends on 
the morphologic type of the lesion and on its vascu
lar supply. TACE is well indicated for treating 
hypervascular, encapsulated HCC, which is almost 
completely fed by hepatic arterial blood and there
fore highly responsive to hepatic arterial emboliza
tion (LENCIONI and BARTOLOZZI 1997; CHOI et al. 
1992; MATSUI et al. 1993). In contrast, in hypo
vascular or nonencapsulated tumors or in tumors 
showing extracapsular invasion of neoplastic cells, 
TACE often fails to induce complete necrosis of the 
lesion. In fact tumor cells, either unimpeded by the 
absence of a capsule or spreading across the capsule 
itself, invade the adjacent liver parenchyma, thus ob
taining additional blood supply from the sinusoidal 
portal system. TACE represents the treatment of 
choice for patients with multinodular HCC, pro
vided that the main portal vein branches are not in
volved in tumor and that tumor replacement of liver 
parenchyma does not exceed 30-40% (LENCIONI 
and BARTOLOZZI 1997). Moreover, TACE is used in 
combination with PEl for the treatment of large, 
nodular-type HCC (TANAKA et al.1992; BARTOLOZZI 
et al. 1995; KODA et al. 1994; LENCIONI et al. 1998b; 
LIN et al. 1997; LENCIONI et al. 1994b). 

TACE is usually performed by injecting a mixture 
of iodized oil and an anticancer drug followed by 
gelatin sponge particles. The iodized oil (Lipiodol) is 
the iodinated ethyl ester of the fatty acid of poppy 
seed oil and contains 37-38% iodine by weight. Since 
the injection of Lipiodol into the hepatic artery is 
followed by its selective and prolonged retention 
within HCC, on un enhanced CT scans performed 3-
4 weeks after TACE, treated lesions appear as highly 
hyperattenuating areas compared with non
tumorous liver tissue, from which iodized oil is rap
idly washed out. The degree of Lipiodol retention 
within the lesion as shown by CT helps predict the 
outcome of therapy: in fact, complete and homoge
neous concentration of Lipiodol is usually associ
ated with a favorable response to therapy (Figs. 30.8, 
30.9), whereas partial and inhomogeneous retention 
of iodized oil indicates minor or no response (Figs. 
30.10,30.11) (CHOI et al. 1992; KIM TK et al. 1998; 
LENCIONI et al.1994a). 

However, limited persistence of tumor after treat
ment may sometimes be difficult to assess by CT be
cause the high attenuation of the iodized oil trapped 
within the lesion does not allow a confident inter
pretation of contrast -enhanced spiral CT studies 
(BARTOLOZZI et al. 1994b; TAKAYASU et al. 1994; 
MURAYAMA et al. 1986). 
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Fig. 30.7a-1. Hepatocellular carcinoma with complete necrosis after percutaneous ethanol injection. Before treatment, the 
lesion is slightly hyperintense on spin-echo Tl-weighted MR image (arrow in a) and isointense on spin-echo T2-weightec MR 
image (b). The contrast-enhanced dynamic MR study (baseline, c; arterial phase, d; portal phase, e; delayed phase, f) confirms 
uninodular tumor. Note early contrast uptake in the arterial phase image (d). After ethanol ablation, the tumor is hyperintense 
with hypointense halo on spin-echo Tl-weighted image (g) and definitely hypointense on spin-echo T2-weighted image (h). 
No contrast uptake is seen throughout the dynamic study (baseline, i; arterial phase, j; portal phase, k; delayed phase, I). Note 
peripheral enhancing halo in I corresponding to inflammatory reaction along the area of coagulation necrosis 
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Fig. 30.7g-1 (Continued) 
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MR imaging has a specific advantage over CT in 
the evaluation of the response to TACE: in fact, the 
influence of the intratumoral retention of iodized oil 
on MR signal intensity is minimal. Therefore, the 
identification of persistent neoplastic tissue within 
the treated tumors may be easier on contrast-en
hanced MR images than on contrast-enhanced spiral 
CT scans (Fig. 30.12) (BARTOLOZZI et al.I994b). 

The advantage of MR imaging over spiral CT is 
even more manifest in lesions treated with a combi
nation of TACE and PEL In this case, in fact, the co
existence of hyperattenuating areas (due to Lipiodol 
retention) and hypo attenuating areas (caused by 
ethanol-induced necrosis) makes the interpretation 
of the contrast -enhanced CT study very difficult. On 
the contrary, the different necrotizing effects of 
TACE and PEl result in the same appearance (ab
sence of enhancement) on dynamic contrast-en
hanced MR images, thus making the assessment of 
the response to therapy easier (BARTOLOZZI et al. 
1994b; YOSHIOKA et al. 1990). 

The standard follow-up protocol for HCC patients 
who underwent TACE or combined TACE and PEl 
includes AFP level measurement and contrast-en
hanced CT or MR imaging at 3-month intervals. 
Color Doppler US with administration of echo-en
hancers can also be useful in selected cases, but has a 
limited role in the presence of multinodular disease 
because of the difficulty of studying multiple lesions 
and comparing different examinations over time 
(KIM DE et al. 1998). 

30.4 
Radiofrequency Thermal Ablation 

Radiofrequency (RF) thermal ablation is a percuta
neous technique that has been developed during the 
past few years in an attempt to overcome the limita
tions of ethanol injection, particularly in the treat
ment of hepatic metastases (ROSSI et al. 1996, 1998; 
SOLBIATI et al. 1997a,b; LENCIONI et al. 1998a; 
SOLBIATI 1998; GOLDBERG et al. 1998a,b). With this 
technique, RF waves are used to induce thermal ab
lation of small hepatic malignancies. An alternating 
current, in fact, flows from the uninsulated tract of 
the active electrode to the tissue. Ionic agitation is 
produced in the tissue around the electrode, as the 
ions attempt to follow the changes in direction of the 
alternating current, resulting in frictional heating, Fig. 30.8 a-c 

which ultimately causes coagulation necrosis of the 
tumor. 

C. Bartolozzi et al. 
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1 Fig. 30.Sa-e. Hepatocellular carcinoma treated with trans

catheter arterial chemoembolization. a Before treatment, spi
ral CT in the arterial phase shows the lesion as a hyper
attenuating nodule. Digital subtraction angiography (b) con
firms uninodular hypervascular tumor. After chemo
embolization, complete devascularization of the tumor is 
seen angiographically (c). CT scan obtained 4 weeks later 
shows dense and homogeneous retention of iodized oil, sug
gesting complete tumor response (d). No contrast uptake at 
the periphery of the tumor is demonstrated in the arterial 
phase image (e) 

----------------------------~ 
Fig. 30.9a-d. Small hepatocellular carcinoma with complete 
response after chemoembolization. Spiral CT performed be
fore treatment shows the lesion as a hyperattenuating nodule 
in the arterial phase (a). Four weeks after chemo
embolization, dense and homogeneous retention of Lipiodol 
is observed within the tumor on unenhanced CT scan (b). No 
contrast uptake at the periphery of the lesion is detected in 
the arterial (c) and the portal venous phase (d) 
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RF thermal ablation is a promising and rapidly 
evolving technique for the treatment of liver malig
nancies. Until a few years ago, RF treatment per
formed with a single, unmodified monopolar elec
trode was capable of producing cylindrical lesions 

C. Bartol.nzi et al. 

Fig. 30.lOa-e. Hepatocellular carcinoma treated with 
transcatheter arterial chemoembolization. Pretreatment spi
ral CT in the arterial (a) and the portal phase (b) demon
strates nodular lesion of the VI hepatic segment. Digital sub
traction angiography confirms uninodular tumor with pe
ripheral basket-like neovascularization (c). After 
chemoembolization, tumor devascularization is seen on an
giography (d). CT scan obtained 4 weeks later shows incom
plete and inhomogeneous retention of iodized oil, sugg€ sting 
partial response (e) 

no greater than 1.6 cm in diameter. Recent improve
ments in the RF technique included the developnent 
of expandable electrode needles with multiplf re
tractable lateral exit jackhooks on the tip, and the 
introduction of high-power generators coupled with 
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dual-lumen, cooled-tip electrode needles (ROSSI et 
al. 1996, 1998; SOLBIATI et al. 1997a,b; LENCIONI et al. 
1998a; GOLDBERG et al. 1998a,b). With these ad
vances, the extent of coagulation necrosis that can be 
obtained with a single-probe insertion has substan-
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Fig. 30.1 la-e. Multinodular hepatocellular carcinoma with 
complete response after chemoembolization. Spiral CT per
formed before treatment shows main tumor and satellite le
sion (arrows) that are hyperdense in the arterial phase (a) 
and iso-hypodense in the portal phase (b). On unenhanced 
CT scan obtained four weeks after chemoembolization, the 
main tumor shows partial and inhomogeneous retention of 
iodized oil, while the daughter nodule appears homoge
neously hyperattenuating (c). Contrast-enhanced images in 
the arterial (d) and the portal (e) phases demonstrate re
sidual viable enhancing tumor tissue within the main lesion 

tially increased. These generators, in fact, are capable 
of producing spherical or nearly spherical volumes 
of thermal necrosis up to 3-4 cm in diameter with a 
single-probe insertion (SOLBIATI et al. 1997a,b; 
LENCIONI et al. 1998a; GOLDBERG et al. 1998a,b). 
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Fig. 30.12a-f. Hepatocellular carcinoma treated with transcatheter arterial chemoembolization. Before treatment, the lesion is 
hyperattenuating in the arterial phase (a) and hypoattenuating in the portal phase (b). CT scan obtained 4 weeks lfter 
chemoembolization shows dense and homogeneous retention of iodized oil, suggesting complete tumor response (c). No 
contrast uptake at the periphery of the tumor is demonstrated in the arterial phase image (d). Fast spin-echo T2-weighted MR 
image shows the lesion as a hypointense nodule, suggesting coagulative necrosis (e). Gd-DTPA-enhanced spin-echo Tl
weighted MR image fails to demonstrate contrast uptake by the lesion, confirming complete response (f) 
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Among other interventional methods of local tis
sue destruction, RF ablation has some inherent ad
vantages. Compared with percutaneous ethanol in
jection, RF treatment produces a more predictable 
volume of necrosis at every insertion and is not im
paired by the hard consistency of metastatic tissue, 
which makes ethanol injection ineffective in second
ary tumors. With respect to laser photocoagulation, 
RF treatment is less expensive and seems to create a 
larger coagulation necrosis volume for each needle 
insertion, thus simplifying the procedure and short
ening the treatment time. Cryosurgery, on the other 
hand, has disadvantages in that it requires laparo
tomy to place the probe directly into the lesion and 
the larger probe size significantly increases the mor
bidity of the procedure. 

The evaluation of the therapeutic effect of the 
procedure results in different problems according to 
the histotype of the malignancy. In the case of HCC, 
in fact, the assessment of tumor response is easier by 
virtue of the typical hypervascular pattern of this 
neoplasm. Hence, residual viable tumor tissue after 
RF therapy can be identified with the different imag
ing modalities (color Doppler US, spiral CT, or dy
namic MR imaging) by using the same diagnostic 
criteria reported above for lesions treated with PEL 
Therefore, contrast-enhanced color and power Dop
pler US can be useful to monitor the outcome of 
therapy and, in the case of partial ablation, to target 
areas of residual viable tumor, whereas spiral CT or 
dynamic MR imaging should be used as a final diag
nostic test to establish the outcome of treatment. 

It should be noted that, in the case of HCC, RF 
treatment tends to produce a volume of thermal ne
crosis that matches that of the original lesion. This is 
mainly due to the differences in tissue impedance 
between tumor interior and surrounding cirrhotic 
tissue. RF waves do not progress easily outside the 
lesion because of the reduced conductivity of cir
rhotic tissue. As a result, the heat deposition is 
higher within the tumor, and even lesions exceeding 
the expected necrosis volume can often be success
fully treated. In the case of HCC, the evidence of an 
un enhancing area replacing the entire lesion at spi
ral CT or dynamic MR imaging usually indicates 
successful ablation (ROSSI et al. 1996, 1998; GOLD
BERG et al.1998b). 

The same criteria, however, cannot be confidently 
adopted in the case of metastatic lesions. There are 
some important differences between metastases and 
HCC that must be taken into account when assessing 
treatment outcome. First, metastases (with few ex
ceptions) are hypovascular lesions: hence, residual 
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viable tumor tissue will not stand out in the arterial 
phase images obtained with spiral CT or dynamic 
MR imaging, and intratumoral flow will be hardly 
identified by Doppler US, even by using the power 
mode in combination with microbubble contrast 
agents to maximize color sensitivity. Second, me
tastases do not have a clear lesion-to-liver interface 
like nodular-type HCC, but tend to strand into the 
surrounding liver parenchyma: hence, if the necrosis 
volume produced by RF treatment is nearly equiva
lent to that of the visible native lesion, tumor recur
rence caused by microscopic remains of tumor along 
the boundary is very likely to occur. 

Therefore, to make a confident diagnosis of suc
cessful ablation, it is necessary to depict an area of 
thermal necrosis volume exceeding that of the origi
nallesion, with at least a O.S-cm "safety margin" of 
coagulation necrosis in the liver parenchyma all 
around the lesion (Figs. 30.13-30.15). 

This "safety margin" can be obtained in the case of 
small metastatic lesions because the progression of 
RF waves outside the lesion is not impaired by the 
poor conductivity of cirrhotic tissue as in HCC, pro
vided that the lesion is not located close to vascular 
structures. Flowing blood within the vessels, in fact, 
acts as a heat sink and substantially limits the necro
tizing effect of RF treatment in the adjacent tissue 
(SOLBIATI et al. 1997a,b; LENCIONI et al. 1998a; 
GOLDBERG et al.1998a,b). 

If the imaging assessment of the outcome of 
therapy is performed shortly after the procedure, 
spiral CT and dynamic MR imaging may show the 
presence of a peripheral halo surrounding the 
treated lesion. This halo, which may be irregular in 
shape and thickness, enhances predominantly in the 
arterial phase, and is due to the inflammatory reac
tion along the periphery of the area of thermal ne
crosis. It is usually more pronounced in metastases 
than in HCC, as the injury produced in the liver pa
renchyma adjacent to the lesion is higher, because 
the lack of a clear border between tumor and normal 
liver and the higher conductivity of non-cirrhotic 
tissue facilitate progression of RF waves into the 
noncancerous parenchyma (Figs. 30.16, 30.17). 

This enhancing halo is depicted for several days 
after treatment, and usually disappears in later fol
low-up studies. It is of course of the utmost impor
tance to be aware of this feature to prevent misinter
pretation of a peripheral inflammatory reaction as
sociated with a successful ablation as tumor progres
sion. To make a reliable assessment, it is crucial to 
compare pretreatment and posttreatment studies 
performed by using the same technical examination 
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Fig. 30.13a,b. Small hepatic metastasis treated with radiofrequency thermal ablation. Comparison between pretreatment (a) 
and posttreatment CT (b) shows an area of coagulation necrosis exceeding the size of the lesion. At least a D.S-crn safety 
margin around the lesion is observed 

Fig. 30.14a-d. Hepatic metastastis treated with radiofrequency thermal ablation. Comparison between CT images obtlined 
before (precontrast, a; postcontrast, b) and after treatment (precontrast, c; postcontrast, d) shows an area of coagulation 
necrosis that matches the native lesion. There is no safety margin around the lesion. Tumor recurrence is predictable on the 
basis of CT findings 
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Fig. 30.1Sa-c. Hepatic metastastis treated with radiofre
quency thermal ablation. a Pretreatment CT shows solitary 
metastasis of VII hepatic segment. After radiofrequency ther
mal ablation, partial necrosis is seen, with residual viable tu
mor in the antero-lateral aspect of the lesion (b). Following 
repeated radiofrequency ablation, a larger area of necrosis 
replacing the lesion and part of surrounding parenchyma is 
depicted (c) 
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Fig. 30.16a-c Hepatic metastastis treated with radio
frequency thermal ablation. Spiral CT in the arterial (a) and 
the portal phase (b), performed two days after the procedure, 
shows a central area of necrosis with peripheral enhance
ment due to marked inflammatory reaction. The same fea
ture is less evident in the contrast-enhanced MR image ac
quired 2 weeks later (c) 
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Fig. 30.17a-c. Hepatic metastastis treated with radio
frequency thermal ablation. Ultrasound image acquired at 
the time of the insertion of the electrode needle (a). Dual
phase spiral CT in the arterial (b) and the portal phase (c) 
shows hypo attenuating area of necrosis with peripheral en
hancement due to inflammatory reaction 

C. Bartolozzi et al. 
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Fig. 30.18a-f. Hepatic metastastis treated with radio- ~> 

frequency thermal ablation. Before treatment, the small le
sion (arrow) appears hypoattenuating in both the arterial (a) 
and the portal phase (b). After ablation, an area of coagula
tion replacing the lesion as well as part of surroundin,s pa
renchyma is detected (c, arterial phase; d, portal phase). Fol
low-up CT study after 6 months confirms complete tumor 
ablation (e, arterial phase; f, portal phase) 
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protocol (ROSSI et al. 1996 1998; SOLBIATI et al. 
1997a,b; LENCIONI et al. 1998a; GOLDBERG et al. 
1998a,b). 

A careful follow-up protocol is to be recom
mended in the case of metastases treated by RF abla
tion (Fig. 30.18). 
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The recurrence of the treated lesion, in fact, is 
more frequent in metastases than in HCC. In addi
tion, patients with metastases, because of the biology 
of the disease, are at high risk of developing new in
trahepatic lesions or extrahepatic metastases. 
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31.1 
Introduction 

Ultrasonography (US), even associated with other 
imaging techniques, allows an exhaustive diagnosis 
of liver lesions only in some cases: however, it is not 
always possible to distinguish a malignant lesion 
from a benign one; in a high number of cases diag
nosis of histotype is impossible on the basis of imag
ing examination alone, even when completed by 
clinical and laboratory criteria. Ultrasound guided 
biopsy is the method of choice for diagnostic pur
poses in this field. 

L. BUSCARINI, MD; Chief, Department of Gastroenterology, 
General Hospital, Cantone del Cristo 40, 1-29100 Piacenza 
Italy 
E. BUSCARINI, MD; Department of Gastroenterology, General 
Hospital, Cantone del Cristo 40, 1-29100 Piacenza Italy 
R. FORONI, MD; Department of Pathology, General Hospital, 
Via Taverna 49, 1-29100 Piacenza Italy 

31.2 
Procedure 

31.2.1 
Patient 

Biopsy is an invasive procedure and should be ap
plied only when a precise even if variable treatment 
for the patient cannot be achievable with less inva
sive methods. Preliminary to the biopsy informed 
consent should be obtained, preferably in written 
form, where mortality rate and some of the major 
complications are generally indicated. A detailed list 
is not useful because if only one of them is forgotten 
it could represent an element of fault if the forgotten 
one occurred. 

Biopsy can be performed in outpatients if there is 
no sign of a high risk of bleeding; in this case the pa
tient will remain under observation for two hours at 
least and will receive a second US observation before 
the discharge; obviously the patient should have the 
opportunity to be cared for by a responsible person, 
to contact the center and to be within easy reach of it 
(taking no longer than 1 h). 

Blood clotting tests: it is mandatory to perform an 
investigation of the coagulative status, by evaluating 
at least platelet number, prothrombin time (PT) and 
partial thromboplastin time (PTT). The values gen
erally accepted for the performance of biopsy are: 
platelet level not less than 50,000/mm3; PT not less 
than 40-50% and PTT within the normal range. 
However, in patients with severe impairment of 
blood clotting function who experienced liver bi
opsy complications, similar results to those in pa
tients without severe coagulopathy were found 
(CATURELLI et al. 1993). 

It is very important to point out the necessity of 
completing this step with an accurate anamnesis of 
previous bleedings and of eventual intake of drugs 
altering the coagulation. Assuming antiaggregants 
or calcium heparin at low dose, it is prudent to post
pone the biopsy for the time necessary for drug 
clearance. 
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Premedication is not necessary except some very 
specific cases of anxiety. 

31.2.2 
Guidance 

US guidance allows the performance of quicker and 
more accurate procedures than does computed to
mography (CT). In a recent comparison with CT 
guidance, US guidance resulted in a significantly 
shorter room time during performance of a tissue 
biopsy with cost savings and increase in the number 
of procedures (SHEAFOR et al. 1998). 

Guidance is generally performed by using a dedi
cated probe or a guidance device (which can be eas
ily sterilized) applied to a normal sector or convex 
probes (Fig. 31.1); in this way the trajectory is ob
lique; it is very easy to follow the needle but the dis
tance from the skin to the target is increased; with a 
perpendicular approach the access to the target is 
shorter but the visibility of the needle is often less 
clearer. It is necessary that the lesion coincides with 
an electronic marker on the US screen. 

In the first period of application of US guided bi
opsy the so called free hand technique was used, and 
has since been followed by some centers. The probe 
is covered by a sterile piece of plastic and the needle 
is inserted close to the probe at an appropriate angle 
to enter the US beam and to be monitored up to the 
target (LIVRAGHI 1984). By using a guidance device 
the diagnostic efficacy of the biopsy is very high also 
for small lesions (less than 3 cm) (FORNARI et al. 
1994). 

31.2.3 
Choice of Needles 

It is possible to use aspiration needles to collect cy
tological material (the needle caliber is always fine: 
less than 1 mm ) or needles to collect histologic ma
terial, which are, in many instances, fine needles 
even if in selected cases needles with a caliber of 
more than 1 mm can also be employed. 

Cutting needles are Menghini or Tru-cut modi
fied needles; the maneuver is the same as that using 
the original models. Many automated biopsy needles 
are commercially available, which can provide a high 
histologic recovery rate (MOULTON and MOORE 
1993). They facilitate the maneuver, particularly for 
nonexperienced operators. 

L. Buscarini et al. 

Fig. 31.1. Lateral guidance device applied to a convex probe; 
the fine needle has been inserted in the guide 

We point out that modification of the needle sur
face (by making the distal part of the outer cannula 
rough, grooved, hammered, or faceted), made to en
hance sonographic detectability (the so called echo
marker), entails more potential to drag cells along 
the outside of the needle during biopsy, as ex:peri
mentally shown; this observation has suggested cau
tion in the clinical use of needles with an echo
marker (BUSCARINI et al. 1997). 

31.2.4 
Technique 

The biopsy is performed without local anesthesia 
and with normal rules of antisepsis. In a recnt re·· 
port, 357 liver biopsies were performed with the so 
called free hand technique without using sterile 
gloves or drapes or covers. Before the procedure the 
transducer was cleaned with water and 70% alcohol. 
In a follow-up at six months no patient or operator 
presented with fever or sepsis and the search for vi
ral immunodeficiency virus antibodies or hepltitis 
markers remained negative (CATURELLI et al. 1 j96). 

The best approach generally corresponds to the 
shortest distance to the target; either subcostal (Ir in
tercostal approaches are possible. Special attention 
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must be given to the needle track. The perforation of 
colon loops, especially in immunocompromised pa
tients, may cause peritonitis due to dissemination of 
fecal material; on the other hand, the passage of the 
needle through the stomach or the small intestine 
seems to be without consequences. Moreover, it is 
important to avoid the passage through the main 
blood vessels and the gallbladder. To avoid hemor
rhage complications it is advisable to keep at least 1 
cm of normal parenchyma between the liver surface 
and the lesion (SOLBIATI et al.1985). The patient is in 
the left lateral decubitus or supine postition; after 
disinfection of the skin with iodized alcohol, the 
needle is introduced without local anesthesia, invit
ing the patient to hold the breath or to breathe super
ficially. Aspiration biopsy is performed by introduc
ing the needle to the target and, after withdrawal of 
the stylet, by connecting to a syringe generally 
mounted on a device shaped as a pistol to facilitate 
the aspiration. The needle performs movements up 
and down with a variable excursion, according to the 
diameter of the lesion. It is possible to obtain mate
rial also without aspiration but only for capillarity 
(FAGELMAN and CHESS 1990). 

Histology sampling is performed with Menghini 
modified needles (the needle is placed in the appro
priate site for the lesion, according to its dimensions; 
after placing the syringe in aspiration the needle is 
advanced for 1-3 cm to obtain a representative tissue 
sample) or with a Tru-cut needle (the needle is posi
tioned; the inner stylet is advanced and then the 
sheet, reported on the initial position, will trap the 
tissue located on the notched stylet). The bioptic ap
paratus is then retrieved. 

31.2.5 
Biopsy Material 

The optimal cellular material consists of a small 
amount of soft or semiliquid specimen with as little 
blood as possible. Cellular material is smeared im
mediately; a part of the slides is dried with air; a part 
is placed on ethanol. It is advisable to perform an 
immediate check of the collected material, by using 
a rapid staining; in any case it has been shown that 
two punctures will yield adequate material in most 
cases (CIVARDI et al. 1988). The tissue fragments are 
processed as for any normal biopsy. Cyto-his
tochemical andlor immunocyto-histochemical reac
tions are carried out on the obtained material (cells, 
tissue fragments). 

31.2.6 
Cost 
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The economic cost of US guided biopsy with a cut
ting needle has been calculated to be about US $200 
(LIVRAGHI et al. 1993); obviously the cost of aspira
tion biopsy is less, due to the lower costs of both the 
needle used and of sample processing. However, the 
economic impact of US guided biopsy implies a sav
ing of hospitalization days by obtaining a correct 
diagnosis in a shorter time (SILVERMAN et a11998; 
VERBANCK et al. 1994). 

31.3 
Indications and Results 

31.3.1 
Primary Malignant Liver Tumors 

31.3.1.1 
Hepatocellular Carcinoma 

US guided biopsy is the choice procedure for diag
nosis of hepatocellular carcinoma (HCC); only in 
selected cases can it be substituted by biopsy under 
laparoscopic control. There is a general agreement 
that biopsy can be omitted in cases with nodular le
sion in cirrhosis accompanied by increase of alpha
fetoprotein (AFP) serum levels to over 200-500 ngl 
ml. However, according to some authors a nodular 
lesion in cirrhosis can be considered with a good 
certainty a HCC and in patients who will undergo 
liver transplantation fine needle biopsy (FNB) 
should be omitted even in the absence of AFP modi
fications, and diagnosis can be performed only on 
the basis of imaging aspect. It has been pointed out, 
however, that a second tumor can arise in patients 
with HCC; B cell lymphoma has been observed in 
10/317 patients with HCC (3.1%) (DI STASI et al. 
1994). The contemporary presence of both tumors 
has also been described (CAVANNA et al. 1994). 

Biopsy can be carried out either with cytological 
sampling or with a cutting needle generally with fine 
caliber. Diagnostic accuracy of cytology is very high 
with a sensitivity of more than 90% and a specificity 
of 100% (BRET et al. 1988; SBOLLI et al 1990; 
BUSCARINI et al.1990; PEDIO et al.1988; SANGALLI et 
al. 1989). 

Cytology identifies different types of HCC: well 
differentiated, moderately differentiated and poorly 
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differentiated. In well differentiated HCCs the cells 
are very easily identified as hepatocytes but it could 
be very difficult to diagnose the malignant transfor
mation (Figs. 31.2-31.4); diagnosis is facilitated by 
the presence of a large number of naked nuclei 
which show the same alterations observed in integer 
cells: dimensional abnormalities, irregular shape, 
flower aspect, chromatin alterations, and prominent 
nucleolus (PEDIO et al. 1988). 

To facilitate differential diagnosis between HCC 
and dysplastic nodules (according to recent classifi
cation) histological sampling, performing if possible 
a double biopsy into the lesion and outside the le
sion, has been suggested (KONDO et al. 1989) or a 
double sampling with aspiration and with cutting 
needles to obtain either cytological and histological 
material (SANGALLI et al. 1989) (Fig. 31.5). 

Fig. 31.2. Well differentiated hepatocellular carcinoma. High 
cellularity with irregular hepatocitic trabeculae, surrounded 
by spindle endothelial cells. Hepatocytes maintain cellular 
cohesivity with slight irregularities and infrequent presence 
of nucleolus. Papanicolau, x250 

Fig. 31.3. Well differentiated hepatocellular carcinoma. Clus
ter of hepacytes with slight structural irregularities, some
times presenting intranuclear vacuoles. Presence of some 
endothelial cells. May-Grunwald Giemsa, x400 

L. Buscarini et al. 

Fig. 31.4. Well differentiated hepatocellular carcinoma, clear 
cell variety. High cellularity with irregular hepatocyte clus
ters without important atypias; cytoplasm relatively large, 
with numerous vacuoles. May-Grunwald Giemsa, x400 

In moderately differentiated HCC the cells can 
have a relatively large size; nuclear-cytoplasmic ra
tio is increased with chromatin alterations. Intra
nuclear cytoplasmic inclusions and intracytoplas
mic hyalin globules can be observed (Figs. 31.6, 
31.7). Poorly differentiated HCC is characterized b'y 
irregular cells, with nuclear pleomorphism, " high 
nuclear-plasmatic ratio, and prominent nucleoli; 
naked nuclei can be present (Figs. 31.8, 31.9). Diag
nosis of malignancy is easy but the hepatic cellular 
origin can sometimes represent a difficult diagnos
tic problem. 

A multicenter study was performed collecting a 
series of 680 patients with HCC double biopsy (aspi
ration and cutting), showing a higher diagnostic: 
sensitivity than single methods even if smear (ytol
ogy appears to be a highly effective diagnostic pro
cedure not only in moderately and poorly differenti
ated but also in well differentiated HCC (BUSCARINI 
et al. 1990; RAPACCINI et al. 1994). 

A recent study has compared the diagnostic value 
of cytology and microhistology by using a unique 
sampling with a modified needle which allows Ol tis
sue fragment and a cytological sample to be ob
tained simultaneously. In this situation the cytology 
showed a higher sensitivity than microhistology but 
the double examination in turn had a diagnostic 
sensitivity better than the single examina tion 
(CATURELLI et al. 1994). 

31.3.1.2 
Other Primary Malignancies 

HCC constituted more than 90% of the cases In a 
series of primary hepatic tumors from Japan. The 
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Fig. 31.5a,b. Well differentiated hepatocellular carcinoma. a 
Hepatocytic trabeculae have irregular thickness and are not 
uncommonly surrounded by spindle endothelial cells. Hepa
tocytes show minimal atypias. Hematoxylin-eosin, x250. b 
Diagnosis can be proposed by studying the reticulum, which 
appears practically absent. Gomori, x400 

Fig. 31.6. Moderately differentiated hepatocellular carci
noma. Cluster of hepatocytes with evident atypias: thicken
ing and irregularity of nuclear membrane, prominent 
nucleolus, intranuclear cytoplasmic inclusion, increase of 
nucleus/cytoplasm rate. The presence of bile globules mixed 
with tumoral cells concurs to identify the hepatic cellular 
nature. Papanicolau, x400 
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Fig. 31.7. Moderately differentiated hepatocellular carci
noma. Scattered atypical hepatocytes of relatively large size 
with evident structural disorder and anisocariosis. May
Grunwald Giemsa, x400 

Fig. 31.8. Poorly differentiated hepatocellular carcinoma. 
Hepatocytes with very atypical features, multinuclearity and 
prominent nucleoli. The hepatocytic nature is still evident 
above all due to cytoplasmic characteristics. Papanicolau, x400 

Fig. 31.9. Poorly differentiated hepatocellular carcinoma. 
Very atypical cells with evident anisocariosis. The observed 
irregularities, macronucleoli, present also in naked nuclei, 
multinuclearity and intracytoplasmic jalin globules, permit
ted the identification of the hepatocytic nature. May
Grunwald Giemsa, x400 
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remammg malignancies included intrahepatic 
cholangiocarcinoma and other rare forms. 

31.3.1.2.1 
CHOLANGIOCARCINOMA 
The prevalence of the tumor in cirrhosis ranges be
tween 14 and 23%; this association probably does 
not support a pathogenic role of cirrhosis in the de
velopment of peripheral cholangiocarcinoma (CC) 
similar to that established in the case of HCC and 
suggested in mixed tumors (CC-HCC). The diagnos
tic value of FNB has so far not been well established 
(CHERQUI et al. 1995). To distinguish CC from HCC 
is relatively easy with the help of immuno-his
to chemistry (KILPATRICK et al. 1993); but it may be 
difficult to differentiate a metastatic adenocarci
noma from a CC (DEKKER et al.I989). For these rea
sons it is advisable in patients suspected of having 
CC to rule out any primary extrahepatic adenocarci
noma as a possible source of metastasis. 

31.3.1.2.2 
ANGIOSARCOMA 
The tumor is highly vascularized and this character
istic is an important risk factor for liver biopsy 
(NESHIWAT et al. 1992); in the literature there are 
cases of death due to biopsy (LIVRAGHI et al. 1997). 
However, also in recent papers this danger has been 
erroneously ignored and the possibility of a cyto
logical diagnosis pointed out (CHO et aI1997). 

31.3.1.2.3 
LEIOMYOSARCOMA 
Primary leiomyosarcoma of the liver is a very rare 
tumor and with imaging findings a correct diagno
sis cannot be reached. The smooth muscle nature 
can be confirmed using various immunohisto
chemical markers (for actin, desmin, myosin); how
ever, the diagnosis of malignancy in differentiated 
forms is strictly dependent on the mitotic count and 
this feature can be identified only by histology ex
amination. In a recent report, in fact, a pathological 
diagnosis was obtained by using a US-guided biopsy 
with a coarse needle (CIVARDI et al. 1996). 

31.3.2 
Liver Metastases 

The approach to performing biopsy is different in 
cases without a previous tumor history or with a 
previous or simultaneous cancer. Two preliminary 
observations can help in reaching a correct judg-
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ment: in cirrhotic patients a nodular lesion is much 
more frequently a primary tumor (HCC) than a sec
ondaryone (MELATO et al. 1989). A small lesion (less 
than 1.5 cm in diameter) is probably benign even in 
an oncologic context (JONES et al. 1992). 

From a practical point of view in patients without 
an oncologic history the detection of a liver n Jdule is 
generally followed by a bioptic control; in an onco
logic context the biopsy is mandatory only if the di
agnosis of metastasis changes in a radical way the 
therapeutic program. If not, according to recent c'x
perience, when the US supports the suspicion of me-
tastasis the judgment is always correct and biopsy 
could be omitted (KHATTAR et al. 1994). 

In a recent retrospective study of a large series of 
oncologic patients it was observed that a US pattern 
of malignancy (peritumoral halo, hypo echoic focal 
lesion, multiple solid nodules) associated with ab
normal liver function tests had a positive predictive 
value of malignancy ranging from 96.2 to 100~1>. This 
high specificity supports the possibility of avoiding 
histologic confirmation when the exact diagnosis 
has no therapeutic implications (BRUNETON et a1 
1997). 

According to the literature the diagnostic accu
racy of US-guided biopsy is very high for meta stasis. 
In this case the use of cytology is generally sufficient 
(Fig. 31.10) as shown in a multicenter study: cytoil -

ogy resulted in a greater sensitivity than micro
histology and the double biopsy did not improve di
agnostic sensitivity. In some instances the routine 
staining must be completed by immunocytochemi
cal reactions (Figs. 31.11-31.13). The use of coarse 
needles is reserved only for cases where the sam
pling of a large amount of material is important for a 
more detailed diagnosis. 

31.4 
Complications 

The study of complications of liver FNB can bt, per
formed by using mono institutional series, 
multicenter surveys and the census of case reports. 
Obviously these reports do not allow the evaluation 
of the incidence of the complications but they em
phasize some specific aspects that it is important to 
know. On the other hand, an adverse event that often 
occurs can be a good index of the frequency of a 
complication. 

In multicenter surveys the complications ar~ re
lated to the whole series of procedures and the~r are 
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Fig. 31.10a,b. Liver metastasis from colon cancer. The 
histotype of a liver metastasis can be rarely suggested. How
ever, adenocarcinoma of digestive tract, if well differentiated, 
shows the typical cell palisade at the periphery of tumoral 
clusters. Also some normal hepatocytes are present. a 
Papanicolau, x400; b May-Grunwald Giemsa, x400 

not divided into single groups (depending on the 
target organ or structure). Therefore to find a num
ber of major complications due to liver biopsy does 
not identify the true risk of the procedure, because 
the total number of liver biopsies, from which the 
cases of complications have arisen, is unknown. 

Fatal complications: 7 cases of fatal complications 
after biopsy of HCC have been described all due to 
hemorrhage, but in only one case did a severe 
coagulopathy coexist. Three deaths have been de
scribed after puncture of angiosarcoma. 

Ten fatal complications after biopsy of liver me
tastasis have been described: 8 cases were due to 
bleeding. In one of them (metastasis from pancreatic 
cancer) hemorrhage was due to chronic dissemi
nated intravascular coagulation. In one case death 
was determined by carcinoid crisis and in the tenth it 
was of unknown origin (BUSCARINI and DI STASI 

1996). 
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Fig. 31.11a-c. High degree non-Hodgkin's lymphoma. Some 
reactive hepatocytes are associated with large sized lym
phatic cells, frequently with nucleoli. The lymphoid nature 
can be confirmed by a small panel of immunocytochemical 
reactions including common leukocytic antigen. 126, UCHLl 
and cytokeratin pool: the only two positive cells with this 
reaction are two normal hepatocytes. a Papanicolau, xl 000; b 
May-Grunwald Giemsa, xlOOO; c cytokeratin pool, x400 

An important major complication following the 
biopsy of malignant lesions is represented by tu
moral seeding along the needle track. Tumor seeding 
after biopsy is due to spreading of a critical number 
of cells and their deposition in a favorable microen-

a 

b 

c 
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Fig. 31.12a,b. Neuroendocrine tumor localized in the liver. 
Relatively small sized cells, dissociated or in small clusters, 
often with a microacinar structure. The absence of relevant 
atypias, the presence of intracytoplasmic inclusion together 
with microacinar aggregation allow in many instances the 
suggestion of the tumor nature only on the basis of routine 
staining. Immunocytochemical methods allow a sure diag
nosis. a May-Grunwald Giemsa, x400; b neuronal specific 
enolase, x400 

vironment. The phenomenon depends on several 
factors: the needle caliber (it has been calculated that 
doubling the needle caliber increases by 6 times the 
risk of dissemination); the number of passes per
formed; the tumor histology that is the cell 
cohesivity and their ability to produce tumor necro
sis factor, which increases the metastasizing capabil
ity in the area of damaged tissue; and finally the 
patient's immune status (ROUSSEL et al. 1989). Tu
moral seeding generally involves the subcutis and 
the omentum. The number of cases of seeding after 
FN biopsy of HCC collected in the literature are 10. 

The seeding appeared a relatively short time after 
FNB (about 5 months) and as expectation of life in 
these patients is generally greater the phenomenon 
could be considered as rare. However, it assumes a 
relevant clinical impact when the patient is proposed 
for a radical surgery: resection or graft. In these situ-
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Fig. 31.13. Liver metastasis from prostate cancer. Layer of tu
moral cells with strong atypias and with glandular aspects. 
Knowing the primary tumor, metastasis could be confirmed 
by routine staining and by two immunocytochemical reac
tions: for acid prostate phosphates and for prostate ,pecific 
antigen. Papanicolau, x400 

ations the problem whether to perform a diagnostic 
biopsy or not is still under discussion. 

After biopsy of liver metastases tumoral sfeding 
has been described in 9 cases: in 8/9 cases it was a 
metastasis due to colon cancer. 

Other major nonfatal complications were biliary 
peritonitis, sepsis, anaphylactic shock, and oneu
mothorax (BUSCARINI and DI STASI 1996). 

31.5 
Conclusions 

FNB of liver malignancies is increasing in popular
ity. The majority of malignant liver lesions cc.n be 
correctly diagnosed. Obviously some cases can pose 
diagnostic problems: in these difficult, even rare, 
situations the best approach is to use a multi
disciplinary team of pathologists, radiologists and 
clinicians (PISHARODI et al. 1995). 

FNB of liver masses offers the advantages of a 
decreased hospital stay and a lower economic cost. 
For these reasons FNB has been applied as a first 
step only on clinical and ultrasound indications. In 
this way significant economic savings resulted 
(VERBANCK et al. 1994). However, the real problem is 
to identify according to previous suggestions when 
FNB is necessary and useful and when it can be 
omitted. This question in the era of reduction 0' in
vasiveness of a medical approach cannot be consid
ered well defined. 
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32.1 
Introduction 

Image-guided percutaneous biopsy of a focal he
patic mass is among the most common interven
tional radiologic procedures performed today. Its 
increased use is related to advances in cytologic 
techniques, the safety of smaller biopsy needles, and 
to imaging methods that allow precise needle place
ment and monitoring. Most biopsies are performed 
to confirm suspected malignancy. However, percuta
neous biopsy is also used for characterization of be
nign hepatic lesions and inflammatory masses. An 
accurate histologic diagnosis can be obtained in 
more than 90% of cases, even with lesions smaller 
than 1.5 cm in diameter (MIDDLETON et al. 1997). 
Because of its accuracy and safety, percutaneous im
age-guided needle biopsy improves care to the pa
tient and lowers health care cost by eliminating un
necessary surgery, decreasing the need for other di
agnostic studies, and shortening the hospital stay 
and diagnostic workup. 

R.D. REDVANLY; Assistant Professor, Department of Radiol
ogy, Emory University Hospital, 1364 Clifton Road, N.E., 
Atlanta, GA 30322, USA 

Many successful techniques for image-guided 
percutaneous biopsy have been described. The 
method for image guidance is primarily dependent 
upon physician experience and preference, ability to 
identify the lesion to be biopsied, and availability of 
imaging technology. This discussion is not meant to 
be a comprehensive review of all biopsy methods re
ported in the literature. Rather, I will present the 
techniques that have been successful in our practice 
using computed tomography (CT) guidance for bi
opsy of a focal hepatic lesion. 

32.2 
Indications and Contra indications 

Most image-guided liver biopsies are performed to 
determine the etiology of a focal hepatic mass. In the 
patient with an extrahepatic malignancy, biopsy is 
utilized to determine if a mass represents metastatic 
disease, determine whether a hepatic mass is a sec
ond primary tumor, or to determine whether such a 
mass represents viable tumor or necrotic tissue after 
therapy. 

The patient with chronic liver disease poses a spe
cial problem to the clinician. These patients are at 
risk for development of hepatocellular carcinoma 
(HCC). In the setting of end-stage liver disease, foci 
of HCC are difficult to detect owing to severe alter
ations in portal hemodynamics and hepatic paren
chyma related to areas of regeneration, necrosis, and 
fatty infiltration. Furthermore, the cirrhotic patient 
often develops multiple nodular lesions that comprise 
a spectrum of nodular lesions ranging from regenera
tive nodules and dysplastic nodules to frankly malig
nant HCC which are often difficult to distinguish with 
noninvasive imaging techniques (CHOI et al. 1993). 
Consequently, any solid lesion found within the end
stage cirrhotic liver should be viewed with caution 
and considered to represent HCC until proved other
wise. Thus, biopsy is often performed in these patients 
to determine the nature of a solid focal lesion. 
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Due to increasing use of organ transplantation, 
intensive chemotherapeutic regimens, and the AIDS 
epidemic, immunocompromised patients are seen 
with increased frequency. These patients are at risk 
for opportunistic infections, but are also at increased 
risk for development of a variety of neoplasms such 
as lymphoma and Kaposi's sarcoma. Both opportu
nistic infections and malignant neoplasms may af
fect the liver. Because the clinical findings and imag
ing appearances may be nonspecific, image-guided 
biopsy is often necessary so that appropriate therapy 
can be initiated. 

The imaging appearance of benign hepatic le
sions, such as cavernous hemangiomas, is usually 
characteristic and can obviate biopsy in most cases. 
However, some lesions such as hepatic adenomas 
and focal nodular hyperplasias (FNH) may have fea
tures that overlap those of a malignant hepatic le
sion. In this situation, determination of a benign or 
malignant lesion may be difficult based on clinical 
and radiologic features. In these cases, percutaneous 
biopsy is useful to determine the etiology of such le
sions. 

Lastly, some hepatic abscesses can have an atypi
cal presentation. The imaging appearances of a he
patic abscess are quite variable and can mimic that 
of a necrotic tumor (HALVORSEN et al. 1984). Thus, 
biopsy is necessary to confirm the proper diagnosis 
and to determine appropriate therapy. 

There are two relative contraindications to per
forming percutaneous liver biopsy. The most com
mon is a bleeding diathesis, although, in most cases, 
administration of appropriate blood products (vita
min K, platelets, and/or fresh frozen plasma depend
ing on the type of coagulopathy) can improve the 
patient's hemostasis sufficiently to allow biopsy to be 
performed. Presently, there are no universal guide
lines for assessing a patient's hemostatic function 
prior to undergoing percutaneous interventional 
procedures (SILVERMAN, 1991). Since hemorrhage is 
the most common and potentially life-threatening 
complication that may occur after percutaneous bi
opsy, most radiologists screen for coagulation ab
normalities in advance (RAPAPORT 1990; SILVER
MAN 1990, 1991).At the very least, one should obtain 
a hematologic history from the patient. This alone 
has been shown to be the most accurate predictor of 
bleeding complications (ERBAN 1989). Although the 
indexes of coagulation in the peripheral blood cor
relate poorly with the risk of bleeding complications 
following laparoscopic liver biopsy, this is contrary 
to the experience of others in which thrombocytope
nia and prolonged prothrombin time are associated 
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with an increased risk of bleeding following percuta
neous liver biopsy (EWE 1981; SHARMA et al. 1982; 
GAZELLE et al. 1992, 1993a). Therefore, a thorough 
hematologic history and assessment of coagulation 
parameters should be performed prior to biopsy 
(SILVERMAN et al.1990, 1991; MURPHY et al.1993).At 
our institution, a platelet count and prothrombin 
time are routinely obtained. As a general rule, a 
platelet count greater than 50,000/mm3, a prothrom
bin time less than 40% above the normal range, a.nd 
INR less than 1.5 is sufficient. 

Since routine coagulation studies will not detect 
deficiencies in platelet function, it is recommended 
that aspirin or other non-steroidal antiinflammatory 
agents be stopped 7-10 days prior to biopsy. Assess
ment of platelet function with use of a bleeding time 
is not routinely performed. Instead, we rely on the 
absence of underlying predisposing conditions such 
as uremia or myeloproliferative disorders (SILVER" 
MAN et al. 1990). 

The second relative contraindication is the unco·· 
operative patient because uncontrolled patient 
movement hinders accurate needle placement and 
increases the risk of hepatic laceration and bleed
ing. 

In the past, a moderate to large amount of ascites 
was considered a contraindication to hepatic biopsy. 
However, it has been shown that the presenc(' of as
cites is not associated with an increased risk of 
bleeding complications and is not considered a con
traindication to biopsy, even in the cirrhotic patient 
(Fig. 32.1) (MURPHY et al. 1988; LITTLE et al. 1996). 

32.3 
Patient Preparation and Monitoring 

Most patients undergoing liver biopsy have a known 
or suspected malignancy and are concerned about 
the possible pathologic findings. In addition, pa
tients are apprehensive about physical pain they 
may experience during the procedure and possible 
complications. Before the biopsy is performed, the 
procedure should be explained in simple term, that 
the patient can understand. The importance of dis·· 
cussing the biopsy procedure with the patient can· 
not be overemphasized. Establishing good rapport 
with the patient alleviates many of the patient's 
anxieties and promotes better patient cooperation 
during the procedure. The patient should under
stand why the biopsy is necessary, that these p:~oce
dures are commonly performed, and that there is a 
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Fig. 32.la,b. Percutaneous biopsy of focal mass in a 48-year
old man with cirrhosis and a large amount of ascites. a Gado
linium-enhanced Tl-weighted gradient-echo image demon
strates an enhancing mass (arrow). b CT-directed biopsy 
with needle tip in anterior aspect of lesion. Pathologic evalu
ation revealed HCC 

remote chance of a complication such as bleeding. A 
brief description of the entire biopsy procedure and 
reassurance that pain is usually minimal and can be 
controlled with ample use of local anesthetic help to 
put the patient at ease. Consequently, most patients 
are less anxious and understand that their coopera
tion is important for successful performance of the 
liver biopsy. 

Most liver biopsies can be performed safely with 
local anesthesia for the control of pain and in an out
patient setting. Premedication with parenteral seda
tives or analgesics is not routinely administered un
less the patient is extremely anxious or apprehen
sive. Intravenous access should be established in the 
event that parenteral analgesics, sedatives, or other 
medications or fluids are necessary during or after 

the procedure. Assessment of vital signs should be 
performed before, during, and after the biopsy so 
that potential complications are quickly detected 
and appropriately managed. Use of a nurse to moni
tor vital signs and administer medications or fluids 
is very helpful. 

32.4 
Biopsy Needles 

Both needle gauge and tip design are important de
terminants of the amount and type of specimen ob
tained (ANDRIOLE 1983; BATESON et al. 1980; GA
ZELLE and HAAGA, 1991; HAAGA et al. 1983; 
DAHNERT et al. 1992). An understanding of the 
qualities of a biopsy needle allows the radiologist to 
capitalize on these qualities and obtain increased 
accuracy while minimizing potential complications. 

There are numerous variations in needle tip de
sign, caliber, length, and method of tissue removal 
that are available for percutaneous biopsy. In gen
eral, biopsy needles can be classified as thin-gauge 
(20-22 gauge) or larger gauge (14-19 gauge) needles. 
Alternatively, biopsy needles can be classified based 
on tip design and method of tissue recovery. Thus, 
for our discussion, needles will be categorized as as
pirating needles, cutting needles, and automated 
spring-loaded biopsy devices. 

32.4.1 
Aspiration Needles 

Biopsy needles with beveled edges, such as a spinal 
needle or the Chiba needle, and with jagged edges, 
such as the Franseen needle, are known as aspirating 
needles. The specimen obtained from these needles 
is primarily used for cytologic analysis. However, 
adequate tissue fragments for histologic analysis can 
usually be obtained with use of an aspiration type 
needle (WITTENBERG et al. 1982). 

Thin-gauge needles usually can obtain a sufficient 
sample for cytologic analysis. Tissue obtained with 
thinner gauge needles is generally considered to be 
less reliable for histologic analysis and specific typ
ing of some malignant masses. As a result, use of 
larger gauge cutting needles is recommended for le
sions requiring histologic analysis and sub typing. 
However, if a proper rotatory motion is used to per
form the biopsy, cores of tissue sufficient for histo
logic analysis can be obtained even from thin-gauge 
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needles. These needles minimize the risk of hemor
rhagic complications when sampling vascular le
sions. On the other hand, a problem that is occasion
ally encountered with the use of thinner gauge 
needles is deflection of the needle tip as it passes 
through tissue towards a deeply located lesion. Tip 
deflection causes the needle to "bow". Consequently, 
if initial needle placement is not within the lesion, 
subsequent repositioning may be more difficult. 

Larger-gauge needles substantially improve the 
quantity of tissue obtained for both cytologic and 
histologic analysis (HAAG A et al. 1983; PAGANI 1983; 
PLECHA et al. 1997). Use of larger needles provides 
larger specimens and the tissue architecture is more 
likely to be preserved. As a result, the pathologist can 
more easily determine the specific type of a benign 
or malignant hepatic mass. Because more tissue is 
obtained with a larger gauge needle, fewer passes are 
usually required (PLECHA et al. 1997). Although the 
risk of hemorrhage is very low, it is higher than the 
risk with thinner needles. However, we believe that 
the use of larger needles is more efficient because 
more tissue can be recovered with fewer passes, 
which reduces the chances of complications 
(PLECHA et al. 1997). In our practice, most liver le
sions are biopsied with use of larger gauge needles 
(I8-gauge Chiba or Franseen needles). If the patient 
has a coagulopathy or if the lesion is hypervascular, a 
20-gauge needle is used. 

32.4.2 
Cutting Needles 

Larger gauge needles with cutting surfaces are used 
mainly to obtain tissue for histologic analysis. These 
needles obtain a core of tissue that preserves lesion 
architecture and facilitates histologic analysis (Hop
PER et al.1990). The cutting surface is oriented 90° to 
the needle shaft. The Tru-Cut needle is a commonly 
used cutting needle that consists of a slotted stylet 
needle over which a cutting canula is advanced to 
secure the tissue. 

32.4.3 
Automated Spring-Loaded Cutting Needles 

A multitude of automated, spring-loaded cutting bi
opsy devices are available (BERNARDINO 1990; Hop
PER et al.199I). The needle design is similar to other 
manually operated cutting needles. When the needle 
is triggered, the inner slotted stylet is thrust forward 
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for 1 to 2 cm, followed immediately by the outer 
canula which cuts off the tissue sample. These auto
mated devices eliminate the repetitive up-and-down 
motion necessary for aspiration biopsy. Because the 
automated device allows a more rapid biopsy, the 
needle is in the liver for less time. Both of these fac
tors probably account for the fact that most patients 
find biopsy with an automated device to be less 
painful than with conventional aspiration biopsy 
techniques. Most importantly, an intact core of tis
sue that preserves hepatic architecture is almost al
ways obtained which is easier for the pathologist to 
interpret (HOPPER et al. 1990, 1991). 

32.4.4 
Needle Selection 

The selection of needle size and type depend, on the 
clinical setting of the biopsy and safety cc'nsider
ations. If a biopsy is performed to confirm metasta
sis of a known extrahepatic malignancy, then confir·· 
mation of the hepatic metastasis can be accom·· 
plished with use of thin-gauge aspiration needles. 
On the other hand, if the type of malignancy is un·· 
known, then use of larger gauge aspiration needles 
to obtain larger cores of tissue is necessary for reli
able diagnosis. The diagnosis of lymphoma, for ex
ample, often requires large-gauge cutting needles so 
that intact cores of tissue are obtained for histologic 
analysis and flow cytometry. Patient safety is the 
other major consideration when selecting a needle 
for biopsy. Thin-gauge needles are used if the 
patient's coagulation parameters are elevated. Also, 
smaller gauge needles are preferred for 
hypervascular lesions and those adjacent to the sur
face of the liver. 

32.5 
Site Selection and Sampling Techniques 

CT-guided biopsy is quite simple and is ger.erally 
easier to learn than sonographicallY guided biopsy. 
CT is an accurate guidance technique for bio:Jsy of 
focal liver lesions. It provides excellent depiction of 
most hepatic masses and provides an accurate :mage 
of the needle within the lesion. In fact, the aMity to 
accurately localize the needle tip consistently is an 
important advantage of the CT-guided method. Ad
ditionally, use of contrast-enhanced CT may help 
identify specific foci of tumor enhancement which 
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should be targeted for biopsy. Until recently, its main 
limitation was a lack of continuous real-time moni
toring of the needle during insertion and biopsy. 
Presently, several manufacturers provide CT fluoros
copy, which allows for continuous visualization of 
the needle. 

Preliminary CT scans of the liver are obtained to 
identify the lesion while radiopaque markers are 
placed on the patient's abdomen to localize an ap
propriate needle entry site. In general, the scan slice 
that demonstrates the largest anteroposterior diam
eter of the lesion is chosen for the biopsy site. The 
exact path and depth to the proximal aspect of the 
lesion are then determined from the preliminary im
ages. If the lesion demonstrates central necrosis, the 
needle is targeted for a peripheral portion of the tu
mor (Figs. 32.2, 32.3). In most cases, a short and per
pendicular needle trajectory to the lesion is pre
ferred. To minimize the chance of bleeding compli
cations, especially in cases of hypervascular lesions 
or those near the surface of the liver, the needle path 
should interpose a small cuff of normal liver tissue 
between the lesion and the liver capsule. Also, one 
should select a needle path that avoids major vessels. 

Once a scan slice is selected, the patient's skin is 
marked at the appropriate couch index using the la
ser light guide of the scanner. If the reference cath
eter is not directly over the lesion, electronic calipers 
are used to measure the distance between the cath
eter and the desired skin entry site. The skin is then 
marked, prepared with povidone-iodine (Betadine), 
and draped in a sterile manner. The skin and under
lying soft tissues are anesthetized with 1 % lidocaine. 
Care should be taken to anesthetize the peritoneum 
and liver capsule. If the peritoneum and capsule are 
not adequately anesthetized, the patient may feel 
some pain during the biopsy and is probably the 
most common cause of poor patient compliance 
during the procedure. Proper local anesthesia of the 
proposed needle path results in a more efficient, 
comfortable biopsy for the patient, and is more likely 
to be diagnostic. 

To facilitate needle placement, a small skin inci
sion is made with a scalpel, and the skin and under
lying soft tissues are separated using a hemostat. 
With the patient in suspended respiration, the 
needle is advanced to the predetermined depth, pref
erably within the proximal aspect of the lesion. An
other scan is obtained to confirm proper needle 
placement. If the needle is not in the lesion, the 
needle is repositioned until properly placed. Conse
quently, depending on the experience of the radiolo
gist, multiple needle adjustments may be necessary 

Fig. 32.2a,b. Percutaneous biopsy of HCC previously treated 
with ethanol injection. a Contrast-enhanced CT reveals en
hancing nodularity (arrows) . b Percutaneous biopsy along 
medial aspect of lesion confirmed persistent viable tumor 
which was retreated 

for precise needle placement. Lastly, to ensure that 
the needle remains within the lesion during the bi
opsy, we measure the distance from the needle tip to 
the distal aspect of the lesion (using electronic cali
pers) and use this as the maximal depth for needle 
excursion. 

Once within the lesion, the suction aspiration 
technique or fine-needle aspiration biopsy (FNAB) 
is utilized for biopsy of the lesion. In brief, the stylet 
is removed and a 10 cc syringe is attached to the 
needle. Approxi mately 5-10 cc of sllction is applied 
and a repetitive in-and-out needle excursion, with a 
rotatory motion, through the lesion is performed 
during suspended respiration. Maintaining adequate 
suction throughout the biopsy is important and has 
been shown to improve recovery of tissue (HuEFTLE 

and HAAGA 1986; HOPPER et al. 1996; KINNEY et al. 

a 

b 
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Fig. 32.3a,b. Percutaneous biopsy of necrotic colorectal me
tastasis. a Preliminary unenhanced CT images demonstrate a 
3 em lesion with central necrosis in right lobe of liver. b CT
directed biopsy with needle tip placed in periphery of lesion 

1993; KREULA 1990). One study demonstrated that at 
least 5 cc of syringe suction is necessary to obtain 
84% of a tissue sample and 10 cc of suction to obtain 
94% of the sample (HUEFTLE and HAAGA 1986b). 
Suction is also maintained during removal of the 
needle from the biopsy site so that tissue fragments 
are retained within the needle. In most cases, two to 
three samples are obtained from various portions of 
the lesion to ensure adequate sampling of the lesion. 
For example, the needle may be placed towards the 
anterior or posterior, left or right, cephalad or 
caudad aspects of a lesion so that representative 
sampling is obtained. 

It must be emphasized that attention to proper 
technique is critical for obtaining adequate tissue 
samples with aspiration biopsy. One study demon
strated that the amount of tissue recovered is related 
to the number of needle passes and to the depth of 
the needle excursion during the biopsy (KREULA 
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1990). In addition, angling the needle between 
passes in a fan-like manner allows sampling of vari
ous portions of the tumor which should diminish the 
chance for a sampling error (KREULA 1990). 

Once the sample has been obtained, the needle is 
separated from the syringe and the contents of the 
syringe expelled using a small aliquot of 0.9% sterile 
saline into a specimen cup containing a 50% ethyl al
cohol solution. Tissue fragments are also expelled 
from the needle into the same specimen cup. In the 
pathology department, the tissue cores are separated 
and processed for histologic analysis; the remainder 
of the aspirate is examined cytologically (LeMBERG 
et al. 1987). If the biopsy is performed in a patient 
with suspected hepatic lymphoma, the specimen is 
placed in a specimen cup containing sterile saline so 
that the pathologist may perform immunocytologic 
analysis and flow cytometry. 

An alternative sampling technique without sy·· 
ringe aspiration, known as fine needle capillary bi
opsy (FNCB), has been shown to yield specimens of 
superior diagnostic quality (FAG ELMAN and CHESS 
1990). FNCB relies on the physical principle of capil
lary pressure for advancement of tissue into the 
needle. Movement of fluid or a mixture of fluid and 
tissue into a small needle is dependent on capillary 
tension that is inversely proportional to the diameter 
of the needle. Thus, the need for aspiration may be 
eliminated. Some claim that when a diagnostic 
specimen is obtained, the specimen is superior be
cause FNCB reduces trauma to cells, reduces the 
number of specimens rendered non-diagnostic be
cause of an abundance of blood, and yields a more 
concentrated sample of diagnostic cells for the pa
thologist (FAGELMAN and CHESS 1990b). pt,'CB is 
simply performed by removing the stylet from the 
needle and a pass through the lesion is made with a 
rapid up-and-down rotatory movement. Although 
initial reports suggested that FNCB yielded a superi
or quality of tissue samples, recent studies compar
ing FNAB and FNCB have demonstrated that less tis
sue is obtained with the FNCB technique which may 
result in lower diagnostic accuracy (SAVAGE et al. 
1995; HOPPER et al. 1992, 1996; KINNEY et al. 1993). 

An additional technique that we have recently in-
corporated into our practice is the coaxial mdhod 
(MOULTON and Moore 1993; HOPPER et al. 1995). 
With the coaxial technique, a large-gauge needle 
(e.g., 18-gauge) needle is placed into the lesion. After 
removal of the stylet, a longer thinner gauge no:!edle 
is inserted through the larger needle. This technique 
allows some flexibility for the biopsy. That is, several 
passes may be made with use of either the sut:tion 
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aspiration method, the non suction capillary 
method, or an automated cutting biopsy device with
out additional needle repositioning. The final 
sample can be obtained with the larger gauge needle 
before its removal from the mass. The coaxial tech
nique has several advantages. First, only a single 
puncture is made through the liver capsule, which 
should decrease the risk of hemorrhagic complica
tions. Second, multiple samples of tissue are ob
tained with a single needle placement. Thirdly, pre
cise needle placement is required only once. For 
these reasons, the coaxial technique is often utilized 
in patients who are at increased risk for bleeding 
complications such as those with severe 
coagulopathy and ascites (i.e., cirrhotic patients). 
The only disadvantage to this technique is that all the 
tissue samples are obtained from the same general 
area of the lesion. There is also some concern that 
after the initial pass all subsequent passes tend to 
follow the same path within the mass which may 
yield mostly bloody non-diagnostic specimens. This 
effect can be partially overcome by pushing the hub 
of the outer, larger needle laterally to redirect the tip. 
Also, use of a side-exiting coaxial needle allows sam
pling of different portions of the mass that has not 
been previously biopsied (KOPECKY et al.1996). 

32.6 
Post-Biopsy Patient Care 

Once the biopsy is completed, the patient is ob
served in the radiology department for 4-6 h. Most 
symptoms related to significant post-biopsy hemor
rhage are noted within 3 h after the biopsy 
(PERRAULT et al. 1978). Therefore, this complication 
should be detected during routine post procedural 
observation and these patients could be admitted for 
further observation or treatment as indicated. Stan
dard post procedure observation includes bedrest 
for 4-6 h and close monitoring of the biopsy site and 
vital signs. The patient is asked to lie on the biopsy 
site, as this local increased pressure helps minimize 
bleeding from the biopsy site. The radiologist should 
examine the patient to inspect the biopsy site and 
review the vital signs. Before discharge, the patient 
and an accompanying adult are advised of the signs 
and symptoms of complications. The patient is given 
the phone number of the radiologist and referring 
physician so that they may be contacted should a 
complication develop. 

32.7 
Specimen Preparation 

The pathologist is the single most important factor in 
obtaining an accurate diagnosis. Methods of tissue 
sampling, tissue fixation, and tissue processing within 
the pathology department vary from one institution 
to another. Thus, it is important to deliver the speci
men to the pathologist in the manner that they prefer. 

In our experience, cores of tissue are almost al
ways obtained with use of 18- or 20-gauge Chiba 
needles and with a proper suction aspiration tech
nique. In most cases, our biopsy specimens can be 
submitted for both histologic and cytologic analysis 
(LIMBERG et al. 1987). As a result, our pathologists 
prefer our specimens placed in a 50% ethyl alcohol 
solution. This allows the pathologist to process the 
cores of tissue as cell blocks for histologic analysis. 
The remaining solution can then be processed for 
cytology. 

In some institutions, the specimens are given di
rectly to the pathologist in the CT suite to make 
smears as the biopsies are being performed. The ad
vantages of an on-site pathologist are that they can 
examine the smears to determine if subsequent 
passes are required for either additional material or 
ancillary studies. Consequently, the number of 
passes may be reduced which may reduce the risk for 
potential bleeding complications. In addition, the 
pathologist can usually render a preliminary opin
ion with regard to the nature of the lesion (benign vs. 
malignant). 

32.8 
Lesions that Pose Specific Problems 

Even in the best of hands, there are some liver le
sions that are often problematic for CT-guided bi
opsy. Specifically, some lesions are difficult to biopsy 
due to lesion location such as those in the dome of 
the liver. In addition, certain pathologic features 
may render some lesions difficult to obtain adequate 
tissue samples and may be at a higher risk for com
plications. 

Percutaneous biopsy of lesions in the dome of the 
liver may be particularly difficult with use of CT 
guidance. In such cases, a steep angle of needle inser
tion is required to avoid transgressing the pleura and 
aerated lung (VAN SONNENBERG et al. 1981). Conse
quently, multiple needle insertions and needle repo
sitioning are often necessary to determine the cor-
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rect angle and depth to reach the lesion. Also, multi
ple scans are necessary to visualize the needle tip. 
There are a number of alternative methods that may 
be employed when attempting to biopsy a lesion in 
the dome of the liver. First, the coaxial technique 
may be performed in conjunction with a steeply 
angled needle placement so that additional needle 
placements can be obviated. Second, the most direct 
route to the lesion, a transpulmonary path, may be 
chosen. This technique simplifies the placement of 
the needle into the lesion and is an effective method 
for such lesions (GERVAISE et a1. 1996). That is, by 
choosing the most direct route to the lesion, lengthy 
procedures using multiple steeply angled trans
hepatic needle passes can be avoided. The lesion can 
be more readily targeted and reached with fewer 
needle passes and adjustments which may reduce 
the risk of bleeding. On the other hand is the poten
tial for development of a pneumothorax. In one re
port using the transpulmonary route, diagnostic ac
curacy of 93% was achieved and there were no com
plications (GERVAISE et a1.1996).However, the possi
bility of pneumothorax is real and the risk is prob
ably similar to that with percutaneous lung biopsy. 
Lastly, use of continuous sonographic guidance in
stead of CT guidance should be seriously considered. 
Sonographic guidance is advantageous since it pro
vides real-time monitoring of the needle tip allow
ing precise placement into these difficult to reach le
sions and can avoid transgressing the lung. 

Although the detection of small liver lesions may 
be superior with CT, these lesions may be very diffi
cult to biopsy with CT guidance. That is, the chang
ing position of the liver, which occurs in some pa
tients that are unable to suspend respiration at a re
producible level, can make CT -guided biopsy of 
small lesions difficult and may result in a lengthy 
procedure with multiple needle placements and ad
justments. However, we have found that this problem 
can be minimized with adequate coaching of the pa
tient before and during the procedure. 

Certain liver lesions because of their vascularity 
or other pathologic features may make obtaining an 
adequate tissue sample difficult. For example, lesions 
such as a cavernous hemangioma with atypical im
aging features may occasionally undergo biopsy. In 
most cases, hemangiomas will be correctly diag
nosed based on noninvasive imaging studies and bi
opsy is unnecessary. Because of the vascular nature 
of hemangiomas, there is a reluctance to confirm the 
diagnosis by percutaneous biopsy because of the 
perceived risk of bleeding complications. However, 
once the typical hemangioma has been excluded, 
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there is little risk of significant hemorrhage from the 
atypical variety (CRONAN et a1. 1988; HElLO and 
STENNIG 1997; TURLINGTON et a1. 1991). This is be
cause the features that make their imaging appear
ance atypical also diminish the potential for signifi
cant bleeding complications. Specifically, the atypi
cal hemangiomas tend to be less vascular because of 
internal fibrosis or thrombosis. In fact, it has been 
shown that hemangiomas can be safely biopsied 
with rare complications and a sufficient sample ob
tained in most cases (CRONAN et a1. 1988; HElLO and 
STENNIG 1997; TURLINGTON et a1. 1991). Consulta
tion with the pathologist is often necessary when the 
possibility of a hemangioma is a consideration since 
the diagnosis can be difficult based on cytologic and 
histologic samples. This is important becaus,~ tissue 
samples from cavernous hemangiomas usually con·· 
tain varying amounts of blood-filled endothelial
lined spaces with a loose connective tissue stroma 
lacking smooth muscle that may be interpreted as a 
nondiagnostic biopsy. 

Similarly, HCC is a very vascular lesion that typi
cally occurs in the cirrhotic patient whom frequently 
have coagulopathy and ascites. Though hepatic bi
opsy can be performed safely in the presence of as
cites, caution is warranted when attempting biopsy 
of a lesion likely to be a HCC. Coagulation Faram
eters should be assessed and corrected if possible 
with administration of platelets and fresh frozen 
plasma prior to or during the biopsy. Since normal 
liver tissue has the ability to tamponade bkeding 
that occurs after percutaneous biopsy, an oJlique 
needle path through some normal hepatic paren
chyma should be attempted for any lesion that is lo
cated adjacent to the surface of the liver to miI: imize 
potential bleeding complications (Yu et a1. 199;'). Be
cause nodular lesions occurring within the cirrhotic 
liver represent a spectrum of abnormalities that in
clude regenerating nodules, dysplastic nodule:;, and 
HCC with variable differentiation and grades, the 
pathologic diagnosis may be difficult (CHOI et a1. 
1993; WEE et a1. 1994). In particular, distinction be·· 
tween a nonmalignant lesion such as a regenerativ~~ 
nodule and a well-differentiated HCC can be prob
lematic. Furthermore, distinction between b(~nign 
hepatocytic tumors, focal nodular hyperplasic. and 
liver cell adenoma, and well-differentiated HCC may 
also be difficult with cytology and often require his
tologic analysis of a cell block. Though we routinely 
use either an 18- or 20-gauge Chiba needle for biopsy 
of most HCCs, cutting needles are used on occhsion 
so that the architecture of the lesion is preserve i for 
the pathologist. Again, consultation with the pa-
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thologist and correlation with imaging studies is im
portant in some cases of suspected HCC. 

32.9 
Accuracy 

CT-guided percutaneous biopsy is highly accurate 
and is associated with few complications. A recent 
prospective review of 1000 CT-guided abdominal 
biopsies at the Mayo Clinic showed that sensitivity 
was 91.8%, specificity was 98.9%, positive predictive 
value was 99.7%, and negative predictive value was 
73.3% (WELCH et a1. 1989). Further evaluation of 266 
patients undergoing CT -directed biopsy for a focal 
liver lesion revealed an accuracy of 98.9%. In the 
liver, only 4 (1.5%) liver biopsies were incorrect and 
only 2 (0.8%) minor complications were encoun
tered. An analysis of accuracy with regard to lesion 
size, lesion type, and needle size was not performed 
in this series. In our experience of approximately 15 
years, accuracy in excess of 90% has been achieved 
for both metastatic lesions as well as for primary 
malignant neoplasms. This data shows that CT
guided biopsy is a safe, reliable, and accurate tech
nique for diagnosis of a focal hepatic lesion. 

Comparison of the effect of needle gauge has 
shown that the diagnostic accuracy is improved with 
use oflarger needles. In a study comparing use of 18-
and 22-gauge aspiration needles, the diagnostic ac
curacy was superior when 18-gauge needles were 
used for biopsy (PAGANI 1983). In this study, the 
overall accuracy was 98% for the 18-gauge needle 
and 84% for the 22-gauge needle. 

A review of the literature comparing cutting 
needles and aspiration needles have generally shown 
cutting needles to be superior to aspiration type 
needles. MARTINO et a1. reported a higher accuracy 
with 14- or 18-gauge cutting needles (91%) versus 
22-gauge aspirating needles (69%) in the diagnosis 
of hepatic malignancy (MARTINO et a1. 1984). Simi
larly, HA et a1. found that the 14-gauge Tru-Cut 
needle (90.2%) was superior to a 20-gauge aspiration 
needle (77.6%) for the diagnosis of hepatic malig
nancy (HA et a1. 1991). However, both of these stud
ies compared large cutting needles (14- or 18-gauge 
Tru-Cut needles) to thin-gauge (20- or 22-gauge) as
piration needles and the difference in needle size 
probably had a significant impact on diagnostic accu
racy. On the other hand, a retrospective multicenter 
analysis of 2091 sonographically guided liver biopsies 
demonstrated that the overall diagnostic accuracy of 

21 to 23 gauge aspirating needles (93%) and 21 to 22-
gauge cutting needles (95%) was similar (BUSCARINI 
et a1. 1990). However, in cases of HCC, use of cutting 
needle biopsy in addition to FNAB was shown to have 
a higher sensitivity than FNAB alone (90% vs 98%). 

In general, the diagnostic accuracy of CT-guided 
liver biopsy will vary depending on the inherent 
characteristics of the lesion, ability to achieve pre
cise needle placement, and the technique of the radi
ologist performing the biopsy. Negative biopsy re
sults are uncommon. Negative biopsy results may re
sult from a sampling error, an incorrect pathologic 
diagnosis, or a truly benign lesion. If a biopsy result 
is contrary to the clinical suspicion, a repeat biopsy is 
recommended. In these cases, use of sonographic 
guidance may be advantageous in that precise needle 
placement and sampling of the lesion could be con
tinuously monitored. In addition, having the pa
thologist examine the tissue samples during the pro
cedure will ensure that a diagnostic sample is ob
tained. 

32.10 
Complications 

Major complications after liver biopsy are rare. 
Hemorrhagic complications, such as hemoperito
neum, intrahepatic hematoma, and subcapsular he
matoma, are the most frequently encountered prob
lems. Rarely, intrahepatic arterial pseudoaneurysm 
may occur following biopsy. Other complications 
include pneumothorax, bile leakage, and fistula for
mation between any of the arterial, venous or biliary 
structures. Death after percutaneous liver biopsy is 
extremely rare (0.006% to 0.031%) and is usually 
due to severe hemorrhage (SMITH 1991). 

The main risk factors for bleeding complications 
are the size of the needle, the number of passes, the 
type of lesion biopsied, and the presence of an im
pairment in hemostasis. Although one would expect 
larger needles to be associated with a high incidence 
of complications, it is not clear from the literature 
whether the complication rate and the incidence of 
bleeding is actually increased with use of larger 
needles. One study, in an animal model, comparing 
different sizes of needles used for biopsy of the liver 
and kidneys found no significant difference in 
bleeding among procedures performed with 18 -,20, 
and 22-gauge needles, even when anticoagulants 
were administered (GAZELLE et a1. 1992). On the 
other hand, a review of 1000 CT-guided biopsies 
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noted that most complications occurred when large
gauge needles were used, which suggests that use of 
larger needles may pose a higher risk (WELCH et al. 
1989). Another study compared CT-guided hepatic 
biopsy using a 22-gauge cutting needle versus 14- or 
18-gauge cutting needles and found a 0.83% compli
cation rate for the thin-gauge cutting needle and a 
1.44% complication rate for the larger cutting 
needles (MARTINO et al. 1984). Most importantly, 
these studies demonstrate that the complication rate 
of CT -guided liver biopsy with a variety of needles is 
acceptably low. 

The risk of complications, though extremely low, 
is increased for each additional needle pass. That is, 
each additional pass results in another puncture 
through the liver capsule and also has the potential 
to traverse a vessel. Thus, to minimize potential com
plications, attention to proper biopsy technique and 
selection of an appropriate biopsy needle is impor
tant. Also, the availability of an on-site pathologist to 
evaluate the adequacy of the tissue sample may de
crease the number of passes required. 

Hypervascular lesions such as hepatocellular car
cinoma and sarcomas potentially have a higher risk 
of bleeding (BRET et al. 1988). In these cases, inclu
sion of a small cuff of normal liver between the le
sion and the liver capsule minimizes the risk of 
bleeding (Yu et al. 1997). In addition, alternative bi
opsy techniques such as use of a protein polymer 
sheath and embolization of the needle tract have 
been suggested to decrease the change of bleeding 
especially in high risk patients with impaired hemo
static function (GAZELLE et al. 1993b; ZINS et al. 
1992; CHISHOLM et al. 1989; ALLISON and ADAM 
1988; SMITH et al. 1996). 

Minor complications include pain and vasovagal 
reactions. Some patients may complain of mild tran
sient pain after liver biopsy; reassurance and analge
sics are usually effective. Tumor seeding has been re
ported following biopsy for HCC but is extremely 
rare with an estimated frequency of 0.003% to 
0.009% (SMITH 1991). 
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33.1 
Aims of Image Processing of the Liver 

Three-dimensional (3D) visualization of organs or 
anatomical spaces is considered an important 
complement to the imaging evaluation of patient 
candidates for surgery, interventional procedures, or 
radiotherapy for malignant lesions of the liver. 

Surgical interventions can significantly benefit 
from the preoperative knowledge of the patient's 
anatomy, for the safety of the intervention and for 
better therapeutic results. This information can best 
be provided by imaging techniques that allow the re
production of the imaged part of the body in a 3D 
format, such as spiral computed tomography (CT) 
and magnetic resonance imaging (MRI). 

In case of the liver, the 3D study with such diag
nostic modalities aims to demonstrate the external 
surface of the organ and its internal structure. The 
surface anatomy is given by hepatic lobes (left, right, 
caudate and quadrate), fissures (umbilical, trans
verse, right and left sagittal) and fossae (for the infe
rior vena cava, gallbladder, kidney). 
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The 3D preoperative knowledge of some key sur
face landmarks helps the surgeon to reach a specific 
segment for hepatic resections. However, 3D images 
can provide detailed information about the anatomy 
of the blood vessels (arterial, portal and venous sys
tems), of the biliary tract, and about the relation
ships of the liver with the contiguous anatomical 
structures (colon, pancreas, spleen, etc.) and spaces 
(peritoneum and retro-peritoneum). 

Another important advantage, given by the high 
sensitivity of spiral CT and MRI for the detection of 
liver lesions, is represented by the possibility of ob
taining volumetric images of hepatic nodules. In this 
way 3D imaging can be used to represent in a virtual 
model the lesion position within the liver with re
spect to the segmental anatomy; furthermore, when 
the 3D model is created other information regarding 
the volume and morphology of the nodule can be 
easily obtained. 

The impact of these technical developments on 
patient management is still under clinical evalua
tion; however, it is commonly felt that preoperative 
3D imaging of the liver has the potential to increase 
the safety of interventions and ensures an easier 
communication between radiologists on one hand, 
and surgeons or clinicians on the other. The presen
tation of CT or MRI findings with cross-sections is 
frequently inefficient for communicating the diag
nostic observations to surgeons; therefore, 3D recon
struction of the native images makes their interpre
tation easier and faster with respect to the surgical 
anatomy. 

33.2 
Basics of 3D Processing 

33.2.1 
Introduction 

The interest in 3D image processing has been re
cently renewed by the introduction into clinical 
practice of fast imaging, provided by spiral CT and 
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MRI. These diagnostic modalities, by means of dedi
cated acquisition methods, generate native images 
that are ideally suited for 3D processing. Although 
the software technology for image processing is not 
entirely new, 3D reconstructions and renderings 
were made feasible in a clinical setting by the spec
tacular improvements of processing hardware. In 
fact, the high computational complexity of 3D image 
processing requires the combination of powerful 
hardware and software to enable the clinical use of 
these procedures. 

For generating 3D images the computer has to 
perform three important steps under the guidance 
of the radiologist. The first step is represented by the 
generation of the volumetric data set in order to 
make available the entire volume scanned in a single 
3D model. The second step is represented by the seg
mentation of anatomical structures for their recog
nition within the volume. The final step is aimed to 
assign to the resulting 3D image some features that 
belong to reality, such as depth, shading, light, etc., to 
simulate a 3D perspective on a bi-dimensional dis
play device such as the computer monitor or a 
printed image. 

33.2.2 
Generation of the Volumetric Data-Set 

Spiral CT and dedicated MRI sequences provide di
rect volumetric acquisitions. In the case of spiral CT, 
the simultaneous X-ray tube rotation and patient 
transportation ensure a fast and continuous acquisi
tion of raw data; the image reconstruction at se
lected intervals along the volume is performed in 
real-time and the data are presented in a cross-sec
tional format (KALENDER et a1.1990; BARTOLOZZI et 
al. 1998). 

In the case of MRI a direct 3D acquisition can be 
performed by sampling a selected volume of the pa
tient with dedicated sequences. The advantages of 
this method are represented by an optimal signal-to
noise ratio and the generation of contiguous slices 
(MEYER et al. 1992; WAGGENSPACK et al. 1993; 
BENNET et al. 1991). However, the study of the liver 
with MRI is limited by the movement of the dia
phragm with breathing, which is not compatible 
with the long time required for the acquisition, ad
versely affecting image quality. 

Other types of 3D MRI acquisitions are repre
sented by MR angiography (MRA) and MR 
cholangiopancreatography (MRCP). Rapid imaging 
allows contiguous 2D acquisitions or a single 3D ac-
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quisition able to enhance the visibility of the blood 
or the bile (DEBATIN et al. 1991; PRINCE 1994; 
REINHOLD and BRET 1996; MIYAZAKI et al. 1996). 
Despite this method restricting the MR study to the 
imaging of fluids, the resulting images are ideal for 
3D reconstructions. 

The generation of the volumetric data-set is per
formed by the computer software through the align
ment of the native images along the z-axis (the longi .. 
tudinal axis of the patient within the gantry or the 
magnet). The correct position of the cross-sections 
along the z-axis is essential to maintain the spatial 
integrity of the scanned volume in the 3D model 
(Fig. 33.1). 

33.2.3 
Segmentation 

Three-dimensional imaging is a different method 
for visualizing and analyzing the diagnostic infor
mation with respect to axial imaging. In 3D imaging, 
all the anatomical components of a certain conpart
ment are presented in the same image; therefore a 
process to differentiate the different organs is ex
tremely important to facilitate the interpretation of 
their anatomical relationships. This process is called 
"segmentation" . 

Different methods for image segmentation are 
available; some are still under development or under 
clinical evaluation while others have already been 
introduced to the market and are installed on com .. 
mercial diagnostic workstations. The simplest 
method for performing segmentation is to chang~~ 
the windows and level of 2D or 3D images. Thi~ pro
cedure does not require special tools; it is fas: and 
easy to perform in real-time. To enhance the preci
sion of such a method the complement of the image 
histogram is extremely helpful, since it provides the 
mathematical classification of the tissues that com
pose the volume. 

More advanced tools for segmentation are avail
able as well. Some methods are strictly dependent on 
the operator selection, while others are based on the 
automatic identification of tissues (BAE et al. 1993). 
A direct method consists of the manual tracing of 
planes, borders or points on the image in ordf~r to 
select the target anatomical structures (Fig. 33.2). 
This selection can also be done by setting a certain 
interval of densities or intensities to which the voxels 
of the target belong; in this case the operator applies 
some thresholds to the volume data, and conse
quently excludes the part of the volume outside the 
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Fig. 33.1a,b. Volume rendering of 
a spiral CT data-set acquired dur
ing a breath-hold for the study of 
the abdomen. Gray scale coding 
of the density values distribution 
can be used for the differentiation 
of the anatomical structures (a) 
and can be varied by increasing 
the transparency effect (b), Fig
ure 33.4 shows the same data-set 
coded with the use of colors 

Fig. 33.2 Application of a curvi
linear cutting plane to a volumet
ric MR data-set obtained with a 
contrast enhanced SPGR se
quence for the study of the portal 
tree, The resulting sub-volume 
can be processed with MIP, Figure 
33,S shows the same data set after 
segmentation 

selected interval. The setting of the threshold is the 
critical step of this method, and frequently the incor
rect selection of the interval causes the loss of diag
nostic information (NERI et al. 1999a). In some situ
ations the threshold segmentation is used to create a 
surface of the target anatomical structure. The aim 
of these tools is to reduce the computation time us
ing binary images. 

Recently, the increased computation and graphic 
capability of computers has made feasible volume 
rendering. The main feature of this processing 
method is the simultaneous representation of differ
ent anatomical structures, with different voxel densi
ties or intensities, within a single volume. Volume 
rendering is obtained by simulating rays of light, 
which transverse the volume and are attenuated by 
its contents. Specific anatomical or pathological 
structures can therefore be selectively visualized 
without requiring any time-consuming pre-process
ing, as opposed to commonly used surface rendering 
methods (Figs. 33.1, 33.3), 

33.2.4 
Visualization 
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When a 3D model is generated and segmented, each 
anatomical structure must be shown according to its 
position in the volume, its dimension, its density or 
intensity, and its morphology. Different attributes 
are given to different objects that compose the 
model to better simulate the reality; this can be ob
tained by assigning gray levels, colors, lighting and 
shading effects to the objects (Figs. 33.4-33.8). 

The last and important parameters of the visual
ization are the point of view and the perspective 
through which the final 3D model is presented. The 
perspective has recently become an important as
pect of 3D visualization with the introduction into 
clinical practice of software tools that simulate en
doscopy (LORENSEN and CLINE 1987), The resulting 
perspective of the simulation is called "virtual endo
scopy". A wide range of clinical applications have 
been reported for this computer simulated imaging. 

b 
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Fig. 33.3a-g. Hepatocellular carcinoma nodule of the eighth hepatic segment. Pre-treatment spiral CT axial scans and voillme 
renderings obtained in the portal phase (a,b) and in the delayed venous phase (c,d). After radio-frequency thermal ablation, 
the nodule is imaged by contrast-enhanced spiral CT scans in the arterial (e), portal (f), and delayed venous phase (g). Co)lor 
coding before and after treatment is shown in Fig. 33.6 
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Fig. 33.4. Color coded volume rendering of a spiral CT data
set showing the inferior surface of the liver 

Fig. 33.5a,b. Segmentation of the 
liver parenchyma achieved by us
ing the region growing method 
(a). The combination between the 
resulting 3D model of the liver 
and the segmented model of the 
portal tree is shown in b 

Fig. 33.6a,b. Evaluation of treat
ment response after radio-fre
quency thermal ablation. The le
sion is segmented and isolated 
from the liver parenchyma. Be
fore treatment (a) there is a clear 
prevalence of viable tissue (yel
low), whereas after thermal abla
tion (b), the necrotic areas (red 
and green) cover the entire lesion 

a 

a 

515 

b 

b 



516 

a b 

c d 

a b 

D. Caramella and E. Neri 

Fig. 33.7a-d. Spiral CT data-sEt 
obtained in the portal phal.e. MLP 
(a) and color coded volume ren
dering (b) demonstrate th, ~ posi
tion of the hepatocellular carci
noma nodule of the fifth t epatk 
segment and an adjacent satellite 
lesion with respect to the portal 
vessels. After segmentation of the 
lesions and combination with the 
volumetric data-set, a s lffacE' 
shaded 3D model is recon
structed (c). The volume of the 
larger nodule can be calculated 
(d) 

Fig. 33.8a,b. Spiral CT dati-set 
obtained one month after trans
arterial chemoembolization of 
hepatocellular carcinoma nod
ules demonstrating Lipiodol re
tention in three nodules. Vobme 
rendering of the liver shows the 
position of the nodules with re
spect to the portal vessels bot!1 in 
the inferior (a) and superior (b) 
views 
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In the case of the liver, the study of the bile ducts has 
been reported in particular (PRASSOPOULOS et al. 
1998; DUBNO et al.1998; NERI et al.1999b). 

33.3 
Imaging Protocols for 3D Liver Studies 

Three-dimensional imaging of the liver must be 
supported by the acquisition of suitable images. Spi
ral CT and dedicated MRI acquisitions have the 
technical potential to generate excellent images for 
volumetric reconstructions. Imaging protocols are 
designed in order to maximize spatial and temporal 
resolution for increasing image quality and avoiding 
motion artifacts. Use of contrast media is helpful to 
increase contrast resolution and to achieve a precise 
segmentation. 

These requirements are theoretically feasible, but 
not always easy to comply with in the clinical setting. 
In fact, patients are sometimes unable to collaborate, 
time for scanning may not be enough to cover the 
desired body volume, circulation time varies signifi
cantly in different patients (thus causing wrong se
lection of the scan time). For these reasons 3D ren
dering sometimes has to be performed with subopti
mal images, with increased technical difficulty and 
with a longer time requirement by the radiologist. 

33.3.1 
Spiral CT 

Spiral CT has two characteristics that are important 
for 3D imaging: fast scanning and volumetric acqui
sition. The spiral CT scanning velocity can be ex
ploited for studying the blood vessels, by imaging 
the patients during the maximum contrast enhance
ment of the arterial or venous system. In this way 
spiral CT provides images that resemble those of 
angiography, and the technique used to obtain such 
information is called "CT angiography" (CTA). 

The principle of arterial and venous enhance
ment is applied to the study of liver lesions as well, 
and the typical spiral CT patterns of these tumors 
are well known. However, although the enhancement 
variability among the different lesions is important 
for their characterization, a distinct improvement of 
spiral CT with respect to conventional CT consists of 
the volumetric scan in different phases, to best inves
tigate the enhancement of the lesion. Such enhance
ment can easily be studied on axial images by simul-
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taneously comparing unenhanced, arterial and 
venous acquisitions. In general two different tech
niques for liver imaging have been proposed: the 
biphasic and the three phasic technique. The 
biphasic technique consists of the first unenhanced 
scan followed by arterial and portal phase acquisi
tions of the whole liver. The three phasic technique 
includes a further scan acquired later, during the 
venous enhancement (KEMMERER et al. 1998; 
NELSON et al. 1990; SaYER et al. 1994). 

Our spiral CT protocol includes a beam collima
tion of 5-7 mm, pitch 1-1.4, reconstruction spacing 
5-7 mm. We have 1,3,5,7 and 10 mm collimations 
available. With different equipment the collimation 
can be further changed (2,4,8 mm). The scan delay is 
30 s for the arterial phase, 60-70 s for the portal 
phase and a later scan if required. We do not rou
tinely calculate the circulation time, although this 
can be necessary in some particular situations (liver 
transplantation) in which the evaluation of the he
patic artery is important. In these cases, the study of 
the hepatic artery should be performed using a thin 
collimation (1-3 mm) and a short reconstruction 
spacing, in order to increase the longitudinal resolu
tion. 

33.3.2 
MRlmaging 

The main issue of 3D MRI in the study of the liver is 
how to minimize the effects of motion artifacts due 
to the patient's breathing. Although many technical 
solutions have been developed to reduce the influ
ence of motion artifact, the time for 3D imaging 
with conventional sequences is still longer than the 
time required for a single breath-hold. Some specific 
acquisition techniques are being used with increas
ing frequency in MRI of the liver. Among these tech
niques, MR angiography (MRA) and MR cholangio
pancreatography (MRCP) can have an impact on the 
3D study of the liver. 

MRA is a well established method for vascular 
studies. Its most recent development is represented 
by contrast-enhanced MRA, which is performed by 
using SPGR sequences with the administration of 
paramagnetic contrast medium. The acquisition re
sults in the evidence of bright vessels in Tl-weighted 
images, preserving the visibility of liver paren
chyma. Such images resemble those of CTA, and are 
obtained with a similar timing with respect to the 
bolus injection. In a short time frame (20-30 s) a 
volumetric acquisition is performed during patient 
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breath-hold, allowing the angiographic study of ar
terial, portal and/or venous systems. 

Another compartment of the liver that can be im
aged efficiently with MRI is represented by the bil
iary tract (Fig. 33.9). In the last few years different 
authors have reported the use of T2-weighted fast 
spin echo (FSE) sequences, for the assessment of the 
biliary tree. These methods are based on breath-hold 
or non-breath-hold techniques. In both cases the sta
tionary fluid (bile) that fills the biliary ducts shows a 
high signal intensity on T2-weighted images, but the 
surrounding structures are not imaged. In these pa
tients the previous intra-muscular administration of 
scopolamine methyl bromide is useful to avoid peri
staltic artifacts, whereas 300-500 ml of water, used as 
oral contrast agent, improves the visualization of the 
duodenum. 

Imaging protocols include Tl-weighted spin-echo 
axial sequences, FSE T2-weighted, respiratory-trig
gered, fat-suppressed, axial sequences, and two-di
mensional respiratory-triggered, heavily T2-
weighted FSE sequences in the coronal plane. In our 
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experience acquisition time ranges between 4 and 6 
min for axial and coronal images. 

The obtained images can be volume rendered and 
the internal surface of the biliary tree can be dis
played by means of virtual endoscopy (Fig. 33.10). 

33.4 
3D Reconstruction Tools 

The reconstruction methods that can be applied to 
the study of the liver are essentially represented by 
multiplanar reconstruction (MPR), multiplanar vol
ume (or subvolume) reconstructions (MPVR), 
maximum intensity projection (MIP), minimum in
tensity projection (MinIP), surface shaded display 
(SSD), virtual endoscopy and volume rendering. 

MPR and MPVR consist respectively of the 2D 
and 3D reformation of data along axial, coronal, sag
ittal and oblique planes. The vast majority of the 
commercially available 3D processing software al
lows the creation of MPR. The advantage of MPR is 

b 

d 

Fig. 33.9a-d. MRCP showing dila
tation of common bile duct. MIPs 
and volume renderings of the 
data-set are visualized in tht an
terior (a,b) and posterior (c,d) 
perspective. The latter allow:; the 
demonstration of the cystic duct 
(arrow) 
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Fig. 33.10a-c. Same case as Fig. 
33.9. Virtual endoscopy of the 
MRCP data-set with a fly-through 
sequence directed upwards (a-c). 
CBD, common bile duct; CD, cys
tic duct; L, left hepatic duct; R, 
right hepatic duct 

the use of multiple viewing planes crossing through 
the same point, in order to get spatial information 
about a single part of the scanned volume. Therefore, 
the evaluation of liver segmental anatomy, arterial, 
portal and venous systems, or lesion location, is 
easier. An extension of MPR is represented by curved 
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planar reconstructions (CPR). This method allows 
the reformatting of curved planes along the acquired 
volume and therefore can be used to evaluate curvi
linear anatomical structures, such as vessels or stents 
(Fig. 33.11). 

a 
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Fig. 33.11a-c. CTA of the liver after transjugular intrahepatic 
porto-systemic shunt. CPR of the stent (a). Virtual endoscopy 
fly-around (b) and fly-through (c) the stent 
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By using the same planes created with MPR, the 
thickness of the 2D reformation can be increased to 
obtain a slab or a subvolume. The subvolume usually 
includes different anatomical structures of the liver: 
vessels, parenchyma, and bile ducts. To enhance the 
appearance of one structure with respect to the oth
ers, the MIP, MinIP and VR tools can be applied. 

MIP was initially developed for specific applica
tion of MR angiography. It produces a 2D represen
tation of the summated signal intensities or CT den
sity of all the pixels along a prescribed line of view. 
This algorithm is simple and requires few computing 
resources. However, after the introduction to clinical 
practice of CTA, MIP has been successfully extended 
to this technique. The study of the arterial tree is the 
main application of MIP, and in the case of the liver 
its use can be extended to the evaluation of the he
patic artery in transplanted patients, to the study of 
the portal tree in patients with portal thrombosis 
and to the better location of lesions within the pa
renchyma (Fig. 33.7). In general MIP allows the high
lighting of the brightest structures, so that vessel:; 
can be analyzed with particular reference to their 
course, anatomical distribution and patency. 

An important routine application of MIP J s the 
study of the biliary tract with MRCP since it allows 
the optimal display of the intra- and extrahe patic 
bile ducts, which have a high signal intensity 01 T2-
weighted FSE sequences. Similarly MIP can be used 
for CT-cholangiopancreatography after adminis
tration of cholangiographic contrast medium 
(GILLAMS et al. 1994; FLEISCHMANN et al.l996; 
LUDWIG et al. 1998; ZEMAN et al. 1995). 

The opposite algorithm is represented by the 
MinIP. The MinIP enhances the visibility of the 
structures with lower density or intensity within the 
volume, as the case of the bile ducts. In fact, MinIP, 
which was initially proposed for the study of the 
bronchial tree, has recently found intere~,ting 

applications in the study of the biliary tract 
(RAPTOPOULOS et al. 1998). By creating the optimal 
MPVR along the common bile duct or the intra-he
patic ducts, stenoses or other alterations can be 
evaluated in a 3D perspective. A drawback of MinIP 
in the study of the bile ducts is the need to have a 
major dilatation of these structures in order to en
hance their visibility (Fig. 33.12). 

SSD images result from a segmentation process 
that isolates only selected anatomical structures 
from the background. The process of segmentation 
can be based on the setting of a threshold (in :his 
case vessels, bone and arterial calcification are best 
visualized), or on region growing or manual tracing 
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methods. Multiple isolated structures can then be 
combined to better represent the anatomical rela
tionships. Liver lesions can be isolated and then 
merged with the liver. The use of a different color for 
each structure allows an easier differentiation (Fig. 
33.7) (STRANSKY et al. 1994; BJERNER et al. 1998). 

Virtual endoscopy has been introduced into clini
cal practice in the past few years, and its first applica
tion was reported in the study of the bronchial tree. 
In this case, the feasibility of virtual endoscopy was 
due to the easy segmentation of the airways that 
could be visualized from the inside by surface ren
dering the walls of the trachea and bronchi. Further 
applications were found in the study of other organs 
and tubular structures, such as colon, stomach, 
paranasal sinuses, larynx, vessels, urinary tract, bil
iary tract, cerebral ventricles, middle and inner ear, 
etc. The method can be based on surface or volume 
rendering techniques. 

In the case of the liver, virtual endoscopy permits 
one to fly-through the bile ducts, the arterial, portal 
and venous systems, allowing the demonstration of 
endoluminal masses, stenoses, occlusions, and pros
theses (Fig. 33.13). 
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Fig. 33.12a-c. Spiral CT examina
tion demonstrating obstructive 
jaundice in a patient with neo
plastic stenosis of the common 
bile duct and biliary drainage. 
MinIP created with MPVR 
through the liver parenchyma (a) 
and along the common bile duct 
(b) show dilatation of the intra
hepatic and the common bile 
ducts (arrows). Virtual endoscopy 
of the common bile duct (c) dis
plays the dilated lumen and the 
drainage 

Volume rendering, which has been already de
scribed in this chapter, presents multiple potential ap
plications: study of the anatomy of the liver, demon
stration of focal lesions and their characterization 
with gray scale or color coding, and visualization of 
the biliary tree and biliary prostheses (WIELOPOLSKI 

et al.1999). In the latter application, volume rendering 
allows in particular the evaluation of the morphology, 
patency and course of biliary stents (Fig. 33.14). 

33.5 
Clinical Applications 

The role of 3D images in the study of liver malignan
cies is still under clinical evaluation. However, many 
applications can be envisioned on the basis of the 
first results reported in the literature. In the field of 
lesion detection, diagnostic accuracy of CT and MR 
is primarily dependent on a careful analysis of the 
axial images acquired during the arterial, portal and 
delayed phases, by changing window and levels in 
order to enhance the lesion conspicuity with respect 
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to the parenchyma. However, 3D images can poten
tially contribute to increasing the sensitivity of 2D 
imaging in the presence of enhancing nodules (as in 
the typical case of hepatocellular carcinoma) 
(HAWIGHORST et al. 1999). In these cases the 
complementary use of MPVR with MIP allows the 
enhancement of the detectability of the lesions (Fig. 
33.7). Moreover, by using volume renderings the le
sions can be identified with color coding (Fig. 33.7). 
A further reason for using these tools is that they 
enable the complete visualization of vessels, allow
ing a direct representation of their anatomical posi
tion with respect to the lesions. The complementary 
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Fig. 33.13a-e. MIP (a) and SO (b) of the portal 
tree. A ny-through sequence i generated along 
the main trunk of the portal vein (c). the portal 
bifurcation (d) and the right intrahepatic 
branches (e) 

b 
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use of these processing methods is not exceedingly 
time consuming and can be realistically proposed in 
a clinical setting (WILSON et al. 1998; TOGO e al. 
1998; VAN LEEUWEN et al. 1994). 

For local tumor staging, visualization of hep;lto
cellular carcinoma nodules in Lipiodol CT data-sets 
can be facilitated by using 3D reconstruction (rig. 
33.8). In pre-treatment planning (before surgery or 
locoregional therapies), 3D images can be of assis
tance by enabling the contemporary visualization of 
portal and venous vessels, thus allowing the display 
of the liver segmental anatomy as defined by 
COUINAUD (1986) and BISMUTH (1982). 
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Exploiting these advantages of 3D imaging, more 
precise segmental hepatectomies can be planned, 
and the attention of the surgeon can be more easily 
focused on avoiding damage of the hepatic veins 
(WAGGENSPACK et al. 1993). If local therapy is 
planned, 3D visualization permits the identification 
of the more appropriate path for targeting the lesion 
within the liver parenchyma (Fig. 33.3). 

The knowledge of anatomical details is essential 
when the patient presents anatomical variants: he
patic veins can have supernumerary branches, early 
divisions or an uncommon coursej portal branches 
can have an accessory branch that independently 

Fig. 33.14a- c. Volume renderings of a spiral CT data
set in a patient with a large cholangiocarcinoma (ar
rows) and a biliary stent (a,b). The gray-scale coded 
display of the biliary stent obtained by increasing the 
transparency (c) allows evaluation of the morphology 
and course of the stent (arrows) 

b 
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arises from the portal vein and contributes to the 
vascularization of the right posterior segments (VI 
and VII)j bile ducts can have accessory ducts or atre
sia of intrahepatic branches (VAN LEEUWEN et al. 
1994j KASHIWAGI et al. 1994). 

Three-dimensional reconstructions enable volu
metric assessments of anatomical structures. In par
ticular, this can be done for the liver parenchyma by 
using a careful segmentation (Fig. 33.5). When the 
patient undergoes hepatectomy, 3D reconstructions 
allow the quantification of the residual parenchyma 
and the estimation of the entity and the edge of re
section (TOGO et al. 1998). 
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Post-treatment assessment is also useful in cases 
of follow-up of liver lesion after local therapies (per
cutaneous ethanol injection, trans-arterial chemo
embolization and radiofrequency thermal ablation). 
A comparison between the pre- and post-treatment 
imaging of the lesions is able to demonstrate the re
duction of the viable tumor tissue in the case of a 
successful treatment. By applying different segmen
tation methods (region growing, cutting planes, 
threshold), the lesion can be isolated from the liver 
parenchyma; then it can be characterized by color 
coding and volume renderings. In this way, 3D imag
ing contributes to the precise estimation of tumor 
necrosis, and permits the indication of whether or 
not the treatment has been successful. 
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Abscess liver 140,221,393,403,500 
Acetic acid injection 249 
Actin, smooth muscle 175,494 
Adenoma, hepatocellular (HCAl 11, 

27,30,56,173,407 
- angiography 126 
- biopsy 500 
- computed tomography 90,408,443 
- differential diagnosis 27,31,55,67, 

107, III 
- Doppler ultrasonography 67, 183 
- embolization 409 
- magnetic resonance imaging 100, 

107,111,116,408,446,451,457,458 
- malignant transformation 27 
- pathologic findings 30 
- ultrasonography 408 
Adenomatous hyperplasia (AH) see 

Dysplastic nodule, Macroregenera
tive nodule and Borderline lesion 

Adhesion molecules 171 
Adriamycin see Doxorubicin 
Advanced hepatocellular carcinoma see 

also Overt hepatocellular carcinoma 
and Hepatocellular carcinoma 

- computed tomography 74,78,85 
- early-advanced hepatocellular carci-

noma 54,74,106,107 
- magnetic resonance imaging 124 
- transarterial chemoembolization 

271 
- ultrasonography 50,54,239 
Aflatoxins 23 
- as carcinogens in experimental mod-

els 23 
- and liver cancer 42 
- and p53 gene mutations 42 
Africa, africans, liver cancer 11,21, 24, 

39,40,41,42,44,45,95,269,321 
AgNORs, silver staining nucleolar 

organizer regions 29 
AIDS see HIV infection 
Alcohol intake 42 
- association with hepatitis C 42 
Alkaline phosphatase 
- in cholangiocarcinoma 139 
- in metastases 225 
- in rhabdomyosarcoma 414 
Alpha-I-antitrypsin 12,24 
- deficiency 23 
Alpha -fetoprotein 
- in early detection of hepatocellular 

carcinoma 22,49,85,245,321 
- in cholangiocarcinoma 15 

- in cirrhosis 24 
- in fibrolamellar carcinoma 13 
- in hepatoblastoma 15 
- in hepatocellular carcinoma 12,87, 

277,282,284,286,294,297,299,306, 
467,473,476,491 

- in hepatocholangiocarcinoma 17 
- in pediatric tumors 403, 404, 413 
AMI-25 see Contrast media in magnet-

ic resonance imaging, tissue specific 
Androgens 27 
Angiography 121-136 
- in angiosarcoma 160 
- in cavernous hemangioma 126 
- in cholangiocarcinoma 146, 150 
- computed tomography during 72, 

130-132,194-198 
- in cystoadenocarcinoma 157 
- in differential diagnosis 126 

in focal nodular hyperplasia 126, 
156,410 
in hepatoblastoma 155 
in hepatocellular carcinoma 72,121-
127,130-132,264,274 
and Lipiodol injection 132-135, 198 
in metastases 194-198 

- in pediatric tumors 404, 410, 413 
- and percutaneous therapies 277, 

305,309 
- post-transplantation 428 
- in preoperative assessment 426 
- in regenerative nodule 126 
- technique 122,123,127,195 
- ultrasound angiography 127-130 
- in varices 256, 261 
Angiosarcoma 16,33,158-161,415, 

494,495 
Angiotensin II 379 
Apoptosis and hepatocarcinogenesis 

41 
Arsenic, angiosarcoma from 16,158 
Arteries, hepatic 6 
Ascites 12,16,43,44,106,250,425,431 
Asia, liver cancer 21,39,40,95,321 
Asialoglycoprotein-SPIO see Contrast 

media in magnetic resonance imag
ing, tissue specific 

Atrium, tumor growth 269 
Atypical adenomatous hyperplasia 

(AAH) see Dysplastic nodule, 
Macroregenerative nodule and 
Borderline lesion 

Autoimmune diseases, and liver trans
plantation 423 

Bile duct 4 
- adenoma 31 
- carcinoma from see Cholangio-

carcinoma 
- complications post-transplantation 

432-438 
- leaks 435 
- tumor growth in 15,107,309 
Biliary cirrhosis 15, 266, 423 
Biliary cystoadenoma and cystoadeno-

carcinoma 16,31,155-157 
Biliary hamartoma 30 
Biliary papillomatosis 31,411 
Bilirubin 139,225,263,267,295,365, 

369,414 
Biloma after therapies 263,345,361, 

369,435,438 
Biopsy of liver 48,87,164,403,426, 

467,489-497,499-508 
- in atypical hemangioma 506 
- complications 266,430,495,507 
- computed tomography-guided 499-

508 
- indications and contraindications 

499 
- in early detection of hepatocellular 

carcinoma 25,246 
- in metastases 174 
- needles 490, 491, 501, 503, 507 
- patient preparation 500 
- in regenerative nodules 506 
- ultrasound-guided 489-497 
Boiling water injection 249 
Borderline lesion 26 see also 

Dysplastic nodule and 
Macroregenerative nodule 

- computed tomography 87 
- ethanol injection 276,283,288 
- ultrasonography 54 
Breast cancer metastases 170, 173, 174, 

180,183,185,190,194,337 
- therapies 343,363,366,384 
Bruits, arterial, in liver tumors 16, 44 
Budd-Chiari syndrome 423 
- and epithelioid hemangioendo-

thelioma 157,.415 
- in metastases 180 
- posttransplantation 432 
Byler disease 413 

Calcifications 180, 187,200,206 
Carcinoembryonic antigen (CEA) 24, 

177 17q 7~7 ~~" 
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Carcinogenesis of hepatocellular carci
noma 15,22-29,54,74,87,283 see 
also Etiologic factors 

Cavernous hemangioma see Heman
gioma 

Cell cycle regulation 22 
Central bile ducts cholangiocarcinoma 

see Cholangiocarcinoma 
Chemoembolization, transcatheter 

arterial (TACE) 
- and cisplatin 
- - in hepatocellular carcinoma 259, 

263,266 
- - in metastases 363,372 
- and doxorubicin 256,259,261,263, 

266,362,372 
- in fibrolamellar carcinoma 268 

and fluorouracil (5-FU) 256,336, 
362,382 

- in hepatocellular carcinoma 127, 
133,255-271,473 see also Emboli
zation combined with ethanol injec
tion 249,268,276,288,322,473 

- - compared to ethanol injection 
285,299 

- - indications for 248,254,268,276, 
389,322 

- - Lipiodol 132,261 
- - preoperative 248, 267 
- - response to 264,476,524 
- - segmental 259, 286 
- - side effects of 263 
- - survival after 285 
- in metastases 355-384 see also 

Embolization 
- - contraindications 369 
- - and DSM 365 
- - hypoxic hepatic perfusion in 372-

374 
- - Lipiodol 366-372 
- response to 348, 382 
- and mytomicin C 74,362,366,372 
Chemotherapy 
- in hepatoblastoma 412 
- in hepatocellular carcinoma 413 
- - with embolization see Chemo-

embolization 
- in metastases 335,337,355,382 
- - arterial infusion 355,357-363 see 

also Chemoembolization combin
ed techniques 380 

- - response to 192,259,382 
pre-transplantation 248 

China, liver cancer 21,39,40,41,42, 
44,45 

Cholangiocarcinoma 15 
- biopsy 494 
- central bile ducts type 15,32 
- cholangiography and 150,426 
- classification and pathological find-

ings 15,32,139,140,146,153,173 
- clinical features 139 
- computed thomography 141,148 
- differential diagnosis 15,56,91,126, 

174 
- etiology 15, 139 
- hepatic angiography 126,146 

- hilar type see Klatskin's tumor 
- histologic features 15,32,140 
- magnetic resonance imaging 144, 

148,457 
- mixed hepatocellular 17, 54, 83 
- mucinous type 144 
- peripheral type 15 
- staging 150 
- treatment 140,150,423 
- ultrasonography 56,141,146 
Cholangiography 
- in cholangiocarcinoma 149,150,426 
- and transplantation 426, 428 
Cholangitis 140,263,369 
- primary sclerosing 15, 139, 150,423, 

426 
Chorioncarcinoma 180,415 
Chromosome abnormalities in hepato

blastoma 15 
Chronic liver disease 23 see also 

Cirrhosis 
Cirrhosis 42 
- affecting diagnosis of hepatocellular 

carcinoma 11,12,43,459,491 
- biliary, primary 15,266 
- and hepatitis viruses 12,21,42 
- and hepatocellular carcinoma 12, 

21,23,29,42,245,246 
- as preneoplastic condition 13, 42, 

248 
Cisplatin 
- in hepatocellular carcinoma 259, 

263,266 
- in metastases 376,386 
Clinical features of hepatocellular carci

noma see Hepatocellular carcinoma 
Coagulation, blood tests 489, 500 
Coagulative necrosis 204, 206, 282, 

312,325,345,393,394,470,471 
Co-carcinogens 12 
Colliquative necrosis 204,224 
Color Doppler see illtrasonography, 

Doppler 
Colorectal cancer metastases 173, 335 
- chemoembolization 365-372 
- combined techniques 380 
- hypoxic hepatic perfusion 372-378 
- intraarterial perfusion 357-363 
- magnetic resonance imaging 204 
- radiofrequency thermal ablation 

343,347 
- resection 232 
- response of 382 
- survival 202,232,347 
- ultrasonography 180-182 
Combined therapies 
- in metastases 380 
- in hepatocellular carcinoma 
- - chemoembolization and ethanol 

injection 249,268,276,288,322, 
473 

- - radiofrequency and embolization 
287,303,304,306,309 

- - radio frequency and arterial 
occlusion 325,327,329 

Computed tomography (CT) 71-94, 
185-200 
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- in adenoma 408 
- in advanced hepatocellular cardno-

ma 78-81 
- in angiosarcoma 160 
- in biliary cystoadenocarcinoma 157 
- biopsy guided with 499-508 
- in borderline lesions 87 
- in cholangiocarcinoma 141-144,148 
- compared to magnetic resonan:e 

imaging 116, 226, 443, 450, 458, 470, 
476 

- compared to ultrasonography 62, 
67 

- contrast media see Contrast media in 
computed tomography 

- dual-phase CT 71,189-194 
- during angiography 72,83, 130-132, 

194-198 
- in early hepatocellular carcinoII a 

74 
- in epithelioid hemangioendo

thelioma 158 
- in fibrolamellar carcinoma 83, 'll 
- in focal nodular hyperplasia 79.192, 

409 
- in hemangioma 87,90,160,192 404 
- in hepatoblastoma 154,412 
- in liver metastases 185-200,417 
- in lymphomas 164 
- in macroregenerative nodules 71,74 
- in mesenchymal hamartoma 407 
- in nodular regenerative hyperplasia 

411 
- post cryoablation 393,395,396 
- post ethanol injection 279,281, Z94, 

470,476 
- post intrarterial therapies in met.iS

tases 376,382,384,385 
- post thermal therapies 307,310,316, 

319,382,493 
- in preoperative assessment 231 
- in regenerative nodules 74,200 
- in sarcomas 162,414,415 
- in screening of hepatocellular card-

noma 85 
- in small hepatocellular carcinoma 

73-78 
- in staging of liver cancer 91 
- techniques of 71-73,186-194 
- three-dimensional (3D) imaging 61, 

517 
- and transplantation 425,428, 430 
- triple-phase CT 194 
- in tumor thrombus 91 
- unusual features of hepatocellular 

carcinoma at 81 
Contraceptives, oral 12,27,56 
Contrast agents see Contrast media 
Contrast media 
- in angiography 122, 123, 125 
- in computed tomography 71,72, 

185-190,198 
- in magnetic resonance imaging 9:', 

98,212,443-463 
- - extracellular 97,218,444 
- - hepatocyte-specific see hepato-

biliary 
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- - hepatobiliary 97,107-109,218, 
450-458 

- - RES specific see tissue-specific 
- - tissue specific 98,109-116,216, 

444,445-450,458,460-463 
- - tumor-specific 444, 458 
- in ultrasonography 60,61,62,172 
Copper 
- in hepatocellular carcinoma 81,83, 

100 
- overload in Wilson's disease 33 
Cryotherapy 391-401 
- laparoscopically-guided 293 
- open cryoablation 392 
- prognosis see Prognosis and Survival 

rates 
- response and follow up 395-401 
- technique of 393-395 
CT see Computed tomography 
CT arteriography (CTA) see Angio

graphy and Computed tomography 
CT during arterial portography (CTAP) 

see Angiography and Computed 
tomography 

Cyclosporine 423, 439 
Cyst 224 
Cystoadenocarcinoma 15,31,155-157 
Cytokeratin 175 
Cytokine 29,172 
Cytologic variants of hepatocellular 

carcinoma see Hepatocellular carci
noma 

Cytology 135, 164,492,494 
Cytometry, flow 502, 504 

Death in hepatocellular carcinoma 
- causes 250,298,321,460 
- mortality 40 
Degradable starch micro spheres (DSM) 

364,365 
Des-gamma-carboxi prothrombin 246 
Diaphragmatic involvement in liver 

tumors 12,415 
DNA 
- alterations in carcinogenesis 16,21, 

23,29,22,39,42 
- content in hepatocellular carcinoma 

24 
- hepatitis B virus 22, 41 
- hepatitis C virus 2 
Doppler see Ultrasonography, Doppler 
Doxorubicin 256,259,261,263,266, 

362,372 
Drug theraphy see Chemotherapy 
Dual-phase spiral CT 71,189-194 
Dysplasia of liver cells 13,23-25, 246 
Dysplastic nodules 13,22,25,27,30, 

54,276, see also Borderline lesions 
and Macroregenerative nodules 

- biopsy 492,499,505 
- color Doppler appearance 64 
- computed tomography 75,87 
- magnetic resonance imaging 105-

107 
- treatment of 283 

Early detection of hepatocellular carci-
noma see also Screening tests 

- imaging tecniques 49,85 
- tumor markers 25, 49 
Early hepatocellular carcinoma see 

Hepatocellular carcinoma 
Embolization therapy 
- in adenoma 409 
- in focal nodular hyperplasia 410 
- in hemangioma 404 
- in hepatocellular carcinoma 
- - adverse reactions to 263 
- - blood clots, autologous 261 

catetherization in 127,256 
chemotherapy with 259 see also 
Chemoembolization in hepato
cellular carcinoma 

- - combined with radiofre.quency 
287,303,304,306,309,325 

- - compared with chemoemboliza-
tion 261 

- - contraindications 262 
- - gelatine sponge in 259 
- - indications 262, 266 
- - procedures for 259-261 
- in metastases 364 
- - coils in 360, 364 
- - contraindications 365 
- - gelatine sponge 364 
- - hypoxic hepatic perfusion 372-374 
- - microcapsules and microspheres 

364,365 
- - response to 348, 355 
- post-transplantation 429 
- pre-transplantation 267,270 
- prognosis see Prognosis and Survival 

rates 
Embryonal sarcoma 415 
Embryonic cell in hepatoblastoma 14, 

154 
Enzymes, activity in carcinogenesis 

23,24 
Epidemiology of hepatocellular carci-

noma 39-43 
- age and sex distribution 40 
- data in cancer registries 21, 22 
- geographical distribution 39 
- migrant populations 40 
- risk factors 18 see also Etiologic fac-

tors 
Epirubicin in hepatocellular carcinoma 

73 
Epithelial tumors of liver 
- benign 30 
- malignant 32 
Epithelioid hemangioendothelioma 

(EHE) 16,17,33,157-158,415 
Epoxid hydrolase mutations and 

aflatoxin-related liver cancer 23 
Erb gene 29 
Esophageal varices 256,261,263,298 
Ethanol, percutaneous injection (PEl) 

275-289,468-473 
- alcohol reflux 279 
- in borderline lesions 276,283,288 
- chemical thrombosis 279,299,323 
- combined with chemoembolization 
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249,268,276,288,322,473 
- compared to acetic acid 249 
- compared to chemoembolization 

285,299 
- compared to surgery 249,285 
- compared to thermal therapies 286, 

311,493 
- complications 279-281 
- contraindications 276,296 
- follow up 281,473,524 
- indications 249,276,294 
- liver function 279 
- needles 277,293 
- pre-transplantation 248 
- prognosis see Prognosis and Survival 

rates 
- recurrences 285 
- results 282-283,295 
- seeding 281,296,312,316 
- side effects 279-281,296 
- single session 293-300 
- technique 277-279,293 in tumor 

thrombus 294 
- versus no treatment 247 
Etiologic factors 
- in adenoma 27 
- in angiosarcoma 18 
- in cholangiocarcinoma 15,39 
- in hepatoblastoma 411 
- in hepatocellular carcinoma 12,21-23 
Etoposide in hepatocellular carcinoma 

363 
Europe, liver cancer in 12,39,41 

Factor VIII-related antigen in tumor 
cells 17,175 

Fatty methamorphosis of hepatocellu-
lar carcinoma 53,81 

Ferritin 12 
Fetal cell in hepatoblastoma 14,154 
Fibrolamellar carcinoma 13,56, 12, 

414 
- chemoembolization 268 
- computed tomography 83,91 
- differential diagnosis 13 
- epidemiology 13 
- magnetic resonance imaging 100, 

105,107 
- pathologic findings 13,57 
- prognosis 13, 268 
- resection 268 
Fibrosarcoma 161 
Fibrous histiocytoma, malignant 161 
Fibrous matrix 204,206 
Fine needle biopsy (FNB) see Biopsy 
Flow cytometry 502, 504 
Fluorouracil (5-FU) 270,336,362,382 
Focal nodular hyperplasia (FNH) 28, 

29,409 
- angiography 126, 155 
- computed tomography 79,192 
- and embolization 410 
- magnetic resonance imaging 111, 

106,107,145,224,446,451,457,458 
- pathologic findings 29 
- ultrasonography 56, 409 
Fructose 1.6 diphosphate 293 
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Gadopentate dimeglumine (Gd-DTPA) 
see Contrast media in magnetic reso
nance imaging, extracellular 

Gastroesophageal varices 250, 256, 
261,263,298 

Gd-BOPTA see Contrast media in mag
netic resonance imaging, hepatobil
iary 

Gd-DTPA see Contrast media in mag
netic resonance imaging, extracellu
lar 

Gd-EOB-DTPA see Contrast media in 
magnetic resonance imaging, hepa
tobiliary 

Gelatin sponge embolization 259,364, 
367 

Gelfoam see Gelatin sponge 
Glucose 
- hypoglycemia in hepatocellular car

cinoma 12 
- hypoglycemia in paraneoplastic syn

dromes 13,44,412 
Glutathione 293 
Glycogen storage diseases 154,407, 

413 
Growth factors 29, 172 
Growth patterns of tumors 90 
- in angiosarcoma 159 
- in cholangiocarcinoma 140,141,146 
- in hepatocellular carcinoma 32, 50, 

53,57,91 
- in metastases 173 

Harmonic imaging see 
Ultrasonography, Doppler 

HBV see Hepatitis B virus 
HCV see Hepatitis C virus 
Heart, tumor growth in 269 
Hemangioendothelioma 
- and Budd-Chiari syndrome 157,415 
- epithelioid 16,157-158 
- pathologic findings 33,157 
Hemangioma 31,403-406 
- biopsy in atypical hemangioma 506 
- cavernous 126,160,404 
- computed tomography 87,90,160, 

192,404 
- hepatic angiography 126,404 
- magnetic resonance imaging 116, 

160,224,404,447,459 
- ultrasonography 55, 113, 183,404 
Hemangiosarcoma see Angiosarcoma 
Hemochromatosis 
- and angiosarcoma 159 
- and cirrhosis 43 
- and hepatocellular carcinoma 23, 

43,100,413 
Hemorrhage 187,206,345,431 
Hepadnaviridae in woodchucks and 

squirrels 41 
Hepatectomy in hepatocellular carcino-

ma. see Resection of liver 
Hepatic artery 6, 122 
- anastomosis in transplantation 426 
- angiography technique 122, 123, 

127,195 

- anomalies 122,127,130,257,359 
- Doppler evaluation 58,182,427 
- occlusion 
- - combined with radiofrequency 325 
- - in hypoxic hepatic perfusion 372-

374 
- three-dimensional (3D) reconstruc-

tion 517,520 
Hepatic ligaments 3 
- peritoneal relationship 9 
Hepatic lobes 3 
Hepatic segments 4-6 
Hepatic veins 4, 8 
- invasion 17,155,157,180,415 
- occlusion combined with radiofre-

quency 325 
- in transplantation 434,427 
- tumor thrombus 106, 256, 269 
- variants 8,523 
Hepatitis, autoimmune 423 
Hepatitis B virus 22, 40 
- and cirrhosis 12 
- epidemiological studies 40 
- experimental studies 41 
- - transgenic mouse model 41 
- genomic organization of 22,41 
- integration into hepatocyte DNA 22, 

41 
- laboratory studies 41 
- truncated pre-SIS gene 22,41 
- X-protein activity 22,41 
Hepatitis C virus 22,41 
- in alcoholists 12,42 
- and cirrhosis 12,21,42 
- different genotypes 42 
- and hepatocellular carcinoma 12,21 
Hepatoblastoma 411-413 
- associated conditions 154,411 
- cell lines 14 
- chromosome abnormalities 15 
- clinical features 14,154,412 
- differential diagnosis 404 
- gross features 14, 154 
- histologic features 14, 154 
- imaging studies 154,412 
- laboratory features 154,412 
- mixed type 14 
- prognosis 412 
- risk factors 411 
- treatment 412 
Hepatobiliary or hepatocyte-specific 

contrast agents see Contrast media 
Hepatocellular carcinoma 
- advanced hepatocellular carcinoma 

50,54,78,239,271 
- and alcohol intake 42 
- clinical presentation of 12,43-44 
- diaphragmatic involvement 12 
- differential diagnosis 26,30,54-56, 

64-67,87-91,100,106,107,111,126, 
141,144,174,459,492 

- early detection 245, 25, 49, 85 
- early hepatocellular carcinoma 54, 

64,100,105,107,245 
- epidemiology 39-43 
- etiology 12,21-23 
- growth patterns 32,50,55,57,90,91 
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- histologic variants 12,32 
- metastatic 12,44,52,57,92 
- morphologic features 50,75,711 
- mortality 40 
- overt see Overt hepatocellular c irci-

noma 
- paraneoplastic syndrome 12,U,44, 

267 
- pathologic findings 12,32,492 
- prognosis see Prognosis and Survival 

rates 
- recurrence see Recurrence 
- risk factors 12,21-23,40-43 
- rupture 12,44,263,266 
- sarcomatous change 53,81 
- satellite nodules 52, 80, 91 
- small see Small hepatocellular carci-

noma 
- staging 56,91,95,129, 132,277,522 
- survival rates see Survival rates 
- symptoms and signs 43-44 
- and tobacco use 42 
- and transforming growth factor·· 

alpha 172 
- and transforming growth factor· beta 

29,172 
- unusual characteristics 53,81, 
- vascular invasion 57,248,424,425 

see also Thrombus tumor 
Hepatocytes 
- in adenoma 25, 31 
- in focal nodular hyperplasia 28 
- in liver dysplasia 13 
- nuclear morphology and ploidy 13, 

492 
HIV infection 162 
- and lymphoma 500 
Hormones 21,27,43 
Hyalin inclusions 492 
Hypercalcemia 44, 267 
Hyperplasia 
- adenomatous 13, 22, 25 see also 

Borderline lesions, Dysplastic nod
ules and Macroregenerative nodules 

- focal nodular (FNH) see Focal nodu-
lar hyperplasia 

Hyperthiroydism 13 
Hypoglycemia 
- in hepatocellular carcinoma 12 
- in paraneoplastic syndrome 13, 44, 

412 
Hypoxic hepatic perfusion 374-37t, 
Hystiocytoma, malignant fibrous 157 

Immunosuppressed patients 
- lymphoma 162,500 
- sarcoma 415 
Immunotherapy in metastases 380 
Inflammatory pseudo tumor 30 
Insulin-like growth factors 44, 13 
Interstitial laser photocoagulation see 

Laser photocoagulation 
Intra-arterial perfusion in metastas€ s 

357-363 
Intraoperative ultrasonography in 

metastases 231-242 
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Iron 
- deposit in hepatocellular carcinoma 

71,105 
- overload effects 23, 43, 100 
- oxide see Contrast media, tissue spe-

cific 
- reduced uptake in chemical hepato

carcinogenesis 
Isobutyl-2-cyanoacrylate (IBC) 364, 

360 

Japan, liver cancer 39,41,43 
Jaundice 12, 15, 16,44, 140, 180,343, 

403 

Ki-67 monoclonal antibodies 26 
Klatskin's tumor 15,32,139,140,146-

150 
Kupffer cell sarcoma see Angiosarcoma 

Laser photocoagulation, interstitial 
311-318 

- adverse effects and complications 
316 

- compared to ethanol injection 311 
- compared to radiofrequency 493 
- compared to resection 313 
- follow up 314 
- needles 313,314 
- results 317 
- technique 312 
Leiomyosarcoma 161-162,414,494 
Leucovorin with fluorouracil in metas-

tases 336,363 
Lipiodol 
- in computed tomography 72, 84 
- - with hepatic angiography 132-135, 

198 
- - in chemoembolization 132,261, 

266,366,383 
Liver, anatomy 3-10 
Liver cell dysplasia (LCD) 13,23-25, 

246 
Lung cancer metastases 173,180,337 
Lymphangioma 411 
Lymphoma of liver, primary 33, 162 
- biopsy in 500, 502 
- clinical features 162 
- differential diagnosis 150 
- gross features 164 
- with hepatocellular carcinoma 491 
- histologic features 164 
- imagings findings 164,180 
- in immunosuppressed patients 162, 

500 
- post-transplantation 162,439,600 

Macroregenerative nodules 30 see also 
Dysplastic nodules and Borderline 
lesions 

- computed tomography 71,74 
- ethanol injection 276 
- ultrasonography 54, 64 

Magnetic resonance imaging 95-117, 
203 

- in adenoma 100107,111,116,408, 
446,451,457,458 

- in angiosarcoma 160 
- in biliary cystoadenocarcinoma 157 
- in cholangiocarcinoma 144,148,457 
- cholangiography 149 
- compared to computed tomography 

116,226,443,450,458,470,476 
- compared to scintigraphy 460 
- contrast agents see Contrast media 
- contrast enhancement in 97, 98 
- differential diagnosis of hepatocellu-

lar carcinoma 106, 107, III 
- in early hepatocellular carcinoma 

105 
- in epithelioid hemangioendothe

lioma 158 
- in fibrolamellar carcinoma 100,105, 

107 
- in focal nodular hyperplasia Ill, 

145,224,409,446,451,457,458 
- in hemangioma 116,160,224,404, 

447,459 
- in hepatoblastoma 155,412 
- in hepatocellular carcinoma 98-105, 

106-116,414,451,457 
- in lymphomas 164,417 
- in mesenchymal hamartoma 407 
- in metastases 110,203-226,452,457 
- post chemoembolization 476 
- post cryotherapies 398-400 
- post ethanol injection 281,471 
- post thermal therapies 305,344,345, 

347,479 
- preoperative assessment 226 
- in regenerative nodules 105,106, 

109, III 
- ring sign in 104, 108, 116,221,224 
- in sarcomas 162,415 
- in small hepatocellular carcinoma 

75 
- technique 96-98, 208-218 
- three-dimensional (3D) imaging 

517 
- and transplantation 425 
Mallory bodies 26,30,32 
Manganese-DPDP see Contrast media 

in magnetic resonance imaging, 
hepatobiliary 

Mesenchymal hamartoma 406 
Mesenchymal tumors of liver 
- benign 31-33 
- malignant 16-17 
Metalloporphyrins 458 
Metals see Copper and Iron 
Metastases 
- angiography 194-198 
- biopsy 174,494 
- breast cancer 337 
- chemotherapy 335,337,355,3826 
- - arterial infusion 355,357-363 see 

also chemoembolization 
- - combined therapies 380 
- - response to 192,259,382 
- in childhood 417 

531 

- colorectal cancer 335 
- computed tomography in 185-201 
- cryotherapy 391-401 
- cystic 180 
- differential diagnosis 87,107,113, 

144,174-175 
- embolization 364 
- epidemiology 169-170 
- gastric cancer 337 
- growth patterns 173 
- hepatocellular carcinoma 12,44,52, 

57,92 
- hypoxic hepatic perfusion 372-374 
- intraoperative ultrasonography 231-

242 
- lung cancer 337 
- lymphoma 417 
- magnetic resonance imaging 110, 

203-226,451,452,457 
- molecular aspects 170-173 
- pancreatic cancer 337 
- pathology 173-174 
- prognosis see Prognosis and Survival 

rates 
- radiofrequency thermal ablation of 

493 
- response to embolization 364 
- staging 194,199 
- surgery see Resection 
- tumor markers 172 
- ultrasonography 179-184 
Methotrexate (MTX) 326 
Microwave coagulation, percutaneous 

308 
Mitomycin C in chemoembolization 

256,362,366,372 
Mixed tumors 17 
Mn-DPDP see Contrast media in mag

netic resonance imaging, hepatobil
iary 

Molecular markers of hepatocellular 
carcinoma 29 

Moschowitz complex see Biliary hamar-
toma 

MRI see Magnetic resonance imaging 
Mucinous cholangiocarcinoma 144 
Myc gene 29 

Needles 
- in biopsy 490,491,501,506,507 
- in ethanol injection 277,293 
- in laser photocoagulation 313,314 
- in radiofrequency thermal ablation 

286,304,340-343 
Neuroblastoma 417 
Nodular regenerative hyperplasia 

(NRH) 28,30,411 
Nodule-in-nodule 105 
Non-cirrhotic livers 27-28,55-56,67,90 
Noradrenaline 381 
Nuclear medicine see Scintigraphy 

Oncogenes in hepatocarcinogenesis 
22,29,41,172 



532 

Osteolytic metastases from hepatocel
lular carcinoma 12 

Overt hepatocellular carcinoma 54, 64, 
74,83,84,85 

p53 tumor suppressor gene 29,41,42, 
259,267 

Palliative treatments in hepatocellular 
carcinoma 249-251 

Pancreatic cancer metastases 174,180, 
183,337,343 

Papillomatosis, biliary 29,411 
Paraneoplastic syndrome 
- in hepatoblastoma 412 
- in hepatocellular carcinoma 12, 13, 

44,267 
Pathologic findings 
- of adenoma 30 
- of angiosarcoma 33, 160 
- of biliary cystoadenoma and cys-

to adenocarcinoma 31,155 
- of cholangiocarcinoma 32,140,146 
- of epithelioid hemangioendo-

thelioma 33, 157 
- of fibrolamellar carcinoma 13, 56 
- of focal nodular hyperplasia 29 
- of he pat obi as tom a 14,154 
- of hepatocellular carcinoma 12,32 
- oflymphoma 164 
- of metastases 173 
PCNA 26,29 
Pediatric tumors 403-418 
- adenoma 407-409 
- epitelioid hemangioendotelioma 415 
- focal nodular hyperplasia 409 
- hemangioma 403-406 
- hepatoblastoma 411-413 
- hepatocellular carcinoma 413 
- lymphangioma 411 
- mesenchymal hamartoma 406 
- metastases 417 
- nodular rigenerative hyperplasia 411 
- rhabdomyosarcoma 414 
- sarcomas 414 
PEl see Ethanol, percutaneous injection 
Peliosis hepatis 56 
Percutaneous ethanol injection see 

Ethanol, percutaneous injection 
Percutaneous microwave coagulation 

310 
Percutaneous transhepatic cholangiog

raphy (PTC) 415 
Pericholangitis 262 
Pityriasis rotunda in hepatocellular 

carcinoma 45 
Polycythemia 44 
Porphyria cutanea tarda in hepatocellu-

lar carcinoma 23 
Portal vein 6-8 
- accessory 523 
- invasion 145,157 
- occlusion combined with radiofre-

quency 325 
- portography, computed tomography 

during 72,83,30-132,194 

- tumor thrombus 52,57,60,62,91, 
106,269 

- variants 8 
Portography see Portal vein 
Power Doppler see Ultrasonography, 

Doppler 
Prognosis see also Death and Survival 

rates 
- angiosarcoma 16,33, 158 
- cystoadenocarcinoma 16 
- epithelioid hemangioendothelioma 

17,33 
- fibrolamellar carcinoma 13, 268 
- hepatoblastoma 154,412 
- hepatocellular carcinoma 53, 249, 

265,269,284,413 
- mesenchymal hamartoma 407 
- metastases 336,347 
Proliferative cell nuclear antigen see 

PCNA 
Pseudoporphyria 13 
Pulsed Doppler see Ultrasonography, 

Doppler 

Radiofrequency (RF) thermal ablation 
- evaluation of tumor response 493 
- in hepatocellular carcinoma 303-

309,490-497 
- - combined with embolization 287, 

303,304,306,309 
- - combined with transcathether 

hepatic arterial balloon occlu
sion/embolization 325 

:- - compared to ethanol injection 
287,307 

- - compared to laser photocoagula
tion 493 

- - compared to resection of the liver 
303 

- - complications 308 
- - efficacy assessment 304, 524 
- - needles 286, 304 
- - results 305-308 
- - technique 303-305 
- - ultrasonography guidance 305 
- in metastases 339-352,490-497 
- - in colorectal cancer metastases 

343,3481,350 
- - compared to cryosurgery 493 
- - compared to resection of the liver 

339 
- - complications 351 
- - follow up 345-348 
- - histologic changes 345 
- - indications 338 
- - needles 340-343 
- - patient selection 343 
- - procedure 343 
- - results 348-351 
- - technique 340-343 
- prognosis see Prognosis and Survival 

rates 
Radiotherapy, combined techniques 394 
Radium exposure, angiosarcoma from 

158 
Ras gene 29 

Subjecl Index 

Recurrence 
- of hepatocellular carcinoma 
- - post ethanol injection 285,473 
- - post radiofrequency thermal 

ablation 306, 497 
- - post chemoembolization anc 

ethanol injection 322 
- - post resection 248, 258 
- - post transplantation 248,424 
- of metastases 
- - post radiofrequency thermal abla-

tion 350, 497 
- - post cryotherapy 393 
Regenerative nodules 13, 23, 27 
- angiography 126 
- biopsy 506 
- computed tomography 74,200 
- magnetic resonance imaging 105, 

106,107, 109, III 
Resection of liver 4,6,247 
- anatomic consideration in 4, 6, 8 
- in cholangiocarcinoma 140 
- compared to chemoembolizatio 11 

247,255,259 
- compared to interstitial laser photo

coagulation 311 
- compared to percutaneous ethanol 

injection 249,285,288,293,299,322 
- compared to radiofrequency thermal 

ablation 303, 339 
- compared to transplantation 247, 

248 
- cystoadenocarcinoma 16 
- embolization therapy 
- - before 267 
- - after 269 
- in fibrolamellar carcinoma 268, 
- in hepatoblastoma 412 
- in hepatocellular carcinoma 247, 

275,299,467 
- - in advanced disease 247,255,275, 
- - in borderline lesions 283 
- - in childhood 413 
- - contraindication to 247,275,321 
- - extent of resection in 247 
- - indications 247,248,259,276,288 
- - recurrence after 248, 268 
- in metastases 203,224-226,336, 348, 

467 
- - combined with arterial infusion 

chemotherapy 380 
- - compared to cryotherapy 389 
- - compared to radiofrequency 

thermal ablation 339 
- - extent of resection 233, 241 
- - indications 231-233, 336 
- - intraoperative evaluation 231 
- - ultrasonography in 231,233-238 
- - vascular control in 239 
- preoperative evaluation 231,452, 

511,522 
- prognosis see Prognosis and Survival 

rates 
- in recurrent tumors 268 
- in vascular involvement 239 
- versus no treatment 247 
RF see Radiofrequency thermal ablation 



Subject Index 

Ring sign in magnetic risonance imag
ing 104,108,116,221,224 

Risk factors for hepatocellular carcino
ma 22, 23, 40-43 see also Etiologic 
factors 

RITA 287,304,306 see also 
Radiofrequency thermal ablation 

Rupture of hepatocellular carcinoma 
12,44 

- and embolization 263, 266 

Sarcomas 31,160,414 
- angiosarcoma 16,33,158-161,415, 

494,495 
- embryonal 415 
- fibrosarcoma 161 
- leiomyosarcoma 161-162,415 
Satellite nodules in hepatocellular car

cinoma 52,80,91 
Scintigraphy 404,415,460 
Sclerosing cholangitis, primary 15, l39, 

150,423,426,427 
Screening programs 21 see also Early 

detection of hepatocellular carcino
ma 

- alpha-fetoprotein 21,22,49,85,245, 
321 

- computed tomography 85 
- ultrasonography 49 
SHU-555A see Contrast media in mag

netic resonance imaging, tissue spe
cific 

Small hepatocellular carcinoma 27,49, 
50,61,73 

- magnetic resonance imaging 75 
- treatment 245,265,275,314,317,322 
Smoking, and liver cancer 42 
Spectral analysis, Doppler 58, 164 
SPIO see Contrast media in magnetic 

resonance imaging, tissue specific 
Splenomegaly 16,44,431 
Staging 
- of cholangiocarcinoma 150 
- of hepatocellular carcinoma 56,91, 

95,129,132,247,277 
- of metastases 194,199,231 
Superparamagnetic iron oxide (SPIO) 

see Contrast media in magnetic reso
nance imaging, tissue specific 

Surgery see Resection of liver 
Survival rates 
- post chemoembolization in hepato

cellular carcinoma 261,262,265, 
267,269,285,299 

- post chemoembolization plus 
ethanol injection in hepatocellular 
carcinoma 322 

- post cryotherapy in metastases 389 
- in metastases 203,232,336,347 
- with palliative treatments 249 
- post percutaneous ethanol injection 

in hepatocellular carcinoma 249, 
283,285,297,299 

- post radiofrequency thermal ablation 
in hepatocellular carcinoma 286, 
306 

- in metastases 350 
- post resection in hepatocellular car-

cinoma 247-248,285 
- in metastases 336,348 
- post transcathether arterial therapies 

in metastases 363,365,366,372,380 
- post-transplantation of liver l33, 

299,423 

Thermal therapies see Radiofrequency 
thermal ablation, Laser photocoagu
lation, and Microwave coagulation 

Three-dimensional (3D) reconstruc-
tions 61,511-524 

- clinical applications 521-524 
- protocols 517-521 
- segmentation 512 
- tools 518-521 
- visualization 513 
- volumetric data-set 512 
Thrombus, tumor 
- computed tomography 91 
- hepatic angiography 125,127,269 
- hepatic veins 106, 256, 269 
- portal vein 52,57,60,62,91,106, 

256,269 
- treated with ethanol injection 294 
- ultrasonography 60,62 
Tobacco use and liver cancer 2 
Transarterial chemoembolization 

(TACE) see Chemoembolization 
Transarterial embolization (TAE) see 

Embolization 
Transcatheher arterial therapies in 

metastases 355-385 
- prognosis see Prognosis and Survival 

rates 
Transforming growth factors-alpha 172 
Transforming growth factors-beta 29, 

172 
Transplantation ofliver 248-249,423-

439 
- abdominal complications 438 
- anastomoses 426 
- biliary complications 432-438 
- compared to resection 247,248 

contraindications 424 
Doppler evaluation 424,427 
embolization 
- pre transplantation 267,270 
- post transplantation 431 
in epithelioid hemangioendothe
lioma 17 
post transplant imaging 427-439 
pre transplant imaging 424-426 
prognosis see Prognosis and Survival 
rates 

- survival rates see Survival rates 
- tumor recurrence see Recurrence 
- vascular complications 428-432 
- vascular invasion 248 
Triple-phase CT 194 
Tumor markers see Alfa-fetoprotein, 

Des-gamma-carboxi prothrombin, 
and Carcinoembryonic antigen 

Tumor thrombus see Thrombus tumor 

533 

Ultrasmall superparamagnetic iron 
oxides (USPIO) see Contrast media 
in magnetic resonance imaging, tis
sue specific 

Ultrasonography (US) 
- adenoma 408 
- in borderline lesions 54 
- in cholangiocarcinoma 56,141,146 
- in colorectal cancer metastases 180-

182 
- compared to computed tomography 

62,67 
- contrast media 60, 61, 62, 172 
- Doppler 57-67,181-184 
- - evaluation of hepatic artery 58, 

182,427 
evaluation of transplantation 427 

- - spectral analysis 58, 182 
- in early detection of hepatocellular 

carcinoma 49 
- in focal nodular hyperplasia 56,409 
- gray-scale ultrasonography in hepa-

tocellular carcinoma 47-57 
- guidance in biopsy 490 
- guidance in ethanol injection 277, 

279,293,468 
- guidance in radiofrequency 305,343 
- in hemangioma 55, 113, 183,404 
- in hepatoblastoma 412 
- in macroregenerative nodules 54, 64 
- in metastases 179-184 
- - intraoperative 251-260 
- post -cryoablation 396 
- post-ethanol injection 249,468 
- post-radiofrequency 305, 347, 493 
- sarcomas 414,415 
- staging in hepatocellular carcinoma 

56 
- in tumor thrombus 60, 62 
- ultrasound angiography 127-l30 
Undifferentiated embryonal sarcoma 

(UES) see Embryonal sarcoma 
US see Ultrasonography 
USPIO see Contrast media in magnetic 

resonance imaging, tissue specific 

Varices, gastroesophageal 250, 256, 
261,263,298 

Vasculature 
- anomalies in arterial branches 122, 

127,130,257,3571 
- hepatic artery 6,122 
- - anastomosis in transplantation 

426 
angiography technique 122,123, 
127,195 

- - Doppler evaluation 58,182 
occlusion in hypoxic hepatic 
perfusion 374 
three-dimensional (3D) recon
struction 517,520 

- hepatic veins 4, 8 
- - occlusion combined with radio-

frequency 329 
- - in transplantation 424,427 
- - tumor thrombus 104,256,269 



534 

Vasculature hepatic veins (Continued) 
- - variants 8,523 
- invasion 17,145,155,157,180,415 
- portal vein 6-8 
- - accessory 523 
- - occlusion combined with radio-

frequency 327 
- - portography, CT during 72,83, 

130-132, 194 

- - tumor thrombus 52,57,60,62,91, 
106,269 

- - variants 8 
- thrombi in see Thrombus tumor 
- in transplantation 426 
- vena cava 
- - invasion 17, 104, 269 
- - complications post-transplanta-

tion 432 

Vena cava see vasculature 
Vinyl chloride 16 

Subje,;t Index 

von Meyenburg's complex see B: liary 
hamartoma 

Wilms' tumor 417 
Wilson's disease 43, 423 



List of Contributors 

CARLO BARTOLOZZI, MD 
Professor and Chairman 
Division of Diagnostic and Interventional Radiology 
Department of Oncology 
University of Pisa 
Via Roma 67 
1-56125 Pisa 
Italy 

CHRISTOPH D. BECKER, MD 
Head, Unit of Abdominal and Gynecological Radiology 
University Hospital of Geneva 
Rue Micheli-du-Crest 24 
CH-1211 Geneva 14 
Switzerland 

GENEROSO BEVILACQUA, MD 
Professor and Chairman 
Division of Pathology 
Department of Oncology 
University of Pisa 
Via Roma 57 
1-56125 Pisa 
Italy 

LUIGI BOLOND!, MD 
Professor and Chairman 
Department of Internal Medicine 
S. Orsola Malpighi Hospital 
University of Bologna 
Via Massarenti 9 
1-40138 Bologna 
Italy 

CONCEPCIO BRU, MD 
Department of Radiology 
Hospital Clinic, University of Barcelona 
Villarroel 170 
E-08036 Barcelona 
Spain 

JORD! BRUIX, MD 
Chief, Liver Unit 
Hospital Clinic, University of Barcelona 
Villarroel 170 
E-08036 Barcelona 
Spain 

FRANCESCA BURRES I, MD 
Department of Radiology 
University of Siena, Le Scotte Hospital 
Viale Bracci 2 
1-53100 Siena 
Italy 

ELISABETTA BUSCARINI, MD 
Department of Gastroenterology 
General Hospital 
Cantone del Cristo 40 
1-29100 Piacenza 
Italy 

LUIGI BUSCARINI, MD 
Professor and Chief 
Department of Gastroenterology 
General Hospital 
Cantone del Cristo 40 
1-29100 Piacenza 
Italy 

PAOLO BUSILACCHI, MD 
Department of Radiology 
Umberto I Hospital 
Largo Cappelli 1 
I -60020 Ancona 
Italy 

MARIA ADELAIDE CALI GO, MD 
Division of Pathology 
Department of Oncology 
University of Pisa 
Via Roma 57 
1-56125 Pisa 
Italy 

DANIELA CAMPANI, MD 
Division of Pathology 
Department of Oncology 
University of Pisa 
Via Roma 57 
1-56125 Pisa 
Italy 

VITO CANTISANI, MD 
Department of Radiology 
University of Rome "La Sapienza" 
Viale Regina Elena 324 
1-00161 Rome 
Italy 

DAVIDE CARAMELLA, MD 
Division of Diagnostic and 
Interventional Radiology 
Department of Oncology 
University of Pisa 
Via Roma67 
1-56125 Pisa 
Italy 



536 

ROBERTO CAUDANA, MD 
Department of Radiology 
University of Verona 
Borgo Roma Hospital 
Via delle Menetone 10 
1-37134 Verona 
Italy 

ANTONIO CICORELLI, MD 
Division of Diagnostic and Interventional Radiology 
Department of Oncology 
University of Pisa 
Via Roma 67 
1-56125 Pisa 
Italy 

DANIA CIONI, MD 
Division of Diagnostic and Interventional Radiology 
Department of Oncology 
University of Pisa 
Via Roma 67 
1-56125 Pisa 
Italy 

CORRADO COLAGRANDE, MD 
Professor, Department of Radiology 
A. Gemelli University Hospital 
Largo A. Gemelli 8 
1-00168 Rome 
Italy 

MARCO CONIGLIO, MD 
Department of Radiology 
University of Rome "La Sapienza" 
Viale Regina Elena 324 
1-00161 Rome 
Italy 

PIER FRANCO CONTE, MD 
Chief, Division of Medical Oncology 
Department of Oncology 
University of Pisa 
Via Roma 57 
1-56125 Pisa 
Italy 

ANTONIO R. COTRONEO, MD 
Professor, Department of Radiology 
A. Gemelli University Hospital 
Largo A. Gemelli 8 
1-00168 Rome 
Italy 

LUCA COVA, MD 
Professor, Department of Radiology 
General Hospital 
Piazzale Solaro 3 
Busto Arsizio 
1-21052 Varese 
Italy 

LAURA CROCETTI, MD 
Division of Diagnostic and Interventional Radiology 
Department of Oncology 
University of Pisa 
Via Roma67 
1-56125 Pisa 
Italy 

ANNA M. DE GAETANO, MD 
Department of Radiology 
A. Gemelli University Hospital 
Largo A. Gemelli 8 
1-00168 Rome 
Italy 

MARINA DELLANOCE, MD 
Department of Radiology 
General Hospital 
Piazzale Solaro 3 
Busto Arsizio 
1-21052 Varese 
Italy 

GIULIO DI CANDIO, MD 

List of Contributors 

Division of General and Experimental Surgery 
Department of Oncology 
University of Pisa 
Via Paradisa 2 
1-56124 Pisa 
Italy 

ALBERTO DI FILIPPO, MD 
Department of Radiology 
University of Rome "La Sapienza" 
Viale Regina Elena 324 
1-00161 Rome 
Italy 

MASSIMO DI GIULlO, MD 
Division of Diagnostic and Interventional Radiology 
Department of Oncology 
University of Pisa 
Via Roma 67 
1-56125 Pisa 
Italy 

FRANCES CAM ARIA DONATI, MD 
Division of Diagnostic and Interventional Radiology 
Department of Oncology 
University of Pisa 
Via Roma 67 
1-56125 Pisa 
Italy 

IRENE ESPOSITO, MD 
Division of Pathology 
Department of Oncology 
University of Pisa 
Via Roma 57 
1-56125 Pisa 
Italy 

ALFREDO FALCONE, MD 
Division of Medical Oncology 
Department of Oncology 
University of Pisa 
Via Roma 57 
1-56125 Pisa 
Italy 

CESARE FAVA, MD 
Professor, Department of Radiological Sciences 
University of Turin 
Via Genova 3 
1-10126 Turin 
Italy 



List of Contributors 

FRANCESCO SAVERIO FERRARI, MD 

Department of Radiology 
University of Siena 
Le Scotte Hospital 
Viale Bracci 2 
1-53100 Siena 
Italy 

RAOUL FORONI, MD 

Department of Pathology 
General Hospital 
Via Taverna 49 
1-29100 Piacenza 
Italy 

GIULIA GALLETTI, MD 

Department of Radiology 
A. Gemelli University Hospital 
Largo A. Gemelli 8 
1-00168 Rome 
Italy 

FRANCESCO GARBAGNATI, MD 

Department of Radiology 
National Cancer Institute 
Via Venezian 1 
1-20100 Milan 
Italy 

G. SCOTT GAZELLE, MD 

Professor, Department of Radiology 
Massachusetts General Hospital 
Boston, MA 02214 
USA 

ANDREA GIOVAGNONI, MD 

MR Center "F. Angelini" 
Department of Radiology 
University of Ancona, Torrette 
I -60020 Ancona 
Italy 

S. NAHUM GOLDBERG, MD 

Department of Radiology 
Beth Israel Deaconess Hospital 
Harvard Medical School 
330 Brookline Avenue 
Boston, MA 02215 
USA 

GIULIA GRANAI, MD 

Division of Diagnostic and 
Interventional Radiology 
Department of Oncology 
University of Pisa 
Via Roma 67 
1-56125 Pisa 
Italy 

WALTER FRANCO GRIGIONI, MD 

Professor, Department of Pathology, 
Histology and Cytology 
F. Addari Institute 
S Orsola Malphighi Hospital 
Viale Ercolani 4/2 
1-40138 Bologna 
Italy 

MAURIZIO GROSSO, MD 

Department of Radiological Sciences 
University of Turin 
Via Genova 3 
1-10126 Turin 
Italy 

RENATE HAMMERSTINGL, MD 

Department of Radiology 
Johann Wolfgang Goethe University 
Theodor-Stern-Kai 7 
D-60590 Frankfurt am Main 
Germany 

NIGEL HOWARTH, MD 

Department of Radiology 
University Hospital of Geneva 
Rue Micheli-du-Crest 24 
CH-1211 Geneva 14 
Switzerland 

TiZIANA IERACE, MD 

Department of Radiology 
General Hospital 
Piazzale Solaro 3 
Busto Arsizio 
1-21052 Varese 
Italy 

RAMY KAYAL, MD 

Department of Radiology 
University of Rome "La Sapienza" 
Viale Regina Elena 324 
1-00161 Rome 
Italy 

CLAUDIA LATTES, MD 

Department of Pathology, Histology and Cytology 
F. Addari Institute 
S. Orsola Malphighi Hospital 
Viale Ercolani 4/2 
1-40138 Bologna 
Italy 

RICCARDO LENCIONI, MD 

Division of Diagnostic and Interventional Radiology 
Department of Oncology 
University of Pisa 
Via Roma 67 
1-56125 Pisa 
Italy 

DANIEL A. LEUNG 

Department of Radiology 
Ziirich University Hospital 
Ramistrasse 100 
CH-8091 Zurich 
Switzerland 

EMANUELE LEZOCHE, MD 

Professor and Chief 
Department of Surgical Sciences 
University of Ancona 
Umberto I Hospital 
Largo Cappelli I 
1-60020 Ancona 
Italy 

537 



538 

TITO LIVRAGHI, MD 
Chief, Department of Radiology 
General Hospital 
Via C. Battisti 23 
1-20059 Vimercate (Milan) 
Italy 

GIORGIO LUCIGRAI, MD 
Department of Radiology 
G. Gaslini Children's Research Hospital 
Largo G. Gaslini 5 
1-16148 Genoa 
Italy 

RICCARDO MANFREDI, MD 
Department of Radiology 
A. Gemelli University Hospital 
Largo A. Gemelli 8 
1-00168 Rome 
Italy 

PASQUALE MARANO, MD 
Professor and Chairman 
Department of Radiology 
A. Gemelli University Hospital 
Largo A. Gemelli 8 
1-00168 Rome 
Italy 

GIULIA MARESCA, MD 
Professor, Department of Radiology 
A. Gemelli University Hospital 
Largo A. Gemelli 8 
1-00168 Rome 
Italy 

BORUT MARINCEK, MD 
Professor and Chairman 
Department of Radiology 
ZUrich University Hospital 
Riimistrasse 100 
CH-8091 Zurich 
Switzerland 

LIVIA MASI, MD 
Department of Internal Medicine 
S. Orsola Malpighi Hospital 
University of Bologna 
Via Massarenti 9 
1-40138 Bologna 
Italy 

FEDERICO MASPES, MD 
Department of Radiology 
University of Rome "Tor Vergata" 
S. Eugenio Hospital 
Piazzale dell' Umanesimo 10 
1-00143 Rome 
Italy 

YVES MENU, MD 
Professor and Chairman 
Department of Radiology 
H6pital Beaujon 
100 Boulevard du General Leclerc 
F-92118 Clichy 
France 

GIOVANNA MORANA, MD 
Department of Radiology 
University of Verona 
Borgo Roma Hospital 
Via delle Menetone 10 
1-37134 Verona 
Italy 

MONICA MORETTI, MD 

List of Contributors 

Division of Diagnostic and Interventional Radiology 
Department of Oncology 
University of Pisa 
Via Roma 67 
1-56125 Pisa 
Italy 

FRANCO MOSCA, MD, FACS 
Professor and Chairman 
Division of General and Experimental Surgery 
Department of Oncology 
University of Pisa 
Via Paradis a 2 
1-56124 Pisa 
Italy 

EMANUELE NERI, MD 
Division of Diagnostic and Interventional Radiology 
Department of Oncology 
University of Pisa 
Via Roma 67 
1-56125 Pisa 
Italy 

MAURO ODD ONE, MD 
Department of Radiology 
G. Gaslini Children's Research Hospital 
Largo G. Gaslini 5 
1-16148 Genoa 
Italy 

ALESSANDRO PAGANINI, MD 
Department of Surgical Sciences 
University of Ancona, Umberto I Hospital 
Largo Cappelli 1 
I -60020 Ancona 
Italy 

ALESSANDRO PAOLICCHI, MD 
Division of Diagnostic and Interventional Radiology 
Department of Oncology 
University of Pisa 
Via Roma 67 
1-56125 Pisa 
Italy 

THOMAS PFAMMATTER, MD 
Department of Radiology 
ZUrich University Hospital 
Riimistrasse 100 
CH-8091 Zurich 
Switzerland 

ELISABETTA PFANNER, MD 
Division of Medical Oncology 
Department of Oncology 
University of Pisa 
Via Roma57 
1-56125 Pisa 
Italy 



List of Contributors 

ANDREA PIETRABISSA, MD 
Division of General and Experimental Surgery 
Department of Oncology 
University of Pisa 
Via Paradisa 2 
1-56124 Pisa 
Italy 

PATRIZIA PINI, MD 
Department of Internal Medicine 
S. Orsola Malpighi Hospital 
University of Bologna 
Via Massarenti 9 
1-40138 Bologna 
Italy 

GIAN FRANCO PISTOLESI, MD 
Professor and Chairman 
Department of Radiology 
University of Verona 
Borgo Roma Hospital 
Via delle Menetone 10 
1-37134 Verona 
Italy 

GIUSEPPE PIZZI, MD 
Department of Radiology 
University of Rome "La Sapienza" 
Viale Regina Elena 324 
1-00161 Rome 
Italy 

MARCO POCEK, MD 
Professor, Department of Radiology 
University of Rome "Tor Vergata" 
S. Eugenio Hospital 
Piazzale dell' Umanesimo 10 
1-00143 Rome 
Italy 

SIBYLLE POCHON, PhD 
Bracco Research 
CH-1211 Geneva 14 
Switzerland 

GIANNA POGGIANTI, MD 
Department of Radiology 
University of Siena 
Le Scotte Hospital 
Viale Bracci 2 
I -53100 Siena 
Italy 

GIAN LUDOVICO RAPACCINI, MD 
Professor, Department of Internal Medicine 
A. Gemelli University Hospital 
Largo A. Gemelli 8 
1-00168 Rome 
Italy 

RICHARD D. REDVANLY, MD 
Assistant Professor, Department of Radiology 
Emory University School of Medicine 
1364 Clifton Road, N.E. 
Atlanta, GA 30322 
USA 

PAOLO RICCI, MD 
Department of Radiology 
University of Rome "La Sapienza" 
Viale Regina Elena 324 
1-00161 Rome 
Italy 

ALAIN ROCHE, MD 
Professor and Chief, Interventional Radiology Section 
Department of Medical Imaging 
Institut Gustave-Roussy 
39 Rue Camille Desmoulins 
F-94800 Villejuif 
France 

SANDRO ROSSI, MD 
Department of Gastroenterology 
General Hospital 
Cantone del Cristo 40 
1-29100 Piacenza 
Italy 

RIGOANTONIO ROVERSI, MD 
Professor and Chief, Department of Diagnostic Imaging 
and Interventional Radiology 
Bellaria-Maggiore Hospital 
Via Altura 3 
1-40100 Bologna 
Italy 

GLORIA SERAFINI, MD 
Department of Radiology 
University of Rome "Tor Vergata" 
S. Eugenio Hospital 
Piazzale dell' Umanesimo 10 
1-00143 Rome 
Italy 

GIOVANNI SIMONETTI, MD 
Professor and Chairman, Department of Radiology 
University of Rome "Tor Vergata" 
S. Eugenio Hospital 
Piazzale dell' Umanesimo 10 
1-00143 Rome 
Italy 

LUIGI SOLBIATI, MD 
Chief, Department of Radiology 
General Hospital 
Piazzale Solaro 3 
Busto Arsizio 
1-21052 Varese 
Italy 

PAOLO STEFANI, MD 
Professor and Chairman 
Department of Radiology 
University of Siena, Le Scotte Hospital 
Viale Bracci 2 
T -531 00 Siena 
Italy 

ETTORE SQUILLACI, MD 
Department of Radiology 
University of Rome "Tor Vergata" 
S. Eugenio Hospital 
Piazzale dell' Umanesimo 10 
1-00143 Rome 
Italy 

539 



540 

FRAN«ms TERRIER, MD 
Professor and Chairman, Department of Radiology 
University Hospital of Geneva 
Rue Micheli-du-Crest 24 
CH-1211 Geneva 14 
Switzerland 

PAOLO TOMA, MD 
Chief, Department of Radiology 
G. Gaslini Children's Research Hospital 
Largo G. Gaslini 5 
1-16148 Genoa 
Italy 

MAURIZIO VACCARI, MD 
Department of Pathology, Histology and Cytology 
P. Addari Institute 
S Orsola Malphighi Hospital 
Viale Ercolani 4/2 
1-40138 Bologna 
Italy 

GIANLUCA VALERI, MD 
MR Center "P. Angelini" 
Department of Radiology 
University of Ancona, Torrette 
I -60020 Ancona 
Italy 

JEAN PAUL VALLEE, MD 
Department of Radiology 
University Hospital of Geneva 
Rue Micheli-du-Crest 24 
CH-1211 Geneva 14 
Switzerland 

AMORINIO VECCHIOLI, MD 
Professor, Department of Radiology 
A. Gemelli University Hospital 
Largo A. Gemelli 8 
1-00168 Rome 
Italy 

ANDREA VELTRI, MD 
Department of Radiological Sciences 
University of Turin 
Via Genova 3 
1-10126 Turin 
Italy 

THOMAS J. VOGL, MD 
Professor, Department of Radiology 
Johann Wolfgang Goethe University 
Theodor-Stern-Kai 7 
D-60590 Frankfurt am Main 
Germany 

List of Contributors 



DIAGNOSTIC 

IMAGING 

Innovations in Diagnostic Imaging 
Edited by J.H. Anderson 

Radiology of the Upper Urinary Tract 
Edited by E.K. Lang 

The Thymus - Diagnostic Imaging, 
Functions, and Pathologic Anatomy 
Edited by E. Walter, E. Willich, 
and W.R. Webb 

Interventional Neuroradiology 
Edited by A. Valavanis 

Radiology of the Pancreas 
Edited by A.L. Baert, 
co-edited by G. Delorme 

Radiology of the Lower Urinary Tract 
Edited by E.K. Lang 

Magnetic Resonance Angiography 
Edited by J.P. Arlart, G.M. Bongartz, 
and G. Marchal 

MEDICAL RADIOLOGY 
Diagnostic Imaging and Radiation Oncology 

Titles in the series already published 

Contrast-Enhanced MRI of the Breast 
S. Heywang-Kobrunner and R. Beck 

Spiral CT of the Chest 
Edited by M. Remy-Jardin and J. Remy 

Radiological Diagnosis 
of Breast Diseases 
Edited by M. Friedrich and E.A. Sickles 

Radiology of the Trauma 
Edited by M. Heller and A. Fink 

Biliary Tract Radiology 
Edited by P. Rossi 

Radiological Imaging of Sports Injuries 
Edited by C. Masciocchi 

Modern Imaging of the Alimentary Tube 
Edited by A. R. Margulis 

Diagnosis and Therapy of Spinal Tumors 
Edited by P. R. Algra, J. Valk, 
and J. J. Heimans 

Interventional Magnetic Resonance Imaging 
Edited by J. F. Debatin and G. Adam 

Abdominal and Pelvic MRI 
Edited by A. Heuck and M. Reiser 

Orthopedic Imaging 
Techniques and Applications 
Edited by A.M. Davies and H. Pettersson 

Radiology of the Female Pelvic Organs 
Edited by E.K.Lang 

Magnetic Resonance of the Heart 
and Great Vessels 
Clinical Applications 
Edited by J. Bogaert, A. J. Duerinckx, 
and F. E. Rademakers 

Modern Head and Neck Imaging 
Edited by S. K. Mukherji 
and J. A. Castelijns 

Radiological Imaging of Endocrine Diseases 
Edited by J. N. Bruneton 
in collaboration with B. Padovani and 
M.-Y. Mourou 

Trends in Contrast Media 
Edited by H. S. Thomsen, R. N. Muller, 
and R. F. Mattrey 

Functional MRI 
Edited by C. T. W. Moonen 
and P. A. Bandettini 

Radiology of the Pancreas 
2nd Revised Edition 
Edited by A. L. Baert 
Co-edited by G. Delorme and L. Van Hoe 

Radiology of Peripheral Vascular Diseases 
Edited by E. Zeitler 

Emergency Pediatric Radiology 
Edited by H. Carty 

Spiral CT of the Abdomen 
Edited by F. Terrier, M. Grossholz, 
and C. Becker 

Liver Malignancies 
Diagnostic and 
Interventional Radiology 
Edited by C. Bartolozzi and R. Lencioni 

Springer 



RADIATION 

ONCOLOGY 

Lung Cancer 
Edited by c.w. Scarantino 

Innovations in Radiation Oncology 
Edited by H.R. Withers 
and 1.J. Peters 

Radiation Therapy of Head 
and Neck Cancer 
Edited by G.E. Laramore 

Gastrointestinal Cancer - Radiation Therapy 
Edited by R.R. Dobelbower, Jr. 

Radiation Exposure and 
Occupational Risks 
Edited by E. Scherer, C. Streffer, 
and K.-R. Trott 

Radiation Therapy of Benign 
Diseases -A Clinical Guide 
S.E. Order and S.S. Donaldson 

Interventional Radiation Therapy 
Techniques - Brachytherapy 
Edited by R. Sauer 

Radiopathology of Organs and Tissues 
Edited by E. Scherer, 
C. Streffer, and K. -R. Trott 

Concomitant Continuous Infusion 
Chemotherapy and Radiation 
Edited by M. Rotman 
and c.J. Rosenthal 

Intraoperative Radiotherapy -
Clinical Experiences and Results 
Edited by EA. Calvo, 
M. Santos, and 1.w. Brady 

MEDICAL RADIOLOGY 
Diagnostic Imaging and Radiation Oncology 

Titles in the series already published 

Radiotherapy of Intraocular 
and Orbital Tumors 
Edited by W.E. Alberti 
and R.H. Sagerman 

Interstitial and Intracavitary 
Thermoradiotherapy 
Edited by M.H. Seegenschmiedt 
and R. Sauer 

Non-Disseminated Breast Cancer 
Controversial Issues 
in Management 
Edited by G.H. Fletcher 
and S.H. Levitt 

CurrentTopics in Clinical Radiobiology 
ofTumors 
Edited by H.-P. Beck-Bornholdt 

Practical Approaches to Cancer Invasion 
and Metastases 
A Compendium of Radiation 
Oncologists' Responses to 40 Histories 
Edited by A.R. Kagan with the 
Assistance of R.J. Steckel 

Radiation Therapy 
in Pediatric Oncology 
Edited by J.R. Cassady 

Radiation Therapy Physics 
Edited by A.R. Smith 
Late Sequelae in Oncology 
Edited by J. Dunst and R. Sauer 

Mediastinal Tumors. Update 1995 
Edited by D.E. Wood 
and C.R. Thomas, Jr. 

Thermoradiotherapy 
and Thermochemotherapy 

Volume 1: 

Biology, Physiology, and Physics 

Volume 2: 
Clinical Applications 
Edited by M.H. Seegenschmiedt, 
P. Fessenden, and c.c. Vernon 

Carcinoma of the Prostate 
Innovations in Management 
Edited by Z. Petrovich, 
1. Baert, and 1. W. Brady 

Radiation Oncology 
of Gynecological Cancers 
Edited by H.W. Vahrson 

Carcinoma of the Bladder 
Innovations in Management 
Edited by Z. Petrovich, 
1. Baert, and 1. W. Brady 

Blood Perfusion and Microenvironment 
of Human Tumors 
Implications for Clinical 
Radiooncology 
Edited by M. Molls and P. Vaupel 

Radiation Therapy of Benign Diseases. 
A Clinical Guide 
2nd Revised Edition 
S.E. Order and S.S. Donaldson 

Carcinoma of the Kidney and Testis, and 
Rare Urologic Malignancies 
Innovations in Management 
Edited by Z. Petrovich, 
1. Baert, and 1.W. Brady 

Progress and Perspectives in the Treatment 
of Lung Cancer 
Edited by P. Van Houtte, J. Klaster:;ky, 
and P. Rocmans 

Springer 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




