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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.

[ 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.

Pisa C. BARTOLOZZI
R.LENCIONI
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1 Segmental Anatomy of the Liver
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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, Hopital Beaujon, 100 Bd. du Général Leclerc,
F-92118 Clichy, France

R. LENcIONI, MD; Division of Diagnostic and Interventional
Radiology, Department of Oncology, University of Pisa, Via
Roma 67, -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



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 (CouIiNaUD 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
and right lobes. Two other anatomical landmarks
also 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 lo-
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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 clear
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 II, lll, 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 the
other half, called segment III. The medial branct.
feeds the entire left medial sector, also called seg-
ment IV.



Segmental Anatomy of the Liver

Fig. L.1a-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 [V, V, and VII; and inferior vena cava and left portal vein with evidence of segments

L, IT, II1, IV, VII, and VIII

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

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



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

1.3.1.3
Segment |

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 (CouiNaup 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
[, 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
rzsection of left lobe and segment I; right hepatec-
tomy is the resection of segments V to VIII (and
IX?); right lobectomy, also called trisegmentectomy,
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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 within
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 lateral
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 (PAGaNT1 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) portogram, 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).



Segmental Anatomy of the Liver

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 (PAGANT
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 portogram.

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
(FrRiEDMAN 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 subsegments.



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;
NakamMUrA 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
cases the middle hepatic vein joins the left hepatic
vein just before the latter reaches the inferior vena
cava (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
axial 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-
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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 ¥ 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 segment 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 thar the
main hepatic veins. The number of significant dorsal
hepatic veins can range from 3 to 14 (NAKAMURA
and Tsuzukr 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
alarge 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 most
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.

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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2.1

Introduction

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
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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 Hepatocellular carcinoma
Pre-neoplastic lesions
Fibrolamellar carcinoma
Hepatoblastoma
Bile duct epithelium Cholangiocellular carcinoma
Cystadenocarcinoma
Mesenchymal tissue Angiosarcoma
Epithelioid hemangio-
endothelioma
Sarcoma of the liver
Mixed Hepato-cholangio-cellular
carcinoma
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ern Europe, while certain Mediterranean countries
such as Spain, Italy, and Greece are in an intermedi-
ate position (PARKIN et al. 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 al. 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 al. 1991).1In
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 al. 1984). The
suspicion that oral contraceptives might play a 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-
tion of liver parenchyma (ANTHONY 1994).

Four different histological patterns can be distin-
guished: trabecular, pseudo-glandular, solid, and
scirrhous (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;
Konpo et al. 1989; NakasHIMA et al. 1995). Occa-
sionally, the malignant liver cells contain glycogen or
fat stores that give them a clear, transparent appear-
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ance. 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, alphal-antitrypsin, or ferritin
(KonDo et al. 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 of 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 presenting
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 appetite,
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 al. 1994). Rare cases have pre-
sented with an acute abdomen due to hemoperito-
neum caused by tumor rupture into the abdominal
cavity or a septic picture with fever and leukocytosis
(OkuDA et al. 1991).

Late extra-abdominal symptoms include cough
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-
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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
(HErLzBERG 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. 1986). 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-
logical 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;
PompiLl 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 (Oxupa et al.
1991).

2.2.3
Fibrolamellar Carcinoma

In 1980 CrA1G 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)

2,24
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,
cosinophilic 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 hepatocytes
and embryonic cells arranged in thin plates or
pseudo-acinar structures (Fig. 2.3); sinusoids con-
taining hematopoietic cells are sometimes found be-
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’
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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.

24
Mesenchymal Tissue

24.1
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 (VisreLDT 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 cavities 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 disseminated
intravascular coagulation.

24.2
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 multiple
masses, which can complicate the differential diag-
nosis based on imaging techniques (MILLER et al.
1992). The neoplastic tissue is composed of epitae-
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 cells
forming vascular lumina. (Illustration kindly provided by
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

2.5.1
Hepatocholangiocarcinoma

This tumor is also called mixed hepatocellular/
cholangiocellular carcinoma since it presents typical
cells of both carcinomas (GoopMaN 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 may or 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 (JouNsoN 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 ALISTAR 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 HCC 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) (Mu~noz and BoscH 1987; WaNz and
Brum 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 (Oxupa 1986; CoLoMBoO 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
etal 1984; SaAkaMoTO et al 1991; TABARIN et al 1987).

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 (Oxubpa
et al. 1989).
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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 hyperplasia,
chromosomal aberrations and eventually HCC (Lav
and Lar 1990). The increased expression of the spe-
cific cytochrome p450 may lead to increased produc-
tion of carcinogenic metabolites (BEEBr 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
(Huane and CHisaRr1 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 benign
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
(Tosuxkov 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, deletions
and duplications (PATERLINT et al. 1995). HBV i1te-
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 end
differentiation by catalyzing the phosphorylation of
cellular factors (SHarrITZ and Kew 1981;
YargIiNuMa et al. 1987). In addition to the Hbx pro-
tein, the truncated pre-S2/S sequences have been
found to have transcriptional transactivating activ-
ity (SpaNpAU and LEE 1988; Twu and SCHLOEMER
1987).

3.2.2
Hepatitis C Virus

The association of HCC 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 (KExULE et al.
1990; CASELMANN et al. 1990; BRUIX et al. 1989). In
addition, HCV RNA can be identified in the serum
of HCC patients (N1sHIOKA et al. 1991; BAUR et al.
1992) and in HCC tissue (MANGIA et al.1994), where
it is capable of active replications (BIukH 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
(IaArRC 1993; NEwWBERNE and BUTLER 1969). It has
been found that the presence of covalently bound
albumin-AFB1 adducts in serum is associated with
an increased risk of HCC (GoopMAN et al. 1988).
AFB1 is metabolized through an epoxidation path-
way that produces an electrophilic DNA-binding
metabolite which preferentially forms adducts with
guanine. AFB1-induced HCC 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 AFB1 (McGLYNN et al. 1995). AFB1-induced HCC
is thought to be independent of both direct DNA
damage and the clonal selection of initiated hepato-
cytes during mitogenesis. While AFBI1 alone is suffi-
cient to induce HCC, AFB1 is often encountered in
the presence of other liver carcinogens with which it
may act synergistically (SLAGLE 1995).

3.24
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;
CorLoMmBoO et al. 1991; CraAIG et al. 1991; Kew and
PopPER 1984; FATTOVICH et al. 1995). In addition,
several metabolic diseases show an association with
HCC, including al-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 multinucleation 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 (AKAGI
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 Oxita
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-1-
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 of liver 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 occasionally
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 (GIANNINT et al. 1987; RONCALLI et al.
1988, 1989; HENMI et al. 1985; CHEN et al. 1984;
KaGawa et al. 1984). Subsequently, the question as o
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
(Poppa et al. 1992; FABER and SARMA 1987; FABER
1976; SCHIRMACHER et al. 1991; EvarTz et al. 1990;
SELL and DUuNSFORD 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” (SaxamoTo et al. 1991;
Tsupa et al. 1988), “adenomatous hyperplastic nod-
ules” (OnTA 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 al. 1989b; Wapa
et al. 1988; GRIGIONI 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 macroregenerative nodule

Fig. 3.5. Macroregenerative nodule. In this case of liver cir-
rhosis without hepatocellular carcinoma, there is present a
sharply demarcated macroregenerative 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; GRIGIONI et al. 1989,
1991; TakavAMA et al. 1990; Konpo et al. 1990;
OnNo et al. 1990; NaAkANUMA 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. x10

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
(Konpo et al. 1987,1989), Mallory bodies (TERADA
et al. 1989a; NakaNuMa and OnTA 1985, 1986) and
mitosis are the most common morphological crite-
ria evaluated for early malignancy (NoNOMURA et al.
1990; SEKI et al. 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 structure
as well as increased cellularity and N/C ratio. b The same
nodule shows a focus of well-differentiated HCC with
pseudoacinar 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
(GRIGIONTI et al. 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 mass
to enlarge  vessels and structural proved HCC  and compression
bile ducts atypia (grade 1I) of the sourrounding
liver tissue

CN -5 Absent - Absent Infrequent Fibrous stroma only ~Absent

MRN type I 5-15 Absent Present Absent Absent Present Absent

MRN type Il 10-30 Present Present Present Infrequent Present Absent

vL 10-20 Present Absent Present Infrequent Infrequent Infrequent

CCN, common cirrhotic nodule; MRN, macroregenerative nodule; EL, equivocal lesion (possible HCC grade 1); HCC, hepatocellular carci-

r oma; Grade, Edmondson’s grade
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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 (KoNDoO et al. 1983; KANAT
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 al.1978; 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) (Lur 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. 3.8. 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 (GoLp et al. 1978;
Stocker and IsHak 1981; KNnowLes 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
nodular hyperplasia appears as a large, well-circumscribed
rass 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 (STEINER 1959;
REYNOLDS and WANLESS 1984; NAKANUMA et al.
1984; Socaarp 1981). Cytological and structural
atypia and well-documented cases of HCC arising in
NRH have been reported, suggesting that this 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 cf hu-
man liver tumors can occur through different path-
ways. In non-cirrhotic liver, early development
stages of HCC have been documented only in some
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 o
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). AFBI is a
well known mutagen and carcinogen which induces
HCC. It 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
(FuyimoTo 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 (L1ivnr et al. 1995). This may indicate an
abnormal or mutated p53 gene, which could precede
development of HCC (AGUILAR 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
(PascaAL et al. 1993; LEDDA-COLUMBANO et al. 1993).

Several growth factors have been implicated in
liver carcinogenesis. Transforming growth factor 3
(TGE-) 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 play a 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).

3.5
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

3.5.1.1
Pseudo-tumoral Lesions

3.5.1.1.1
FocaL NopUuLAR 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. 1989).
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 1to 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
1T macroregenerative nodules, atypical AH and bor-
derline lesions, but it is still unclear whether they
should be considered precancerous lesions (Oxupa
1986; GRIGIONI et al. 1989).
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3.5.1.14

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 meta-
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 pseudotumor 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. Microscopi-
cally, an inflammatory infiltration of spindle-shaped
cells, foamy macrophages, lymphocytes and plasm
cells presents around a central area composed of
dense connective tissue (Hor1ucHI 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 (Lur et al. 1990;
SaL1sBURY and PorRTMANN 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 DUuCT 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

3.5.2.1
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 c¢m 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,
or may lack a capsule. Mallory’s bodies, eosinophilic
or PAS-positive intracytoplasmatic inclusions are
frequent. The main histologic variants of HCC are:
tibrolamellar, sclerosing, clear cell and sarcomatoid
‘GRAIG et al. 1989; MACSWEEN et al. 1987; CoLoMBO
1992; CALLELA et al. 1992; Oxupa and IsHAK 1987).

4.5.2.1.2

(CHOLANGIOCELLULAR 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 exten-
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 and
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 cm
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 cm, 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

411
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 HCC. 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 HCC. There are laboratory and epi-
demiological studies indicating that aflatoxin plays
an important role in the development of HCC 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 100000 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; Boscu 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 incremental 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 b,
Cirrhosis

Minor
Oral contraceptive steroids
Cigarette smokings
Hereditary hemochromatosis
Wilson’s disease
ay-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 has been
demonstrated in all populations, it is closest in eth-
nic Chinese and black Africans, as many as 8)% 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 prevalence 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 al. 1975; KEw et al. 1979; Lam et al.
1982; YEH et al. 1985; LiNGao et al. 1981;
TRICHOPOPOULOS et al. 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 life (SzmUNESS et al. 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 al. 1991; MARION
et al. 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 al. 1990) and the 3' trun-
cated preS/S gene (KEKULE et al. 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 al. 1994;
SHAFRITZ et al. 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 by epide-
miological and molecular studies (D1 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 al. 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
(S1LINI et al. 1996; TANAKA et al. 1996). This associa-
tion between HCV genotypes 1b and HCC s 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 f, B, y; and y,). Aflatoxin B, 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
HBYV 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).

4.1.54
Cirrhosis

Cirrhosis is a dynamic condition of varied etiology
with different malignant potentials. The simple mor-
phological classification of macronodular 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 consequence 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 (HHC). 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; ApAMS 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 (PoL1o 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
etal. 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 214/1378 15.5
Suspected 71/1378 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; BagsHaveE 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
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Symptoms Prevalence (%)  Physical signs Prevalence (%)
Abdominal pain 59-95 Hepatomegaly 54-98
Weight loss 34-71 Hepatic bruit 6-25
Weakness 22-53 Ascites 35-61
Abdominal swelling 28-43 Splenomegaly 27-42
Nonspecific gastrointestinal symptoms Jaundice 4-35

25-28 Wasting 25-41
Jaundice 5-26 Fever 11-54

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. 1971; 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).

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 (KEw et al.
1971; BacsHAVE 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 hypercalce-
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 (KeEw 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 50% 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 a large
bandwidth emission/reception. Image prooerties
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 com-
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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 HCC with cirrhosis has stimulated the
development of clinical programs for the early de-
tection of HCC in cirrhotic patients (KABAYASHI et
al. 1985; OxuDa 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 B and C
viruses (BRuUIX 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 (CoLoMBoO 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 may or 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
USbeam 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

(CHor et al. 1989b; Honpa et al. 1992; OkuDpa 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 hypoechoic
(Fig.5.2).

Sometimes small HCCs may exhibit a hyper-
echoic pattern, which is indicative of fatty metamor-
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 of large 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 different
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 al.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 hypoechoic lesions (OxuDA et al. 1977;
Honpa 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,
hypoechoic 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 (HavasHI
et al. 1987; Oxupa et al. 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 hypoechoi: 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 hypoechoic 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 al. 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 (TREVISANTI 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 mass. 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 is 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 (EpmoNDsoON
and STEINER 1954) usually develops as a focus of
well-differentiated cancer within a dysplastic lesion
(ARAKAWA et al. 1986). When the tumor grows 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 (CALvVET 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 dist:nction
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 overlar 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 nonhepatocellular 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 (Cuor et al.
1993; FREEMAN et al. 1986).



Ultrasound and Doppler Ultrasound of Hepatocellular Carcinoma 55

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 (CHo1 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
etal. 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
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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 hypoechoic 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 hypoechoic zone and its internal side is
blurred. The internal echoes have a target-like distri-
bution, and a hypoechoic 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, tkis neo-
plasm occurs in young people and is not associated
with underlying cirrhosis. Most often, fibro.ameilar
carcinoma appears as a solitary, large, firm circum-
scribed mass with lobulated borders. More tkan 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 tae 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 lesions (Fig.
5.16). However, US examination of the entire liver 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 timor
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 (Dobb 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; Dopb 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
(BoUuLTBEE 1979; HoNDA et al. 1992; SAKAGUCHI et
al. 1992; TanaKa et al. 1983; YUk 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 1o 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 hepatic 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 charac-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“ capabil -
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
PRE with the exact location of the vessel in order to
identify precisely the examined vessel. When per-
forming a Doppler examination of tumor vascular-
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 even 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 mactines,
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 arule,
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
(BoLonDpi 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 C'T, 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. Tte prin-
ciple of harmonic imaging is described in tae next
topic. The advantage of harmonic imaging with con-
trast media is that it eliminates backscattered echo
and allows differentiation of backscatter from
microbubbles (ScuwaRrz et al. 1997). Harmonic im-
aging with contrast media has proved to allow the
detection of very small vessels (down to 40 pura), 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. 1denti-
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 receiving
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 (LENCIONT 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 (LAUDY 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 (CAMPANTI et al. 1998). 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 (CHor 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 (NUMaTA 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; LENCIONT 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 al. 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 al. (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 al. 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
al. 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 cm or located 9
cm or more from the skin surface (LENCIONT 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 (Bupk and RUBIN 1996; RUBIN et al. 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 rieasured
(LEncIONI et al. 1996b).

The use of US contrast agents may add further in-
formation to the color and power Doppler studies
(Tano et al. 1997; FujimorTo et al. 1994; ALBRECHT et
al. 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 (Fujimoro et al.
1994; Kim et al. 1998). In our experience (BARTO-
LozzI et al. 1998), contrast-enhanced Doppler imag-
ing studies significantly outperformed unenhanced
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 unenhanced 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
(meanzstandard 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
(meantstandard deviation, 261+41 s).

Color Doppler US studies are very useful in evalu-
ating portal vein thrombosis. As patients with cir-
rhosis are at high risk of developing portal vein
thrombosis, this phenomenon cannot be immedi-
ately related to the presence of HCC, despite the 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 OKuUDA et al.
(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)
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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).
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L

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 demonstraie 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 macroregenerative or dys-
plastic nodules. Along with progression from regen-
eration to cancer, in fact, hepatocellular nodilar 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; OunisHI and NoMURA 1989).

Macroregenerative and dysplastic nodules, as well
as early HCC, have a predominantly portal blood
supply, while overt HCC lesions are supplied almost
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 tissue 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 HCC tumors
show a typical hypervascular pattern, with clear-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; LENCIONT et
al. 1996a).

The different blood supply of overt HCC tumors
and dysplastic or early-stage HCC lesions is even
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; meantSD, 3416 s), followed
by a rapid decrease during the delayed phase (type 1
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 enhanczment in
the early arterial phase followed by a rapid decrease during
the delayed phase. Spiral CT and angiography con:irmed a
hypervascular tumor

Fig. 5.23.
(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 decrease in
the delayed phase. Spiral CT and angiography confirmed a
hypovascular tumor

Time-intensity curve of well-differentiated

5.3.3.2

Differential Diagnosis of Lesions in Otherwise
Normal Liver

As previously discussed, the diagnosis of HCC devel-
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 l.ver
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(YASHURA et al. 1988; TAYLOR et al. 1987; TANAKA et
al. 1990b; OmuNIsHI 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;
OnNIsHI and NomMURA 1989; NiNo-MuURcCIA 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 macroregenerative 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 CT

Evaluation of patients with suspected HCC requires
a carefully standardized examination protocol
(M1TSUKAKI 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, macroregenerative 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 ml/s. CT is initiated 20 s (if using
an infusion rate of 5 ml/s) or 25 s (if using an infu-
sion rate of 3 ml/s) after the start of contrast injec-
tion to obtain arterial-phase images. The liver is im-
aged in 20-30 s (BONALDI et al. 1995). Portal venous
phase images are then obtained beginning at 65-70 s
(if using an infusion rate of 5 ml/s) or 70-75 s (if us-
ing an infusion rate of 3 ml/s) after the start of con-
trast injection (CHoI et al. 1996; MITSUKAKI et al.
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
Angiographically Assisted CT Techniques

The combination of CT and angiography allows the
performance of accurate CT studies for the detec-
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tion and characterization of HCC (KANEMATSU et al.
1999). There are three combinations of CT 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 invasive proce-
dures that are mainly used to overcome the limita-
tions of conventional CT in the detection and evalua-
tion of small HCC lesions (MERINE et al. 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 ml/s during
the scanning of each slice of the liver. After the intro-
duction of spiral machines, it has become possible 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 ml/s during the scanning of the
entire liver. Scanning is initiated 5 s after the start 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 ml/s 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 ml/s, examining the whole liver
parenchyma during a single suspended respiration.
Scanning is started 30 s after beginning of conrrast
administration (BLUEMKE et al. 1995; HORTI 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 (LENCIONT 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 (BrsoLLON et al. 1998; CHoOI et al. 1997; MERINE
etal. 1990).

6.3
CT Features of Hepatocellular Carcinoma

6.3.1
Dual-Phase Spiral CT

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 macroregenerative
nodules) to equivocal lesions (dysplastic nodules or
borderline lesions), to early HCC (very well differen-
tiated tumor of Edmondson grade 1), and, finally, to
overt HCC (advanced tumor of Edmondson grade 2
or greater) (Kanar 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-
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mor grows to 1-1.5 cm in diameter, de-differentia-
tion of well-differentiated cancer cells occurs: cancer
tissue at lower histologic grades proliferates within
the well-differentiated cancerous nodule (early-ad-
vanced HCC), replaces the well-differentiated tissue
that has weak proliferative activity, and then starts to
grow expansively, developing into advanced 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 increase in the
path from benign to malignancy. Macroreger erative
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 hypoattenuating 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 (NaAkakUMA et al. 1993). The neo-
angiogenesis of nontriadal arteries, that is the patho-
logic substratum of tumor hypervascularity, relates
to the presence of HCC 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 al. 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) (BoNaLDI et al. 1995; CHo1 et al. 1996; ROFFLETT
et al. 1995). These early-stage lesions usually appear
hyperintense on T1-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 al.
1995).

Small, classical, nodular type HCC is a sharply de-
marcated lesion, which may or 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 T1-
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 extranodular
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 carciroma.
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

b
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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 carcir oma.
Spiral CT images obtained in the arterial (a) and the portal
venous phase (b). The capsule is depicted as a thin enha-cing
rim in the portal venous phase image
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rim which enhances in the delayed phase (Fig. 6.10).
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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(CHo1 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-
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quently located in the vicinity of the main tumor.
These nodules represent intrahepatic metastases
that are usually developed via the porral 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) (Or1 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 presence of
intrahepatic metastases indicates a more acvanced
stage and is associated with a worse prognosis. 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 (CHoOI 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



Computed Tomography of Hepatocellular Carcinoma

81

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
(¢,d), the main tumor and the satellite lesions appear hypoattenuating with respect to surrounding liver parenchyma

6.3.1.3
Unusual CT Features of Hepatocellular
Carcinoma

Unusual histopathologic characteristics of HCC 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. 6.15a-f. Hepatocellular carcinoma with fatty metamorphosis. Spiral CT images obtained in the precontrast 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 T1-weighed image (e} and hypointense in the gradient-echo out-of-phase T1-weighted
image (f)



Computed Tomography of Hepatocellular Carcinoma

liver and cholangiocellular carcinoma (OrTOMO 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
(Kitacava 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) and the portal (c) phases
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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 1-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
(BLUEMKE 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 hypoattenuating appearance and therefore
may simulate tumor (MATsul 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 cirrhosis. 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 (Hor1 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% icdine 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 rapid wash-
out from the noncancerous liver parenchyma, usu-
ally leaving an unappreciable amount 3-4 wzeks 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 be fully
clarified. Some authors suggested that trapping of
the oil in the irregular, tortuous, and poorly contrac-
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, circumscrited 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 for be-
ing true satellite neoplastic foci in the clinical setting
of a cirrhotic patient with HCC (BisoLLoON et al.
1998; CHo1 et al. 1997; LENCIONI et al. 1997; TOUREL
etal. 1995).
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Fig. 6.18a~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 unenhanced CT scan
obtained 4 weeks after intra-arterial injection of iodized oil,
the lesion appears homogeneously hyperattenuating due to
massive retention of Lipiodol (¢)
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6.4
Role of CT 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
(Dopp et al 1992).

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) (CHo1 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).



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 negative US
examination. The small lesion is undetectable in the baseline scan (a), appears slightly hyperattenuating in the arterial phase
(b), and is again undetectable in the delayed phase (c). Contrast-enhanced gradient-echo T1-weighted MR image in the
arterial phase confirms the presence of the small neoplastic nodule (d)
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6.5
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.

6.5.1
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; MaTsu1 et al. 1991; vAN
HoE et al. 1997).

Hemangiomas usually appear as low-attenuating
lesions on precontrast 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
hypodense 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 of hepatocarcinogenesis,
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 injection 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



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 isoattenuating in
the portal phase (b). A thin peripheral rim of enhancerrent cor-
responding to the tumor capsule is depicted in the portal phase
image (b). Contrast-enhanced gradient-echo T1-weighted MR
images acquired in the arterial (c) and the portal venous 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
T1-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 norn-cirrhotic
liver is usually made at an advanced stage, as no US
survey has been performed. Differential d.agnos:s is
usually more difficult, as a number of different enti-
ties must be taken into account.

If the tumor has an expansive growth, tvpical 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 progressive cen-
tripetal fill-in. Prolonged enhancement is typically
seen in the delayed phase. Large hemangioraas, 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 hepatoce lular 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 adjecent 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. 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-
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 unenhanced 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 (O1 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; CHo1 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 reccommended (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. Bartolozzi 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 raetastatic
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; Itar 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 T1-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 al.
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 al. 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 T1 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 (OxTOMO et al.
1997).

The sequence protocol for imaging of the liver in-
cludes unenhanced proton density, T2-weighted and
T1-weighted spin echo (SE) sequences as well as T1-
weighted gradient echo (GRE) sequences in axial
orientation. Alternatively fat-suppressed T2- and T1-
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
T1l-weighted GRE imaging (BLAKEBOROUGH et
al.1997; IcuixAawA et al. 1998).

Dynamic studies can be performed with a T1-
weighted GRE sequence during administration of an
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extracellular or hepatobiliary contrast medium over
a period of 5 min. Contrast-enhanced scans include
T1-weighted SE conventional and fat-suppressed as
well as T1-weighted GRE sequences.

Iron oxide-enhanced studies should be per-
formed using T2- as well as T1-weighted sequences.
Unenhanced and contrast-enhanced studies are
compared. Dynamic studies during fast injection of
iron oxides can be obtained using either T2- or T1-
weighted GRE-imaging protocols (STARK et al. 1988).

7.3.2
MR Imaging Criteria

A variety of quantitative and qualitative ctiteria are
used for contrast-enhanced liver imaging to improve
diagnosis of focal liver lesions (ItaI et al. 1986; IToH
et al. 1987; O”HTOMO et al. 1997).

Qualitative criteria: images can be interpreted
and assessed for homogeneity and form cf the le-
sions, the presence or absence of morphologic fea-
tures such as necrosis, central scar, surrouncing cap-
sule, and contrast enhancement (BARTOLOZZI et al.
1994).

Quantitative criteria are the number and size of
the lesions, as well as involved hepatic segments, S/N
(signal to noise), C/N (contrast to noise), percentage
enhancement and percentage signal intensity 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 (SP10)-enhanced
images as follows:

SI

postcontrast ~ SIprecontrast

SI

precontrast

PSIL =

(~100)

where SI,cconrase=signal intensity of tissue using
unenhanced scans and Sl,qgcontrase=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:

Slpostvontms! - SIpremmms!
Percentage enhancement: PE = - 100
Slprecomrasr

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.

733
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 T1- 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 T1
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 T1 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 mmol/kg 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;
Voar et al. 1992, 1997¢). It exemplifies paramagnetic
metal ion complexes, producing positive enhance-
ment. Other gadolinium complexes include Dotarem
(Guerbet, France), Omiscan (Nycomed, USA),
ProHance (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
T1 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/l).

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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7.3.34
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 T1 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 10/15 umol/kg 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 Fe/l, 40 mg/ml
mannitol and 2 mg/ml lactic acid. The
microparticles have a mean didmeter of 61 nm. The
drug is administered via bolus injection and there-
fore delivers dynamic imaging (BrascH 1992;
SHAMSI 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
(BArRTOLOZZI 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 T1-weighted scans the solitary mass
is often well defined and distinct from normal liver
parenchyma documenting a moderately hypoin-
tense (Figs.7.1,7.2) signal intensity (fibrotic lesions)
relative to the liver (HIRrATI et al. 1991; KELEKIS et al.
1998; YAMASHITA et al. 1993). Patterns of isointense

Fig.7.1a,b. Multinodular hepatocellular carcinoma. a A lesion
in the right liver lobe (arrow) with inhomogeneitizs in the
margin is documented in an unenhanced T1-weighted GRE
sequence (TR/TE/FA=154/6/70°). Probable documentation of
a satellite in the left liver lobe (arrowheads). b Using a T2-
weighted sequence a moderate hyperintense lesion 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=2000/45), a hyperintense 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. ¢ Using a T1-weighted se-
quence (TR/TE=550/15), hypointense signal intensity of the
HCC lesion was observed in the left liver lobe segment 3.
Singular hyperintense foci were delineated. d T1-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 T1-weighted GRE
sequence (TR/TE/FA=154/6/70°). e Using an unenhanced
scan a hypointense signal lesion was visualized with a hypo-
intense pseudocapsule. f Fifteen seconds postinjection of ga-
dolinium the HCC showed a hypervascular appearance with
almost isointensity to liver parenchyma. Documentation 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
T1 may be due to steatosis, hemorrhagic necrosis,
intracellular glycogen, or copper deposition (EBaARA
et al. 1991; Kitacawa et al. 1991; MATSUZAKI et al.
1997; HoNDaA et al. 1997; MITCHELL et al. 1991). High
signal intensity on T1-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 al. 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 HCC super-
imposed on hemochromatosis on all sequences
(HonDa et al. 1997). Mixed signal intensity is also
depicted. The border of the lesion is smooth, irregu-
lar, or lobulated (BaArRTOLOZZI et al. 1994).

The lesion is usually moderate hyperintense using
T2-weighted imaging (Figs. 7.1, 7.2) (KELEKIS et al.
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 al. 1984; INOUE et al. 1993;
KANEMATSU et al. 1997). No significant difference
can be observed comparing signal intensities of tra-
becular and pseudoglandular 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 hypointense signal
intensity on T2 in a few HCC nodules (DE SANTIS et
al. 1992; HiraAr et al. 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 T1-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 al. 1994; INOUE et al. 1993).
The great majority of HCC 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 usually with
hypointensity on T1- as well T2-weighted imaging.
In the case of liquefaction a change in hyperintensity
may be documented. Hyperintense foci inside the
nodules on T2-weighed scans are lik:ly 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 T1-weighted scans.

Calcification is mostly documented in
fibrolamellar HCC with hypointensity on T1- as well
as T2-weighted imaging (CASEIRO-ALVES e al. 1996;
TITELBAUM et al. 1988).

Fat-suppressed imaging techniques are vseful for
the diagnostic differentiation of present steatosis
versus blood correlating with hyperintence signal
intensity on T1-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 al. 1995).

Fig.7.3a-g. Solitary HCC nodule in distinct liver cirrhosis. a
Using a moderate T2-weighted sequence (PD-weighted; TR/
TE=2000/45), a moderate hyperintense lesion is documented
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. ¢ A T1-weighted spin
echo sequence (TR/TE=550/15) 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 T1-weighted
imaging with a moderate enhancement of the capsule. e Us-
ing a T1-weighted GRE sequence (TR/TE/FA=154/6/70°) de-
lineated the HCC as almost isointense with an inhomoge-
neous inner structure and a hypointense pseudocapsule. f
Gadolinium-enhanced delayed breathhold imaging reealed
the tumorous lesion with a hypointense signal intensity com-
pared to the surrounding liver parenchyma. Inhomogeneous
central structures were visualized much better compared to
unenhanced imaging. Documentation of a hyperintense en-
hancement of the pseudocapsule. g Dynamic imaging using a



T1-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. Unenhanced 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 p.i.) (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 pseudocapsule 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 T1-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 imol/kg body wt. A demarcation of the lesion in diagnostic quality was not achieved. ¢ 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

Fig. 7.5a-h. Nodular HCC in hepatic steatosis hepatis. a Delineation of isointense HCC lesions in the right liver lobe using an
unenhanced T1-weighted GRE sequence (TR/TE/FA=154/6/70°). b Twenty minutes postinjection of Gd-EOB-DTPA (dose of
12.5 umol) better demarcation of the HCC nodules compared to liver parenchyma. Documentation of a hyperintense rim
enhancement. ¢ Improvement in contrast and delineation of lesions 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 delincation
compared to GAd-EOB-DTPA-enhanced imaging. e,f Dynamic imaging using Gd-EOB-DTPA-enhanced T1-weighted GRE se-
quence (TR/TE/FA=100/5/70°). Unenhanced imaging (e) presented a hypointense tumorous lesion. Improvement of lesion-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
T1-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 carcinoma. a In
an unenhanced PDw sequence (TR/TE=2000/45) a 5+6-cm
hyperintense lesion is seen in the right liver lobe segment &
with inhomogeneities in the margin. Possible visualization of
a capsule. b Using SPIO-enhanced imaging the lesion demon-
strates no significant signal loss (arrow). In the margin 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 T1-weighted GRE (TR/TE/FA=154/6/70°) 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 SP10-enhanced T1-weighted GRE imaging

7.3,7.6a) or a double ring with inner hypointensit and
outer hyperintensity. Capsules are more likely seen on
T1-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 (CHo1 et al. 1990; IMAEDA et al. 1994).
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7.4.1.3
Central Scarring

Inflammatory central scars have been reported in
some cases with hypointense signal intensity on T1-
weighted images and hyperintensity on T2-weighted
scans. Moreover, collagenous central scars are delin-
eated within some HCC nodules with hypointensity
on T1- 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 T1-
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 T1-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
(TITELBAUM 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 T1-
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 T1-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 T1-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 T1- 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 T1-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 hypointensity surrounded by
hyperintensity on T1-weighted images is depicted.
Using T2-weighted scans central hyperintensity is
documented (Fig. 7.14) (SABEK et al. 1995; WINTER
et al. 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
1sointense signal intensity using T1-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 T1-weighted (Fig. 7.17)
and hyperintensity on T2-weighted imaging (Fig.
7.16).

7.5
Extracellular-Agent-Enhanced MR Imag-
ing of Hepatocellular Carcinoma

7.51
Dynamic Imaging

Dynamic MRI scanning is provided by fast imaging
techniques following bolus administration c¢f gado-
linium chelates. Dynamic enhanced T1-weighted
imaging is based on the comprehensive analysis of
the arterial and venous phase enhanced sequences
(TWEEDLE 1997; VoL et al. 1992, 1997c; YAMASHITA
et al. 1994).

The degree of enhancement on dynamic gado-
linium-enhanced images corresponds to the degree
of vascularity of lesion (KELEKIS et al. 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). HCC le-
sions show variable degrees of hyperintensity in re-
lation to the normal liver parenchyma in the 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 heterogenzous.
Tumor enhancement decreases in the middle phase
leading to isointensity in comparison to surround-
ing liver parenchyma (Fig. 7.3) (PETERSON et al.
1996).

Necrotic areas document no enhancement in the
central zone (LENCIONT et al. 1996; MARCHAL ¢t al.
1993).

ManFouz et al. (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 pseudocapsule (Figs.
7.2, 7.3) (Cuor et al. 1990; HAMMERSTINGL et al.
1997; IMAEDA et al. 1994; KiM et al. 1995; MAFHOUZ
etal. 1994).

MuraMATSU et al. (1997) stated the so-called
wedge sign on T1-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 (CHoTI 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. 7.13).

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 (CorrRIGAN 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 T1-GRE images.
The maximum percentage enhancement was 45 min
p.i. for Gd-EOB-DTPA (50 umol/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 umol 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 T1-weighted
imaging as well as static postcontrast delaed 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 retain 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 relationship 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 peritumoral vital tissue. The
nonenhancing peripheral rim was defined as a cap-
sule of lesions (CAUDANA et al. 1996).

7.6.3
Mn-DPDP-Enhanced MR Imaging

After intravenous administration of Mn-DPDE, 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 nonenhancing techniques
(FreTZ et al 1990; SENETERRE et al. 1996).

Mn-DPDP accumulates in well differentiated
hepatocellular carcinoma. Other liver specific con-
trast agents are usually nonenhancing in this melig-
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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; Liou et al. 1994; MARCHAL et al. 1993).

MuRrAkAMI 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 (EL1zoNDO et al. 1991; INOUE
et al. 1993; N1 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 SP10-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). b Using
SP10-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 unenhanced and SPIO-enhanced MRI
(Fig. 7.9b) (DENYs et al. 1994; VoGL et al. 1996¢).

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 T1-weighted imaging because of their
T1 effect (Fig. 7.6). HCC nodules demonstrate a
moderate hyperintense to hyperintense signal inten-
sity according to their vascularity using T1-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
(HAanN 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 al-

a,b



110

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,-weighted
and T;-weighted imaging protocols for the evalua-
tion of the perfusion phase (HaMmM et al. 1994; Kim
et al. 1995; VoGt 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 SPI0-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). ¢ On
unenhanced T1-weighted GRE images a nearly isointense 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 the de-
crease in signal intensity of liver cirrhotic parenchyma. _iver
transplantation verified this lesion

Regenerating nodules presented a relatively low
percentage signal intensity loss in comparison to
normal liver parenchyma (KawaMor1 et al. 1992;
YAMAMOTO et al. 1995).

Resovist-enhanced proton density-weighted and
T,-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 metastases.

Regardless of histopathology of the lesion, we ob-
served better results using proton density-weighted
and T,-weighted Resovist enhanced images than
FLASH-2D scans concerning the quality of delinza-
tion and contrast.
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Fig. 7.9a,b. Multinodular hepatocellular carcinoma. a On a
T2-weighted unenhanced sequence (TR/TE=2000/90) a large
hyperintense lesion is documented in the right liver lobe (ar-
row). b Using a T2-weighted SPI0-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/
TE=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) (KAwWAMORI et
al. 1992).

Adenoma shows hyper-isointense lesions on T2-
weighted SPIO-enhanced images (Fig. 7.15). Using
T1-weighted scans, lesions appear moderately
hyperintense when SPI0-enhanced (Fig. 7.15).

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

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=2000/50). b
Using T2w TSE sequence postcontrast almost no change in signal intensity of the lesion is documented. Significant signa loss
of liver parenchyma

Fig. 7.12a-d. Hyperplastic regenerating nodules. a Using a Tlw GRE sequence (TR/TE/FA=154/6/70°) unenhanced
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 T1-weighted GRE scans a signal loss of the lesions is documented with hypo-
to isointensity in contrast to liver parenchyma (arrows). The diagnosis of regenerating nodules was revealed by histopatkol-
ogy after liver transplantation. ¢ In a moderate T2-weighted spin echo sequence (PD-weighted; TR/TE=2000/45), hypointe:1se
nodules were delineated. d Using a moderate SPI0-enhanced T2-weighted sequence, a significant signal loss of cirrhotic liver
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 SP1I0-enhanced MRI reveals hypo-
intense nodules with loss of signal intensity (arrows). Detec-
tion rate has improved. ¢ T1-weighted sequence (TR/TE=550/
15). Documentation of hypointense nodules versus normal
liver parenchyma (arrows) using unenhanced 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 T1-weighted images (CASEIRO-
ALvEZ et al. 1996; OUDKERK et al. 1997).

Hemangiomas are lesions with a markedly
hyperintense signal intensity using unenhanced and
SPI0-enhanced T2-weighted sequences. A hypoin-
tense intensity is documented for lesions on TI-
weighted images with a change to hyperintensity
post SPIO due to a T1 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). b Using 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. ¢ T1-weighted gradient echo
sequence (TR/TE/FA=30/5/30°), 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)
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d

Fig.7.15a-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-FS se-
quence, a moderate decrease of signal intensity of the lesion is documented. Significant signal loss of liver parenchyma. ¢ In
a T1w SE sequence a SPI0-enhanced hyperintense signal of the lesion is visualized due to a T1 effect. d Using a SPIO-enhariced
T1w 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 T1-weighted GRE dy-
namic imaging (TR/TE/FA/T1=6.5/3/15°/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 postintravenous injection of gado-
linium (arrows). Enhancement of the central scar tissue
(arrowheads)
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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 al. 1994; FRETZ
etal. 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 (Kawamorr et al. 1992).
Additionally T1-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 (SCHARE et al. 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
al. 1994; FRETZ et al. 1990; SENETERRE et al. 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 unenhanced protocols (HAMMERSTINGL
et al. 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 al. 1990). Moreover, the use of T1-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 an in-
creased T1 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 al ows
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 T1-weighted imaging as positive enhancers.
On T2-weighted imaging they act as negative en-
hancers. One such substance (AMI-227, Sinerem,
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 al. (1977) dccu-
mented a significantly lower degree of enhancerm ent
on T1-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 superi-
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; UEDA 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
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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 CO, microbubbles, CT arterial portog-
raphy, Lipiodol CT).

8.2.1
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
512%512 matrix (or, even better, 1024x1024) 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). [n

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, 2ven 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 adequate
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 ml/s; 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 ml/s) 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 transcatheter treatment is
planned. Injections using progressively lesser
amounts of contrast media at a low flow rate (<1 ml/
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 arca.

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 II1. 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. TAkaAHASHI 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 of HCC 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 (Kipo et
al. 1971; SuMIDA et al. 1986). The size of the node can
influence the angiographic findings in that in small
HCC, as IKEpA 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 (SuMmIpa 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 (Kipo et al. 1971). The
presence of neovasculature is very characteristic in
the nodular forms and is found in 95% of cases
(RovERsT 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 lobes.
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 staia of
discrete intensity is seen in all the nodules, which appear well
delimitated
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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 cm).

Further confirmation can be found in the results
reported by TakanasHI 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 al. 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 Roverst (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 lobe from the left gastric artery. In
the case shown, the entire left lobe 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 (Oxupa 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 (ROVERSI 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 infor-
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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 accu-
racy of the method refl