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Contents V

The radiological diagnosis and management of focal liver lesions is a common problem 
confronting many radiologists in their daily clinical activity.

Moreover, during recent years numerous new developments have taken place in the 
non-invasive diagnosis of focal liver lesions due to the rapid progress in the cross-sec-
tional modalities: ultrasonography, computed tomography and magnetic resonance 
imaging.Parallel to these important diagnostic advances, several innovative techniques 
for the percutaneous radiological management of malignant focal liver lesions have 
been introduced in clinical practice.

This volume comprehensively covers all these new and fascinating radiological tech-
niques both in the diagnostic and the therapeutic fi eld and represents an excellent up-to-
date review of our current knowledge on the radiological approach to focal liver lesions. 
The eminently readable text is complemented by numerous superb illustrations.

The editors are world-renowned experts in the fi eld with a longstanding dedication to 
imaging of the liver and percutaneous treatment of malignant liver lesions, as proven by 
their highly praised previous scientifi c work, including handbooks, book chapters and 
numerous articles on liver radiology .The department of diagnostic and interventional 
radiology of the University of Pisa is internationally known for its fundamental and 
innovative research activities in liver imaging and ablation techniques.

The authors of the individual chapters were invited to participate because of their 
outstanding experience and major contributions to the radiological literature on the 
topic.

I would like to thank the editors and the authors and congratulate them most sincerely 
for their superb efforts which have resulted in this excellent volume, a much-needed 
comprehensive update of our knowledge of focal liver lesions .This book will be of great 
interest not only for general and gastrointestinal radiologists but also for abdominal 
surgeons and gastroenterologists. I am confi dent that it will meet the same success with 
the readers as the previous volumes published in this series.

Leuven  Albert L. Baert

Foreword
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Preface

Few fi elds of medicine have witnessed such impressive progress as the diagnosis and 
treatment of liver tumors. Advances in imaging technology, the development of novel 
contrast agents, and the introduction of optimized scanning protocols have greatly 
facilitated the non-invasive detection and characterization of focal liver lesions. Fur-
thermore, image-guided techniques for percutaneous tumor ablation have become an 
accepted alternative treatment for patients with inoperable liver cancer.

This book provides a comprehensive and up-to-date overview of the role of  diagnostic 
and interventional radiology in respect of liver tumors. The volume moves from back-
ground sections on methodology and segmental liver anatomy to the main sections on 
the diagnosis of benign and malignant liver lesions. An integrated approach, focused 
on the correlation of ultrasound, CT, and MR imaging fi ndings, is presented. Finally, an 
exhaustive section describes the principles, methods, and results of percutaneous tumor 
ablation techniques.

The volume is the expression of the efforts of many distinguished experts from 
 throughout the world. We are greatly indebted to them for their enthusiastic commit-
ment and support. Also, we would like to thank most sincerely the Medical Radiology 
series editor, Professor Albert Baert, for his confi dence and advice. We sincerely hope 
that the book fulfi lls the expectations of our colleagues – radiologists, clinicians, and 
surgeons – who are interested in this important and rapidly evolving fi eld.

Pisa Riccardo Lencioni
 Dania Cioni
 Carlo Bartolozzi
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1 Ultrasound and Contrast Ultrasound

 David O. Cosgrove

D. O. Cosgrove, MD
Department of Imaging Sciences, Imperial College School of 
Medicine, Hammersmith Hospital, 150, Du Cane Road, London 
W12 0HS, UK

1.1 
Introduction

Ultrasound is a tomographic imaging technique 
that can provide anatomical and functional images 
with high resolution and great fl exibility at low cost 
(Kremkau 1997; McDicken 1991). Structural detail 
down to around a millimetre is available without the 
need for contrast agents (Fig. 1.1). The high intrinsic 
contrast is produced by the tissues’ structure at a 
submillimetre level and is chiefl y attributable to the 
differences in rigidity and density between fl uids, wa-
tery tissue, connective tissue and fat. The tomograms 
are formed very rapidly, allowing real time imaging 
so that studies are quick and interactive. Immediate 
viewing of tissue motion is intrinsic to ultrasound 
imaging; examples include the effects of respiration 
or palpation and the direct visualisation of the posi-
tion of a biopsy needle (Pederson et al. 1993). The 
tomograms can be taken in any plane, allowing opti-
mal display of critical anatomy and pathology. Small, 
self-contained scanners can be made and these can 
be taken to the patient’s bedside (Machi and Sigel 
1996). No or minimal preparation is required so that 

the procedure is well tolerated, the only practical 
problem for the liver being abdominal tenderness 
that may make probe contact painful. The hazards 
of ionising radiation do not exist and the acoustic 
powers used in diagnosis appear to be completely 
safe, though there are emerging concerns over the 
possibility that its interaction with the microbubbles 
used as contrast agents may produce free radicals that 
could be injurious.

The fl exibility of ultrasound technique has led to 
several specialised applications. Small transducers 
can be mounted on an endoscope with the advan-
tage that higher quality images are obtained because 
higher frequency ultrasound can be used (Bezzi et 
al. 1998). Endoscopic ultrasound is, of course, some-
what invasive and only tissues with a few centime-
tres of the gut wall are accessible. The same is true of 
intravascular ultrasound. Small transducers suitable 
for use in the operating theatre offer the benefi t of 
higher resolution as well as of guiding needle place-
ment for biopsies or cannulation of small portal vein 
branches while the development of transducers small 
enough to fi t into standard laparoscopic instruments 
extends these advantages to minimally invasive sur-
gery (Herman 1996; Barbot et al. 1997; Klotter 
et al. 1986).

Doppler has extended the role of ultrasound in the 
diagnosis and management of vascular pathology of 
the liver and is now an indispensable component 
of hepatic imaging (Grant 1992). It is particularly 
helpful in liver transplants, both pre-operatively [to 
establish portal vein (PV) and caval patency] and 
post-operatively (for the PV and hepatic artery) and 
in the Budd Chiari syndrome. In cirrhosis Doppler 
can establish the patency of the PV and of many 
types of shunts. For spectral (pulsed) Doppler, a sen-
sitive gate is positioned over a vessel and the tem-
poral pattern of fl ow analysed to display its velocity 
spectrum; volume fl ow can also be estimated, though 
with less precision (Fig. 1.2). In colour Doppler, a 
vascular map is presented as an overlay on the grey 
scale scan to provide a form of angiogram that gives 
a non-invasive picture of vascular anatomy (Fig. 1.3) 
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(Foley and Lawson 1992). Though the haemody-
namic information is limited (only mean velocity or, 
in power Doppler, the number of moving red cells, is 
presented) the anatomical information gained is an 
extremely valuable addition to imaging. Colour and 
spectral Doppler are complementary, the former pro-
viding images, the latter functional information on 
blood fl ow.

However, this description omits some important 
limitations to the uses of ultrasound. Image quality is 
affected by body habitus, slim patients giving the best 
images because resolution deteriorates with depth as 

inevitable result of the greater attenuation of higher 
frequencies; for this reason ultrasound is particu-
larly valuable in paediatrics. This problem has been 
reduced by the development of non-linear (tissue 
harmonic) imaging and by the increasing bandwidth 
of newer transducers so that the most appropriate 
frequency can be selected electronically (Kono et al. 
1997). Bone and gas are impenetrable; in practical 
terms this is only an occasional problem for the liver 
because the intercostal spaces allow adequate access 
in almost all patients if the subcostal route is diffi cult 
to use. 

Fig. 1.1. In a sagittal section through 
the left liver, the caudate lobe (segment 
1) can be seen posterior to segments 
2 and 3. Note the fi ne stippled texture 
of the liver’s parenchyma. IVC, inferior 
vena cava; RAT, right atrium

Fig. 1.2. In this spectral Doppler tracing 
the sensitive gate has been placed over 
the middle hepatic vein (arrowhead) 
and the trace shows the normal pattern 
where the predominant fl ow towards 
the heart (shown below the line to in-
dicate fl ow away from the transducer) is 
interrupted by reverse fl ow as blood is 
returned to the liver in cardiac systole
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The small fi eld of view of a real time ultrasound 
image makes the scan diffi cult to review and can also 
lead to diffi culty in repeating the same tomogram for 
follow-up. It makes explanation to referring physi-
cians and surgeons diffi cult; understandably, they fi nd 
the more complete tomographic images of CT or MR 
more believable. Extended fi eld of view displays have 
been introduced to minimise this limitation. Another 
interesting approach is to superimpose the real time 
ultrasound images on the appropriate slice derived 
from a previous 3D CT scan of the patient using. This 
virtual image co-registration is very promising for 
interventional applications such as tumour ablation 
because it combines the anatomical display of the CT 
with the interactiveness of ultrasound (Bryant et al. 
2004).

The interactive nature of ultrasound renders it 
very operator dependent: a skilled and motivated op-
erator can produce consistently good results but lack 
of experience and working without essential clinical 
information can severely devalue a study.

Recent technological developments have reduced 
some of these limitations. Tissue harmonic imaging, 
by selecting returning echoes at double the transmit-
ted signals (these are generated as the ultrasound 
pulse propagates through the tissue, rather like the 
breaking of a wave as it approaches the shore), re-
duces the artefacts from heavily built patients and 
gives cleaner images. Intravascular contrast agents in 
the form of microbubbles not only rescues Doppler 
studies that would otherwise have been failures but 
also opens out important new diagnostic possibili-

ties. Application of sophisticated transducer technol-
ogies and of powerful computer systems has resulted 
in better image and particularly Doppler quality. 

Thus ultrasound is continuing to develop rapidly 
and its progress shows no sign of slowing down.

1.2 
Technology

Ultrasound is a high frequency, mechanical vibra-
tion consisting of alternate waves of compression 
and rarefaction (Kremkau 1997; McDicken 1991). 
The waves are generated by piezo-electric crystals 
shaped into a transducer which focuses the ultra-
sound waves into a beam. Commonly used frequen-
cies for the liver are 5.0 or 3.5 MHz corresponding to 
wavelengths in tissue of 0.3 and 0.5 mm respectively, 
and this is the theoretical best spatial resolution that 
can be achieved.

The small proportion of the ultrasound that is ab-
sorbed by the tissue disappears as heat. The remainder 
is refl ected as the beam crosses between tissues of dif-
ferent acoustic properties, known as acoustic imped-
ance, a complex of tissue density and rigidity. Both 
these components are familiar in that they are palpa-
ble; however, the ultrasound pulse responds to tissue 
structure in the sub-millimetre range. The smallest 
structure that can be resolved in practice depends on 
the contrast in refl ectivity: well-defi ned structures 
such as ducts can be traced down to a millimetre or so 

Fig. 1.3. In colour Doppler, fl ow to-
wards the transducer is coded in red-
dish tints so that both the portal vein 
and the hepatic artery have similar 
colours. Hepatic vein branches are 
seen in blue. HA, hepatic artery; HV, 
hepatic vein; PV, portal vein
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in calibre but low contrast lesions such as liver metas-
tases must be much larger, perhaps 5–10 mm in diam-
eter before they can be detected confi dently.

The portion of the refl ected sound beam that re-
turns to the transducer is used to form the image. The 
depth (range) of a refl ecting interface is calculated 
from the delay between the sending of the pulse and 
the detection of the returning echo, and its direction 
from the angle at which the transducer faces; this is 
the same ”pulse-echo” method used in Radar and 
Sonar. The velocity of ultrasound in different tissues 
is not quite constant but varies so little that the minor 
errors in calculating the depth of refl ecting surfaces 
can be ignored.

The strength of the echoes is proportional to the 
change in acoustic impedance at the interface. At 
risk of oversimplifying a complex phenomenon, the 
acoustic impedance correlates with tissue rigidity. 
In the body this ranges from gases at the one ex-
treme, through fl uids and soft tissue, to bone and 
calcifi ed tissue at the other. For soft tissues, the col-
lagen content is usually the main contributor and 
this is found in a condensed form in fascia and in 
a diffuse form as the micro-skeleton of the paren-
chyma that surrounds blood vessels. It is probably 
the characteristic vascular pattern as refl ected in the 
ultrasound image that lends tissue-specifi c textures 
to sonograms. Fatty tissue is strongly echogenic be-
cause of the abundant lipid/watery interfaces at cel-
lular or lobular level.

Real time scanners rapidly sweep the beam through 
the volume of tissue to be examined: the scan is re-
peated 10–30 times a second to give a moving im-
age. The sweep may be angled from a point on the 
skin to form a triangular image in sector scanning. 
This method provides good access through small 
windows and so is particularly useful for intercostal 
scans of the liver. However, the triangular fi eld of view 
does not display superfi cial structures well and lin-
ear arrays are more convenient in this respect. Here 
the ultrasound beam is swept electronically along a 
block of piezo-electric material some 2 cm wide and 
5–10 cm long. Curved linear arrays combine some of 
the advantages of the two geometries and is used for 
all the ultrasound images shown in this chapter. 

For Doppler a different type of signal processing is 
used to assess the movement of blood. By comparing 
the signals from a series of perhaps ten pulses sent 
along the same direction, changes caused by a moving 
structure (typically red blood cells) can be extracted. 
The slower the fl ow the more pulses must be transmit-
ted and this, as well as the fact that solid tissues also 
move, sets a limit to the sensitivity of Doppler. The 

display shows motion along the line of the beam and 
so a correction for fl ow in oblique directions needs to 
be applied for fl ow velocity measurements. The spec-
trum from a pulsed Doppler scanner is displayed as a 
chart of (blood) velocity against time, in which fl ow 
towards the transducer is shown above the zero line. 
The amount of blood fl owing at any particular point 
is indicated by the degree of whitening of the trace. 
Simultaneous imaging and Doppler (known as ”du-
plex scanning”, from their operation in two modes) 
allows the Doppler sensitive gate to be positioned 
precisely over the vessel of interest (Fig. 1.2).

In colour Doppler, similar processing is applied 
across the image. The colour Doppler signals are 
shown as an overlay conventionally coded in shades 
of red for fl ow towards, and blue for fl ow away from 
the transducer (Fig. 1.3). Another way to display fl ow 
information depicts only the Doppler signal inten-
sity as a power Doppler scan. It has higher sensitiv-
ity than frequency-based colour Doppler but lacks 
directional information and so is more useful for the 
small vessels, for example, in tumours, than for the 
portal vein where fl ow direction is important. 

Ultrasound guided biopsies make use of the real-
time interactiveness of ultrasound (Chuah 2000). It 
may be used to plan the biopsy by marking the ap-
propriate skin site for puncture; this is useful for sim-
ple procedures such as paracentesis where the main 
value of ultrasound is to check that loops of bowel in 
the ascites will not be punctured. For biopsy guidance 
two general approaches are the freehand and needle-
guided methods. The former is simpler in that any 
transducer can be used. The needle site and path are 
chosen and the needle (or its tip) is monitored con-
tinuously as it is advanced into the lesion. Keeping 
the needle path in view requires a high degree of 
hand/eye co-ordination and is not feasible for small 
or deep lesions where the needle guide approach is 
more reliable. For this, an attachment to the probe 
with a needle channel constrains the needle along a 
path that runs diagonally across the scan area; its line 
is indicated on screen and, once this has been posi-
tioned over the lesion, the needle should pass in the 
correct direction.

To make a scan the transducer is contacted to the 
skin using a coupling gel, and the examination con-
sists of moving the probe gently across the surface of 
the abdomen. For the liver, subcostal views in trans-
verse and longitudinal directions are convenient and 
access may be improved if the patient holds a deep 
breath. No preparation is needed for liver scans but 
the gallbladder is easier to assess when distended in 
the fasting state. 
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For Doppler the main constraint is the fact that 
the signals are angle dependant, being maximal when 
fl ow is in the direction of the ultrasound beam and 
falling off with a cosine function to zero when the 
fl ow is at right angles to the beam. Thus, choice of the 
scanning angle is critical to obtaining good Doppler 
signals and avoiding misdiagnosis of absence of fl ow 
(Parvey et al. 1989). For quantitative velocity and 
volume fl ow measurements the beam-to-vessel an-
gle must be measured; scanners are equipped with 
appropriate calculation packages to transform the 
Doppler shift into true linear velocity and to calculate 
the mean velocity from the spectrum of the velocities 
in the Doppler gate.

1.3 
Microbubble Contrast Agents

Microbubbles represent a new class of contrast agent 
whose effects depend on the compressibility of gas-
ses which is markedly different from the near-in-
compressibility of tissue (Goldberg 1997; Stride 
and Saffari 2003; Dawson et al. 1999). This differ-
ence can be exploited using multipulse sequences 
that cancel tissue signals and emphasise those from 
the microbubbles. As well as displaying major ves-
sels, microbubbles within the microvasculature can 
be detected because these methods do not depend 
on microbubble fl ow but merely on their presence. 
In practice these specifi c modes have found major 
clinical application in the liver for detecting and char-
acterising focal lesions.

Microbubbles are also ideal tracers because of the 
small injected volumes and this has been exploited in 
the liver to identify conditions characterised by arte-
riovenous shunting such as cirrhosis and metastases: 
an early hepatic vein transit time indicates a haemo-
dynamic abnormality (Blomley et al. 1998). The dy-
namics of the wash-in and wash-out phases follow-
ing a bolus injection can be calculated and used to 
form functional images which are truly quantitative 
(Eckersley et al. 1998). 

1.3.1 
Principles 

The microbubbles used as ultrasound contrast 
agents are designed to be smaller than 7 µm in di-
ameter so that they can cross capillary beds. These 
agents fl ood the blood pool after iv injection and 

are confi ned to the vascular compartment (unless 
there is ongoing bleeding). Both the gas they con-
tain (usually air or a perfl uoro compound) and the 
stabilising shell (denatured albumin, surfactants or 
phospholipids) are critical to their effectiveness as 
contrast agents and to rendering them suffi ciently 
stable that they survive for several minutes after 
injection. The fi rst widely used agent, Levovist 
(Schering, Berlin), is made of galactose microcrys-
tals whose surfaces provide nidation sites on which 
air bubbles form when they are suspended in water; 
these microbubbles are then stabilised by a trace of 
the surfactant palmitic acid. A widely used albu-
men coated agent, Optison (GE-Amersham, UK), 
is fi lled with perfl uoropropane, while a family of 
perfl uoro gas-containing agents such as SonoVue 
(Bracco, Milan) and perfl utren (Defi nity, Bristol, 
Meyers, Squibb, Billerica, NJ) that use phospholi-
pids as the membrane are becoming important in 
clinical practice. 

1.3.2 
Interactions of Microbubbles 
with Ultrasound Waves

The change in density at the surface of a bubble in 
plasma forms a major impedance mismatch and the 
strong echoes this produces is exploited in the uses of 
microbubbles to improve Doppler studies, so-called 
Doppler rescue.

However, more specifi c responses of microbubbles 
to ultrasound arise because microbubbles undergo 
pulsatile contraction and expansion in the pressure 
changes of the ultrasound fi eld (Mine 1998). All os-
cillating systems have a resonance frequency at which 
they vibrate most readily. For clinical microbubbles 
this turns out to correspond to the frequencies typi-
cally used in diagnostic ultrasound (2–10 MHz) and 
this is why they are so intensely refl ective. These os-
cillations are symmetrical (i.e. their behaviour is ”lin-
ear”) at low ultrasound powers so that the frequency 
of the scattered signals is the same as the transmit-
ted pulse. However, microbubbles resist compression 
more strongly than expansion so that, as the acous-
tic power is increased, the expansion and contrac-
tion phases become unequal and in this ”non-linear” 
mode the returning signals contain multiples of the 
transmitted frequency (harmonics). At still higher 
powers (though within accepted limits for diagnos-
tic imaging), highly non-linear behaviour occurs and 
the microbubbles may be disrupted and disappear 
from the sound fi eld.
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These harmonics can be detected by tuning the 
scanner’s receiver circuitry to the second harmonic 
at double the transmitted frequency so that the har-
monics can be separated from the fundamental sig-
nals. However, tissues also produce harmonics, es-
pecially when higher acoustic powers are used, and 
distinguishing between them is challenging; in prac-
tice in many of the simple contrast modes available, 
the two signals are inextricably mixed together. 

Separating tissue from microbubble harmon-
ics completely has been achieved in two ways. The 
high MI approach was the fi rst to be discovered 
(Burns et al. 1995). The microbubbles are deliber-
ately disrupted and visualised using colour Doppler 
or variations of it. The sudden disappearance of a 
signal from its previous location (loss of correlation 
between sequential echoes) is detected as a major 
Doppler shift and is registered as colour signals. 
Known as stimulated acoustic emission (SAE), it is 
particularly useful with contrast agents that show 
liver tropism in the late phase a few minutes after 
injection such as Levovist. Because it highlights the 
normal liver and spleen, lesions that do not con-
tain functioning tissue, such as malignancies, are 
shown as colour voids. It is a very sensitive method 
and shows the microbubble signature exclusively in 
the colour layer overlain over the conventional grey 
scale image. However, the contrast agent is destroyed 
rapidly so real time scanning cannot be used, and a 
rather clumsy sweep-and-review approach has had 
to be been developed.

The alternative approach relies on the property of 
newer microbubbles, particularly those with phos-
pholipid shells, to produce harmonics at much lower 
acoustic powers than are necessary to generate tissue 
harmonics (Burns 1996; Burns et al. 2000). Thus, 
when very low acoustic powers are used, the harmon-
ics derive exclusively from microbubbles so that they 
can be separated from all tissue signals.

The phase inversion mode (PIM) was the fi rst of 
these modes and was developed to avoid frequency 
fi ltering with which the narrower bandwidth de-
grades spatial resolution. In the PIM, a pair of pulses 
is sent along each scan line, the second being inverted 
in phase from the fi rst. The returning echoes from 
the pair are summed so that the linear echoes cancel 
because they are out of phase, leaving only the non-
linear components, mainly the second harmonic. 
PIM gives excellent quality images in both vascular 
and late phases. In its initial implementation, the PIM 
used a high MI and therefore tissue harmonics con-
taminated the microbubble signals. At the low pow-
ers needed to avoid tissue harmonics the image tends 

to become noisy and methods to minimise this have 
been developed. One approach is to send a stream of 
pulses with alternating phase and use colour Doppler 
circuitry to pick out the harmonics; essentially this 
method (known as power pulse inversion, PPI, and 
implemented on the Philips HDI 5000) exploits the 
high sensitivity of Doppler to overcome the signal-
to-noise limitation. It has the advantage of displaying 
the microbubble image in the colour plane with the 
tissue image as a grey scale underlayer, in the same 
way as colour Doppler and allows either image to be 
viewed separately.

Another approach also uses a series of pulses, 
typically three per line, but here the amplitude of the 
pulses is changed as well as the phase; this preserves 
more of the non-linear content of the received sig-
nals and thus improves sensitivity. Implemented as 
contrast pulse sequences (CPS, Siemens Sequoia), the 
harmonics are displayed in a colour tint over the B-
mode picture or as a split screen so that both can be 
viewed as required. In another approach the direc-
tion of fl ow in larger vessels is detected with low MI 
Doppler, while slow moving and stationary micro-
bubbles are detected with a phase inversion sequence 
and depicted in green. This combined mode, known 
as ‘vascular recognition imaging’ (Toshiba Aplio), 
also allows the microbubble signature to be displayed 
separately from or combined with the B-mode and 
provides additional information on the fl ow direc-
tion in larger vessels.

All of these modes allow simultaneous display of 
the microbubble and tissue images. They operate at 
very low transmit powers and, as well as avoiding ex-
citation of tissue harmonics, this has the important 
advantage that bubble destruction is minimised so 
that scanning can be in real time which makes con-
trast studies much easier to perform since no special 
scanning techniques are required.

1.3.3 
Safety of Microbubbles

The safety of ultrasound contrast agents must be con-
sidered under two categories, the agents themselves 
and the effects of their interaction with the ultra-
sound beam (ter Haar 1999). The constituents of 
microbubble contrast agents have been carefully cho-
sen to be inert with biocompatible membranes and 
gases that are either metabolised (oxygen in air-fi lled 
microbubbles) or breathed out (nitrogen, perfl uoro-
carbons and sulphur hexafl uoride) and are non-toxic. 
No toxic effects have been attributed to their compo-
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nents. However, they are a form of particle and there 
is the possibility that they embolize, blocking micro-
vessels though any blockage is likely to be transient 
since they dissolve within a few minutes of injection. 
Nevertheless, the product characteristics summary 
usually recommends caution in patients with severe 
heart failure or pulmonary hypertension. A well rec-
ognised though uncommon adverse event after injec-
tion of many microbubble agents is low backache; it 
has been suggested that this arises from microbub-
ble emboli, either in the kidneys or in bone marrow. 
Some are hypertonic when reconstituted and this can 
cause pain at the site of injection.

Much more important is the possibility of harm 
arising from the interactions of ultrasound with the 
microbubbles. This may be mechanical or chemi-
cal. Microbubbles can expand to twice their rest-
ing diameter during the low pressure phase of the 
ultrasound wave and this has been shown to rup-
ture capillaries in animal microscopy studies. While 
capillary rupture is a normal event (coughing and 
running usually rupture lung and foot capillaries), 
the possibility that this might cause permanent 
damage in some tissues such as the brain cannot 
be excluded. During the rebound from their expan-
sion, microbubbles may collapse and fragment and 
in this phase very high temperatures can be reached. 
Though the heating is extremely short lived, sur-
rounding molecules can be altered to release highly 
active free radicals such as atomic oxygen and ozone. 
These reactive species can damage macromolecules 
such as RNA and DNA. Free radicals are produced 
naturally by chemical and nuclear processes such 
as cosmic rays and cells are equipped with mecha-
nisms that rapidly neutralise them. It is not clear 
whether free radical formation from microbubbles 
is actually harmful or not.

Sensible precautions suggest that the lowest dose 
and the lowest transmit powers consistent with the 
need to make a diagnosis – the ”as low as reasonably 
attainable” (ALARA) principle – should be used.

1.4 
Normal Appearance

The uniform stippled liver texture is interrupted 
by vessels which help defi ne its segmental anatomy 
(Fig. 1.1) (Couinaud 1957). The hepatic veins, with 
their thin walls, appear as branching, tubular ”de-
fects” converging to the upper IVC. The portal tracts 
have strongly refl ective walls from the associated 

vessels and fi brous tissue(Wachsberg et al. 1997). 
The left portal vein curves anteriorly from the main 
portal vein to supply the more anteriorly situated left 
liver. The liver vessels are clearly displayed by colour 
Doppler using conventional colour coding, normal 
hepatopetal fl ow is shown in red (Fig. 1.3). The ac-
companying artery is seen as a narrow red line lying 
anteriorly (Lafortune and Patriquin 1999). On 
spectral Doppler the portal vein has continuous fl ow 
with a peak velocity of some 15 cm/s while fasting; 
this can increase greatly in the postabsorptive state. 
The hepatic veins appear as blue bands on colour 
Doppler because their fl ow is away from the trans-
ducer. On spectral Doppler their fl ow pattern is com-
plex being predominantly towards the IVC but re-
versed at each atrial systole (Fig. 1.2). This is because 
the IVC communicates directly with the right atrium, 
so that in systole blood is pumped retrogradely into 
the cava and hepatic veins.

1.5 
Focal Lesions

A wide variety of focal liver lesions can be diagnosed 
by ultrasound, notably cysts, for which it is the most 
specifi c and sensitive test (Gaines and Sampson 
1989). They are seen as echo-free spherical spaces 
with thin, smooth walls and a characteristic band 
of brighter liver distally, caused by the lower attenu-
ation of ultrasound by their fl uid compared to the 
liver (Fig. 1.4) (Bryant et al. 2004). The same ap-
pearance characterises the individual cysts of domi-
nant polycystic disease except that they may be very 
numerous (Kuni et al. 1978). The lesions themselves 
and the heterogeneous liver texture that results from 
the numerous bands of increased sound transmis-
sion make the detection of co-existent liver disease 
diffi cult or impossible. Similarly, haemorrhage into 
a cyst or superinfection are not usually detectable 
with ultrasound.

Hydatid cysts have a variety of appearances de-
pending on the condition of their contents, but con-
sistently have a prominent capsule that is lacking 
around simple cysts (Haddad et al. 2001). In en-
demic countries, ultrasound guided aspiration (per-
haps with injection of a sclerosant) is widely used 
for symptomatic control with good safety (Filice 
and Brunetti 1997). Abscesses are typically seen 
as shaggy-walled cavities that are often multiple 
(Moazam and Nazir 1998; N’Gbesso and Keita 
1997; Dewbury et al. 1980). On Doppler the hyper-



10 D. O. Cosgrove

aemia of the surrounding tissue is often obvious 
(Fig. 1.5). However, in the initial stages of abscess 
formation, before pus has collected, a solid mass is 
found and the lesions can be very subtle (Dewbury 
et al. 1980). The microabscesses of fungal septi-
caemia often have a characteristic appearance of a 
cavity containing a central echogenic dot which is 
believed to be the artery in which the hyphae have 
embolized (Pastakia et al. 1988). However, the 
abscesses may be too small to detect with normal 
transducers used for liver imaging but may be re-
solved if a high frequency (small parts) transducer 
is used. Though these only allow the superfi cial 4 or 
5 cm of liver to be imaged, the wide dissemination 
of these microabscesses usually allows a fi rm diag-
nosis to be made.

Haemangiomas are the commonest benign liver 
tumour and typically appear as uniformly echogenic 
masses (Kim et al. 2000). On Doppler they are hy-
povascular, only occasionally showing weak venous 
signals.

Focal nodular hyperplasia contains normal liver 
elements in an abnormal arrangement (Casarella 
et al. 1978; Di Stasi et al. 1996; Wang et al. 1997). 
Some have a vascularized central scar which is seen 
as an echo-poor streak with Doppler signals that 
typically radiate outwards in a spoke-wheel fash-
ion and these arterial features are elegantly dem-

Fig. 1.4. Liver cyst. The typical features of a simple cyst, an echo-free space with smooth walls 
and increased sound transmission (arrowheads), permit a confi dent diagnosis and normally 
no further investigation is needed

onstrated after contrast enhancement (Wang et al. 
1997). 

Trauma may be very diffi cult to detect on unen-
hanced ultrasound unless there is a haematoma which 
is seen as an echo-poor cavity (Singh et al. 1997). 
However, there are interesting reports of the value of 
contrast agents here. Infarcts in the liver are uncom-
mon except in the HELPP syndrome and following 
major liver surgery involving vascular reconstruc-
tion, such as liver transplantation (Christensen et 
al. 1997). They may be subtle on B-mode imaging 
but on colour Doppler are seen as non-perfused seg-
ments. Again, microbubble enhancement seems to 
improve the detection rate.

While fatty deposition in the liver is usually dif-
fuse, producing a uniform increase in refl ectivity, 
sometimes it is patchy. Focal fatty change produces 
echogenic regions, most often close to the gall blad-
der, that typically have a geometric shape (presum-
ably refl ecting the vascular territory that seems to 
underlie their formation) (Fig. 1.6). The reverse, 
focal fatty sparing, produces echo-poor patches. 
These changes can be confusing and may mimic 
metastases. Contrast enhancement is helpful be-
cause the lesion has normal haemodynamics and 
disappears as both it and the surrounding liver fi ll 
in the sinusoidal phase at around 2 min post injec-
tion.
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The variety of appearances of metastases on ul-
trasound is bewildering and remains largely unex-
plained (Fig. 1.7) (Middleton et al. 1997; Pain et al. 
1984). Though there are trends, for example, echo-
genic metastases are typically of gastro-intestinal 
or urogenital tract origin and echo-poor lesions are 
usual in carcinoma of the breast and bronchus, it has 
not been possible to relate particular patterns with 
the primary site. The success of ultrasound in liver 
staging has been exaggerated in the past, quoted ac-
curacies around 80% being calculated on a per pa-
tient basis rather than for individual lesions (Carter 
et al. 1996). Contrast enhancement offers a signifi cant 
improvement. 

Hepatocellular carcinomas can be detected as 
masses of varying echogenicity and often a heterogene-
ous texture (Itoh and Akamatsu 1998). Their typical 
hypervascularity can be depicted with colour Doppler 
(Fig. 1.8). However, HCCs are often multicentric and 
highly invasive so that they may not have well defi ned 
borders and this, together with the fact that they often 
arise in cirrhotic livers with an irregular texture, can 
make them diffi cult to detect and size. They may also 
be confused with regenerating nodules.

Cholangiocarcinomas are also often diffi cult to de-
tect, probably again because they are infi ltrative. For 
both these primary liver malignancies, microbubble 
contrast agents have proved useful.

a

b

Fig. 1.5. a This liver abscess formed by 
extension from an aggressive chole-
cystitis is seen as a region of slightly 
reduced refl ectivity (arrowheads) with 
a small central cavity that is multilocu-
lated. b The infl amed tissue is markedly 
hyperaemic on colour Doppler
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Fig. 1.7. Large heterogeneous masses 
occupy much of the right liver in this 
patient being staged for a colorectal 
carcinoma. One of the lesions has an 
echo free irregular central region (ar-
rowhead) indicating haemorrhage or 
necrosis

b

a

Fig. 1.6. a An echogenic wedge-shaped 
region (arrowhead) of the liver was 
found in this patient being staged for 
a colorectal cancer. Its geometric shape 
projecting onto the liver’s surface sug-
gested the diagnosis of focal fatty 
change. b In view of the importance 
of establishing the diagnosis with cer-
tainty, a microbubble contrast agent 
(SonoVue, Bracco, Milan) was ad-
ministered. The microbubble-specifi c 
mode Power Pulse Inversion (Philips-
ATL, Bothel, Wa.) was used to demon-
strate that the lesion vanished in the 
sinusoidal phase at 3 min. In this mode 
the distribution of the microbubbles is 
shown as a red coloured overlay on the 
grey-scale scan
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Fig. 1.8. a The heterogeneous texture 
of large hepatocellular carcinomas is 
shown in this example which is typi-
cally hypervascular on colour Doppler. 
b The complex, chaotic pattern of the 
malignant neovasculature is well dem-
onstrated

1.5.1 
Contrast Enhanced Ultrasound

After injection of one of the newer contrast agents, 
the enhancement fi rst appears in the hepatic artery 
and then some 20 s later in the portal vein (Wilson 
and Burns 2001). Gradually thereafter the liver pa-
renchyma returns increasingly stronger signals un-
til there is a near-complete parenchymal fi lling at 
around 1 min, the exact times depending on cardiac 
output as well as on the dose of microbubble admin-
istered; this late or sinusoidal phase is believed to 
represent pooling in the sinusoids or attachment to 
Kupffer cells. Contrast appears in the hepatic veins 
normally around 40 s after injection and 12 or more 

seconds after the artery lights up. Overall, the dura-
tion of useful liver enhancement is 4–5 min when a 
bubble-preserving low MI mode is used.

Microbubbles can also be used as tracers; in the 
liver the time taken for them to cross into the he-
patic veins (normally 30 s or more, owing to the 
slow fl ow in the liver sinusoids) is shortened when 
there is arteriovenous shunting, as occurs in metas-
tases and cirrhosis (Albrecht et al. 1999; Blomley 
1997). This simple test seems to be able to detect oc-
cult metastases, for example in colorectal cancer, and 
might prove useful in selecting patients for adjuvant 
chemotherapy.

Since the parenchymal (late) phase depends on an 
intact functioning microcirculation, lesions that lack 

a

b
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Fig. 1.9. a The staging liver ultrasound 
in this patient with a gastric carcinoma 
revealed a slightly irregular texture but 
no defi nite focal lesion. b In the sinu-
soidal (late) phase, almost 2 min after 
injection of 2.4 ml of the microbubble 
contrast agent SonoVue, several signal-
free foci representing metastases were 
detected (arrowheads). The mode used 
was Contrast Pulse Sequences (CPS) 
which detects the presence of micro-
bubbles whether stationary, as in the 
liver sinusoids shown here, or moving, 
as in the portal vein (PV). It operates at 
low transmit powers – an MI of 0.2 was 
used in this study – so that microbubble 
destruction is minimised

this appear as dark defects; this applies to cysts and 
ischaemic regions such as trauma, scars and the rare 
infarcts and, importantly, to metastases which are 
detected with greatly improved sensitivity (Fig. 1.9) 
(Wilson and Burns 2001; Blomley et al. 1999). 
Even sub-centimetre metastases are readily detected 
against the enhanced background of normal liver tis-
sue. Cholangiocarcinomas have the same appearance 
and this lesion, considered ”diffi cult” for imaging in 
general, is well delineated with this technique. 

Lesions that contain haemodynamically normal 
liver fi ll in the same way as the normal surround-
ing tissue and so tend to disappear in this late phase. 
Examples include focal fatty sparing/change, regen-
erating nodules in cirrhosis and focal nodular hyper-
plasia in which the central scar is often seen as a stel-
late defect at this stage (Fig. 1.6). The arterial phase is 
useful for characterising lesions based on their blood 
supply; hypervascular lesions such as hepatocellular 

carcinomas and vascular metastases (i.e. those from 
renal and neuroendocrine carcinomas) have one or 
more supply arteries that enter the lesion’s periphery 
and fi ll rapidly in a centripetal fashion (Tanaka et al. 
2001). FNH typically shows a different pattern with a 
single supply artery that feeds the mass from its centre 
in a centrifugal spoke-wheel fashion. Haemangiomas 
often have a pathognomonic haemodynamic pattern 
with arterial fi lling of the lesion’s margin to form pe-
ripheral clumps from which the contrast slowly per-
colates towards the centre of the lesion. It may even-
tually fi ll completely and disappear in the sinusoidal 
phase but sometimes, especially with larger lesions, 
there are irregular non-fi lling regions which presum-
ably represent thrombus or fi brosis. This centripetal 
slow fi lling also occurs in haemangiomas that are 
atypical on B-mode scans. Not all haemangiomas 
behave in this typical fashion on contrast ultrasound 
but when they do, no further investigation is needed.

a

b
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Metastases may be unimpressive in the arterial 
phase but sometimes have a peripheral artery that 
forms a halo; this must be distinguished from the 
nodular peripheral contrast around a haemangioma 
(Wilson and Burns 2001). Metastases that are hy-
pervascular fi ll rapidly and often heterogeneously 
from their supply artery. The contrast washes out 
more rapidly than from the normal liver (a manifes-
tation of their small vascular volume) so that metas-
tases become prominent as enhancement defects in 
the sinusoidal (late) phase (Fig. 1.9).

Hepatocellular carcinomas have complex patterns 
that do not always allow a diagnosis on a contrast 
study (Kim et al. 2002). They are usually hypervas-
cular and show rapid and sometimes spectacular 
increase in signal a few seconds after the injection, 
though some are hypovascular. Their late phase ap-
pearance is variable, presumably because of the spec-
trum of differentiation they show on histology. Many 
behave in the same way as metastases and become 
prominent as defects from around 45 s after injection 
and this fi nding is clinically useful. Unfortunately 
some (perhaps 25%) retain contrast to a greater or 
lesser extent in this phase and thus simulate benign 
lesions. This obviously limits the value of contrast 
studies in evaluating cirrhotic patients for HCC.

A particularly useful application of contrast agents 
is in evaluating the completeness of ultrasound-
guided interstitial therapy: when all tumour appears 
to have been destroyed, microbubbles often reveal 
residual portions of perfused tumour that can be ab-
lated immediately so that the patient does not have 
to be moved to CT (Lencioni et al. 1997; Solbiati 
et al. 1999). 

1.6 
Conclusions

Ultrasound technology has continued its rapid 
progress and many of the innovations have quickly 
become accepted as routine tools. Examples include 
tissue harmonic imaging and extended fi eld of view 
scans. An important invention is the development of 
microbubble contrast agents that allow a contrast-
enabled scanner to depict both the macro and mi-
crocirculation. In the liver they have proved to be 
especially valuable for detecting and characterising 
focal lesions and their use as tracers can reveal the 
arteriovenous shunting that is part of the metastatic 
process, even when the deposits are undetectable on 
conventional staging.
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2.1 
Introduction

Following its introduction in a clinical setting in 
1974, computed tomography (CT) underwent an 
extraordinary technical revolution in terms of both 
scanning time and spatial resolution. Nevertheless, 
CT remained a cross-sectional technique with se-
quential acquisition of axial slices until the intro-
duction of spiral (helical) CT at the end of 1980s. 
Spiral technology, made possible by improvements 
in tube technology and electronic computing, has 
transformed CT from a two-dimensional into a 
true volumetric imaging modality (Kalender et al. 
1990). Faster image acquisition, more rational use of 
contrast agent administration as well as use of image 
reformation on multiple planes offered incredible 
advances in terms of lesion identifi cation, charac-
terization and staging and opened up new indica-
tions for CT study (i.e. CT angiography for arterial 
vascular assessment and replacement of catheter 

angiography; CT colonography for evaluation of co-
lonic disorders). 

A second revolution occurred when multi-slice 
(multidetector-row) CT (MDCT) was introduced 
(Klingenbeck-Regn et al. 1999). Although the fi rst 
MDCT was a ”dual-slice” scanner, presented already 
in 1992 and consisting of two parallel detector rows 
that allowed the simultaneous acquisition of two 
interwoven helices, the real impact of multi-slice 
technology was observed at the end of 1998, when 
the fi rst four-slice CT equipment was introduced in 
a clinical setting (Berland and Smith 1998; Liang 
and Kruger 1996). MDCT, based on a four-row con-
fi guration of detectors, together with the develop-
ment of sub-second gantry rotation time, offered 
the opportunity to overcome common limitations 
of single-slice CT scanners, especially in terms of 
scanning time and limited z-axis resolution (Hu et 
al. 2000). Technical evolution was followed by the de-
velopment of 8- and 16-slice scanners, which became 
available between 2001 and 2002, and will continue 
with the 64-slice equipment expected by the end of 
this year (Prokop 2003a; Flohr et al. 2002). 

Technological development was followed by a 
change in liver imaging protocols. The real advance 
in liver imaging was due to multiplanar and mul-
tiphasic capabilities of MDCT. Multiplanarity, due to 
the acquisition of 3D data sets with isotropic or near-
isotropic voxels, resulted in the ability to analyse 
CT images on multiple planes (i.e. sagittal, coronal 
and oblique) making diagnosis of lesions in critical 
anatomic localization easier; isotropic volume also 
made the use of 3D rendering algorithms available, 
which is especially useful in the case of vascular re-
constructions and virtual endoscopic views (Prokop 
2003b). The multiphasic approach, made possible by 
fast scanning time, makes it possible to scan the liver 
parenchyma during pure vascular phases, offering a 
real arterial, portal and delayed phase (Brink 2003; 
Fleischmann 2003b). Optimization of vascular en-
hancement together with improved spatial resolution 
along the z-axis are expected to improve diagnostic 
accuracy in liver imaging (Kang et al. 2003). 
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2.2 
Technique

MDCT has transformed CT from a transaxial cross-
sectional technique into a 3D imaging modality. 
Whereas single-slice CT took at least 5 years to gain 
general acceptance, MDCT has been more rapidly 
accepted in the radiological community, with expo-
nential growth in the use of these scanners in clinical 
practice. Major improvements (z-axis coverage speed 
and longitudinal resolution) translated into rapid he-
patic imaging and the use of new imaging protocols, 
not possible with single-slice spiral CT. Thin sections, 
that can now be routinely used within a single breath-
hold, resulted in improved lesion detection and nearly 
isotropic image acquisition providing high-resolu-
tion datasets available for multiplanar reformations 
(Honda et al. 2002; Kamel et al. 2003). Moreover, 
the possibility to scan through the entire liver in 10 s 
or less allowed MDCT to demonstrate three clear 
separate and distinct hepatic circulatory phases of 
iodine contrast distribution, i.e. pure arterial, arte-
rioportal, venous and equilibrium phases (Foley et 
al. 2000). MDCT with the improvements in morpho-
logical and functional information compared with 
single-slice CT enables a comprehensive approach to 
hepatic imaging within a single examination. MDCT 
brings new challenges, concerning contrast injec-
tions protocols (including optimal timing and rate 
of contrast injection, total volume of contrast agent 
and ideal iodine concentration of contrast medium) 
and patients’ dose exposure (Fleischmann 2003b;
Prokop 2003a).

2.2.1 
Detector Confi guration

The reason for a brief discussion about detector 
confi guration, which might be beyond the aims of 
this chapter, lies in the differences among detector 
arrays of different CT constructors, especially when 
considering four-slice scanners; in fact, detector ar-
rays of 16-slice machines are more homogeneous. 
The major consequence of a different design is the 
choice of scan parameters, which cannot be simply 
transferred from scanner to scanner, as with single-
slice CT. This means that scanning parameters need 
to be optimized as a function of the available equip-
ment according to only a few general rules.

At present, MDCT scanners may acquire 2, 4, 6, 8, 
10 or 16 simultaneous sections. In all MDCT scanners, 
the number of slices that can be acquired is usually 

smaller than the number of detector rows (N), in order 
to obtain more than one collimation setting by adding 
together the signals of neighbouring detector rows.

The arrangement of detectors along the z-axis 
and widths of available slices vary among different 
systems. In particular three different detector array 
designs are currently available: ”matrix”, ”adaptive” 
and ”hybrid” detector arrays. ”Matrix” detectors con-
sist of parallel rows of equal thickness; ”adaptive” 
detectors use detector rows with varying thickness. 
In the former type, the width of detector elements 
determines the thinnest possible section thickness 
and thicker sections are obtained by adding the sig-
nal from neighbouring detector rows; in contrast, in 
the latter type, various section thicknesses can be 
gained using partial collimation and addition of sig-
nal of adjacent rows. Finally, ”hybrid” detectors use 
smaller detector rows in the centre and larger ones 
towards the periphery of the array. This design has 
been adopted mostly for 16-row scanners from all 
companies (Prokop 2003a; Kopp et al. 2002).

2.2.2 
Scan Parameters

In single-slice CT, the most important scan parameters 
can be provided in the form of a triplet including 
slice collimation (SC, in mm), table feed/rotation (TF, 
in mm) and reconstruction increment (RI, in mm). 
Depending on clinical indications, a compromise has 
to be reached between z-axis resolution and required 
scan length. The effective slice thickness or slice width 
(SW) can be calculated from slice collimation and 
pitch, P (=TF/SC). The suggested scan parameters for 
single-slice spiral CT of the liver are 5/8/4 (SC/TF/RI) 
and the SW is 6.2 (Uggowitzer 2003).

In four-slice spiral CT the same acquired raw data 
set can be used to reconstruct two or more data sets 
of varying thickness. For this reason, it is important 
to distinguish between acquisition parameters, given 
as (NxSC/TF), and reconstruction parameters, ex-
pressed as (SW/RI) (Cademartiri et al. 2003). With 
multislice scanners, two defi nitions of pitch factor are 
used, depending on whether a section (P*=TF/SC) or 
total collimation of the detector array (P=TF/NxSC) 
is chosen as the reference (Prokop 2003c).

The image quality of any given four-slice CT sys-
tem depends on collimation, pitch, reconstruction in-
terval. Collimation should be tailored to the purpose 
of the study, because a decreased collimator width 
(thus, an increase in pitch) results in a narrow recon-
structed section thickness and improved spatial reso-
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lution, but in increased image noise and decreased 
length of coverage. However, maximization of pitch 
may also result in a decrease in contrast resolution 
(Wang and Vannier 1999). Thus, the most appropri-
ate choice of scanning parameters depends also on 
clinical indication to CT study. In fact, for example, 
for CT angiography where imaging is devoted to 
structures with very high attenuation, loss of contrast 
resolution caused by maximization of pitch can be 
disregarded. This is not the case with liver imaging 
where both good spatial and contrast resolutions are 
required; a practical approach for liver imaging is to 
use relatively thin collimation, increasing the pitch as 
needed to cover the entire liver. A small reconstruc-
tion interval with overlapping sections is advanta-
geous both for multiplanar reconstructions and for 
detection of small lesions, because the smaller the 
reconstruction interval, the greater the longitudinal 
(z-axis) resolution; one major drawback is the loss of 
z-axis coverage (Ji et al. 2001).

The choice of scan parameters with a four-slice 
CT scanner can follow two different approaches: ”fast 
spiral acquisition”, with the use of 5-mm slice thick-
ness, similar to single-slice spiral CT, but with the ad-
vantage of much shorter scanning time; ”volumetric 
imaging” using a high-resolution protocol consist-
ing of thin collimation and lower pitch, necessary to 
acquire an almost isotropic volume that can be fur-
ther post-processed using multiplanar reformations, 
maximum intensity projection and volume-render-
ing algorithms (Saini and Dsouza 2003). For liver 
imaging a compromise between fast scanning, neces-
sary to obtain pure vascular phases, and high-resolu-
tion scanning, necessary to reformat the datasets, has 
to be performed.

This obligatory choice between scanning time and 
spatial resolution is not necessary any more with 16-
slice spiral CT systems, as they combine the ability to 
acquire very thin slice images (narrow collimation) 
with a very fast scanning time.

2.2.3 
Strategy of Dataset Acquisition

The major impact of spiral CT technology on liver 
imaging is represented in the short scanning time, al-
lowing the evaluation of the entire liver parenchyma 
during a single breath-hold. Fast scanning opened the 
era of multiphasic protocols, consisting of multiple 
passes through liver parenchyma during different 
vascular phases. Using a single detector spiral CT 
the examination usually consists of a biphasic scan 

with images acquired during arterial dominant phase 
followed by a portal venous phase (Valls et al. 2004). 
The rationale of this imaging protocol is based on the 
differences of blood supply between normal paren-
chyma and liver tumours, as hepatic vascularization 
comes predominantly from the portal vein, whereas 
each kind of liver tumour receives blood mainly from 
the hepatic artery; exceptions to this rule are often 
represented by regenerating nodules and early well-
differentiated hepatocellular carcinomas (Altmann 
1978; Ferrucci 1991; Bernardino and Galambos 
1989; Laniado and Kopp 1997; Hollett et al. 1995). 
Therefore, if the arterial dominant phase is acquired 
as part of the imaging protocol, diagnosis of hy-
pervascular benign and malignant tumours (focal 
nodular hyperplasia, hepatic adenomas, hepatocel-
lular carcinomas, islet cell tumour and carcinoid) is 
improved compared with analysis of delayed phase 
of enhancement alone (Ferrucci 1991; Baron et 
al. 1996; Oliver et al. 1997). On the contrary, hy-
povascular liver tumours (such as metastases), show 
low attenuation compared with normal parenchyma 
during both arterial and subsequent portal venous 
phases (Ferrucci 1991).

However, the scanning time of a single-slice spiral 
CT scanner is too slow to obtain a pure arterial phase; 
the result is a hybrid phase, with mixed arterial and 
portal venous enhancement (usually slices acquired 
fi rst in the volume have a pure arterial enhancement 
whereas subsequent slices show portal dominant en-
hancement).

Only with the advent of MDCT could the entire 
upper abdomen be scanned within 10 s or less (Ji 
and Ros 2001). Fast acquisition offers the possibil-
ity to scan the liver during multiple phases of vas-
cular enhancement. A complex multiphasic imaging 
protocol was optimized soon after the introduction 
of four-slice scanners (Fig. 2.1) (Foley et al. 2000). 
It consists of four separate passes through liver pa-
renchyma following i.v. injection of contrast medium 
(Fig. 2.2). The fi rst two passes performed respectively 
in craniocaudal and caudocranial direction follow-
ing the arrival of bolus of contrast medium are ac-
quired within a single breath-hold of approximately 
24 s; the delay time for scanning is calculated with 
a preliminary bolus test or is automatically defi ned 
using a bolus tracking technique. The fi rst pass, the 
so-called early arterial phase (EAP) acquires images 
where only arterial vessels are enhanced; the second 
pass, the so-called late arterial phase (LAP) obtains 
images during arterioportal enhancement. The fi rst 
breath-bold is followed by a second 10-s scan dur-
ing the portal enhancement (portal venous phase, 
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PVP) beginning 60 s after the injection of contrast 
medium. Finally, a 3-min delayed scan (equilibrium 
phase, EP) is acquired. The rationale for performing 
multiphasic examination is to maximize detection of 
hypervascular liver neoplasms, particularly in cir-
rhotic patients.

At this time, no consensus has been reached about 
the use of a so-called double arterial phase. Some 
authors reported that double arterial phase imag-
ing of the liver with MDCT is effective for improving 
detectability of hypervascular hepatocellular carci-
noma and for reducing the number of false-positive 
diagnoses (due to arteriovenous shunts); in particu-
lar sensitivity and positive predictive value for hyper-
vascular HCC were 54% and 85% for EAP, 78% and 
83% for LAP, and 86% and 92% for double arterial 
phase, respectively (Fig. 2.3) (Murakami et al. 2001). 
However, radiologists should recognize that the ap-
plication of double arterial phase imaging to the liver 
may have crucial disadvantages for patients in terms 
of radiation exposure, as well as workload for person-
nel due to the huge number of acquired images, gen-

erating problems of fi lming, image interpretation and 
storage (”image pollution”) (Ichikawa et al. 2002). 
On the other hand, other studies demonstrated that 
hypervascular neoplasms are best seen during LAP, 
with no contribution from EAP in terms of sensitiv-
ity (Foley et al. 2000; Ichikawa et al. 2002; Laghi et 
al. 2003). In our personal experience sensitivity and 
positive predictive value of respectively 48.5% and 
96.4% in the EAP, 87.1% and 94% in the LAP were 
obtained, with no tumours detected in the EAP which 
were not visible in the LAP (Fig. 2.4) (Laghi et al. 
2003). In another study, similar results were reported, 
with sensitivity of 88% with LAP and 90% combin-
ing EAP and LAP; both the values were statistically 
signifi cant higher than 67% obtained with EAP alone 
(Fig. 2.5) (Ichikawa et al. 2002). The role of an EAP 
is the acquisition of pure arterial vascular datasets, 
where only arterial vessels are opacifi ed. If the ac-
quired volume is obtained with thin collimation and 
a reconstruction interval it can be used to generate 
high-quality vascular maps (CT angiography); these 
vascular maps may have an important role in pre-op-

Fig. 2.1. Diagram of multiphasic vas-
cular enhancement of the liver. Around 
20 s (representing the average delay time 
usually calculated on the basis of bolus 
test) following the beginning of con-
trast medium injection fi rst breath-hold 
acquisition of two consecutive scans 
is obtained. At around 60 s the second 
breath-hold scan is acquired followed by 
the equilibrium phase. CM, contrast me-
dium; EAP, early arterial phase; LAP, late 
arterial phase; PVP, portal venous phase; 
EP, equilibrium phase

Fig. 2.2. Time-density curves representing enhancement 
of aorta, portal vein and liver parenchyma during each 
scan. Please note clear separation of different vascular 
phases with early arterial phase demonstrating exclusive 
enhancement of arterial vessels with absolutely no ve-
nous contamination. EAP, early arterial phase; LAP, late 
arterial phase; PVP, portal venous phase; EP, equilibrium 
phase
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Fig. 2.3a–d. Arterioportal shunt. a On basal scan no lesion is detected. b On early arterial phase, intense enhancement of a 
pseudo-lesion is clearly depicted. c The enhanced pseudo-lesion follows vascular enhancement, with density similar to portal 
vein. d Delayed scan shows enhancement similar to surrounding parenchyma

Fig. 2.4a,b. Hepatocellular carcinoma. a On early arterial phase hypervascular nodule is fairly seen (arrow). b Best conspicuity 
in lesion detection is obtained during late arterial phase (arrow)

a b

c d

a b
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Fig. 2.5a–e. Hepatocellular carcinoma (arrow). a In 
the basal scan the lesion appears as a slightly hy-
podense nodular area. b No nodule is detected on 
early arterial phase. c In late arterial phase a marked 
hyperdense nodule is observed. d On portal venous 
phase contrast enhancement is still persistent. e 
Complete wash-out is demonstrated on equilibrium 
phase, where the lesion is detected as hypodense 
nodule

a b

e

dc
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erative assessment of surgical candidates (liver resec-
tion or transplantation) or candidates for interven-
tional procedures (catheter angiography) (Fig. 2.6) 
(Laghi et al. 2003).

The third imaging pass, the so-called portal ve-
nous phase (PVP), enables evaluation of isoattenu-
ation or hypoattenuation of hypervascular lesions. 
In addition, in some patients, relatively hypovascular 
hepatocellular carcinomas and metastases from islet 
cell or carcinoid tumours may be detected only dur-
ing this later acquisition scan (Foley et al. 2000). As is 
well known, the portal venous phase not only has the 
advantage of depicting hypovascular lesions but also 
is useful in demonstrating portal venous thrombosis, 
differentiating neoplasms from vessels, and identify-
ing varices and shunts (Laghi et al. 2003).

Within the past decade, some investigators have 
advocated the use of delayed phase imaging for its 
potential added value in dynamic spiral CT imag-
ing of the liver. Lesion detection and conspicuity has 
been reported to be higher in the delayed phase than 
in the portal venous phase, resulting in an improved 
detection rate of well-differentiated hypovascular 
hepatocellular carcinomas, depicted as low-attenu-
ating lesions and sometimes missed when only ar-
terial and portal venous phase scans are obtained 
(Hwang et al. 1997; Lim et al. 2002). Furthermore, 
delayed phase imaging has additional value in char-
acterization of hepatic lesions because it offers better 
visualization of capsule and mosaic patterns seen in 
some hepatocellular carcinomas, delayed peripheral 
enhancement of cholangiocarcinoma and ”fi lling-in” 
patterns of haemangioma (Figs. 2.7, 2.8) (Lim et al. 

2002). In contrast, other authors demonstrated that 
the portal venous phase showed no signifi cant dif-
ferences in lesion detection compared with delayed 
phase imaging, or better still when combined, spiral 
CT of the arterial and the delayed phases revealed 
91% of lesions, whereas a combination of the arterial 
and portal venous phases or the combination of all 
three phases revealed 92% of lesions; therefore, the 
combination of the arterial and portal venous phases 
is equal to the combination of three phases for de-
tection of hypervascular hepatocellular carcinomas, 
and the delayed phase becomes superfl uous (Choi et 
al. 1997). However, in this series of patients only hy-
pervascular hepatocellular carcinoma was included, 
whilst in clinical practice, there are also cases of hy-
povascular hepatocellular carcinoma. This concept 
has been confi rmed by other authors, who stated that 
portal venous-phase images are inferior to late phase 
images for detecting HCC nodules; in the same paper 
sensitivity of the unenhanced phase was also evalu-
ated and it was demonstrated not to be necessary 
(Kim et al. 1999). 

Even with regard to the use of an unenhanced 
phase opinions are controversial with papers dem-
onstrating no additionally detected lesions (hepato-
mas or metastases) compared with other phases and 
other experiences showing a 3% increase in the de-
tection rate for hepatocellular carcinomas compared 
with arterial and portal venous phases (Miller et al. 
1998; Oliver et al. 1996).

Fig. 2.6. Volume-rendered 3D reconstruction of celiac trunk 
and superior mesenteric artery. Anomalous origin of right he-
patic artery from superior mesenteric artery is demonstrated 
(arrow). Left hepatic artery has a normal origin from common 
hepatic artery (arrowhead)

Fig. 2.7. On delayed scan better visualisation of capsule 
and mosaic pattern of hepatocellular carcinoma is dem-
onstrated
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2.2.4 
Suggestions for Scanning Protocols

As noted earlier, several options for liver scanning 
are available. Theoretically a complete liver exami-
nation might include a pre-contrast scan, followed 
by contrast-enhanced acquisition obtained during 
the arterial (sometimes split into early and late arte-
rial passes) and portal venous phases and a delayed 
equilibrium phase. For several reasons, including ra-
diation exposure, data explosion with complex im-
age viewing and storing, all the fi ve phases are not 
acquired in each patient. Although there is not a clear 
consensus over this issue, the selection and combina-

tion of acquisition phases depends on clinical ques-
tions (Table 2.1).

In non-hepatopathic patients, with no history of 
neoplasia, our protocol includes a pre-contrast scan 
followed by late arterial and portal venous phases. 
The acquisition of a late arterial phase is justifi ed by 
the relatively high percentage of hypervascular be-
nign lesions (see focal nodular hyperplasia) which 
might be easily missed only on pre-contrast and 
portal venous phase (Fig. 2.9). A delayed scan is used 
only in cases of suspected haemangiomas if arterial 
and portal venous patterns are doubtful and there is 
the need to confi rm complete and delayed enhance-
ment.

Fig. 2.8a–d. Typical haemangioma. a In the basal scan it appears as slightly hypodense area. b The lesion 
presents an initial peripheral enhancement during the arterial phase. c In the portal venous phase a globular 
centripetal enhancement is observed. d In the delayed phase the lesion shows an almost complete fi lling

a b

c d
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Table 2.1. Suggested MDCT imaging protocols, according to clinical indication

 UN EAP LAP PVP EP

Non-hepatopathic patient
No history of neoplasia + – + + ±

Non-hepatopathic patient
History of neoplasia (suspected hypovascular metastases)  + – – + –

Non-hepatopathic patient
History of neoplasia (suspected hypervascular metastases) – – + + ±

Hepatopathic patient ? ± + + +

UN, unenhanced scan; EAP, early arterial phase; LAP, late arterial phase; PVP, portal venous phase; EP, equilibrium phase.

Fig. 2.9a–c. Focal nodular hyperplasia. a The lesion 
is fairly hypodense compared to normal hepatic pa-
renchyma. b During the arterial phase it presents 
marked contrast wash-in with the evidence of a hy-
podense central scar (arrow). c During the portal ve-
nous phase, the lesion becomes isodense to liver but 
the central scar still remains hypodense (arrow)

In non-hepatopathic patients, with a previous 
history of neoplasia with typical hypovascular liver 
lesions (i.e. colon cancer) the CT protocol is lim-
ited to a pre-contrast scan followed by a contrast-
enhanced scan obtained during the portal venous 
phase (Fig. 2.10). If patients have a history of tumour 
with possible hypervascular liver metastases (kid-

ney, breast, islet cell tumours) a late arterial phase is 
added to the previous scanning protocol.

A completely different approach is dedicated to 
hepatopathic patients. A pre-contrast scan is ques-
tionable since no benefi t was obtained in terms of 
identifi cation of hepatocellular carcinoma compared 
with a dynamic contrast-enhanced study. Mandatory 

a b

c
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are late arterial, portal venous and delayed phases, 
since they contribute to the identifi cation of both 
hypervascular and well-differentiated hypovascular 
hepatocellular carcinomas. An early arterial phase is 
indicated only in cases where a vascular map is re-
quired (i.e. before chemoembolization, surgery, etc.). 

2.2.5 
Timing and Intravenous Administration 
of Contrast Medium

In order to take full advantage of MDCT capabilities 
adequate timing and fl ow rate of injection should be 
carefully evaluated. Hepatic arterial enhancement is 
primarily infl uenced by the rate of iodine injection 
and timing of contrast bolus, whereas venous phase 
enhancement is determined by total dose of iodine 
administered to patients.

Different circulatory phases can only be separated 
by precisely timing the scanning delay to the patient’s 
individual circulation time; timing can be determined 
by using fi xed delay, a test bolus, or a computer auto-
mated scanner technology (CAST) (bolus tracking) 
(Fleischmann 2003b). 

The use of fi xed delay time cannot guarantee opti-
mal separation between early and late arterial phases, 
due to inherent variability among individuals, such 
as patient size and cardiovascular status. A good bi-
phasic study, including late arterial and portal ve-
nous phases can be reliably obtained in most cases 

using fi xed delays of respectively 35–40 s and 60–70 s 
(Sheiman et al. 1996). 

But a more rational use of MDCT can be accom-
plished by using a test bolus or by using bolus track-
ing software (Hittmair and Fleischmann 2001). 
The test bolus enables calculation of the circulation 
time and planning of the optimal scanning delay. It 
consists in the administration of 20–30 ml of contrast 
medium at the same fl ow rate to be used during spiral 
scanning (i.e. 3.5–5 ml/s) followed by the acquisition 
of a series of single-level, low dose (120 kVp, 10 mA), 
CT scans acquired every 2 s for around 40 s and start-
ing immediately after the injection. Although test bo-
lus is accurate in determining the optimal delay time, 
it does require additional contrast and increases the 
occupation time of the scanner room.

Automatic software is now very accurate at track-
ing aortic and liver enhancement curves. It simpli-
fi es timing of the hepatic arterial phase, regardless 
of whether a single or double pass is required, and 
may reduce the volume of contrast required. The au-
tomatic bolus-tracking program is used to automati-
cally start the fi rst arterial phase scan after the injec-
tion of contrast material. This technique is capable 
of real-time monitoring, automatic calculation of CT 
values in a region of interest (ROI), and automatic 
initiation of diagnostic CT after the CT value of the 
ROI has reached a trigger threshold level after the in-
jection of contrast material (Kim et al. 2002).

The main factor in relation to arterial enhance-
ment is iodine fl ux (mg of iodine entering the cir-

a b

Fig. 2.10a,b. Typical pattern of hypovascular colorectal cancer metastasis. a Lesion is hypodense on unenhanced 
image. b Lesion remains hypodense 60 s after i.v. administration of contrast medium
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culation per second), which depends on fl ow rate 
(ml/s) and concentration of contrast medium (mg of 
iodine/ml).

Faster injection rates increase maximum enhance-
ment of the aorta and arterial enhancement of liver. 
Although faster injection rates reduce time from in-
jection to the beginning and the end of the arterial 
phase, faster injection rates do not decrease the dura-
tion of the arterial phase itself, but they increase tem-
poral separation of arterial and portal scan phases, 
which is important to produce unique phases of 
imaging; the optimal fl ow rate should be considered 
equal to or higher than 3.5 ml/s (Kim et al. 1998). High 
infusion rates are often limited by intravenous access 
and an effective alternative is a higher-concentration 
contrast medium (370 and 400 mg of iodine/ml); it 
is also advantageous in patients in whom there is a 
reduced signal/noise ratio on CT (heavy individuals 
and those requiring thin slices or reduced radiation 
dose). Several data in the literature support the hy-
pothesis that an increase in contrast medium concen-
tration results in a greater degree of enhancement and 
diagnostic effi cacy for hypervascular lesions; Awai 
et al. (2002) compared two iodine concentrations of 
Iopamidol (300 mg/ml and 370 mg/ml) with the same 
total iodine load per patient per body weight and a 
total lower volume of contrast material and shorter 
duration of injection time in patients with more 
concentrated contrast medium; no difference was 
observed in liver enhancement in all the contrasted 
passes, but during the fi rst arterial phase aortic en-
hancement and the attenuation differences between 
the hepatic parenchyma and hepatic tumours were 
signifi cantly higher with more concentrated contrast 
medium; the same results were obtained in different 
experiences (Marchianò 2003).

Venous phase enhancement is not modifi ed by 
changes in fl ow rate since it is determined by the to-
tal given dose of iodine. So when total iodine dose is 
fi xed but higher concentration and lower volume of 
contrast medium is used, an earlier and higher arte-
rial enhancement and an improved depiction of hy-
pervascular HCCs is obtained; this results in a greater 
diagnostic effi cacy, employing an equal iodine dose 
without an increase in cost, because the cost of con-
trast material for CT examinations depends on the 
total amount of iodine in the contrast material (Awai 
et al. 2002).

Because of the rapid scanning times of multidetec-
tor scanners, the entire liver may be scanned when a 
substantial volume of the injected contrast material 
remains in the dead space of the injector tubing, pe-
ripheral veins, right heart or pulmonary circulation, 

and central arteries. Enhancement of liver paren-
chyma is predominantly from contrast material de-
livered via the portal vein; therefore, the contrast ma-
terial still in the dead space can be considered wasted 
for the purpose of hypovascular liver lesion detection. 
It was reported that the use of 50 ml of saline chaser 
to replace the last third (50 ml) of the standard con-
trast material bolus in order to push the bolus into 
the heart and further along in the circulation, reduces 
the amount of contrast material remaining in the bra-
chiocephalic vein and superior vena cava (Dorio et 
al. 2003). Other benefi ts of this technique are the sub-
stantial cost savings and potential increase in safety 
(reduction of nephrotoxicity) inherent in replacing 
50 ml of non-ionic contrast material with 50 ml of 
sterile saline solution. It is important to remark that 
liver enhancement and tumour conspicuity were not 
adversely affected by lower dose of contrast material. 
In another study, other authors showed that saline 
solution fl ush following low dose contrast material 
bolus improves parenchymal (the liver, the spleen, 
the pancreas and the renal cortex) and vascular (the 
portal vein, the inferior vena cava and the abdominal 
aorta) enhancement during abdominal MDCT study 
(Schoellnast et al. 2004). 

2.2.6 
Collimation and Slice Thickness

With MDCT the same acquired raw dataset can be 
used to reconstruct two or more datasets of varying 
thickness. The optimal slice thickness for MDCT of 
the liver and its value for detection and characteriza-
tion of focal liver lesions was extensively investigated. 
In a preliminary experience scans were achieved dur-
ing hepatic arterial and portal venous phases using a 
detector confi guration of 4×1 mm with a pitch factor 
of 1.4 (Kopka et al. 2001). Slice thicknesses of 1, 2, 4, 
6, 8, and 10 mm were retrospectively reconstructed 
and evaluated. It was observed that slice thicknesses 
of 2 or 4 mm proved to be most effective for the 
detection of focal liver lesions, with an identical de-
tection rate of 96%. Thinner (1 mm) and thicker (6, 
8 and 10 mm) slice thicknesses showed signifi cantly 
lower detection rates (85%, 84%, 75% and 70%, re-
spectively). Moreover, 1-mm slice thickness gener-
ated the highest number of false positive fi ndings. 
Lesion characterization was also signifi cantly higher 
using 2 and 4 mm slice thicknesses. Results of 1-
mm slice thickness were lower due to increased im-
age noise which hindered the judgement of specifi c 
contrast material enhancement patterns; moreover, 



28 A. Laghi et al.

1-mm slice thickness has longer acquisition times, 
increases patient radiation exposure and produces 
a high number of images (Fig. 2.11). Correct charac-
terization decreased with thicker (>4 mm) slices due 
to partial-volume artefacts. The most signifi cant dif-
ferences between different protocols were recorded 
for lesions smaller than 11 mm. Sensitivity and posi-
tive predictive value (PPV) in lesion identifi cation 
were investigated with a detector confi guration of 
4×2.5 mm and reconstruction thickness of 2.5 mm, 
5.0 mm and 7.5 mm. No statistically signifi cant dif-
ferences in terms of sensitivities and PPV for slice 
thickness of 2.5 mm and 5 mm (76% and 73% of 
sensitivity; 69% of PPV) were observed; but a signifi -
cantly lower sensitivity was demonstrated if 7.5 mm 
slice thickness is used (Kawata et al. 2002).

2.2.7 
Radiation Issues

Phantom studies have revealed a possible increase in 
radiation exposure when imaging protocols of MDCT 
scanners have been compared to those of single-slice 
CT scanners. In general, energy dose values of the 
abdomen increased by a factor of 2.6 with multislice 
CT compared to single-slice CT. To take full advantage 
of the potentials of MDCT, imaging protocols must be 
adapted and optimized but the radiation dose must 
also be taken into consideration (Fenchel et al. 2002). 
With MDCT there is a dramatic increase in radiation 
dose to the patient if mAs settings similar to those used 
for single-slice scanning are chosen. This can be due 
to either differences in scanner geometry (that result 

a b

Fig. 2.11a,b. Image noise. From MDCT data set it is possible to reconstruct images with different thickness. a With thickness of 
1.8 mm the noise is high and image is grainy. b A 5-mm thick slice is affected by lower noise and reduced artefacts

in higher CT dose index per milliamperes, CTDI), dif-
ferent pre-fi ltering or due to the fact that the effective 
mAs (=mAs/pitch; by defi nition independent of pitch 
and therefore better indicator of patient dose) settings 
are displayed instead of the real mAs settings on the 
user interface; thus, if the protocol used for MDCT has 
the same mAs setting as the single-slice scanner proto-
col, the user will administer a higher radiation dose to 
the patient, proportional to the pitch used on the sin-
gle-slice scanner. For these reasons, scanning protocols 
should be designed not on the basis of previous milli-
ampere settings but on actual dose values as indicated 
by the CTDI, that can be displayed on the user interface 
of all MDCT scanners and represents the local dose 
quantity that indicates irradiation intensity inside the 
limits of the body regions as defi ned by the operator 
(Fleischmann 2003a). It is a measure of the intensity 
of irradiation at a specifi ed slice location and does not 
represent total radiation exposure. Dose-length prod-
uct (DLP) is an integral dose quantity that describes 
total amount of absorbed radiation and represents the 
intensity and extent of irradiation for the entire series 
of CT examination. As different organs have different 
radiation sensitivity, normalizing the DLP on the basis 
of the specifi c organ, the effective DLP is obtained, 
which is the most relevant descriptor for assessing can-
cer risk. The result of DLP and effective DLP provide 
an estimate of effective dose with CT scanning. Dose 
reduction strategies may involve modifying scanning 
parameters or protocols to reduce radiation dose for 
individual patients or specifi c clinical situations and, 
technologic developments for improving scanner ef-
fi ciency or improving image quality at low-dose CT 
scanning (Kalra et al. 2003).
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2.3 
Data Review Post-Processing

Due to the large number of slices generated by a 
single liver examination, especially if performed us-
ing a multiphasic study protocol, images should be 
analysed interactively by the operator on a second-
ary console (Rubin 2000). Today all the MDCT scan-
ners are equipped with two separate consoles, one 
for data acquisition and the second for data viewing 
and processing. 

This approach requires powerful computers and 
user-friendly software in order to have a smooth data 
workfl ow. Real time interaction between operator and 
dataset is a mandatory pre-requisite. It is also impor-
tant to have an absolutely seamless scrolling that lets 
the radiologist forget that he/she is reviewing several 
hundred images. Scrolling should be mouse-control-
led in a way that lets the user move from top to bottom 
of the dataset within a single move but also lets him 
fi nely evaluate a particular abnormality. Slice thick-
ness should interactively be chosen thick enough to 
reduce noise to a reasonable level but as thin as possi-
ble to keep partial volume effects low. It should be easy 
(one mouse click) to shift the image plane from axial 
to coronal or sagittal, or to change the viewing mode 
from thick multiplanar reformations to thin-slab max-
imum intensity projection (MIP) or even thin-slab vol-
ume rendering (VR) (Kamel et al. 2003). 

Image post-processing is based on more complex 
algorithms and is used for generating vascular recon-
structions or for calculating hepatic volumetry. 

Three-dimensional vascular reconstructions can 
be obtained by using either maximum intensity pro-
jection (MIP), or surface-rendering or volume-ren-
dering algorithms.

For better anatomic representation and evalua-
tion of spatial relationships, as well as for a faster 
and easier interaction with 3D datasets, volume ren-
dering is the preferred reconstruction algorithm, 
although the diagnosis is derived from a combined 
evaluation of source and reconstructed images. 
With volume rendering, selective vessel representa-
tion is obtained using different rendering curves. A 
panoramic overview of the entire major abdomi-
nal branches can be obtained using a preset opac-
ity curve showing only the vascular surface. The 
evaluation of minor vessels (i.e. second, third, and 
more distal orders of collateral branches) requires 
the analysis of 3D datasets using interactive multi-
planar cut planes (”oblique trim”) and by modulat-
ing the opacity of the anatomical structures under 
evaluation and window/level parameters in order 
to see vessels ”through” abdominal organs. A com-
plete analysis of arterial and venous vessels can 
be obtained within a mean interpretation time of 
10 min.

Hepatic volumetry is another indication for 
post-processing liver datasets. Determination of 
liver volume is necessary in case of liver transplan-
tation from a living donor (for both patient selec-
tion and surgical planning) and to evaluate the 
feasibility of hepatectomy, especially in the case 
of atypical resections (Fig. 2.12) (Abdalla et al. 

a b

Fig. 2.12a,b. Volumetric rendering of liver parenchyma. a Calculation of the entire liver. b Following virtual left hepatectomy, 
the volume of the remaining right liver lobe is calculated
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Fig. 2.13a–c. Automatic segmentation of hepatic parenchyma 
by means of liver vessels defi nition. a Three-dimensional re-
construction of different segments of hepatic artery. b Three-
dimensional view of portal vein segmentation. c Similar view 
of segmental distribution of hepatic veins

2004). An insufficient remnant liver volume calcu-
lated preoperatively might lead to performing ia-
trogenic occlusion of right or left portal vein in or-
der to determine a lobar liver hypertrophy, making 
the resection feasible. Software for the calculation 
of liver volume is under development. From com-
pletely manual software where it was necessary to 
manually outline liver contour slice by slice, there 
are now semi-automatic and completely automatic 
programs (Meier et al. 2004). The latter are able to 
highlight different liver segments and to create vas-
cular maps for arterial and portal afferences and 
for hepatic vein drainage. The volume of each sin-
gle segment can be calculated and a simulation of 
surgical resection can be performed. Information 
can be displayed using coloured maps or 3D mov-
ies (Fig. 2.13).

2.4 
Conclusions

The development of spiral CT technology had a sig-
nifi cant impact on liver imaging, further improved 
by the introduction of MDCT. Multiphasic and mul-
tiplanar capabilities of MDCT are the key issues rep-
resenting the real added value of this technique. The 
possibility to acquire images during different pure 
vascular phases may improve the lesion detection 
rate, and may contribute to better characterization 
of focal liver lesions. Improved spatial resolution 
along the z-axis and the availability of almost-iso-
tropic volumetric datasets offer high-quality multi-
planar reconstructions as well as detailed vascular 
maps, especially useful before surgical and interven-
tional therapeutic procedures.

a b
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3.1 
Introduction

Technical advances in magnetic resonance (MR) 
hardware and software have allowed the intro-
duction of faster pulse sequences void of motion 
artifacts that previously posed limitations to ab-
dominal MR imaging. Plain imaging is useful to 
point out the morphology and the inherent struc-
ture of focal liver lesions and provides essential 
information for the diagnosis. However, in most 
cases, these features are not enough to correctly 
detect and characterize liver tumors (Bartolozzi 
et al. 1999; Bartolozzi et al. 2001). MR imaging 
contrast agents are currently used to accentuate the 
differences in signal intensity between the liver le-
sion and the adjacent tissue and to highlight dif-
ferent enhancement patterns. Thus there is now a 
consensus that use of contrast media is mandatory 
in liver MR imaging. A variety of contrast agents, 
including extracellular, hepatobiliary, and reticulo-
endothelial system (RES)-targeted contrast agents, 
is used to improve the diagnostic capability of MR 
imaging (Lencioni et al. 2004). Furthermore, MR 

can also provide functional information in addi-
tion to morphological information: new techniques 
such as diffusion and perfusion imaging have been 
developed and now are assuming an increasing role 
in clinical practice.

3.2 
Methodology

The technical equipment of the MR scanner, the 
choice of pulse sequence and the use of the most 
appropriate contrast agent should be taken into 
consideration to obtain high quality liver MR ex-
aminations. The use of high fi eld strength MR scan-
ners (≥1.0 T) with fast gradients and phased-array 
surface coils is now standard for liver MR imaging 
(Keogan and Edelman 2001; Morrin and Rofsky 
2001). Phased-array coils provide a great improve-
ment in the signal to noise ratio (SNR) and a better 
image quality (Schwartz et al. 1997). The recently 
developed parallel imaging exploits the intrinsic dif-
ferent sensitivity of phased-array coils to speed the 
acquisition time. Rapidly switched gradient systems 
are needed to obtain fast sequences as echo-planar 
imaging, true fast imaging with steady state free 
precession (true FISP) or sequences with short rep-
etition time (TR) and echo time (TE). Nevertheless 
the selection of the MR sequence and the manipula-
tion of parameters are fundamental to avoid motion 
artifacts and increase the SNR and contrast to noise 
(CNR) ratio.

3.2.1 
Technical Issues

Motion artifacts have been traditionally considered 
as an important limitation in performing liver MR. 
Two strategies have been pursued to obtain high 
quality MR images: (1) suppression of the movement 
artifacts; (2) reduction of the acquisition time.
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To avoid motion artifacts, respiratory triggered 
imaging was introduced. Images are acquired in a 
fi xed point of the expiratory breathing phase; the 
limitation of this kind of sequence is its ineffi cacy in 
patients with irregular breathing and its long acqui-
sition time, which is related also to the respiratory 
frequency of the patient (Fig. 3.1) (Low et al. 1997). 
Fat suppression is another tool to reduce motion ar-
tifacts, in particular to eliminate those concentric 
hyperintense lines superimposed on abdominal or-
gans produced by movement of the abdominal wall 
(Barish and Jara 1999; Low et al. 1994).

On the other hand, strong gradients accelerate 
image encoding times and enable fast and ultra-
fast imaging, including fast dynamic, parallel and 
echo-planar imaging. Fast imaging with breath 
hold sequences allows the elimination of the respi-
ratory artifacts and blurring, and greatly reduces 
the acquisition time. To improve the SNR, fat sup-

pression is needed when fast images are performed 
(Fig. 3.2) (Kanematsu et al. 1999). More recently, 
parallel acquisition techniques have allowed two 
to four times faster acquisition of the entire liver 
if compared to other pulse sequences. Most im-
portant, the parallel MR approach may accelerate 
any imaging sequence (Heidemann et al. 2003). 
The accelerated image acquisition derives from 
an array of surface coils that are used as indepen-
dent elements elaborating MR echoes simultane-
ously (each coil detects only a part of the object). 
To decrease the acquisition time a certain fraction 
of phase-encoding steps are skipped and images 
are reconstructed by means of dedicated parallel 
MR algorithms (SENSE, SMASH, GRAPPA, etc.). 
However, the shorter total acquisition time slightly 
decreases the SNR, making this new approach 
especially useful in non-cooperative patients 
(McKenzie et al. 2004).

a b

c d

Fig. 3.1a–d. T2-weighted respiratory triggered and breath-hold FRFSE imaging. a Respiratory triggered FRFSE has a longer 
acquisition time (3 min and 39 s) in comparison with breath-hold imaging (40 s) (b). c If the patient is unable to produce a 
regular respiratory waveform, triggering may be unsuccessful with evident motion artifacts. d Breath-hold examination allows 
high quality images to be obtained even in patients with irregular breathing
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3.2.2 
Fast and Ultrafast Imaging

Improvements in gradient performance allow the 
application of very short TR and TE, enabling sub-
second acquisition (Nitz 2002). The more widely 
used sequences for T1-weighted images are fast 
spoiled gradient recalled acquisition into steady state 
(FSPGR) and fast low angle shot (FLASH) sequences, 
with short TR and short TE. To evaluate lipid com-
pounds in focal lesions, fatty sparing or fatty infi ltra-
tion, TE may be set in phase (4.4 ms at 1.5 T) or out 
of phase (2.2 ms at 1.5 T). Signal intensity decrease 
is present in out of phase images if fat and water are 
in the same voxel. In phase and out of phase images 
can be acquired simultaneously with a double-echo 
gradient echo (GRE) sequence (Fig. 3.3) (Rofsky et 
al. 1996; Soyer et al. 1997).

T1-weighted bidimensional (2D) GRE sequences 
are used to perform dynamic studies throughout the 
liver. The need to acquire enough sections to cover 
the whole liver during a breath-hold requires sections 
of no more than 8–10 mm. Volumetric interpolated 
breath-hold examination (VIBE) permits the acquisi-
tion of isotropic pixels of approximately 2 mm in all 
dimensions with an acquisition time of less than 25 s. 
The volumetric data set can be reconstructed in any 
plane, producing MR angiography and venography 
that can be useful in the assessment of liver vascular 
anatomy (Fig. 3.4) (Hawighorst et al. 1999; Lee et 
al. 2000; Rofsky et al. 1999).

Turbo spin-echo/fast spin-echo (TSE/FSE) is the 
well accepted sequence for obtaining breath-hold 
T2-weighted images (Kanematsu et al. 1999). The 
TSE/FSE technique shows a tissue contrast similar 
to that of conventional T2-weighted SE images, but 

a b

c d

Fig. 3.2a–d. T1-weighted FSPGR and T2-weighted FRFSE without and with fat saturation protocol. Comparison between T1-
weighted FSPGR without (a) and with fat saturation (b), and between T2-weighted FRFSE without (c) and with fat saturation 
(d), shows that fat suppression is needed to improve SNR when fast images are performed
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a b

Fig. 3.3a,b. GRE in phase and out of phase. a GRE in phase (TE:4.4 ms): no focal lesions are visible. b GRE out 
of phase (TE:2.2 ms): some focal fat infi ltrations are visible as hypointense lesions, because fat and water spins 
are in opposed phase, then their signal cannot be summed up

Fig. 3.4a–d. Fast 3D FSPGR T1-weighted protocol. a Small hypervascular lesion is depicted during the arterial phase after 
paramagnetic contrast media administration (arrow). b–d Coronal maximum intensity projection images of arterial (b, c) and 
venous (d) phase can be useful in the assessment of vascular anatomy

a

b

c d
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with faster acquisition time. The potential reduction 
in acquisition time with TSE/FSE is directly propor-
tional to the number of echoes: to reduce the dura-
tion of breath-hold, a long echo train should be used 
(>17 echoes). The reduction in the acquisition time 
can be converted into an improved contrast setting 
a longer TR, or into an improved spatial resolution 
increasing the matrix size. Fat suppression is neces-
sary, because the short interecho spacing increases 
fat signal intensity. The respiratory-triggered FSE 
can be useful in patients who are unable to hold the 
breath also for a few seconds. The limitation of this 
sequence is the long acquisition time, also infl u-
enced by the respiratory frequency of the patient.

A modifi ed FSE technique with fast recovery 
(FRFSE) was developed to allow full coverage of the 
liver in one or two breath holds with high quality 
T2-weighted images (Augui et al. 2002). The FRFSE 
technique guides the recovery of longitudinal mag-
netization instead of leaving it to recover with the 
T1 process. This results in better SNR for liver and 
CNR for hepatic lesions than those obtained with 
FSE T2-weighted images. The half-Fourier single-
shot turbo spin echo (HASTE) sequence is helpful 
in uncooperative, medically unstable or claustro-
phobic patients; another acronym is single-shot FSE 
(SSFSE) (Helmberger et al. 1999). With HASTE 
only half the K-space is fi lled, with a few additional 
lines to correct the imperfections, the remaining 
part being reconstructed by software. The time sav-
ing, however, has its price as the SNR is decreased 
(Kim et al. 1998).

Sequences that are sensitive to magnetic suscep-
tibility, such as T2*-weighted sequences, are useful 
for the study of hemochromatosis or for focal liver 
lesions following the injection of superparamagnetic 
iron oxide (SPIO) contrast agents. T2*-weighted GRE 
images are more sensitive to the effects of SPIO in 
comparison to T2-weighted FSE, because they lack 
a 180° refocusing pulse, so the effect of susceptibil-
ity from local fi eld inhomogeneities is increased 
(Fig. 3.5) (Ward et al. 2003).

Single-shot echo-planar imaging (EPI), which 
allows the acquisition of a T2-weighted image in a 
very short time, is useful for new applications such 
as diffusion and perfusion imaging. In addition to 
providing information for morphologic diagnosis, 
EPI is widely used for functional and qualitative 
diagnosis (Yamashita et al. 1998). Diffusion is the 
thermally induced motion of water molecules in 
biologic tissues. The abdominal organs have unique 
diffusion characteristics, as measured with the ap-
parent diffusion coeffi cient (ADC). The results of 

some recent studies have shown that benign lesions, 
such as hepatic cysts and hemangiomas, have higher 
ADCs than malignant lesions (hepatocellular carci-
noma and metastases), where the large amount of 
tumoral cells restricts the water diffusion (Fig. 3.6) 
(Ichikawa et al. 1998a; Kim et al. 1999). Taouli et al. 
(2003) showed that, for the diagnosis of malignant 
lesions, the use of a threshold ADC value less than 
1.5×10–3 mm2/s, with a diffusion factor (“b”) of 0 and 
500 s/mm2, would result in sensitivity, specifi city, 
positive predictive value, and accuracy of 84%, 89%, 
87% and 86% respectively. Moreover, with single-
shot echo-planar technique, it is possible to perform 
a perfusion study of the liver by obtaining images at 
1–2 s intervals after a bolus injection of paramag-
netic contrast agent. On perfusion-weighted images 
(which are T2*-weighted images) gadolinium che-
lates serve as negative contrast agents decreasing 
the signal in the enhancing lesions (Padhani and 
Husband 2001). Ichikawa et al. (1998b) were able 
to discriminate between metastases, hepatocellular 
carcinoma (HCC) and hemangiomas on the basis of 
different signal intensity changes on EPI. In HCC 
and hemangiomas, a signal intensity decrease was 
observed as the contrast agent reaches the tumor; in 
contrast in metastases the decrease in signal inten-
sity was minimal (Ichikawa et al. 1998b). Negative 
T2*-weighted enhancement may be advantageous 
in the evaluation of perfusion in tumors that are hy-
perintense on T1 images, such as well differentiated 
HCC.

Ultrafast imaging of the liver can be performed 
by using the true fast imaging with steady state 
free precession (true FISP), that is a GRE sequence 
with fully refocused transverse magnetization. 
Another acronym for this technique is fast imag-
ing employing steady-state acquisition (FIESTA) 
(Fig. 3.7). True FISP imaging keeps TR and TE as 
short as possible to minimize motion and suscep-
tibility artifacts. In true FISP imaging the contrast 
is related to the T2/T1 ratio; thus the tissues with 
a high T2/T1 ratio like blood, fat and bile appear 
bright. Acquisition time is approximately 10 s; thus 
it is possible to scan the liver in a breath-hold. This 
type of sequence permits detailed information of 
the vascular system to be gained without contrast 
agents and is under investigation for the character-
ization of focal liver lesions (Numminem et al. 2003; 
Herbon et al. 2003).
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Fig. 3.5a–e. Comparison of T2-weighted breath-hold 
FRFSE and GRE in focal nodular hyperplasia (FNH). 
Baseline study shows a lesion (arrow) that is hypoin-
tense on T1-weighted image (a) and hyperintense on 
T2-weighted image (b). c After injection of SHU 555 
A, FNH shows homogeneous enhancement in the ar-
terial phase. d, e Because of its rich Kupffer cell popu-
lation, FNH takes up iron oxide particles, and shows 
marked signal intensity decrease much more evident 
in T2-weighted GRE images (e) than FRFSE (d)

Fig. 3.6a–f. Diffusion-weighted imaging in benign and malignant tumors. In hemangioma single-shot echoplanar images at 
b=500 s/mm2 (a) and b=0 s/mm2 (b) show hyperintense lesion. c Mapping image had an ADC of 1.9×10–3 mm2/s. d, e In me-
tastasis single-shot echoplanar images at b=500 s/mm2 (d) and b=0 s/mm2 (e) show hyperintense lesion (arrows). f Mapping 
image had an ADC of 1×10–3 mm2/s. Benign lesions, such as hemangiomas, have higher ADCs than malignant lesions, where 
the large amount of tumoral cells restricts the water diffusion
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3.3 
Contrast Agents

According to the biodistribution, the contrast agents 
available for liver imaging can be divided into three 
categories: (a) extracellular contrast agents; (b) 
hepatobiliary contrast agents; and (c) RES-targeted 
contrast agents (Semelka and Helmberger 2001; 
Lencioni et al. 2004).

3.3.1 
Extracellular Contrast Agents

Extracellular contrast agents are hydrophilic, small-
molecular-weight gadolinium chelates. After intra-
venous administration these substances are rapidly 
cleared from the intravascular space to the interstitial 
space. They do not penetrate into intact cells and are 
eliminated via the urinary system. Several gadolinium 
complexes are currently available including gadopen-
tetate dimeglumine (Gd-DTPA, Magnevist, Schering 
AG/Berlex Laboratoires), gadoterate meglumine (Gd-
DOTA, Dotarem, Laboratoires Guerbet), gadodiamide 
(Gd-DTPA-BMA, Omniscan, Amersham Health), and 
gadoteridol (Gd-HP-DO3A, ProHance, Bracco). The 
usual clinical dose of these gadolinium chelates is 
0.1 mmol/kg.

Extracellular contrast agents provide information on 
vascularization and perfusion similar to that of iodinated 
contrast media used for CT. Following the introduction 

of breath-hold T1-weighted GRE sequences, a dynamic 
contrast-enhanced study of the liver is performed dur-
ing the arterial (20–30 s after injection), portal venous 
(70–80 s after injection), and the delayed phase (2–3 min 
after injection) of enhancement (Figs. 3.8, 3.9) (Bellin 
et al. 2003; Hamm et al. 1994; Mahfouz et al. 1993; Yu 
et al. 1999). Fat saturation is recommended to decrease 
motion artifacts and to homogenize the images.

The timing of image acquisition has a key role: arte-
rial phase imaging may be inadequate if fi xed image 
delays are used. To overcome this problem, some ap-
proaches may be used such as a timing bolus of 1–2 ml 
of a Gd-chelate, automatic triggering based on the de-
tection of vessel enhancement (Smartprep, Carebolus), 
and fl uoroscopic imaging (Hussain et al. 2003).

3.3.2 
Hepatobiliary Contrast Agents

Hepatobiliary or hepatocyte-selective contrast agents 
are paramagnetic compounds that are partially taken 
up by the hepatocytes and excreted in the biliary tract 
(Reimer et al. 2004). Two hepatobiliary agents are 
currently available on the market: gadobenate dime-
glumine (Gd-BOPTA/Dimeg, MultiHance, Bracco) 
and mangafodipir trisodium (MnDPDP, Teslascan, 
Amersham Health). A third hepatobiliary contrast 
agent, gadolinium ethoxybenzyl diethylenetriamine-
pentaacetic acid (Gd-EOB-DTPA, Primovist, Schering 
AG), is likely to get approval shortly.

Fig. 3.7a,b. Fast imaging employing steady-state acquisition 
(FIESTA) sequence. Anatomic features can be visualized in 
a single breath-hold using coronal (a) and axial plane (b). 
Tissues like blood, fat and bile appear bright because of their 
high T2/T1 ratioa

b
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Fig. 3.8a–d. Gd-enhanced imag-
ing of FNH. a In unenhanced T1-
weighted image a hypointense le-
sion is depicted (arrow). b In arte-
rial phase a strong, early enhance-
ment of the lesion is delineated. c 
In the portal venous phase the le-
sion is iso-hyperintense compared 
to surrounding parenchyma. d The 
central scar shows contrast uptake 
in the delayed phase owing to the 
interstitial distribution of the para-
magnetic agent (arrow)

Fig. 3.9a–d. Gd-enhanced imag-
ing of hemangioma. Unenhanced 
(a), arterial (b), portal venous (c) 
and delayed phases (d) show the 
typical pattern of hemangioma: 
peripheral nodular enhancement 
in the early phase with centripetal 
progression to uniform enhance-
ment during the portal venous and 
delayed phases

a b

c d
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Gd-BOPTA consists of a hydrophilic Gd-DTPA 
moiety covalently coupled to a lipophilic benzene 
ring; this contrast agent is intravenously adminis-
tered in a lower dose of 0.05 mmol/kg compared to 
other extracellular contrast agents. Gd-EOB-DTPA 
is a highly water-soluble contrast agent with an eth-
oxybenzyl group attached to the gadolinium ion. The 
agent can be administered as a bolus in the dose of 
25 µmol/kg. These compounds undergo both hepa-
tobiliary and renal excretion. Approximately 50% of 
the administered dose of Gd-EOB-DTPA is excreted 
in the bile, which is much higher than the biliary ex-

cretion of Gd-BOPTA (approximately 5%). The re-
mainder undergoes renal glomerular fi ltration and 
excretion. It is thought that the hepatic uptake occurs 
through the organic anion transport system located 
on the hepatocytes’ membrane. These Gd-chelates 
are both a non-specifi c extracellular contrast agent 
on early post-contrast images and a hepatospecifi c 
contrast agent on delayed images: these agents can be 
administered as a bolus injection allowing dynamic 
study; then they provide a persistent enhancement of 
normal hepatic parenchyma due to their uptake by 
hepatocytes (Figs. 3.10, 3.11). Hepatospecifi c phase 

Fig. 3.10a–d. Gd-BOPTA-enhanced imaging of hepatocellular carcinoma (HCC). a T1-weighted 3D FSPGR 
in the arterial phase delineates the HCC with early uptake of contrast. b, c In the portal and delayed phase 
the lesion shows wash-out of contrast material and hyperintense pseudocapsule. d In the hepatospecifi c 
phase no uptake of contrast is seen

a b

c d
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Fig. 3.11a–d. Gd-EOB-DTPA-enhanced imaging of HCC. a Unenhanced T1-weighted image delineates a large 
hypointense lesion. b T1-weigheted 3D FSPGR in the arterial phase delineates the large HCC with early up-
take of contrast (black arrow) and a tiny hypervascular satellite nodule (white arrow). c In the portal phase 
the main lesion shows wash-out of contrast material. d In the hepatospecifi c phase both lesions do not show 
uptake of contrast (arrows)

imaging can be performed at 20 min after the injec-
tion of Gd-EOB-DTPA and at 40 min after the injec-
tion of Gd-BOPTA (Huppertz et al. 2004; Spinazzi 
et al. 1998).

On the other hand, Mn-DPDP is a weak chelate of 
the Mn ion, and dissociates in vivo to give free Mn, 
which is taken up by the hepatocytes and excreted 
into the bile. The contrast agent is injected at a dose 
of 0.5 ml/kg as a slow drop infusion with an injec-
tion speed of 2–3 ml/min. Scans following Mn-DPDP 
are obtained 20 min after the start of the injection 
(Figs. 3.12, 3.13) (Reimer et al. 2004).

Besides the dynamic scanning feasible with those 
contrast agents injected as a bolus, these agents pro-
duce strong and sustained enhancement of liver pa-
renchyma on T1-weighted images (Huppertz et al. 

2004; Oudkerk et al. 2002; Petersein et al. 2000; 
Tsuda et al. 2004). Because of the selective increase 
in the signal intensity of normal hepatocytes com-
pared with tumor cells of malignant focal lesions, 
CNR between lesions and healthy liver is usually in-
creased, and lesion detectability and conspicuity are 
improved on T1-weighted images (Bartolozzi et al. 
2000; Bartolozzi et al. 2004; Kim et al. 2004; Reimer 
et al. 1997).

Due to the strong biliary excretion of Mn-DPDP 
and Gd-EOB-DTPA, enhancement of the biliary sys-
tem is visualized 20 min after administration. This 
effect gives additional information to MR cholan-
giography T2-weighted pulse sequences. For visu-
alization of the contrast-enhanced biliary system, 
a T1-weighted 3D GRE pulse sequence in the coro-

a b

c d
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nal/oblique plane provides the best spatial resolution 
(Carlos et al. 2002; Lee et al. 2001).

3.3.3 
RES-Targeted Contrast Agents

RES-targeted contrast agents are superparamagnetic 
particles of iron oxide (SPIO) which produce dis-
tortions of local magnetic fi eld. The inhomogeneous 
fi eld causes dephasing of hydrogen spins in tissues 
that take up the iron oxide particles, resulting in sig-
nal loss on T2-weighted images. Once injected in-
travenously, these agents are rapidly removed from 

the circulation by the RES system. Kupffer cells in 
the liver play a dominant role in this process, taking 
up more than 80% of circulating particles. Two of 
these agents are currently available for clinical use: 
AMI-25 (Endorem, Laboratoires Guerbet; or Feridex, 
Advanced Magnetics) and SH U 555 A (Resovist, 
Schering AG).

The iron oxide AMI-25 is administered in a dos-
age of 10–15 µmol/kg and infused over 30 min. 
Static post-contrast T2-weighted images are ob-
tained 30 min after the infusion. SHU 555 A is ad-
ministered via intravenous bolus injection in a fi xed 
dose of 0.9 ml per patient with a body weight rang-
ing from 35 to 60 kg and 1.4 ml per patients above 

Fig. 3.12a–c. MnDPDP-enhanced imaging of metasta-
sis. Unenhanced T1-weighted (a) and T2-weighted (b) 
images show a small metastasis (arrow). c After injec-
tion of MnDPDP, the selective enhancement of normal 
hepatic parenchyma increases the lesion conspicuity
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Fig. 3.13a–c. MnDPDP-enhanced imaging of FNH. 
On baseline MR images, no lesion is depicted on 
T1-weighted images (a) and on T2-weighted im-
ages (b). c Owing to the affi nity of its cells with the 
hepatocytes, FNH takes up MnDPDP, like normal 
parenchyma. It appears hyperintense to normal pa-
renchyma on T1-weighted images (arrow) because 
the contrast agent is trapped within the lesion, since 
FNH is unable to effectively eliminate the compound 
via biliary excretion

60 kg. The diameters of the particles range between 
45 and 60 nm: the larger particles are quickly taken 
up by Kupffer cells; the smaller ones remain longer 
in the vessels, displaying blood pool characteristics. 
Therefore peculiar features of SHU 555 A include 
bolus administration, which can deliver dynamic im-
aging using the T1 effect of the vascular phase, and 
early Kupffer cell uptake, which allows liver-specifi c 
phase imaging 10 min after the injection (Fig. 3.14) 
(Reimer and Balzer 2003; Kopp et al. 1997). Breath-
hold T1-weighted dynamic imaging can be obtained 

either using 2D sequences or 3D protocols with fat 
saturation.

The reduction in signal intensity of liver paren-
chyma on T2-weighted images increases lesion de-
tectability and conspicuity, since malignant focal 
lesions, that usually do not contain Kupffer cells, do 
not change their signal intensity after injection of 
RES-targeted agents and therefore appear as bright 
nodules (Fig. 3.15) (Reimer and Tombach 1998; 
Lencioni et al. 1998; Ros et al. 1995; Vogl et al. 
2003).

a b

c



46 C. Bartolozzi et al.

Fig. 3.14a–f. SHU 555 A-enhanced imaging of hemangioma. In the baseline study, the lesion is hypointense on T1-weighted 
image (a) and hyperintense on T2-weighted image (b). c, d Dynamic SHU 555 A-enhanced study shows the centripetal fi lling 
of the hemangioma similar to Gd-enhanced studies. e Hemangiomas show a peculiar feature, which is lesion hyperintensity on 
T1-weighted images performed 10 min after the injection of Resovist due to a blood pool effect. f On post-contrast T2-weighted 
images no signal decrease of the lesion is visible
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4.1 
Introduction

The liver is formed by eight independent functional 
units, each with specifi c vascular and biliary connec-
tions. The identifi cation of these units or segments 
– fi rst described in its current naming by the French 
surgeon and anatomist Claude Couinaud – in each 
individual organ is the key to a reproducible and 
clinically meaningful description of where liver le-
sions are localized, and to modern liver surgery. We 
present a simple way to identify liver segments in ra-
diological examinations based on constant anatomi-
cal landmarks, and to memorize their numbering. 

The anatomy of the liver can be detailed based on 
the external appearance of the organ (external or de-

scriptive anatomy) or based on its vascular and bil-
iary architecture (vascular or functional anatomy). 
The descriptive anatomy was suffi cient until abdom-
inal surgeons had to perform liver resection, when 
it became important to respect the vascular integrity 
and the biliary drainage of the portion of the gland 
that would be spared. Two problems had to be ad-
dressed. The fi rst was to simplify the intricacy of the 
vascular architecture of the liver to a relatively con-
stant pattern to which even variations can be related 
(an ”ideal” functional anatomy). The second was to 
relate this ideal pattern to the individual anatomy of 
each liver (the ”real” functional anatomy) and to fol-
low this real anatomy in describing the location of 
liver lesions and in planning and performing the op-
erations. We will see in the following paragraphs how 
these problems were solved and how the solution 
– segmental liver anatomy – is easily accessible to the 
radiologist. For the sake of clarity, Arabic numerals 
will be used in the following paragraphs and in the 
illustrations.

4.2 
Descriptive Anatomy of the Liver

The anatomy of the liver according to its external 
appearance identifi es a superior or diaphragmatic 
surface and an inferior or ventral surface. On the 
superior aspect the falciform ligament separates the 
gland into a larger right lobe and a smaller left lobe 
(Fig. 4.1). The inferior surface is more varied: the 
round ligament continues into with the umbilical 
portion of the left portal vein (at an anatomical land-
mark called Rex’s recessus) (Fig. 4.2). The ”hepatic 
pedicle” containing the portal vein, the hepatic artery 
and the bile duct spreads out, near the liver, in a space 
called the ”porta hepatis or hepatic hilum” (defi ned 
by the bifurcation of the portal vein) and divides into 
a shorter right pedicle and a longer left pedicle.

The left pedicle runs almost horizontal and sepa-
rates a quadrate lobe anteriorly and a caudate lobe 
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posteriorly. Further on the left, the left hepatic pedi-
cle arches up as an umbilical portion to join the 
round ligament. The lesser omentum extends from 
the left border of the hepatic pedicle, along the left 
hepatic pedicle, abandons the umbilical portion to 
follow Arantius’ ligament up to the vena cava and 
the diaphragm. It separates the left lobe anteriorly 
from the caudate lobe posteriorly. In 10%––20% of 
the cases an accessory hepatic artery (left hepatic ar-
tery) originating from the left gastric artery runs into 
the lesser omentum to join the left hepatic pedicle. 
Arantius’ ligament is the remnant of Arantius’ duct, 
or ”ductus venosum”, that in the fetal circulation con-
nects the left portal vein to the caval system, and that 
runs from the angle between the transverse portion 
and the umbilical portion of the left portal vein to 
the confl uence of the left and middle hepatic veins 
(MAJNO et al. 2002).

The right hepatic pedicle is in contact with the 
gallbladder that defi nes the right border of the quad-
rate lobe. Posteriorly the right hepatic pedicle is sepa-
rated from the vena cava by a rim of liver tissue that 
corresponds to the right portion of the caudate lobe.

4.3 
The Functional or Vascular Anatomy

The merit of recognizing and of popularizing a (rela-
tively) simplifi ed pattern of the vascular structure of 
the liver has to be credited to the French anatomist 
and surgeon Claude Couinaud (COUINAUD 1957). A 
summary of this work was presented in two land-
mark articles by the French surgeon Henri Bismuth 
(BISMUTH 1982; BISMUTH et al. 1982).

Fig. 4.1. Superior (diaphragmatic) aspect of the 
liver. The only landmarks that can be recognized 
are the falciform and the round ligament, separat-
ing the left lobe from the right lobe

Fig. 4.2. Inferior aspect of the liver: the round liga-
ment continues into the umbilical portion of the left 
portal vein (at an anatomical landmark called Rex’s 
recessus). The ”hepatic pedicle” spreads out, near the 
liver, as a virtual space called the ”porta hepatis or 
hepatic hilum” (defi ned by the bifurcation of the por-
tal vein) and divides into a shorter right pedicle and a 
longer left pedicle. The left pedicle separates a quad-
rate lobe anteriorly and a round caudate lobe poste-
riorly and arches up as an umbilical portion to join 
the round ligament. Arantius’ ligament runs from the 
angle between the transverse portion and the umbili-
cal portion of the left portal vein to the confl uence of 
the left and middle hepatic veins. The right hepatic 
pedicle is in contact with the gallbladder that defi nes 
the right border of the quadrate lobe. Posteriorly the 
right hepatic pedicle is separated from the vena cava 
by a rim of liver tissue that corresponds to the right 
portion of the caudate lobe
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The simplifi ed scheme assumes that the blood en-
ters the liver from the portal vein (the arteries and 
the bile ducts follow the branches of the portal vein, 
so only the portal anatomy will be described hence-
forth) and is collected by three hepatic veins (left, 
middle and right) inserting into the inferior vena 
cava (Fig. 4.3). The main portal vein divides into two 
branches, right and left, defi ning a right liver and a 
left liver. The middle hepatic vein drains the liver 
from the main bifurcation.

On the right, the right portal vein divides into two 
second order sectorial branches defi ning a right ante-
rior sector and a right posterior sector, separated by 
the right hepatic vein. The third-order division of the 
(sectorial) portal branches will separate each sector 
into two segments.

On the left, although sectors can be recognized on 
embryological grounds, it is simpler to remember 
that the portal vein describes an arch towards the 
round ligament, and that the concavity of this arch 
embraces one segment (limited on the right by the 
middle hepatic vein), and the convexity of the arch 
two segments, separated by the left hepatic vein.

A last segment is constituted by the liver tissue that 
lies between the posterior aspect of the portal bifur-
cation and the vena cava. This segment extends from 
the left (where it has a recognizable external identity 
in the form of the caudate lobe) to the right, around 
the vena cava, up to the confl uence of the hepatic 
veins. This segment is fed by a series of smaller portal 
branches originating from the portal bifurcation be-
fore the takeoff of the right and left portal branches, 
and its parenchyma is drained by a variable number 
of separate hepatic veins directly into the vena cava.

The separation between the right and the left liver 
is evident when the right branch and the left branch 
of the portal vein are injected with dyes of different 
colours (Fig. 4.4). The plane of separation between 
the right and the left liver can be approximated as 
a plane going from the gallbladder fossa to the vena 
cava in which runs the middle hepatic vein.

Couinaud named the eight segments of the liver 
from the centre (segment 1) clockwise when a cast 
of the liver vessels is seen from in front, allegedly re-
producing the distribution of the arrondissements of 
Paris (Bismuth H, personal communication) (Fig. 4.5). 

Fig. 4.3. Simplifi ed scheme of the liver segments. The main 
portal vein divides into two branches, right and left, defi ning 
a right liver and a left liver. The median hepatic vein drains 
the liver from the main bifurcation. On the right, the right 
portal vein divides into two second order branches defi ning 
a right anterior and a right posterior sector, separated by the 
right hepatic vein. The third-order division of the (sectorial) 
portal branches will separate each sector into two segments. 
On the left, the portal vein describes an arch towards the 
round ligament; the concavity of this arch embraces one seg-
ment (limited on the right by the median hepatic vein), and 
the convexity of the arch two segments, separated by the left 
hepatic vein. A last segment is constituted by the liver tissue 
that lies between the posterior aspect of the portal bifurcation 
and the vena cava

Fig. 4.4a,b. Corrosion cast of the liver shown in Fig. 4.1 and 
Fig. 4.2. The portal vein has been injected with acrylic resin 
coloured green for the right branch and blue for the left branch. 
The hepatic veins have been injected retrogradely from the 
vena cava with white resin. The main hepatic artery has been 
injected with red resin and the bile duct with yellow resin. 
a Superior (diaphragmatic) aspect. The right liver-defi ned as 
the portion of the gland perfused by the right branch of the 
portal vein-is coloured green, and the left liver, perfused by 
the left portal vein, is coloured blue. The middle hepatic vein 
surfaces in between as a white watershed. This landmark is not 
visible on the surface of the liver and does not correspond to 
the falciform ligament. b Ventral aspect. The border between 
the left and the right liver can be approximated to a plane that 
joins the gallbladder bed-visible on this cast as the branches of 
the cystic artery-to the inferior vena cava (blue dots)
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Whether this story is true or apocryphal, the concept 
is appealing and helps memorizing the progression of 
the segments, bearing in mind that the clockwise pat-
tern refers to the liver as seen by an anatomist or a ra-
diologist on traditional contrast studies, from in front, 
while in the new era of axial imaging the liver is seen 
from below, the numbering progresses anti-clockwise 
and not all segments of the right liver are visible on 
all slices: the superior segments will appear on slices 
above the portal bifurcation and the inferior segments 
on slices below the portal bifurcation (Fig. 4.6). A more 

detailed view of the liver as seen from below, with the 
observer able to see the whole organ, is illustrated 
in Fig. 4.7; the reader will notice that the position of 
the segments can only be approximated, and that the 
boundaries between the segments can not be defi ned, 
with the exception of segment 3 and 4 (the round liga-
ment), of segment 4 and 5 (the gallbladder bed) and of 
the left part of segment 1, corresponding to the Spigel’s 
lobe (Fig. 4.8).

Fig. 4.6.a The similarities between the progression of the seg-
ments and the Arrondissements of Paris holds for radiological 
investigations and observers that see the liver – and Paris – 
from above, such as the percutaneous cholangiogram depicted 
in the illustration. b As modern axial imaging sees the patient 
from below, the similarity requires to imagine Paris as if look-
ing to the sky coming out from a Metrò station. Also, because 
of the cephalad-caudal development of the right liver, not all 
segments will appear on axial slices: the superior segments (7 
and 8) will be visible on slices above the portal bifurcation and 
the inferior segments (5 and 6) below the portal bifurcation

Fig. 4.7. Inferior view of a liver cast, with the numbering of 
the segments. The borders between the segments can not be 
recognized, with the exception of segments 3 from segment 4 
(the round ligament), the left part of segment 1 (Spigel’s lobe), 
and to some extent segment 4 from segment 5 (the gallbladder 
fossa, or more precisely, somewhere in the gallbladder fossa, 
because – as shown in the illustration – the plane may not 
correspond to the middle of the fossa)

Fig. 4.8. Detail of the left part of segment 1, corresponding 
to Spigel’s lobe. The right part is hidden by the right portal 
vein (green). This segment is perfused by small independent 
branches from the posterior aspect of the portal vein, and is 
drained by independent hepatic veins opening directly into 
the inferior vena cava

Fig. 4.5a,b. Numbering of the segments of the liver according 
to Couinaud. a Segment 1 is in the centre and the numbers will 
progress clockwise, similar to the Arrondissements of Paris (b)

b

a
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4.4 
The Correspondence Between the Descriptive 
Anatomy and the Functional Anatomy

Only few landmarks on the external surface of the 
liver correspond to the functional (vascular) anat-
omy, and the eye of the surgeon is blind to the inner 
architecture of the liver. These landmarks are limited 
to the round ligament inserting into the umbilical 
portion of the left portal vein, the left portion of 
segment 1 (Spigel’s lobe) separated from the left liver 
by the lesser omentum inserting along Arantius’ liga-
ment, and the gallbladder fossa, separating segment 
4 from segment 5, therefore the right from the left 
liver (Fig. 4.2). Also, in the rim of tissue between the 
portal vein and the vena cava, a notch on the surface 
separates a left portion of segment 1 (supplied mainly 
by the left half of the portal bifurcation) from a right 
portion, supplied by the corresponding part of the 
portal bifurcation. The importance of the division 
of segment 1 into two parts is questionable, although 
the notch offers a landmark to start right liver resec-
tions (KOGURE et al. 2000).

4.5 
The Correlation Between the Radiological 
Anatomy and the Functional Anatomy

As opposed to the surgeon, the modern radiologist 
has the privilege of seeing the blood vessels within 
the liver and can easily fi nd the landmarks of the 
segmental anatomy, and to use liver segments as an 
agreed-upon format on which the location of patho-
logical lesions can be reported.

Bearing in mind the pattern of the segmental anat-
omy detailed above, and a conceptualized representation 
of the main vascular landmarks, it is straightforward to 
describe in which segment a lesion is located (Fig. 4.9).

The right and the left liver: the plane separating the 
right and the left liver runs from the middle hepatic 
vein, to the inferior vena cava, to the gallbladder.

The segments in the right liver: the fi rst landmark 
is the right hepatic vein. All that is anterior and to the 
left of the right hepatic vein will be in the right an-
terior sector (segments 5 and 8), all that is posterior 
and to the right will be in the right posterior sector 
(segments 6 and 7). The second landmark should be 

Fig. 4.9. Schematic representation of the vascular landmarks in the liver. The observer sees the organ as an anatomist looking 
into the abdomen (Fig. 4.1). The main landmark is the middle hepatic vein (MHV) separating the right liver from the left liver. 
On the right, the main landmark is the right hepatic vein (RHV), inserting into the inferior vena cava (IVC). All that is anterior 
and to the left of the right hepatic vein will be in the right anterior sector (segments 5 and 8), all that is posterior and to the 
right will be in the right posterior sector (segments 6 and 7). Because the plane where the segmental branches originate can be 
approximated to the plane passing by the main portal bifurcation, this plane can be taken as the second landmark. In each sec-
tor the inferior segments (5 and 6) will lie caudal to the portal bifurcation, and the superior segments (7 and 8) will be cranial 
to it. Therefore in the right anterior sector segment 5 will be below and segment 8 above, and in the posterior sector segment 
6 below and segment 7 above. On the left, the main landmark is the left portal vein that describes an arch towards the round 
ligament. All that is between the concavity of the arch and to the left of the MHV is segment 4. On the convexity of the arch, 
the fi rst branches will be feeding segment 2 and the more distal branches segment 3. The distal branches of the left hepatic vein 
(LHV) will separate segment 2 from segment 3
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the third order bifurcation of the portal vein (where 
the right sectorial branches separate into segmental 
branches). Normally, however, it is not necessary to 
follow the sectorial into the segmental branches, and 
as the portal vein divides into the sectorial and the seg-
mental branches very close to the hepatic hilum, the 
plane where the segmental branches originate can be 
approximated to the plane passing by the main por-
tal bifurcation: in each sector the inferior segments 
(5 and 6) will lie caudal to the portal bifurcation, and 

the superior segments (7 and 8) will be cranial to it. 
Therefore in the right anterior sector segment 5 will be 
below and segment 8 above, and in the posterior sector 
segment 6 below and segment 7 above. 

In the left liver: the main landmark is the left portal 
vein, and the second landmark is the left hepatic vein. 
The left portal vein describes a smooth arch from the 
main bifurcation to the umbilical ligament. All liver 
tissue comprised by the concavity of the arch and the 
middle hepatic vein will be segment 4. On the convex-

Fig. 4.10. The superior segments of the right liver. Resin cast of 
a liver seen from above and to the right (the observer is look-
ing at the liver from the right diaphragm). The right hepatic 
vein (RHV) and the inferior vena cava (IVC) can be identifi ed, 
and taken as the landmark to separate the superior segments: 
8 anterior to the RHV, and 7, posterior to the RHV

Fig. 4.11. The posterior sector of the right liver. The observer is 
looking on the liver from the pancreas. The RHV can be identi-
fi ed and posterior to it lie segment 6 inferiorly and segment 7 
superiorly. The anterior sector of the right liver, with branches 
to segment 5 and 8, can be seen anterior to the RHV

Fig. 4.12. Computerized tom-
ography of the liver. The vessels 
can be recognized and used as 
landmarks to defi ne the differ-
ent segments

Left portal vein

Right anterior sectorial portal vein

Right posterior sectorial portal vein
Left hepatic vein
Middle hepatic vein
Right hepatic vein
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Fig. 4.13a,b. Using the vessels as land-
marks to divide segments adjusts for 
the variable size of liver segments. a 
Segments 3 and 2 are hypertrophic, 
while segment 4 is small. b Segment 
4 is well developed in this patient, 
while the left lobe is atrophic. This 
variation can be easily recognized 
and described in radiological reports, 
and lesions in the different segments 
localized without ambiguity. MHV, 
middle hepatic vein

Fig. 4.14. Dissection specimen of the inferior aspect of the 
left liver. The organ is seen as in Fig. 4.7. The left portal vein 
has been exposed by opening the peritoneum of the left he-
patic pedicle. A horizontal portion and a vertical (umbilical) 
portion can be recognized. The two portions are separated 
by Arantius’ ligament, joining the left portal vein to the left 
hepatic vein

devices (TORZILLI and MAKUUCHI 2003; CASTAING et 
al. 1986). Alternatively, the segmental branches can 
be dissected high in the hepatic hilum. More details 
on these techniques can be found in the specialized 
surgical literature (BLUMGART and FONG 2000).

ity of the arch, on the left side (the left lobe of the de-
scriptive anatomy) the distal part of the left hepatic 
vein will separate segment 2 (posteriorly and superi-
orly) from segment 3 (more anteriorly and inferiorly).

After this ideal pattern is drilled, it is easy to apply 
it to the real anatomy on radiological investigations, 
on anatomical casts or on surgical-dissection speci-
men (Figs. 4.10–4.14).

4.6 
The Correlation Between the Functional 
Anatomy and the Surgical Anatomy

The lack of external landmarks that relate the surface 
anatomy to the vascular anatomy of the liver can be 
a problem for the surgeon who has to perform liver 
resections, and several solutions can be devised. The 
main hepatectomies (right and left hepatectomy, right 
posterior sectoriectomy, left lobectomy) can be per-
formed simply by occlusion of the infl ow at the hilum 
and seeing a demarcation plane appear (Fig. 4.15). 
The resection plane can then be refi ned with intra-
operative ultrasound to spare or remove the hepatic 
veins according to the needs of the surgery. More 
elegant approaches, completely based on intraopera-
tive ultrasound, can be used when resections limited 
to a segment are required, such as injecting dye in 
the corresponding portal branch, or test-occluding 
the fl ow with an intravascular balloon or with other 
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Fig. 4.15. Vascular demarcation after temporary occlusion of 
the posterior sectorial vessels in a patient with several lesions 
in segments 6 and 7

Fig. 4.16. Liver cast of an organ showing 
different abnormalities. The portal vein 
trifurcates rather than bifurcates. The 
right hepatic vein (RHV) is hypoplastic 
and the middle hepatic vein (MHV) is 
hypertrophic. Despite the variations, the 
different abnormalities can be recon-
ciled with the usual segmental pattern, 
with segments of different sizes

4.7 
Beyond the Ideal View

A more realistic analysis of the anatomy of the liver-
beyond the idealized scheme given above-will show 
that, to some extent, the division of he portal vein 
into segmental branches is observer dependent, and 
arbitrary (FASEL et al. 1998). In addition, there is a 
relatively high variability of the sectorial and even 
the main portal branches on the right such in cases 
of a portal trifurcation, or of separate segmental 

branches for segment 6, for instance (Fig. 4.16). As 
for the hepatic veins, the most common variation is 
the presence of an accessory right inferior hepatic 
vein draining segment 6 or segments 5 and 6. Also, 
the relative importance of the right and of the mid-
dle hepatic vein can vary, from a very large dominant 
tight hepatic vein, to a small right hepatic vein and a 
large, dominant and bifurcated middle hepatic vein 
(Fig. 4.16). On the left the anatomy is much more 
constant, the main variability being in the number of 
the portal branches feeding segment 4 from the con-
cavity of the left portal vein, or of additional branches 
arising from the convexity of the curve, in theory 
defi ning more than two segments in the left lobe in 
these cases. The pattern of the left portal vein, giving 
off segmental and sub-segmental branches directly, 
however, is constant, possibly because the variability 
in this region is restricted by the importance of the 
umbilico-portal-caval circuit in the fetal circulation. 
The predictability of the anatomy of the left portal 
vein is a major asset in transplantation surgery, in 
which a procedure to produce a small left graft and 
a large right graft (segment 2–3 split) is virtually 
always possible.

An additional shortcut of the scheme given above 
is that it considers that the hepatic veins almost as 
fl at structures running in planes, while in reality they 
are more like trees, or cones converging into the vena 
cava. Despite these limitations, however, the authors 
believe that Couinaud’s segmental anatomy is rea-
sonable compromise between useless detail and un-
realistic simplifi cation.
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4.8 
Conclusions

A systematic approach to identify the main vascular 
structures of the liver at the beginning of a radiologi-
cal investigation will allow in virtually all the cases to 
reconcile the real anatomy of the liver to the pattern 
of the segmental anatomy described by Couinaud. 
This will serve as the basis to describe where liver 
lesions are localized, and as a common ground where 
further treatments can be planned with the interven-
tional radiologist and the liver surgeon.

References

Bismuth H (1982) Anatomical surgery and surgical anatomy 
of the liver. World J Surg 6:3–9

Bismuth H, Houssin D, Castaing D (1982) Major and minor 
segmentectomies “reglees” in liver surgery. World J Surg 
6:10–24

Blumgart L, Fong Y (2000) Surgery of the liver and the biliary 
tract, 5th edn. Saunders, pp 1785–1795

Castaing D, Emond J, Kunstlinger F, et al. (1986) Utility of 
operative ultrasound in the surgical management of liver 
tumors. Ann Surg 204:600–605

Couinaud C (1957) Le foie: etudes anatomiques et chirurgi-
cales. Masson, Paris, pp 13–33

Fasel JH, Selle D, Evertsz CJ, et al. (1998) Segmental anatomy 
of the liver: poor correlation with CT. Radiology 206:151–
156

Kogure K, Kuwano H, Fujimaki N, et al. (2000) Relation among 
portal segmentation, proper hepatic vein, and external 
notch of the caudate lobe in the human liver. Ann Surg 
231:223–228

Majno PE, Mentha G, Morel P, et al. (2002) Arantius’ ligament 
approach to the left hepatic vein and to the common trunk. 
J Am Coll Surg 195:737–739

Torzilli G, Makuuchi M (2003) Intraoperative ultrasonography 
in liver cancer. Surg Oncol Clin N Am 12:91–103



Contents I



Imaging Landmarks for Segmental Lesion Localization 63

5 Imaging Landmarks for 
 Segmental Lesion Localization

 Laura Crocetti, Clotilde Della Pina, Erika Rocchi, Sara Montagnani, Jacopo Lera, 
 and Carlo Bartolozzi

L. Crocetti, MD; C. Della Pina, MD; E. Rocchi, MD; 
S. Montagnani, MD; J. Lera, MD; C. Bartolozzi, MD
Division of Diagnostic and Interventional Radiology,  Depart-
ment of Oncology, Transplants, and Advanced Technologies in 
Medicine, University of Pisa, Via Roma 67, 56126 Pisa, Italy

5.1 
Introduction

Segmental anatomy of the liver is a matter of interest 
to the radiologist, in view of the need for an accurate 
localization of focal hepatic lesions. Segmental anat-
omy is in fact the basis of modern hepatic surgery 
and the type of surgical resection depends largely 
on the segmental localization of the hepatic lesion 
(Sugarbaker 1990; Soyer et al. 1994). The careful 
assessment of segmental localization of a focal liver 
lesion is also the basis for the precise planning of ra-
diologic interventional procedures. Furthermore, the 
use of a system for lesion localization that is anatomi-
cally based and shared by the medical community is a 
prerequisite for the correct management and follow-
up of patients who are bearing liver tumors (Dodd 
1993; Soyer 1993; Fasel et al. 1996). Procedures for 
delineating segmental anatomy on ultrasound (US), 
CT, and MR images have, therefore, been the subject 
of several studies over the past decade (Lafortune 
et al. 1991; Jung et al. 1996; Soyer et al. 1991). In this 

chapter, after a review of the anatomical landmarks, 
a method for segmental liver localization in different 
imaging modalities will be examined together with 
future prospects for three-dimensional renderings 
and image fusion.

5.2 
Anatomical Landmarks and Nomenclature

Segmental anatomy of the liver is based essentially 
on the internal vascular and biliary architecture 
of the organ. In Europe and Japan the nomencla-
ture most commonly used by surgeons and radi-
ologists is based on the description introduced by 
Couinaud (1957) and Bismuth (1982). In American 
and British publications the terminology proposed 
by Goldsmith and Woodburne (1957) has gener-
ally been employed; however, Couinaud’s classifi ca-
tion has recently also permeated the English North 
American radiology and surgery literature (Dodd 
1993; Ferrucci 1990).

The segmental anatomy described by Couinaud 
and modifi ed by Bismuth is based on the three-di-
mensional concept that all hepatic segments except 
for the caudate lobe are defi ned by three vertical scis-
surae and a single transverse scissura. The middle 
hepatic vein (corresponding to the main scissura) 
divides the liver into right and left hemilivers. The 
right hemiliver is divided by the right hepatic vein 
into anterior and posterior sectors. The left hemili-
ver is divided by the left hepatic vein into medial and 
lateral sectors. There are four sectors (right anterior, 
right posterior, left medial, and left lateral). Each of 
these is divided into superior and inferior segments 
by a transverse line drawn through the right and left 
portal branches, the so-called transverse scissura. 
The eight segments are numbered clockwise in fron-
tal view and counterclockwise from the inferior vena 
cava on a caudal to cranial view. Although convenient 
for daily radiologic practice, use of this concept is 
highly questionable from an anatomic point of view 
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(Fasel et al. 1998; Fischer et al. 2002; Strunk et al. 
2003).

Using cross-sectional imaging, the following ana-
tomic landmarks are used to divide the liver into seg-
ments: hepatic veins, portal system, gallbladder fossa, 
falciform/round ligament, and ligamentum venosum. 
The falciform ligament contains at its base the oblit-
erated umbilical vein (ligamentum teres or round 
ligament) and separates the right from the left liver 
lobe. It is seen between the umbilical portion of the 
left portal vein and the outer surface of the liver. The 
ligamentum venosum carries the obliterated ductus 
venosus, which until birth shunts blood from the 
umbilical vein to the inferior vena cava and therefore 
runs from the umbilical portion of the left portal vein 
to the confl uence of the left and middle hepatic veins 
(Majno et al. 2002).

5.3 
Imaging Landmarks: CT and MR Imaging

Computed tomography and MR are traditionally 
considered as cross-sectional axial imaging modali-
ties, and the concept of three vertical planes that 
divide the liver into four sectors and of a trans-
verse scissura that further subdivides the sectors 
into two segments each, is applied to localize liver 
lesions (Bismuth 1982; Couinaud 1957; Soyer et 
al. 1994).

The hepatic veins separate the following segments: 
the left hepatic vein separates segment 2 from seg-
ment 4; the middle hepatic vein separates segment 4 
from segments 5 and 8; and the right hepatic vein sep-
arates the anteriorly situated segments 5 and 8 from 
the more posteriorly situated segments 6 and 7.

The main portal vein divides into right and left 
branches. The right portal vein has an anterior 
branch that lies centrally within the anterior seg-
ment of the right lobe and a posterior branch that 
lies centrally within the posterior segment of the 
right lobe. As the portal vein divides into the secto-
rial and the segmental branches very close to the he-
patic hilum, the plane where the segmental branches 
originate can be approximated to the plane passing 
by the main portal bifurcation: in each sector the 
inferior segments (5 and 6) will lie caudal to the 
portal bifurcation, and the superior segments (7 and 
8) will be cranial to it. Therefore in the right ante-
rior sector segment 5 will be below and segment 8 
above, and in the posterior sector segment 6 below 
and segment 7 above.

The left portal vein initially courses anterior to 
the caudate lobe and describes a smooth arch from 
the main bifurcation to the round ligament. All liver 
tissue consisting of the concavity of the arch and 
the middle hepatic vein will be segment 4. On the 
convexity of the arch, on the left side (the left lobe 
of the descriptive anatomy) the distal part of the left 
hepatic vein will separate segment 2 (posteriorly and 
superiorly) from segment 3 (more anteriorly and in-
feriorly).

A CT “road map” to identify all the imaging 
landmarks and therefore liver segments is given in 
Fig. 5.1.

Anatomical landmarks, represented by hepatic 
and portal veins, can be represented on CT only af-
ter contrast media injection. These vessels are in fact 
hardly visible on baseline scans and during the ar-
terial phase of a liver CT scan. A precise match be-
tween arterial phase and portal-venous phase images 
is needed to assign the correct segment, also consid-
ering that some lesions are best depicted during the 
arterial phase (Fig. 5.2).

Magnetic resonance imaging has some inherent 
advantages in its segmental lesion localization, due 
to the natural high contrast between vessels and 
liver parenchyma also in the plain images (Fig. 5.3). 
After injection of paramagnetic contrast media the 
segmental delineation is almost the same as that de-
scribed for portal-venous phase CT (Fig. 5.4).

Recent advances in MR imaging allow fast se-
quences (true-FISP, FIESTA) to be performed which 
are less sensitive to motion artifacts and in which 
blood has high signal intensity also in the absence of 
contrast material (Fig. 5.5) (Nitz 2002).

An additional point that has to be taken into 
consideration is that in the scheme previously de-
scribed the hepatic veins are considered almost 
as fl at structures running in planes, while in real-
ity they are like branches of a tree, the vena cava. 
Because of the cross-sectionality of CT and MR, all 
these anatomical landmarks are not contained in 
a single image and a meticulous evaluation of the 
overlapping transverse slices in an interactive cine-
mode at a workstation allows the appreciation of 
the individual vascular anatomy. Multiplanar and 
three-dimensional reconstructions are not neces-
sarily needed to provide insight into the segmental 
anatomy, but may often better convey to the surgeon 
the complex relationship between lesions and indi-
vidual vascular anatomy (Fig. 5.6) (van Leeuwen et 
al. 1994a; van Leeuwen 1994b).
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5.4 
Imaging Landmarks: Ultrasound

The multiplanar imaging capability of US is well 
suited to the identifi cation of the anatomical land-
marks and therefore to the precise localization of 
focal liver lesions to hepatic segments (Lafortune 
et al. 1991; Smith et al. 1998). Even landmarks placed 
along oblique plans can be visualized in the same 
image, differently from axial CT and MR. Usually 
subcostal oblique, intercostal oblique and sagittal ap-
proaches are all used to explore liver parenchyma 
and to subdivide it into the described Coinaud’s seg-
ments.

5.4.1 
US Approach to the Left Hemiliver

Using cranial to caudal scans in the subxiphoid 
region, all the imaging landmarks of the left lobe 
can be visualized. First of all the three hepatic veins 
can be depicted. As far as the left liver lobe is con-
cerned, it must be taken into consideration that 
the left hepatic vein separates segment 2 from seg-
ment 3 and that the middle hepatic vein separates 
segment 4 from segment 8. The left portal vein, the 
branch entering segment 2, and the branches to 
segments 3 and 4 can be visualized with an oblique, 
upwardly tilted subxiphoid view (also called recur-

Fig. 5.1a–d. Sequential CT scan through the liver with Couinaud’s segments divided and numbered. RHV, right hepatic vein; 
MHV, middle hepatic vein; LHV, left hepatic vein; IVC, inferior vena cava; RPV, right portal vein; LPV, left portal vein; FL, fal-
ciform ligament

a b

c d
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Fig. 5.3a,b. Plain MR images. On T1 (a) and T2 (b) weighted plain images anatomical landmarks are visible

Fig. 5.2a–c. Hepatic and portal veins on CT. Venous landmarks 
are hardly visible on baseline scans (a) and during the arterial 
phase (b) of a liver CT scan. In the portal-venous phase (c) 
all the hepatic veins are visualized and the lesion (a heman-
gioma) can be assigned to segment 4

a b

c

a b
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Fig. 5.4a,b. MR of the liver after paramagnetic contrast media administration. In the portal venous phase the segmental delinea-
tion is almost the same as that described for portal-venous phase CT

Fig. 5.5a,b. Fast imaging employing steady-state acquisition (FIESTA). Anatomical landmarks are precisely delineated without 
motion artifacts

Fig. 5.6a,b. Multiplanar reconstruction of a CT scan. The localization of a metastatic lesion placed in segments 5–6 (a) is dem-
onstrated in a more immediate way by means of multiplanar reconstruction (b)

a b

a b

a b
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rent oblique view by Weill 1989). With a subxi-
phoid transverse scan segment 1 is shown. Segment 
1 is bordered posteriorly by the inferior vena cava 
and anteriorly by the left portal vein. Laterally, the 
ligamentum venosum divides segment 1 and seg-
ment 2. Segments 2 and 3 are located to the left of 
the umbilical portion of the left portal vein, the 
ligamentum venosum, and the falciform ligament. 
Segment 4 is situated to the right of the umbilical 
portion of the left portal vein and the falciform 
ligament. Segment 4 is separated from segments 5 
and 8 by the middle hepatic vein and it is separated 
from segment 1 by the left portal vein.

Using a sagittal approach and scanning to the left 
of the round ligament, segments 2 and 3 can be visu-
alized. They can be divided by an imaginary perpen-
dicular line that runs through the middle of the outer 
surface of the liver. With a sagittal view between the 
round ligament and the gallbladder, segment 4, sepa-
rated by the ligamentum venosum from segment 1, is 
visualized (Fig. 5.7)

5.4.2 
US Approach to the Right Hemiliver

Scanning in the subcostal region with a cranial to 
caudal direction and an oblique approach, the three 
hepatic veins form a “W”, with its base on the inferior 
vena cava. In the right lobe the middle hepatic vein 
separates segment 8 from segment 4; and the right 
hepatic vein separates segment 8 from segment 7. 
Segment 7 is bordered laterally and cephalad by 
the rib cage and the dome of the diaphragm. With 
this subcostal oblique view the right portal vein is 
seen in face, which helps to separate the superfi cial 
segment 5 from the more deeply situated segment 8 
(Lafortune et al. 1991). All the hepatic segments can 
be visualized by means of a subcostal oblique view 
on the portal bifurcation. With a subcostal transverse 
scan conducted caudally to the portal bifurcation, 
segments 5 and 6 can be seen. Segment 5 is bordered 
by the middle hepatic vein and the gallbladder on 
the left, and segment 6 is delimited laterally by the 
ribcage. These two segments are separated one from 

Fig. 5.7a–d. US approach to the left hemiliver. By means of subxiphoid (a–c) and sagittal (d) views left liver segments can be 
visualized. LV, ligamentum venosum; IVC, inferior vena cava
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Fig. 5.8a–e. US approach to the right hemiliver. By means of 
subcostal (a–c) and intercostal (d–e) views right liver seg-
ments can be visualized. RPV, right portal vein

the other by a plane running through the right he-
patic vein.

The right portal vein and its branches can be seen 
using sagittal or oblique midaxillary intercostal ap-
proaches. The right portal vein follows an oblique or 
vertical course, directed anteriorly. The branch for 
segments 5 and 8 is directed anteriorly and superi-
orly, while the branch for segments 6 and 7 is directed 
posteriorly and inferiorly. The branches of segments 6 
and 7 are more obliquely oriented and the transducer 
should be rotated slightly upward for segment 7 and 

downward in the direction of the right kidney for 
segment 6 (Fig. 5.8) (Lafortune et al. 1991)

5.5 
Normal Variants

Generally, a constant relationship between external 
liver anatomy, hepatic veins, and the intrahepatic 
branches of the portal veins is presumed. However, 

a b

c d
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each of these systems is subject to marked individual 
variation. As a result of this variability, inconsistency 
in the position of the different landmarks indicat-
ing the anatomic and segmental boundaries can oc-
cur (van Leeuwen et al. 1994a; van Leeuwen et al. 
1994b).

A large right inferior hepatic vein draining seg-
ment 6 is found in 15–20% of normal subjects 
(Fig. 5.9). When a right inferior hepatic vein is pres-
ent, the right hepatic vein is usually smaller, as it does 
not drain segment 6. In some cases, the right hepatic 
vein is absent, or limited to a very small vessel, when 
a large inferior right hepatic vein is associated with 
a predominant middle hepatic vein (Cheng et al. 
1997).

Portal vein variants occur in 20% of cases. The 
most usual and important abnormalities are repre-
sented by portal trifurcation or separate segmen-
tal branches for segment 6 or left portal vein aris-
ing from the right portal vein or from the anterior 
branch of the right portal vein (Figs. 5.10, 5.11). 
Rarely, the right portal vein arises from the intra-
hepatic left portal vein; usually, the anterior branch 
of the right portal vein arises from the segment 4 
branch of the left portal vein (Cheng et al. 1996; Ko 
et al. 2004).

On the left the anatomy is much more constant, 
the main variation being the number of portal 
branches feeding segment 4 or accessory branches 
in theory defi ning more than two segments in the 
left lobe.

5.6 
Future Prospects

Segmental anatomy of the liver is all but an obsolete 
topic. Advances in hepatic oncologic surgery require 
that radiologists precisely specify location of tumors 
according to the segmental anatomy of the liver. 
Despite the localization of liver segments in some 
sense being observer dependent and the existence 
of interindividual anatomic variability, Couinaud’s 
segmental anatomy is a useful, if imperfect, method 

Fig. 5.9. A right inferior hepatic vein, draining segment 6, is 
shown by CT multiplanar reconstruction

Fig. 5.10. Portal trifurcation. Multiplanar imaging reconstruc-
tion of a CT data set showing portal trifurcation

Fig. 5.11. Separate portal branch for segment 6 is shown by CT 
multiplanar reconstruction
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Fig. 5.12. Real-time visualization of US 
and CT. The NaviSuite platform (Esaote, 
Bracco, Milan, Italy) allows real-time 
visualization of US scans with corre-
sponding CT scans, allowing the precise 
localization of anatomical landmarks (in 
this case LPV)

for conveying precise information concerning lesion 
localization. Couinaud’s system continues to have va-
lidity as a model but has to be individualized for dif-
ferentiated surgical or interventional planning. With 
the aid of modern computer technology and newly 
introduced three-dimensional systems, a preopera-
tive quantitative statement can be made with respect 
to size, shape, and location of liver segments and their 
relative share of overall liver volume (Fischer et al. 
2002; Waggenspack et al. 1993).

Another new horizon is represented by tools that 
allow fusion or real-time matching of images com-
ing from different phases of acquisition with the 
same technique, or from different imaging modali-
ties. The accuracy of lesion localization can there-
fore be increased and the spatial correspondence of 
fi ndings obtained with multiple techniques verifi ed 
(Fig. 5.12).
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6.1 
Introduction

Benign lesions of the liver may present clinically with 
symptoms due to mass effect or to vascular com-
plications, or may be discovered incidentally dur-
ing surgical exploration or imaging evaluation for 
other clinical indications. Given the increased access 
to medical care, the latter instance, namely discov-
ery of incidental focal lesions of the liver at imaging 
techniques, is steadily increasing and the statement 
that they are less commonly encountered than meta-
static or primary liver malignant tumors does not 
stand true anymore. As a consequence, benign liver 
lesions are becoming a subject of great interest, both 
for specialists and primary care physicians, because 

they may present a challenge for differential diagno-
sis with malignant lesions and secondly because of 
decisions on their therapeutic management.

These tumors may be epithelial or mesenchymal in 
nature. The knowledge of their cellular origin, macro- 
and microscopic presentations, tissue composition 
and of the condition of the surrounding parenchyma 
are the prerequisites for a correct interpretation of 
the fi ndings at imaging techniques and hence for an 
accurate diagnosis.

This presentation will cover the classifi cation of 
non-infective benign liver lesions: these may be dys-
plastic/neoplastic or non-neoplastic (mainly regen-
erative). 

Several authors used to divide these lesions into 
tumoral and pseudotumoral, considering the term 
“tumor” with the meaning of neoplastic. However, a 
“tumor”, according to the Latin origin of the word, is 
a pathological enlargement of a portion of the body 
or, in other words, a mass. Focal nodular hyperpla-
sia, which according to that classifi cation should be 
considered, for instance, a pseudotumoral lesion, but 
is instead a real mass, despite being non-neoplastic. 
Again, various non-neoplastic masses may present a 
very diffi cult differential diagnosis with malignant le-
sions, so that their precise nature is determined only 
at histological examination on the resected specimen. 
In these case the term pseudotumoral does not re-
fl ect, therefore, a completely benign, risk-free man-
agement.

Taking all these observations together, we prefer 
the following approach: focal liver lesions can be clas-
sifi ed from a pathological point of view in pseudo-
tumoral (which include only focal fatty changes, not 
constituting a mass) and in tumoral (true masses). 
These latter may have two origins: neoplastic and 
non-neoplastic (Table 6.1). Within each group, tu-
mors are eventually subgrouped according to their 
cellular origin: this can be hepatocellular, biliary or 
mesenchymal. The latter origin gives rise to several 
different types of lesions, following the complexity of 
the stromal compartment in the liver, which includes 
endothelial cells, stellate cells, smooth muscle cells, 
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adipocytes, nerve terminations, Pitt cells, Kupffer’s 
cells, monocytes and lymphatic cells. 

Hepatocellular nodules may be neoplastic or non-
neoplastic. The latter usually correspond to a regen-
erative response to injury. The size and structure of 
regenerative nodules varies with the distribution and 
severity of the hepatic injury, leading to a complex 
classifi cation. Biliary and stromal cells also pro-
duce neoplastic or regenerative lesions (Yeung et al. 
2003).

The clinical approach and classifi cation of focal 
liver lesions partially differs from the pathological 
one. The classifi cation in tumoral and pseudotumoral 
remains appropriate also from a clinical point of 
view, since pseudotumoral lesions, i.e. fatty changes, 
have no clinical impact at all, apart from the possible 

diffi culty in their correct diagnosis at imaging. This 
is particularly true in patients with a history of car-
cinoma (especially breast carcinoma), who have un-
dergone chemotherapy, in whom the differentiation 
between focal fatty changes and infi ltrating meta-
static disease may be very diffi cult at imaging tech-
niques. On the contrary, for all the benign tumoral le-
sions, the clinical approach depends upon three main 
factors: (1) whether they have arisen in a normal or 
cirrhotic liver, (2) whether a defi nitive diagnosis can 
be reached preoperatively and (3) the type of benign 
tumor, which, according to its neoplastic nature may 
eventually or may not at all proceed to malignant 
transformation.

As a consequence, following a practical approach, 
focal liver lesions arising in a normal liver can be 
divided in those requiring intervention (either for a 
diagnostic or therapeutic purpose) or not requiring 
any treatment (Table 6.2). 

Table 6.1. Benign non-infectious focal liver lesions. Pathologi-
cal classifi cation

Tumoral lesions

1) Hepatocellular
 Adenoma
 Macroregenerative nodulesa

 Focal nodular hyperplasiaa

 Adenomatosis 
 Nodular regenerative hyperplasiab

2) Biliary
 Cholangiocellular adenoma (or peribiliary duct 
 hamartoma)
 Bile-duct cystadenoma
 Papillomatosisc

3) Stromal
 Angiomyolipoma
 Angiomyelolipoma
 Benign hemangioendothelioma
 Hemangioma
 Infantile hemangioma
 Infl ammatory pseudotumora

 Isolated hepatic splenosisa

 Lymphangioma
 Leiomyoma
 Lipoma
 Mesenchymal hamartomaa

 Pseudolipomaa

 Peliosis hepatisa

 Schwannoma
 Solitary necrotic nodulea

Pseudotumors
 Focal fatty sparing
 Focal fatty change

a These lesions are not neoplastic.
b May cause portal hypertension leading up to orthotopic 

liver transplant in selected cases.
c This type of lesion is a benign tumor of the liver but 

does not show as a focal liver lesion, but rather with signs 
related to bile-duct obstruction.

Table 6.2. Benign non-infectious focal liver lesions. Clinical 
classifi cation

Tumoral lesions

Arising in normal liver (or with fatty liver): 
it may be any type of lesion. 

Lesions, however, can be divided into: 
(1) Those requiring curative intervention (either resection, 
ablation or liver transplant) to prevent malignant degen-
eration or hemorrhagic complications and in 
(2) those which do not require any treatment.
The former group comprises (large) adenomas, adenoma-
tosis, biliary adenomas – cystadenomas and papillomato-
sis, hemangioendothelioma. In selected cases an interven-
tion may also be needed in other tumors in the presence 
of compression of nearby structures. An intervention, 
however, may also be necessary in those other lesions in 
which imaging techniques are not able to reach a diag-
nosis, which can be properly ascertained, instead, only 
on the resected specimen (e.g. solitary necrotic nodule, 
pseudolipoma, isolated hepatic splenosis, mesenchymal 
hamartoma, infl ammatory pseudotumor, and possibly also 
schwannoma, lymphangioma, infantile hemangioma). 

Arising in a cirrhotic liver: 

If not an HCC, fi rst think of a macroregenerative nodule. 
Secondly, think of a hemangioma or lymphatic lesion 
(malignant). Any other type of benign lesion may be pres-
ent but this possibility should be regarded as extremely 
remote.

Pseudotumoral lesions (usually seen only at ultrasound, 
with no contrast perfusion defects)

Focal fatty sparing
Focal fatty change
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The main clinical differentiation in connection 
with the background liver condition occurs in hepa-
tocellular lesions. In fact, in this fi eld, it is very rel-
evant, whether the lesion has arisen on a healthy nor-
mal liver or on chronic liver disease with cirrhosis. 

For instance, in normal livers, especially in young 
females with a history of use of contraceptive pills, 
the diagnosis should be directed towards an ade-
noma. On the other hand, in cirrhosis, the most likely 
fi nding for the same type of nodule would a macrore-
generative/dysplastic nodule. Any possible adenoma 
in a male, especially if no specifi c hormonal risk fac-
tor is present, should be regarded with great caution 
for not misdiagnosing a malignant lesion.

6.2 
Pathological Features

Assessment of a tissue sample by light microscopy is 
regarded as the gold standard for diagnosis of focal 
liver lesions. However, several considerations should 
be taken into account, leading to the conclusion that 
pathological assessment plays the major role in vari-
ous instances, but provides maximal accuracy only 
when integrated with all the pertinent clinical and 
radiological information. Major problems concern 
the quality of the material to be analyzed. Whereas 
whole tumor samples, as those deriving from surgical 
resection, provide everything requested for a defi nite 
diagnosis, biopsy specimens may be far less adequate. 
Limitations may be due to: (1) small specimens, pre-
venting the possibility of performing enough differ-
ent stainings or not including enough tumoral tis-
sue, (2) absence of any portion of the perilesional 
parenchymal tissue, which usually acts as internal 
reference standard. In these cases the pathological 
diagnosis may become uncertain. As regards the size, 
a biopsy sample should be considered adequate if 
at least 15 mm in length and 0.8 mm in diameter 
(corresponding to samples obtained with at least a 
19-Gauge biopsy needle).

Provided that a suffi cient specimen has been ob-
tained and all relevant clinical and radiological in-
formation was sent to the pathologist, the latter bases 
his/her fi nal judgment upon the following features. 
Finally, it is worth noting that making a defi nite diag-
nosis of benign liver lesion, possibly involves greater 
responsibility for the medical team, than suspecting 
a malignant disease. In fact, a diagnosis of a benign 
mass excludes, in most cases, the need of any treat-
ment; this might have serious consequences on the 

prognosis if, instead, a malignant lesion has been 
missed. On the contrary the suspicion of a malignant 
lesions, when this is not a case, may lead to over treat-
ment, but does not modify the prognosis. All efforts 
should be made therefore to support the diagnosis of 
benign liver lesions, especially in atypical cases.

6.2.1 
Hepatocellular Adenoma and Adenomatosis 

Adenoma is a benign neoplastic lesions made of 
morphologically normal hepatocytes. It arises in 
normal (i.e. non-cirrhotic) livers. The very large ma-
jority is detected in young females. Malignant pro-
gression has been reported, but it is rare (Gyorffy 
et al. 1989; Neuberger et al. 1986). Medical history 
nearly always reveals a setting of hepatocellular stim-
ulation, usually with oral contraceptives for several 
years (especially of the fi rst generation type), but the 
pathophysiological relationship between hormones 
and neoplasm development still remains unclear 
(Torbenson et al. 2002). Affected males usually re-
port a history of anabolic hormones. The concur-
rent appearance of several (usually more than ten) 
adenomas is named adenomatosis (Grazioli et al. 
2000). The disease may complicate other conditions 
of hepatocellular stimulation, such as a glycogeno-
sis type Ia or III, a Klinefelter syndrome, familial 
diabetes or have a familial history (Bacq et al. 2003; 
Lerut et al. 2003; Reznik et al. 2004; Volmar et al. 
2003). Adenomas may vary in size from small (1 cm) 
to very large (30 cm) masses. They are hypervascular 
and often present areas of intralesional hemorrhages, 
which can be detected at imaging techniques and 
are rather typical of this neoplasm. At gross inspec-
tion adenomas are soft, well demarcated and usually 
without a fi brous capsule (Fig. 6.1). Large adenomas 
(>5 cm in diameter) are prone to rupture with in-
traabdominal bleeding (hemoperitoneum), if located 
in a subcapsular position. Scientifi c clinical literature 
reports a low accuracy of fi ne needle biopsy in the 
diagnosis of adenomas, but often all the clinical and 
radiological information contributing to an appro-
priate pathological judgment was lacking. Great cau-
tion should be taken in puncturing adenoma due to 
their proneness to bleeding. A safe approach should 
include various centimeters of normal liver paren-
chyma before reaching the lesion. The most chal-
lenging differential diagnosis is that with well differ-
entiated hepatocellular carcinoma (Edmondson G1). 
Pathological features of adenoma include: morpho-
logically normal hepatocytes distributed along single 
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or double layers without acinar distribution, portal 
spaces and ductular structures. The nuclei present 
all the same appearance (nuclear monomorphism). 
The nuclear/cytoplasmic ratio is low. The cytoplasm 
is large and clear and, in focal areas of the tumor, con-
tains fat deposition which may be an additional clue 
to diagnosis, together with intralesional hemorrhage, 
at imaging techniques. Mib-1 proliferation index is 
usually lower than that observed in G1 hepatocel-
lular carcinoma. 

6.2.2 
Focal Nodular Hyperplasia 

It is not a truly neoplastic lesion, but rather a re-
generative mass caused by a vascular abnormality: 
indeed hepatocytes are not monoclonal (IWP 1995; 
Fukukura et al. 1998; Gaiani et al. 1999; Scoazec et 
al. 1995). It is more common in females (with a F/M 
ratio of 10/1 in our experience) and often is associ-
ated with a history of hormone consumption (usually 
contraceptive pills). It may signifi cantly increase in 
size during pregnancy. It may be detected at any age, 
since the majority (over 80%) are asymptomatic. It 
is commonly not associated with any alteration of 
blood liver enzymes. 

In most cases it is a solitary lesion, but some-
times may appear multiple: this was the case in 16% 
of our patients, who showed from two to four nod-
ules at imaging techniques (personal observation) 
and up to 30% in other case series. Pathological fea-

tures typically include the presence of a central (or 
sometimes eccentric) large fi brous scar, containing 
an artery that is larger than expected for the native 
artery of the portal tract and for the accompanying 
ducts. The artery is usually visible also just outside 
the nodule where it has the meaning of a feeding ar-
tery (Fig. 6.2). The scar is surrounded by hyperplastic 
small nodules, with fi brous septa containing ductular 
proliferation, whereas major bile ducts are usually 
absent. The vascular disorder causing formation of 
the nodule is characterized by loss of the terminal 
central hepatic vein and by capillarization of the si-
nusoids (Fukukura et al. 1998). The smallest arter-
ies supply monoacinar nodules approximately 1 mm 
in diameter. Portal veins are usually absent. This pe-
culiar vascularization justifi es the typical appearance 
at contrast imaging techniques. A chronic cholestasis 
may derive locally from these alterations. A deposi-
tion of copper may also be detected when specifi cally 
searched for. The differentiation with adenoma relies 
on the presence of fi brous septa and ductular prolif-
eration with infl ammation. The differential diagnosis 
may be particularly challenging in small specimens 
as those obtained with fi ne needle biopsy.

FNH has been subgrouped in the solid type and 
telangiectatic type. The differentiation has no clinical 
impact, but the latter type usually occur in the mul-
tiple FNH syndrome. This syndrome is present if at 
least two FNH lesions and one or more other type of 
lesion are present (including hepatic hemangioma, 
arterial structural defects, central nervous system 
vascular malformation, SNC tumors) (IWP 1995).

Fig. 6.1. Gross appearance at cut surface 
of a resected hepatic adenoma. The le-
sion is yellowish, also due to its fat con-
tent, well demarcated but not encapsu-
lated and does not show fi brous septa
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6.2.3 
Diff use Nodular Regenerative Hyperplasia

Diffuse nodular regenerative hyperplasia (NHR) oc-
curs with similar frequency in males and females. Mild 
to moderate elevation of alkaline phosphatase is often 
present. It is characterized by small (1–10 mm) he-
patocellular nodules distributed throughout the liver, 
usually in periportal areas, in the absence of fi brous 
septa (or with very limited extent of fi brosis) associ-
ated with surrounding acinar atrophy. Nodules may 
be monoacinar, in other words containing no more 
than one portal tract, located centrally, or multiacinar 
(IWP 1995). Multiple adjacent nodules usually appear 
grossly as large nodules, possibly affecting the whole 
liver. As a consequence NHR may resemble micronod-
ular cirrhosis grossly, but the nodules are less well 
defi ned and the parenchyma is softer than in cirrhosis 
(Fig. 6.3). The margin of the nodule is poorly demar-
cated because the transition is gradual and the hepato-
cytes inside and outside the nodule differ only in size 
and plate arrangement. Hepatocytes, in fact, are large, 
with light cytoplasm (due to glycogen/lipid storage). 
Large nodules may occasionally show pseudoacinar 
features, pseudoxanthomatous transformation, cop-
per deposition and, rarely, large cell dysplasia, these 
characteristic being absent in the usual small nodules. 
A differential diagnosis with hepatocellular adenoma 
based merely on histology may be diffi cult on fi ne nee-
dle biopsy specimens. Obliteration of small (<50 µm) 
portal and hepatic veins, usually as a consequence of 
compression by nearby nodules, is characteristic of 
diffuse NRH but not of adenomas; it is thought to be 
the mechanism causing portal hypertension (Naber 

Fig. 6.2. Gross appearance at cut surface 
of a nodule of focal nodular hyperplasia 
6 cm in diameter, which was partially 
exophytic from the liver. The lesions 
typically show the central (eccentric) 
large fi brous (white) scar connected to 
the periphery by fi brous septa which 
contain relatively large arteries

Fig. 6.3. a Gross appearance of an explanted liver with nodu-
lar regenerative hyperplasia (NRH) of a patient submitted 
to transplantation for untreatable portal hypertension. NRH 
may resemble cirrhosis grossly, but at cut surface the nodules, 
which affect the whole liver, are less well defi ned, the paren-
chyma is softer than in cirrhosis and fi brous septa are lack-
ing. b The margins of large nodules are poorly demarcated, 
but a mass effect, compressing hepatic veins is clearly evident. 
The portal system is not enlarged, since portal hypertension 
is caused by compression of the intrahepatic (mainly small-
est) portal veins

b

a



80 F. Piscaglia et al.

et al. 1991; Wanless 1990). Signs of the latter, however, 
although usually held as a typical manifestation of 
NHR, were evident only in a small minority of pa-
tients described in a large autopsy series (Wanless 
1990). Furthermore, NHR, despite possibly showing 
up at any age, was found to be histologically present 
at necroscopy in 5.6% of individuals over age 80. Apart 
from older age, it is more frequent in patients with 
rheumatic and hematologic diseases (Matsumoto 
et al. 2000; Wanless et al. 1980). As a consequence, 
NHR was proposed to encompass a broad spectrum 
of lesions being not a primary neoplastic disease or 
a specifi c entity, but a secondary tissue adaptation to 
heterogeneous distribution of blood fl ow (Wanless 
1990).

A single case was reported in a patient under 
azathioprine treatment, in whom hepatocellular 
carcinoma was detected in a background of NHR 
(Russmann et al. 2001). However, no direct evidence 
that NHR may undergo malignant transformation 
exists to date.

6.2.4 
Cirrhotic Nodule

A regenerative nodule composed of hepatocytes that is 
largely or completely surrounded by fi brous septa and 
contains more than one terminal portal tract is termed 
cirrhotic nodule. This entity occurs in the background 
of cirrhotic chronic liver disease. Regenerative nodules 
are respectively defi ned micro- or macronodules by 
size, with a division point set at 3 mm in diameter 
(IWP 1995) and their relative prevalence defi nes the 
micronodular or macronodular pattern of cirrhosis. 
When the size is greater than 10 mm, macronodules 
are termed macroregenerative nodules. These nod-
ules are benign masses, which, however, may regress, 
remain stationary or progress in size. The presence 
of a region of hepatocytes at least 1 mm in diameter 
with dysplasia within a cirrhotic nodules, but without 
defi nite histologic criteria of malignancy, lets the nod-
ules be termed “dysplastic nodule”, low or high-grade 
(respectively when atypia is mild or at least moderate). 
As the size of the lesion increases, there is a greater 
likelihood that high-grade or malignant lesions are 
present; benign lesions are seldom greater than 20 mm 
in diameter. A dysplastic nodule is a pre-malignant le-
sion, but the time to progression is unpredictable and 
may last several years or decades. 

New genetic markers will probably be introduced 
in clinical practice in the near future to differentiate 
small focal liver lesions in cirrhosis. 

6.2.5 
Nodules in Budd-Chiari Syndrome

Livers affected by Budd-Chiari syndrome often de-
velop focal liver lesions, which, at pathology per-
formed on the explants of transplanted patients are 
0.5–4 cm in diameter. Those larger than 1 cm are 
usually seen also at imaging and may raise ques-
tions about their nature, especially in hematological 
patients and, as a consequence, on the possibility of 
liver transplantation. These nodules were initially 
classifi ed as part of the spectrum of nodular regen-
erative hyperplasia, since constituted of essentially 
normal hepatocytes (de Sousa et al. 1991). However, 
they can develop on a background of cirrhosis due 
to chronic hepatic outfl ow obstruction and may 
variably contain fi brous septa, the latter including 
neoductules and large, mostly dysmorphic arteries. 
Hence, they were classifi ed as large regenerative nod-
ules (Tanaka and Wanless 1998; Brancatelli et al. 
2002; Zhou et al. 2000). Further recent works in this 
fi eld, showed that hepatocellular nodules seen in liv-
ers from patients with Budd-Chiari syndrome share 
indeed morphological characteristics with large re-
generative nodules, but in other cases resemble focal 
nodular hyperplasia or hepatocellular adenomas and 
were respectively termed FNH-like and adenoma-like 
(Ibarrola et al. 2004; Maetani et al. 2002). Nodules 
of the various categories may coexist in the same 
liver. Patchy or diffuse monoacinar regeneration was 
seen in most cases (six out of seven cases) in the mac-
roscopically non-nodular liver parenchyma studied 
by Ibarrola et al. (2004). Their multiplicity, the ex-
istence of mixed lesions, the frequent hepatocellular 
regenerative background as well as the frequently 
associated portal venous obstructions suggest that 
these nodules are regenerative in nature and condi-
tioned by an uneven blood perfusion throughout the 
liver. In their differential diagnosis, the clinicopatho-
logical context in which they occur is of paramount 
importance and should allow recognition that those 
resembling adenomas may not be true neoplasms 
(Ibarrola et al. 2004).

6.2.6 
Cholangiocellular Adenoma (or Peribiliary 
Gland Hamartoma)

Cholangiocellular adenoma of the liver is usually a 
single mass (commonly small, 0.5–2 cm), well cir-
cumscribed but not encapsulated, constituted of dis-
organized, mature peribiliary gland acini, with basal 
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small nuclei and tubules within a variable amount of 
stroma, with a more or less intense infl ammatory in-
fi ltration. Small granulomas are seldom observed at 
the periphery. The lumen of the tubules does not con-
tain bile. It is hypothesized to derive from a reactive 
process to a focal injury (infl ammatory or traumatic). 
As a consequence it has been renamed peribiliary 
gland hamartoma (Bhathal et al. 1996). It has a very 
benign clinical behavior and, since asymptomatic, is 
practically always discovered by chance, either intra-
operatively or during imaging (Allaire et al. 1988; 
Varnholt et al. 2003; Wohlgemuth et al. 1998). 
Unfortunately, the pathological differential diagnosis 
with metastatic well-differentiated adenocarcinomas 
or intrahepatic/peripheral cholangiocellular carci-
noma may sometimes be diffi cult, especially in frozen 
sections. Recently a new entity was described, named 
atypical bile duct adenoma (Albores-Saavedra et 
al. 2001). An interesting pathological fi nding is the 
von Meyenburg complexes, an entity, generally less 
than 2 mm in size, comprising dilated small bile 
ducts containing bile plugs, surrounded by mature 
fi brous stroma, without infl ammatory infi ltrate; 
it can be found in around 5% of adult patients at 
autopsy, particularly in those harboring renal cysts 
(Govindarajan and Peters 1984; Redston and 
Wanless 1996). Their very small size make these 
lesions interesting for the pathologist, but less so for 
the radiologist, apart from exceptional cases.

6.2.7 
Cystic Lesions

Cystic lesions comprise simple bile duct cysts, ciliated 
hepatic foregut cysts and bile duct cystadenoma.

6.2.7.1 
Simple Bile Duct Cysts

The majority of simple bile duct cysts present be-
tween the 4th and the 6th decade and are encountered 
rather frequently (up to 1% prevalence in autopsy 
series). They are unilocular cysts lined by a single 
layer of columnar or cuboidal benign epithelium of 
biliary originally with functional properties similar 
to that of the epithelium of the bile ducts (Everson 
et al. 1990). The cysts contain serous fl uid, not com-
municating with the intrahepatic biliary tree. There 
is no septation. In 50% of affected adults there is one 
single cyst. In the remaining half of patients there are 
two or more cysts. They are regarded as a congenital 
malformation, but often become evident only in adult 

life. Liver cysts are found also in the adult polycystic 
kidney disease.

Caroli’s disease is, instead, a congenital malforma-
tion consisting of multifocal dilatation of segmental 
bile ducts. It is a diffuse liver disease, but should be 
considered in the differential diagnosis of cystic le-
sions of the liver, since it may resemble this condi-
tion.

6.2.7.2 
Ciliated Hepatic Foregut Cysts

Less than 100 case have been reported in the litera-
ture (Vick et al. 1999). On average they are around 
5 cm in diameter, usually bilocular. Sometimes they 
are associated with elevated levels of CA19-9. One 
case of malignant transformation was described. 
Histopathological features include lining of pseu-
dostratifi ed columnar epithelium.

6.2.7.3 
Bile Duct Cyst Adenoma or Hepatobiliary 
Cystadenoma 

It is a solitary multilocular cystic lesion, lined by a 
layer of columnar or fl at epithelial cells. Size varies 
from 2 to 28 cm. The preoperative diagnosis is largely 
based on imaging studies, but the defi nitive diagno-
sis of benignity is not possible with certainty by the 
sole imaging work-up (Choi et al. 1989; D’Errico 
et al. 1998). Malignant transformation has been de-
scribed (Wheeler and Edmondson 1985a; Wee et 
al. 1993).

6.2.8 
Mesenchymal Lesions

Apart from hemangioma, other benign mesenchy-
mal lesions of the liver are relatively rare and do not 
show pathological features that are of value for a 
suffi ciently specifi c diagnosis at imaging techniques. 
Hence histology assessment (either on an adequate 
biopsy specimen or on the resected lesions) is usually 
unavoidable. Some mesenchymal lesions are more 
frequent in children. Specifi c aspects are described in 
the pertinent literature, mostly as single case reports 
due to the limited number of observed cases or, in a 
few instances, summarized in short reviews.

These lesions include mesenchymal hamartoma, 
infantile hemangioma angiomyolipoma, infl amma-
tory pseudotumor pseudolipoma, isolated hepatic 
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splenosis, leiomyoma, schwannoma, solitary necrotic 
nodules, coelomic fat ectopia, lymphangioma (Lee 
and DuBois 2001; Quinn and Guzman-Hartman 
2003; Wheeler and Edmondson 1985b; Asch 
et al. 1974; Boon et al. 1996; Brunello et al. 1994; 
D’Angelica et al. 1998; Grazi et al. 1998; Hawkins 
et al. 1980; O’Sullivan et al. 1998; Papastratis et 
al. 2000; Ren et al. 2003; Sakai et al. 2001; Schmid et 
al. 1996; Strotzer et al. 1999; Wada et al. 1998; Yen 
et al. 2003). Hemangioendothelioma is more frequent 
in children and usually has an uncertain malignant 
potential (Mani and Van Thiel 2001; Meyers and 
Scaife 2000). 

6.2.9 
Hemangioma

Being detected in the past at autopsy and more re-
cently at ultrasound in up to 5% of the population, 
hemangioma is the most common benign tumor of 
the liver. Size is on average larger in women, but 
these do not show a greater incidence of the dis-
ease. Hemangiomas are commonly small (<4 cm) 
and single, but may also be multiple and may oc-
casionally occupy the largest part of the liver. On 
microscopic examination they are composed of large 
vascular channels, lined by mature fl attened endothe-
lial cells, enclosed in loose fi broblastic stroma with a 
variable amount of collagenization. Usually they do 
not increase in size with time, although it has been 
reported that during pregnancy or during estrogenic 
therapy the tumor may grow (Reading et al. 1988). 
The prognosis is excellent, apart from exceptionally 
giant lesions.

6.2.10 
Pseudotumoral Lesions

Focal fatty changes and focal fatty sparing usually 
are believed to correspond respectively to areas with 
fatty infi ltration in a normal liver or areas preserved 
from fatty deposition in a steatotic liver. However, the 
division appears not so clear cut in all cases, since 
often the different appearance at imaging techniques, 
and particularly at ultrasound, seems rather to cor-
respond to a similar quantity of deposited fat, but 
contained in fewer droplets within the pseudotumor 
(when it appears ”hypoechoic”) or in larger numbers 
of fat-fi lled vacuoles with respect to that of the sur-
rounding parenchyma (”hyperechoic” lesions or fatty 
changes) (Caturelli et al. 1991).
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7.1 
Introduction

Cystic and cyst-like lesions of the liver in the adult 
can be classifi ed as developmental, infl ammatory, 
neoplastic, or miscellaneous. The ability to differ-
entiate these types of cystic tumors non-invasively 
is extremely relevant, since their nature and origin 
infl uence the clinical management or the treatment.
The rapid advances in imaging techniques over the 
past two decades, including the development of new 

software in sonography such as compound imaging, 
dynamic spiral and multi-detector computed tomog-
raphy (CT), and fast magnetic resonance (MR) im-
aging, make it possible to identify several imaging 
features of these lesions which, when associated with 
clinical parameters such as age, gender, clinical his-
tory, and symptoms may help to characterize and 
classify cystic and cyst-like lesions (Mergo and Ros 
1998; Mortelé and Ros 2001; Murphy et al. 1989; 
Singh et al. 1997).

These lesions include simple (bile duct) cyst, au-
tosomal dominant polycystic liver disease, biliary 
hamartoma, Caroli’s disease, pyogenic and amoebic 
abscesses, intrahepatic hydatid cyst, biliary cystad-
enoma and cystadenocarcinoma, cystic subtypes of 
primary liver neoplasms, cystic metastases, and in-
trahepatic hematoma and biloma.

7.2 
Developmental Lesions

7.2.1 
Hepatic (Bile Duct) Cyst

Simple hepatic or congenital cysts are benign de-
velopmental lesions that do not communicate with 
the biliary tree (van Sonnenberg et al. 1994). They 
seem to originate from hamartomatous tissue (van 
Sonnenberg et al. 1994). Hepatic cysts are a com-
mon fi nding, being found in 1%–3% of routine liver 
examinations (Mathieu et al. 1997). They are more 
often discovered in women and are usually asymp-
tomatic (Mathieu et al. 1997; van Sonnenberg et 
al. 1994); rarely they may cause pain, and symptoms 
disappear after percutaneous aspiration. Simple he-
patic cysts can be solitary or multiple. Their size is 
very variable, although they are frequently less than 
5 cm. They tend to increase in number and size with 
age. Usually they have a serous content, rarely they 
may present as ”complicated” cysts due to the pres-
ence of hemorrhage or infl ammation.
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The typical appearance of a single cyst at sonog-
raphy is of an anechoic, round or ellipsoid structure, 
characterized by the absence of an own wall, by an in-
creased acoustic signal behind and, sometimes, by the 
presence of subtle lateral acoustic shadows (Fig. 7.1a). 
Rarely, septa or calcifi cations may be present. They 
may sometimes behave as space-occupying masses, 
displacing intrahepatic vessels and sometimes the 
biliary tree leading to jaundice, and causing swelling 
of the hepatic margin. Color Doppler analysis may be 
helpful in excluding the presence of vessels.

On non-enhanced CT scans a hepatic cyst appears 
as a round or ovoid well-defi ned lesion, with no evi-
dent wall. It has a homogeneous and hypoattenuat-
ing content with attenuation values similar to water 
(<20 HU) (Fig. 7.1c). After contrast media injection, 
both the wall or its content do not show any enhance-
ment (Fig. 7.1b) (Mathieu et al. 1997). Higher at-
tenuation values (>20 HU) are present in cyst with 
hemorrhage or infl ammation inside; in these cases 
”complicated” cysts are diffi cult to differentiate from 

metastases arising from cystic carcinomas (as pan-
creatic or ovarian ones) (Figs. 7.2, 7.3).

At MR imaging, hepatic cysts have homogeneous 
very low signal intensity on T1-weighted images 
and homogeneous very high signal intensity on T2-
weighted images, similar to the water signal intensity. 
Owing to their fl uid content, an increase in signal in-
tensity is seen on heavily T2-weighted images. This 
increase allows differentiation of these lesions from 
metastatic disease. The wall is never seen and no en-
hancement is present after administration of gado-
linium chelates.

The intracystic hemorrhage, a rare complication 
in simple hepatic cysts, is usually demonstrated by 
high signal intensity, sometimes with a fl uid–fl uid 
level, on both T1- and T2-weighted images when 
mixed blood products are present (Mathieu et al. 
1997); the hemorrhage may be dated thanks to the 
different appearance of the different phases of degra-
dation of hemoglobin. Fat-saturation sequences may 
be helpful in confi rming the blood content.

Fig. 7.1a–c. Hepatic (bile duct) cyst. Simple hepatic cyst in pa-
tient with colon cancer. a US examination (ascending oblique 
scan) shows an oval, anechoic structure, characterized by the 
absence of an own wall and increased acoustic signal behind. 
b Axial enhanced CT image in portal-venous phase shows a 
non-enhancing hypoattenuating regular cystic lesion in the 
right hepatic lobe. c The density value of the cystic lesion 
described above (around 10 HU) is measured positioning the 
region of interest inside the lesion

a b
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Fig. 7.2a–c. Hepatic dense cyst. 75-year-old woman in follow-
up for a HCV-related chronic hepatitis. a Sonographic axial 
image on the left hepatic lobe shows an oval hypo-anechoic 
lesion with ill-defi ned borders and increased acoustic signal 
behind. b Axial non-enhanced CT image shows an hypo-at-
tenuating lesion with ill-defi ned borders (arrow). c Axial por-
tal phase CT image: no enhancement is present after contrast 
media administration and it always persists hypodense with 
higher attenuating values than water (30–35 HU) (arrow)

a

b

c

7.2.2 
Polycystic Liver Disease

Hepatic cysts can also be part of polycystic liver 
disease, an autosomal dominant disorder often 
found in association with renal polycystic disease 
(van Sonnenberg et al. 1994). It is due to a duc-
tal plate malformation of the small intrahepatic 
bile ducts, which loses communication with the 
biliary tree. It is characterized by the presence of 
multiple, sometimes innumerable cysts ranging 
in size from less than 1 cm to more than 12 cm; 
spontaneous intracystic hemorrhage, infection, 
and rupture may occur. Usually, patients with 
autosomal dominant polycystic liver disease are 
asymptomatic and liver dysfunction occurs rarely 

(van Sonnenberg et al. 1994). However, advanced 
disease may cause hepatomegaly, which may re-
sult in abdominal pain and dyspnea. Hepatic cysts 
are found in 40% of cases of autosomal dominant 
polycystic disease  involving the kidneys; never-
theless, they may be seen without identifiable re-
nal involvement at imaging (Mortelé and Ros 
2001; Murphy et al. 1989).

Polycystic liver at sonography is characterized 
by the presence of multiple round or ovoid an-
echoic lesions, often grouped, which cause a diffuse 
inhomogeneity of the liver parenchyma. Polycystic 
liver disease typically appears as multiple homo-
geneous and hypoattenuating cystic lesions with 
regular borders on non-enhanced CT scans, with 
no enhancement after contrast media adminis-
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tration (Fig. 7.4). Generally, the attenuation level 
may be greater than the water one, due to hemor-
rhage more frequently encountered than in cases 
of simple hepatic cysts thanks to the great number 
of cysts; at the same time on non-enhanced CT, cal-
cification of the cyst walls, due to old hemorrhage, 
may be detected. At MR imaging, hepatic cysts in 
polycystic liver disease have very low signal inten-
sity on T1-weighted images and high signal inten-
sity on T2-weighted images, and do not enhance 
after administration of gadolinium contrast ma-
terial. The intracystic hemorrhage is character-
ized by signal intensity inhomogeneity (Fig. 7.5) 
(Mathieu et al. 1997).

7.2.3 
Biliary Hamartoma

Bile duct hamartomas, also called von Meyenburg 
complexes, arise owing to failure of involution of em-
bryonic bile ducts (Maher et al. 1999; Martinoli et 
al. 1992; Mortelé et al. 2002; Semelka et al. 1999; 
Slone et al. 1993; Wei et al. 1997; Wohlgemuth 
et al. 1998). They are usually encountered as an in-
cidental fi nding at imaging, laparotomy, or autopsy, 
with an estimated incidence of 0.69%–2.8% in au-
topsy series (Mortelé et al. 2002). Generally they are 
asymptomatic; over-infection with micro-abscesses 
is very rare such as degeneration into cholangiocar-
cinoma (Maher et al. 1999; Martinoli et al. 1992; 
Semelka et al. 1999; Slone et al. 1993; Wei et al. 1997; 

Fig. 7.3a–d. Hepatic hemorrhagic cyst. A 38-year-old woman with polyserositis, leukopenia, platelet disorder, retrobulbar neu-
ritis and suspected SLE. Recent onset of ascites. a Sonographic longitudinal image on the third hepatic segment shows an 
ovoid, slightly hypoechoic lesion with ill-defi ned borders. b Sonographic image obtained with an high-frequency linear probe 
(7.5 MHz) better shows the heterogeneity of the lesion described in Fig. 7.3a. c Axial non-enhanced CT image shows a small 
ovoid hyper-attenuating lesion, probably due to the presence of fresh blood within it. d Axial portal phase CT image shows no 
enhancement of the lesion described, resulting hypoattenuating in this phase

a b
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Wohlgemuth et al. 1998). They are composed of one 
or multiple small spherical masses lined by biliary 
epithelium with variable amounts of fi brous stroma. 
At pathologic analysis, they appear as grayish-white 
nodular lesions 0.1–1.5 cm in diameter that do not 
communicate with the biliary tree and are scattered 
throughout the liver parenchyma (Wei et al. 1997).

Sonographic fi ndings in biliary hamartomas have 
been described as either hypoechoic or anechoic small 

nodules with distal acoustic enhancement (Gallego 
et al. 1995; Martinoli et al. 1992; Salo et al. 1992). 
Hyperechoic biliary hamartomas or a combination 
of hypo- and hyperechoic lesions, however, have also 
been reported (Eisenberg et al. 1986; Martinoli et 
al. 1992; Mortelé et al. 2002; Salo et al. 1992).

In almost all reported cases, non-enhanced CT 
showed hypodense small hepatic nodules, scat-
tered throughout the liver and typically measuring 

Fig. 7.4a,b. Polycystic liver disease on CT. a Axial non-enhanced CT image shows innumerable cysts of varying size in both 
liver lobes. Cysts are thin-walled, with regular margins. Some of the cysts have calcifi ed walls, while some other have higher 
density due to the presence of blood or proteinaceous material. b Axial portal phase CT image of the same patient: multiple 
non-enhancing, regular cystic lesions. There is also a cyst in the body of the pancreas

ba

Fig. 7.5a,b. Polycystic liver disease and hemorrhagic cyst on MR. A 42-year-old woman, with known history of polycystic liver 
disease and recent onset of abdominal pain. a Axial T1-weighted MR image shows multiple low signal intensity lesions scattered 
throughout the liver, corresponding to simple cysts, and a large round hyperintense lesion (arrow). b Axial STIR T2-weighted 
MR image shows as the multiple simple cysts become hyperintense while the large lesion persists hyperintense (arrow), due 
to intra-cystic hemorrhage

a b
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between 0.5 and 1.0 cm in diameter (Martinoli et 
al. 1992; Mortelé et al. 2002; Wohlgemuth et al. 
1998). The latter feature is the most essential one 
in the differential diagnosis from multiple simple 
cysts. Furthermore, simple cysts are typically regu-
larly outlined, whereas bile duct hamartomas have 
a more irregular outline. Although homogeneous 
enhancement of these lesions has been noted in 
some cases, in most reports, however, no enhance-
ment was seen after contrast media administra-
tion (Fig. 7.6a) (Mortelé et al. 2002; Semelka 
et al. 1999; Slone et al. 1993; Wohlgemuth et al. 
1998.

The MR appearance of bile duct hamarto-
mas has been reported sporadically (Maher et 
al. 1999; Mortelé et al. 2002; Semelka et al. 1999; 
Slone et al. 1993. All lesions were hypointense com-
pared with liver parenchyma on T1-weighted images 
and markedly hyperintense on T2-weighted im-
ages (Mortelé and Ros 2001; Mortelé et al. 2002; 
Semelka et al. 1999; Murphy et al. 1989. On heavily 
T2-weighted images, the signal intensity increases 
further, nearly reaching the signal intensity of fl uid 
(Semelka et al. 1999; Wohlgemuth et al. 1998. 
Biliary hamartomas also do not exhibit a character-
istic pattern of enhancement after administration of 

Fig. 7.6a–d. Biliary hamartomas. a Axial portal phase CT image shows multiple, nonenhancing, hypoattenuating irregular cystic 
lesions, measuring up to 10 mm and located in both lobes of the liver. b Fat-suppressed, turbo spin-echo T2-weighted MR im-
age shows numerous, markedly hyperintense cystic lesions. Intensity of the lesions nearly reaches that of cerebrospinal fl uid. c 
Single-shot coronal projection MR cholangiogram shows innumerable high signal intensity liver cysts and normal intra- and 
extrahepatic biliary duct. Lesions do not show communication with the biliary tree. G, gastric. d Axial T1-weighted MR image 
shows multiple low signal intensity lesions scattered throughout the liver

ba
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Gadolinium chelates; some authors observed homo-
geneous enhancement of these lesions, some others 
a thin rim enhancement, whereas others did not fi nd 
any enhancement (Mortelé and Ros 2001; Maher 
et al. 1999; Martinoli et al. 1992; Murphy et al. 
1989; Slone et al. 1993; Wohlgemuth et al. 1998). At 
MR cholangiography, bile duct hamartomas appear 
as multiple tiny cystic lesions that do not communi-
cate with the biliary tree, helping in the differential 
diagnosis with Caroli’s disease (Fig. 7.6b–d) (Luo et 
al. 1998).

7.2.4 
Caroli’s Disease

Caroli’s disease, also known as congenital commu-
nicating cavernous ectasia of the biliary tract, is a 
rare, autosomal recessive developmental abnormal-
ity due to a ductal plate malformation of the large 
intrahepatic bile ducts. The abnormal ducts retain 
their communication with the biliary tree. The dis-
ease results from the arrest of or a derangement in the 
normal embryologic remodeling of ducts and causes 
varying degrees of destructive infl ammation and seg-
mental dilatation. If the large intrahepatic bile ducts 
are affected, the result is Caroli’s disease, whereas 
abnormal development of the small interlobular bile 
ducts results in congenital hepatic fi brosis. If all lev-
els of the biliary tree are involved, features of both 
congenital hepatic fi brosis and Caroli’s disease are 
present. This condition has been termed ”Caroli’s 
syndrome” (Levi et al. 2002; Zangger et al. 1995). 
Complications include multiple intrahepatic calculi, 
cholangitis, and rarely cholangiocarcinoma (Pavone 
et al. 1996). It may be associated with cystic renal dis-
ease (Choi et al. 1990; Pavone et al. 1996; Zangger 
et al. 1995). The abnormality may be segmental or 
diffuse. Clinical symptoms are usually related to re-
current attacks of right upper quadrant pain, fever, 
and, more rarely, jaundice (Mortelé and Ros 2001; 
Murphy et al. 1989). 

Sonograms of the liver may show, besides bile 
duct dilatations, intraluminal bulbar protrusions, 
bridge formation across dilated lumina, and por-
tal radicles partially or completely surrounded by 
dilated bile ducts (Marchal et al. 1986). The chol-
angiographic features of Caroli’s disease are well 
established as saccular or fusiform dilatation of the 
intrahepatic bile ducts. Irregular bile duct walls, 
strictures, and stones may be present (Lucaya et al. 
1978). Segmental ductal dilatation is more common 
than diffuse ductal dilatation. Alternating areas of 

stricture and dilatation are a common observation 
with cholangiograms (Levi et al. 2002). Inside the 
dilated segments echoes with shadowing may be 
present and referred to calculi or small hyperechoic 
deposits may be seen.

CT typically shows hypoattenuating dilated cys-
tic structures that communicate with the biliary tree 
(Fig. 7.7) (Pavone et al. 1996). The ”central dot sign”, 
or the presence of tiny dots with strong contrast en-
hancement within the dilated intrahepatic bile ducts, 
is considered very suggestive of Caroli’s disease 
(Choi et al. 1990). Intraluminal biliary calculi may be 
demonstrated.

At MR imaging, the dilated and cystic biliary 
system appears hypointense on T1-weighted im-
ages and strongly hyperintense on T2-weighted im-
ages (Zangger et al. 1995). The intraluminal portal 
vein radicals present marked enhancement after 
administration of gadolinium chelates (Zangger 
et al. 1995). MR imaging may show bridges across 
dilated intrahepatic ducts, which resemble internal 
septa (Zangger et al. 1995). MR cholangiography 
can be extremely valuable in diagnosis of Caroli’s 
disease by demonstrating the pathognomonic fea-
ture of saccular dilated and non-obstructed intra-
hepatic bile ducts that communicate with the biliary 
tree (Pavone et al. 1996). Furthermore, stones, when 
present, are evident as signal voids within ducts 
and cystic spaces. Sludge or debris may be evident 
within dependent cysts.

Fig. 7.7. Caroli’s disease in a 34-year-old male. Nonenhanced 
CT shows a hypoattenuating saccular dilatation that commu-
nicates with the intrahepatic biliary tree
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7.2.5 
Choledochal Cyst

A choledochal cyst is a rare congenital dilation of 
the hepatic duct of the liver and is due to a ductal 
plate malformation of the large bile ducts. They 
maintain continuity with the biliary tree. These 
cysts can be intrahepatic and/or extrahepatic (Kim 
et al. 1995).

Choledochal cysts have been classifi ed by Modani 
into fi ve types:
� The type 1 is the most common type, making up 

about half of all choledochal cysts. This type is a 
cystic dilation of the extrahepatic biliary duct.

� The type 2 is an abnormal pouch or sac (diverticu-
lum) opening from the main duct.

� The type 3 involves a cyst that is located within 
the duodenal wall.

� The type 4 refers to cystic dilations of both the 
intrahepatic and extrahepatic biliary tracts.

� The type 5 is the least common type of hepatic 
duct cyst, which involves multiple intrahepatic 
cysts. This type of clustering of cysts is also known 
as Caroli’s disease.

Symptoms and signs include right upper quad-
rant pain, jaundice, abdominal mass, nausea, and 
fever. Possible complication are calculi, cholangitis, 
pancreatitis, and rarely malignant degeneration into 
cholangiocarcinoma.

At imaging the shape of the choledochal cyst de-
pends on the type, appearing as a fusiform or cystic 
dilatation of the bile duct. For example, the type 1 
cyst appears as a fusiform dilatation of the common 
duct. 

Choledochal cysts present water echogenicity/
density/intensity in sonography, CT, or MR. In CT 
and MR, coronal or reformatted imaging shows bet-
ter the shape and nature of the biliary anomaly.

Direct cholangiography is anyway the best method 
for detailed anatomy of the biliary tract, often show-
ing aberrant entry of the common bile duct into the 
side of the pancreatic duct.

7.3 
Infl ammatory Lesions

7.3.1 
Abscess

Abscesses can be defi ned as intrahepatic single or 
multiple collections and they are classifi ed, based on 

the etiology, as pyogenic, amebic, or fungal (Mergo 
and Ros 1997). Clinical symptoms of abscesses are 
related to the coexistence of sepsis and the presence 
of one or more space-occupying lesions (Mortelé 
and Ros 2001; Murphy et al. 1989).

Pyogenic hepatic abscesses, actually not very com-
mon, are related to fi ve principal mechanism of dif-
fusion:
� Biliary: ascending cholangitis due to neoplastic or 

lithiatic biliary obstruction; retrograde bacterial 
diffusion from bowel in post-surgical patients

� Portal: pylephlebitis from appendicitis or other 
infl ammatory pathologies of bowel (Crohn, 
Meckel, or colonic diverticula) or pancreas

� Arterial: septicemia from other systemic infec-
tions (i.e. bacterial endocarditis)

� Direct extension from adjacent organs (i.e. perfo-
rated ulcer, sub-phrenic abscess)

� Traumatic: due to penetrating lesions

Pyogenic abscesses are most commonly caused by 
Clostridium species and gram-negative bacteria, such 
as Escherichia coli and Bacteroides species (Mergo and 
Ros 1997). Ascending cholangitis and portal phlebitis 
are the most frequent causes of pyogenic hepatic ab-
scesses (Mortelé and Ros 2001; Murphy et al. 1989). 
The abscesses related to the portal mechanism are usu-
ally single, while those related to biliary mechanism 
are typically multiple and localized in both lobes.

The sonographic pattern of pyogenic abscesses 
is correlated with its evolution. In the initial phase 
it may appear as a hypoechoic area with irregular 
and ill-defi ned borders, without specifi c character-
istics. In this phase color-Doppler may demonstrate 
an hypervascularization of the surrounding liver 
parenchyma. The colliquative phase presents as an 
anechoic area with hyperechoic spots in suspension, 
with irregular borders; increased posterior acoustic 
transmission and lateral acoustic shadows may be 
present. The appearance may vary from anechoic, to 
hyperechoic, depending on the concentration of the 
necrotic content. The resolution phase is character-
ized by a progressive reduction of the liquid compo-
nent; the lesion will tend to reduce in size becoming 
hypo-hyperechoic (Ralls et al. 1987).

The overall appearance of a hepatic abscess at 
cross-sectional imaging varies according to the 
pathologic stage of the infection (Mergo and Ros 
1997). Abscesses have a unilocular cystic appear-
ance in subacute stages, in which necrosis and liq-
uefaction predominate (Mergo and Ros 1997). In 
more acute stages, abscesses frequently manifest as 
a cluster of small low-attenuation or high-signal-in-
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tensity lesions, which represent different locations of 
contamination (Mortelé and Ros 2001; Murphy 
et al. 1989). This coalescent, grouped appearance is 
especially suggestive of pyogenic infection (cluster 
sign) (Mortelé and Ros 2001; Murphy et al. 1989). 
At CT the pyogenic abscess appears as an irregularly 
round, inhomogeneously hypodense area, with den-
sity values ranging from 0 to 50 HU, usually higher 
than simple cysts. In most cases, the lesion is well de-
marcated with a thick wall, sometimes with a papil-
lary aspect. After contrast media administration, the 
lesion presents a characteristic rim-enhancement. In 
general, the presence of microbubbles within a lesion, 
although uncommon, is diagnostic of a gas-forming 
organism if there is no history of instrumentation or 
rupture into a hollow viscus. Air is easily recogniz-
able at CT by measuring the Hounsfi eld units (range 
–1000 to –100 HU) (Fig. 7.8).

On MR imaging, pyogenic abscesses appear as 
thick-walled lesions, with homogeneous usually low 
signal intensity on T1-weighted MR images, and 
homogeneous high signal intensity on T2-weighted 
MR images (Mergo and Ros 1997; Mendez et al. 
1994). On enhanced images, MR imaging typically 
shows increased peripheral rim enhancement, which 
is secondary to increased capillary permeability in 
the surrounding liver parenchyma (”double target 
sign”) (Mortelé and Ros 2001; Mendez et al. 1994; 
Murphy et al. 1989). Perilesion edema is seen on T2-
weighted MR images in 50% of abscesses, although 
it may also be seen in 20%–30% of patients with pri-
mary or secondary hepatic malignancies (Mendez 
et al. 1994). Therefore, the presence of perilesion 

edema can be used to differentiate a hepatic abscess 
from a benign cystic hepatic lesion (Mendez et al. 
1994).

An amebic abscess results from infection with the 
protozoan Entamoeba histolytica and is the most 
commonly encountered hepatic abscess on a world-
wide basis (Mergo and Ros 1997).

The sonographic pattern of amebic abscesses is 
also correlated with its evolution. In the pre-suppura-
tive phase the sonographic examination is negative; 
indirect signs such as edematous acute pancreatitis 
or non-lithiatic cholecystitis may be present in 50% 
of cases. From the fourth or fi fth day, a homogeneous 
hypoechoic area with ill-defi ned borders may be 
seen. The suppurative phase is characterized initially 
by necrosis, appearing as homogeneous hypoechoic 
areas with regular borders, and in a second phase by 
liquefaction, appearing as an anechoic area with ill-
defi ned borders (Fig. 7.9a) (Ralls et al. 1987). 

The CT appearance of the amebic abscess is non-
specifi c, characterized by a homogeneous hypodense, 
round or oval, lesion with a slightly hyperdense bor-
der, which enhances after contrast media injection, 
remaining hypodense nevertheless in relation to the 
surrounding liver parenchyma. The abscess is usually 
located in peripheral liver and appears frequently as a 
multiloculated lesion (Fig. 7.9b) (Radin et al. 1988).

The MR appearance is related to the size of the le-
sion; usually it appears hypointense in T1-weighted 
images and markedly hyperintense in T2-weighted 
images, with a thick pseudocapsule without signifi -
cant enhancement after contrast media administra-
tion. In amebic granulomatous hepatitis, multiple 

Fig. 7.8a,b. Pyogenic abscess. a Pyogenic abscess in a 35-year old man status post laparoscopic right hepatectomy due to an 
hydatid cyst. Portal venous-phase contrast-enhanced CT scan shows a thick-walled cystic lesion with homogeneous low attenu-
ation. b Pyogenic abscess with presence of gas within the lesion in a 52-year-old man with fever, head of pancreas neoplasia 
(not resectable due to superior mesenteric vein infi ltration) and recent portal thrombosis. An axial portal phase CT scan shows 
an hypoattenuating lesion with non-homogeneous content and gas inside

a b
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lesions appear hyperintense in T2-weighted images, 
showing the characteristic double perilesional rim 
(internal hyperintense, external hypointense) 
(Fig. 7.9c, d) (Giovagnoni et al. 1993).

Fungal abscesses are most often caused by Candida 
albicans (Mergo and Ros 1997). 

The sonographic appearance in the initial phase is 
pathognomonic: the ”wheel inside wheel sign” con-
sists of a hypoechoic area (edema) which surrounds a 
hyperechoic area (infl ammatory cells), and a central 
hypoechoic necrotic area (Ralls et al. 1987). The CT 
and MR appearance of fungal abscesses are similar 
to those of pyogenic ones; therefore, only a sample of 
the lesion enables defi nition of the pathogen.

In immunodepressed patients multiple small hy-
poechoic lesions less than 1 cm in diameter may be 
spread throughout the liver. The liquid component 
is not present in these cases and only parenchymal 

phlogosis is detectable. These lesions are visible only 
in contrast-enhanced CT as hypodense lesions.

7.3.2 
Intrahepatic Hydatid Cyst

Hepatic echinococcosis is an endemic disease in 
the Mediterranean basin and other sheep-raising 
countries (Mergo and Ros 1997). Humans become 
infected by ingestion of eggs of the tapeworm 
Echinococcus granulosus, either by eating con-
taminated food or from contact with dogs (Mergo 
and Ros 1997). The ingested embryos invade the 
intestinal mucosal wall and proceed to the liver 
by entering the portal venous system (Mergo and 
Ros 1997). Although the liver fi lters most of these 
embryos, those that are not destroyed then become 

Fig. 7.9a–d. Amebic abscess in a 40-year-old man, with abdominal pain. a Sonographic longitudinal scan on right hepatic lobe 
shows an hypoechoic, heterogeneous lesion with ill-defi ned margins. b Axial nonenhanced CT image shows a round, homoge-
neously hypodense lesion with partially calcifi ed wall. c GE T1-weighted MR image shows a round homogeneously hypointense 
lesion. d TSE STIR T2-weighted MR image shows the same lesion as isointense to the surrounding liver parenchyma
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hepatic hydatid cysts (Mergo and Ros 1997). The 
more frequent location of hydatid cysts is the liver 
(70%), followed by lung (20%) and other parenchy-
mas, as spleen, kidney, heart, brain, and muscle. At 
biochemical analysis, there is usually eosinophilia, 
and a serologic test is positive in 25% of patients 
(Mortelé and Ros 2001; Murphy et al. 1989). At 
histopathological analysis, a hydatid cyst is com-
posed of three layers: the outer pericyst, which cor-
responds to compressed liver tissue; the endocyst, 
an inner germinal layer; and the ectocyst, a trans-
lucent thin interleaved membrane (Mergo and Ros 
1997). Maturation of a cyst is characterized by the 
development of daughter cysts in the periphery 
as a result of endocyst invagination (Mergo and 
Ros 1997). Peripheral calcifi cations are not uncom-
mon in viable or nonviable cysts (Mergo and Ros 
1997).

The sonographic appearance of hydatid cysts is 
correlated with its evolution and six classes may be 
identifi ed: type 1: simple cyst; type 2: septate cyst; 
type 3: cyst with membrane detachment; type 4: 
cyst with mixed echo structure; type 5: heteroge-
neous cyst; type 6: calcifi ed cyst. Type 1 appears as a 
single, round, anechoic lesion, with regular borders, 
indistinguishable from a dysplastic cyst. The diag-
nosis of hydatid cyst may be considered when focal 
thickening of the wall is present or when fi ne hyper-
echoic spots, due to the hydatid sand, appear in the 
dependent areas. The type 2 is a multilocular lesion, 
due to the development of daughter cysts in the pe-
riphery, which present the same characteristics as 
the primary cysts, even though with thinner walls. 
The type 3 cyst is related to the detachment of the 
germinating membrane. Type 4 presents a mixed, 
solid and cystic, echo structure. Type 5 is character-
ized by inconstant echo structure, with progressive 
reduction of the liquid component, with thickening 
of the wall, that becomes hyperechoic. Type 6 pres-
ents as a hyperechoic lesion with strong shadowing 
(Fig. 7.10b).

At CT, a hydatid cyst usually appears as a well-
defi ned hypoattenuating lesion with a distinguish-
able wall (Fig. 7.10a) (De Diego Choliz et al. 1982). 
Coarse calcifi cations of the wall are present in 50% 
of cases, and daughter cysts are identifi ed in approx-
imately 75% of patients (Mortelé and Ros 2001; 
De Diego Choliz et al. 1982; Murphy et al. 1989). 
MR imaging clearly demonstrates the pericyst, the 
matrix, and daughter cysts (Fig. 7.10c) (Marani et 
al. 1990). The pericyst is seen as a hypointense rim 
on both T1- and T2-weighted images because of its 
fi brous composition and the presence of calcifi ca-

tions (Mergo and Ros 1997; Marani et al. 1990). 
The hydatid matrix (hydatid ”sand”) appears hy-
pointense on T1-weighted images and markedly 
hyperintense on T2-weighted images; when present, 
daughter cysts are more hypointense than the ma-
trix on T2-weighted images (Marani et al. 1990). 
After contrast media administration, no enhance-
ment is seen either in CT or MR.

7.4 
Neoplasms

7.4.1 
Biliary Cystadenoma and Cystadenocarcinoma 

Biliary cystadenoma and cystadenocarcinoma are 
considered two aspects of the same pathology, hav-
ing the former malignant potential and the latter real 
malignant characteristics. Biliary cystadenomas are 
rare, usually slow growing, multilocular cystic tu-
mors and represent less than 5% of intrahepatic cys-
tic masses of biliary origin (Buetow and Midkiff 
1997; Mortelé and Ros 2001; Murphy et al. 1989; 
Palacios et al. 1990; Vilgrain et al. 2000). They 
are generally intrahepatic (85%), even though some 
extrahepatic lesions have been reported (Palacios 
et al. 1990). Among intrahepatic cystadenomas, 55% 
occur in the right lobe, 29% in the left lobe, and 
16% in both lobes (Lundstedt et al. 1992). Biliary 
cystadenomas range in diameter from 1.5 to 35 cm. 
A total of 90% of cystadenocarcinomas occur in 
middle-aged women (mean age 38 years) (Buetow 
and Midkiff 1997). Symptoms are usually related to 
the mass effect of the lesion and consist of intermit-
tent pain or biliary obstruction (Mortelé and Ros 
2001; Murphy et al. 1989). At microscopy, a single 
layer of mucin-secreting cells lines the cyst wall. 
Proteinaceous, mucinous, and occasionally gelati-
nous, purulent, or hemorrhagic fl uid may be pres-
ent inside the tumor (Buetow and Midkiff 1997; 
Palacios et al. 1990).

At sonography, cystadenocarcinoma appears as a 
cyst-like multilocular, hypoechoic lesion, with inter-
nal septa and small nodules at the level of the cystic 
wall.

At CT, a biliary cystadenoma appears as a solitary 
cystic mass (5–25 HU) with a well-defi ned thick fi -
brous capsule, mural nodules, internal septa, and 
rarely capsular calcifi cation (Buetow and Midkiff 
1997; Palacios et al. 1990). Polypoid, pedunculated 
excrescences are seen more commonly in biliary 
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Fig. 7.10a-c. Intrahepatic hydatid cyst. a Portal venous-phase 
contrast-enhanced CT scan shows well defi ned, hypoattenuat-
ing cystic lesion in the right lobe of the liver. Multiple daughter 
cyst are noted within the cystic lesions. b Sonographic lon-
gitudinal scan on the right hepatic lobe shows a multilocu-
lar septate lesion, due to the development of daughter cysts, 
with thickened walls and increased acoustic signal behind. 
c Coronal T2-weighted MR image shows an heterogeneous 
round lesion for the presence of hypointense curvilinear rim 
due to the fi brotic tissue of the pericyst and hyperintense ma-
terial inside due to the hydatid ”sand”

a
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cystadenocarcinoma than in cystadenoma, although 
papillary areas and polypoid projections have been 
reported in cystadenomas without frank malignancy 
(Korobkin et al. 1989). After contrast media admin-
istration, septa, mural nodules, and pedunculated ex-
crescences show enhancement (Fig. 7.11) (Korobkin 
et al. 1989).

The MR imaging characteristics of an uncompli-
cated biliary cystadenoma correlate well with the 
pathologic features: the appearance of the content is 
typical for a fl uid-containing multilocular mass, with 
homogeneous low signal intensity on T1-weighted 
images and homogeneous high signal intensity on 
T2-weighted images (Buetow and Midkiff 1997; 
Palacios et al. 1990). Variable signal intensities on 
both T1- and T2-weighted images depend on the 
presence of solid components, hemorrhage, and pro-
tein content (Buetow and Midkiff 1997; Palacios 
et al. 1990). 

7.4.2 
Cystic Subtypes of Primary Liver Neoplasms 

Cystic subtypes of primary liver neoplasms are rare 
and are usually related to internal necrosis due to 
disproportionate growth or systemic and loco-re-
gional treatment. The two most common primary 
neoplasms of the liver, that rarely manifest as an 
entirely or partially cystic mass, are hepatocellular 
carcinoma and giant cavernous hemangioma.

Whenever a predominant cystic lesion, with well-
defi ned intrinsic tumor characteristics of hepato-
cellular carcinoma, such as hypervascularity of the 
solid parts, a capsule, and vascular or biliary inva-
sion, is detected in a cirrhotic liver, the diagnosis 
of hepatocellular carcinoma should be considered 
(Mortelé and Ros 2001; Murphy et al. 1989). In 
fact, in about 70% of patients with hepatocellular 
carcinoma, CT or MR imaging demonstrate signs 
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Fig. 7.11a,b. Biliary cystadenoma a Nonenhanced axial CT shows a lobulated hypoattenuating lesion with some parietal cal-
cifi cations. b Portal venous phase CT shows a multiseptate cystic lesion. Intralesional septa are better seen after contrast ad-
ministration

or complications of underlying liver cirrhosis, such 
as hypertrophy of the left hepatic lobe and caudate 
lobe, regeneration nodules, splenomegaly, and re-
canalization of the umbilical vein (Korobkin et al. 
1989).

Central cystic degeneration in giant cavernous 
hemangioma may occur whenever the lesion out-
grows its blood supply (Casillas et al. 2000). At 
CT and MR imaging, a central nonenhancing area 
is demonstrated within the lesion (Vilgrain et 
al. 2000). Since hemangioma has a characteristic 
peripheral nodular enhancement pattern at both 
contrast-enhanced CT and contrast-enhanced MR 
imaging, even lesions with extensive central necro-
sis are easily diagnosed correctly with both imaging 
modalities (Semelka and Sofka 1997).

7.4.3 
Cystic Metastases 

Metastases to the liver are common, and a vari-
ety of often nonspecifi c appearances have been 
reported (Lewis and Chezmar 1997). The major-
ity of hepatic metastases are solid, but some have 
a complete or partially cystic appearance (Lewis 
and Chezmar 1997). The cyst-like appearance of 
hepatic metastases may be related to two different 
pathologic mechanisms. First, hypervascular meta-
static tumors with rapid growth may lead to ne-
crosis and cystic degeneration. This mechanism is 
frequently demonstrated in metastases from neuro-

endocrine tumors, sarcoma, melanoma, and certain 
subtypes of lung and breast carcinoma (Lewis and 
Chezmar 1997). Second, mucinous adenocarcino-
mas, such as colorectal or ovarian carcinoma, may 
present cystic metastases (Sugawara et al. 2000). 
Moreover, ovarian metastases commonly spread by 
means of peritoneal seeding rather than hematog-
enously, appearing on cross-sectional images as cys-
tic serosal implants on both the visceral peritoneal 
surface of the liver and the parietal peritoneum of 
the diaphragm (Lundstedt et al. 1992). At ultra-
sound, these metastases appear as anechoic nodules; 
the elements which help in the differential diagnosis 
between a simple cyst and a cystic metastases are 
the presence of a thick wall, mural nodules, irregu-
lar border, or a plurianular aspect (peripheral hy-
poechoic rim, echogenic intermediate rim, and cen-
tral anechoic area). Contrast-enhanced CT and MR 
imaging typically demonstrate multiple lesions with 
strong enhancement of the peripheral viable and 
irregularly defi ned tissue (Figs. 7.12, 7.13) (Lewis 
and Chezmar 1997).

ba
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Fig. 7.12a,b. Cystic metastases from colon cancer. A 70-year-old man with colon cancer. a Portal venous-phase contrast-enhanced 
CT scan shows a cyst-like, hypoattenuating lesion, without peripheral enhancement. b The arterial phase CT image alone shows a 
peripheral rim-enhancement, typical of a metastatic lesion. The rapid growth of these metastases leads to cystic degeneration

Fig 7.13a–e. Cystic metastases from müllerian tumor in a 62-year-old 
woman, with a history of breast cancer, increased tumoral markers and 
multiple intra-operative peritoneal nodular metastases. a A US exami-
nation (oblique ascending on the right hepatic lobe) shows a large, 
round lesion, with a fl uid, anechoic component and a solid isoechoic 
one, with slightly increased acoustic signal behind. b A nonenhanced 
axial CT scan shows a large, lobulate, heterogeneous, hypoattenuating 
lesion. c The axial portal phase CT scan shows an heterogeneous en-
hancement just in its medial component. d The axial T1-weighted MR 
image shows a low-intensity signal lesion. e The axial T2-weighted MR 
image shows a complex lesion with a fl uid, hyperintense component 
and a solid heterogeneous slightly hyperintense component
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Fig. 7.14a,b. Biloma in a 37-year-old woman with chronic ste-
nosis of the main hepatic artery, fever. a Sonographic axial im-
age on the left hepatic lobe shows two anechoic round lesions 
communicating with the dilated biliary tree. b Axial contrast-
enhanced CT image shows two hypodense well-defi ned round 
lesions, communicating with the biliary tree

7.5 
Miscellaneous lesions

7.5.1 
Hematoma

Hepatic hematoma is a lesion characterized by bleed-
ing inside the liver parenchyma, under the capsule, 
with or without free rupture. Surgery and trauma are 
the two most common causes of hepatic bleeding. 
Hemorrhage within a solid liver neoplasm, especially 
a hepatocellular adenoma, is a third well-known 
mechanism by which intra- or perihepatic hematoma 
can be induced (Casillas et al. 2000). Symptomatic 
manifestations depend on the severity of the bleed-
ing, the location, and the time frame during which 
the hemorrhage occurred.

The sonographic appearance of hematoma is ex-
tremely variable, depending on the time elapsed from 
the bleeding. In the initial phase (12–24 h) hematoma 
is hyperechoic; then it becomes hypo-anechoic with 
ill-defi ned borders. At CT, the appearance of an in-
trahepatic hemorrhage depends on the cause of the 
bleeding and the lag time between the traumatic event 
and the imaging procedure. In an acute or subacute 
setting, hemorrhage shows a higher attenuation value 
than pure fl uid due to the presence of aggregated fi -
brin components (Merrine et al. 1988). The hema-
toma is usually better seen in enhanced than non-en-
hanced CT, since the difference in density increases 
after contrast media administration due to the lack of 
enhancement of the hematoma (when active bleed-
ing is not present). In chronic cases, a hematoma has 

attenuation identical to that of pure fl uid. Frequently, 
the cause of the hemorrhage can be detected at CT. 
In post-traumatic cases, coexistent features such as 
hepatic lacerations, rib fractures, or perihepatic fl uid 
will be present. In hemorrhage induced by surgery, 
the location of the hematoma is usually along the 
surgical plane. Because of the paramagnetic effect of 
methemoglobin, MR imaging is even more suitable 
than CT for detection and characterization of hemor-
rhage. A subacute hematoma appears as a heteroge-
neous mass with pathognomonic high signal inten-
sity on T1-weighted images and intermediate signal 
intensity on T2-weighted images (Balci et al. 1999). 

7.5.2 
Biloma

Bilomas result from rupture of the biliary system, 
which can be spontaneous, traumatic, or iatrogenic 
following surgery or interventional procedures 
(Mortelé and Ros 2001; Murphy et al. 1989). Bilomas 
can be intrahepatic or perihepatic. Extravasation of 
bile into the liver parenchyma generates an intense 
infl ammatory reaction, thereby inducing formation 
of a well-defi ned pseudocapsule. Clinical manifesta-
tions depend on the location and size of the biloma 
(Mortelé and Ros 2001; Murphy et al. 1989). 

At sonography, a biloma appears as a juxtahepatic 
anechoic collection, sometimes with fi ne echoes in-
side (Fig. 7.14a). At both CT and MR imaging, a bi-
loma usually appears as a well-defi ned or slightly 
irregular cystic mass without septa or calcifi cations 
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(Mortelé and Ros 2001; Murphy et al. 1989). Also, 
the pseudocapsule is usually not readily identifi able 
(Fig. 7.14b) (Mortelé and Ros 2001; Murphy et al. 
1989). This imaging appearance, in combination with 
the clinical history and location, should enable cor-
rect diagnosis.
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8.1 
Introduction

Hemangioma is the most common benign hepatic 
tumor. The prevalence of hemangioma in the general 
population ranges from 1%–2% to 20% (Semelka and 
Sofka 1997). The female-to-male ratio varies from 
2:1 to 5:1. They occur at all ages. The vast majority of 
hemangiomas remain clinically silent. Few patients 
are symptomatic due to a mass lesion, complications 
or compression of adjacent structures. Most of these 
symptoms are observed in large hemangiomas. The 
natural history of hemangiomas is variable: most of 
them remain stable, some may grow or involute. The 
role of sex hormones in causing enlargement during 
pregnancy or recurrence is disputed.

Hemangiomas are usually solitary, less than 5 cm 
in size and appear as well-delineated lesions of red 
color that partially collapse on sectioning. A few are 
pedunculated. Giant hemangiomas (often defi ned as 
10 cm or larger) are heterogeneous and show varying 
degrees of fi brosis and calcifi cation. Some hemangio-
mas may become entirely fi brous.

Microscopically, hemangiomas are composed of 
blood-fi lled spaces of variable size and shape and are 
lined by a single layer of fl at endothelium. The septa 
between the spaces are often incomplete. Blood ves-
sels and arteriovenous shunting may be seen in large 
septa (Craig et al. 1988).

8.2 
Sonography

The classic sonographic appearance of hemangioma 
is that of an echogenic mass of uniform-density, less 
than 3 cm in diameter with acoustic enhancement and 
sharp margins (Fig. 8.1). A hypoechoic center may be 
present. Typically hemangiomas do not have a hy-
poechoic halo (Bree et al. 1987). Liver hemangiomas 
may present an atypical pattern on sonography, usually 
if larger than 3 cm, appearing hypo- or isoechoic.
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On color Doppler no vascular pattern is identifi ed 
because intralesional fl ows are too slow to be revealed 
but few peripheral fl ow signals may be seen (Tano et 
al. 1997).

Power Doppler is more sensitive in revealing 
venous fl ows within hemangiomas. Recent papers 
have highlighted the potential of contrast enhanced 
harmonic ultrasound (US) to characterize liver le-
sions. In hemangiomas, the absence of intratumoral 
vessels in the arterial phase and peripheral nodu-
lar enhancement in the portal phase are the most 
typical patterns and were observed in 76% and 88%, 
respectively (Fig. 8.2) (Isozaki et al. 2003). The sen-
sitivity, specifi city, and accuracy of diagnosis based 
on this combination of enhancement pattern were 
88%, 99%, and 98% (Isozaki et al. 2003). Peripheral 
globular enhancement in the portal phase and 

isoechoic pattern on late phase are also observed 
in most atypical hemangiomas larger than 3 cm 
(Quaia et al. 2002).

8.3 
Computed Tomography

Strict criteria for the diagnosis of hemangioma were 
described before the most recent technical advances 
in computed tomography (CT). These criteria were:
� Low attenuation on non-contrast CT
� Peripheral enhancement of the lesion followed by 

a central enhancement on contrast CT
� Contrast enhancement of the lesion on delayed 

scans (Freeny and Marks 1986)

Fig. 8.1a–c. Typical hemangioma at US and CT. a Ultra-
sonography demonstrates the hemangioma as a hyperechoic 
focus near the diaphragm. b Nonenhanced CT section shows a 
2-cm lesion in the right lobe of the liver that is isoattenuating 
to the aorta. c On portal venous phase the lesion demonstrates 
centripetal enhancement that is isoattenuating to the hepatic 
vessels
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These criteria have been updated with the heli-
cal CT technique and the multiphasic examination. 
Three-phase helical CT is the most suitable technique. 
Presence of peripheral puddles at arterial phase has 
a sensitivity of 67%, a specifi city of 99%, and a posi-
tive predictive value of 86% for hemangioma (Nino-
Murcia et al. 2000).

In a series of 100 focal liver lesions, the only false 
positive case (lesion with peripheral puddles) was 
a melanoma metastasis (Nino-Murcia et al. 2000). 

With triphasic spiral CT, results are even better for 
characterization of liver hemangioma. In a series of 
375 liver lesions, 86% (51/59) of the hemangiomas had 
peripheral nodular enhancement of vascular attenua-
tion on arterial and portal phase imaging and were hy-
perattenuating with possible central hypoattenuation 
or isoattenuation to vascular space in the equilibrium 
phase (van Leeuwen et al. 1996). In this series, there 
were no false-positive cases. Conversely 13.6% of the 
hemangiomas were atypical: hypoattenuating on all 

Fig. 8.2a–d. Typical hemangioma at contrast enhanced US. a Oblique ascending right subcostal baseline image in a 63-year-
old man shows a hypo-isoechoic lesion in the right liver. b On the oblique ascending right subcostal image obtained in the 
arterial phase (25 s after SonoVue injection), the lesion shows peripheral globular enhancement. c,d In the portal-venous and 
delayed phases (60 s and 120 s after SonoVue injection, respectively) a progressive but incomplete centripetal fi ll-in is depicted. 
(Courtesy of Bartolotta)
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phases or hypoattenuating on both arterial and por-
tal venous phases and hyperattenuating in the equi-
librium phase, which probably correspond to fi brosed 
hemangiomas (van Leeuwen et al. 1996).

One of the hallmarks of liver hemangiomas is 
the isoattenuation with the arterial system (Fig. 8.1) 
(van Leeuwen et al. 1996). Among the hemangio-
mas, those which are the most diffi cult to character-
ize are lesions smaller than 3 cm, because they may 
not demonstrate nodular enhancement but often en-
hance homogeneously during the hepatic arterial or 
portal venous phase (Fig. 8.3) (Kim et al. 2001a). Kim 
et al. (2001a) has compared small hepatic hemangio-
mas with hypervascular malignant tumors and has 
shown that at arterial phase CT, enhancement simi-
lar to aortic enhancement was observed in 19%–32% 
of hemangiomas and 0%–2% of malignant tumors; 

globular enhancement in 62%–68% and 4%–12%, 
respectively. At portal venous phase, enhancement 
similar to blood pool enhancement was observed 
in 43%–54% hemangiomas and 4%–14% of malig-
nant tumors; globular enhancement in 46%–49% 
and 0%–2%, respectively (Kim et al. 2001a). So, small 
hemangiomas frequently show atypical appearances 
at CT resulting in a decrease in sensitivity compared 
to larger hemangiomas but specifi city remains high.

8.4 
Magnetic Resonance

Two major papers published in 1985 in the radio-
logic literature have underlined the potential impor-

Fig. 8.3a–c. Capillary hemangioma with arterioportal shunt. a 
Nonenhanced CT section shows a 2-cm lesion that is isoat-
tenuating to the aorta in the right liver. b On hepatic arterial 
phase image the lesion demonstrates bright uniform enhance-
ment almost isodense with the aorta. Note the wedge-shaped 
homogeneous hyperattenuating area adjacent to the tumor, 
due to an arterioportal shunt. c Portal venous phase image 
shows that the hemangioma remains isodense to the aorta and 
hepatic veins. The arterioportal shunt is no longer seen
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tance of magnetic resonance (MR) imaging in the 
 characterization of liver hemangiomas (Itai et al. 
1985; Stark et al. 1985). These papers have shown 
that:
� Most hemangiomas have a homogeneous appear-

ance and smooth, well defi ned margins (Stark et 
al. 1985).

� Hemangiomas have a signifi cantly greater con-
trast-to-noise ratio than cancer, especially on long 
T2-weighted sequences (Stark et al. 1985).

� MR imaging detects more hemangiomas than any 
other technique (Stark et al. 1985).

� MR allows detection of almost all hemangiomas 
over 1 cm in diameter with 90% sensitivity, 92% 
specifi city, and an overall accuracy of 90% (Itai 
et al. 1985; Stark et al. 1985).

Both reports and an editor’s note emphasized the 
role of T2-weighted sequences and suggested that 
MR imaging may become the procedure of choice 
for distinguishing liver hemangiomas from liver 
cancer.

Many other papers were published afterwards 
discussing the role of low vs high fi eld strengths, 
conventional spin-echo (SE) T2-weighted imaging 
vs fast imaging techniques, fast SE imaging with 
and without fat suppression and serial gadolinium-
enhanced gradient echo (GE) images (Soyer et al. 
1997).

The routine MR protocol for characterizing liver 
lesions includes a gradient echo (GE) T1-weighted se-
quence, a fast spin-echo (FSE) T2-weighted sequence 
preferably with fat suppression technique (because 
it increases the contrast to noise ratio of liver hem-
angiomas) and gadolinium-enhanced triphasic dy-
namic GE images (which may be acquired in 2D or 
in 3D). The classical appearance of liver hemangio-
mas is that of hypointense lesion on T1-weighted se-
quences and strongly hyperintense lesion on heavily 
T2-weighted sequences with a “light bulb” pattern 
(Fig. 8.4). This strong hypersignal on T2 is due to 
long T2 values (greater than 88 ms). Numerous 
articles have attempted to determine a cut-off T2 
value allowing discrimination between hemangio-
mas and malignant tumors. However, in most of the 
centers, the lesion characterization is obtained with 
qualitative assessment and rarely with quantitative 
measures (McFarland et al. 1994). More recently, 
other sequences have been used to facilitate rapid 
and reliable distinction between hemangiomas and 
other lesions. Single-shot fast spin echo sequences 
are a half-Fourier technique that enable acquisition 
of heavily T2-weighted images within a few seconds 

per slice and are helpful for differentiation between 
liver lesions. By using a short TE (90 ms) and a long 
TE (600–700 ms) they may also differentiate heman-
giomas from cysts (Kiryu et al. 2002). True fast im-
aging with steady state free precession is an ultrafast 
gradient echo sequence with a balanced structure 
that compensates fi rst-order phase shifts produced 
by fl ow. Echo and repetition times are short. Image 
contrast is related to the T2*/T1 ratio. Comparison 
between this sequence and HASTE sequence has 
shown that distinction between hemangiomas and 
liver malignancies was more often correct with the 
balanced sequence (Numminen et al. 2003).

Today, gadolinium chelate administration with dy-
namic serial postcontrast MR imaging is performed 
in all cases and is an analogous technique to multi-
phasic contrast-enhanced CT. Hemangiomas have 
the following features:
� Peripheral hyperintense nodules with a non-intact 

ring immediately after contrast administration
� Progressive centripetal enhancement that is most 

intense at 90 s
� Undulating nodular contour of the inner ring 

margin
� Persistent homogeneous enhancement without 

heterogeneous or peripheral washout (Semelka 
et al. 1994)

Most of the medium (1.5–5 cm), and large hem-
angiomas (>5 cm) had initial peripheral nodular 
enhancement whereas uniform enhancement was 
observed in 35 of 81 small lesions in Semelka’s paper 
(Semelka et al. 1994).

Interestingly, the rapid enhancing hemangiomas 
tend to be hypoechoic on sonography whereas lesions 
that are slow-enhancing tend to be hyperechoic (Yu et 
al. 1998). Rapid-enhancing hemangiomas may mimic 
other lesions at the arterial phase such as hepatocel-
lular tumors or hypervascular metastases (Fig. 8.5). 
However, most of them show hyperintense complete 
fi ll-in in the equilibrium phase and very high signal 
intensity with T2-weighted sequences (Kato et al. 
2001). Therefore, combination of T2-weighted images 
with serial dynamic postgadolinium MR sequences is 
a reliable imaging modality for the diagnosis of hem-
angiomas.
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Fig. 8.4a–e. Typical hemangioma at MR imaging. a T2-weighted 
fat suppressed fast spin-echo MR image shows hemangioma 
in the right liver with high signal intensity. b T1-weighted 
gradient-echo fat-suppressed MR image shows hepatic hem-
angioma to be hypointense to surrounding liver parenchyma. 
c Gadolinium-enhanced T1-weighted fat-suppressed gradient-
echo MR image obtained during arterial phase shows nodular 
peripheral enhancement of hemangioma. d Gadolinium-en-
hanced T1-weighted fat-suppressed gradient-echo MR image 
obtained during portal venous phase shows centripetal fi lling 
of hemangioma. e Delayed-phase (5 minutes) gadolinium-en-
hanced T1-weighted fat-suppressed gradient-echo MR image 
shows hemangioma almost completely fi lled with contrast 
material
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8.5 
Scintigraphy

99mTc-pertechnetate-labeled red blood cell scintigra-
phy is a relatively specifi c examination for identifying 
hemangiomas. Using this method, there is a decreased 
activity on early dynamic images and increased ac-
tivity on delayed blood pool images. Comparison 
between 99mTc-pertechnetate-labeled red blood cell 
single-photon emission CT (SPECT) and MR imag-
ing has shown that MR had a higher sensitivity and 
specifi city than SPECT, especially for lesions less than 
2 cm in diameter (Birnbaum et al. 1990).

8.6 
Percutaneous Biopsy

Liver hemangioma has been considered a contrain-
dication to needle biopsy for many years because of 
the high risk of hemorrhage. Recently, several series 
of percutaneous biopsy in liver hemangiomas have 
been reported and the contraindications should be 
reconsidered. No serious complications were ob-
served in two large series: one in 47 biopsy speci-
mens obtained using a core-needle biopsy and one 
in 114 patients having fi ne-needle aspiration biopsy 
(Heilo and Stenwig 1997; Caldironi et al. 1998). In 
the latter, two minor accidents were observed due to 
profuse bleeding of giant hemangioma and resolved 
with medical care. However, as in other tumors, a cuff 

Fig. 8.5a–c. Capillary fl ash-fi lling hemangioma in a cirrhotic 
liver. a Nonenhanced transverse CT. The hemangioma is sub-
capsular and isoattenuating to blood. b Hepatic arterial phase 
image at the same level. The hemangioma enhances homoge-
neously and equally compared with splenic artery. c On portal 
venous phase the lesion remains isoattenuating to vessels, a 
fi nding that confi rm blood-pool characteristics for the lesion. 
The lack of contrast material washout in the portal venous 
phase allows differentiation of capillary hemangioma from 
hepatocellular carcinoma in this cirrhotic liver
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of normal hepatic parenchyma should be interposed 
between the capsule and the margin of hemangi-
oma. Indications of percutaneous biopsy should be 
restricted to atypical cases despite a combination of 
imaging modalities. Sensitivity and overall accuracy 
are reported in more than 90% (Caldironi et al. 
1998; Nakaizumi et al. 1990).

Interestingly, both core-needle biopsy and fi ne-
needle aspiration biopsy are useful in diagnosing 
liver hemangioma.

8.7 
Atypical Patterns

8.7.1 
Hemangioma with Echoic Border

An atypical but suggestive appearance of hemangio-
mas at US is the following: the lesion has an echoic 
border, which is seen as a thick echoic rind or a 
thin echoic rim (Moody and Wilson 1993). Unlike 
typical hemangiomas, this type of hemangioma has 
an internal echo pattern that is at least partially hy-
poechoic. The central low echogenicity is assumed 
to correspond to previous hemorrhagic necrosis, 
scarring, or myxomatous changes. Although, the real 
percentage is unknown, some authors have reported 
that 40% of all hemangiomas could have this atypia 
(Moody and Wilson 1993).

8.7.2 
Large, Heterogeneous Hemangioma

Large hemangiomas are often heterogeneous 
(Yamashita et al. 1994). They are termed giant 
hemangiomas when they exceed 4 cm in diameter 
(Nelson and Chezmar 1990; Valls et al. 1996). 
However, some authors defi ne giant hemangiomas 
as lesions greater than 6 cm or 12 cm in diameter 
(Choi et al. 1989; Danet et al. 2003). Large heman-
giomas may be responsible for liver enlargement and 
abdominal discomfort.

At US, large hemangiomas often appear hetero-
geneous. On non-enhanced CT scans, lesions appear 
hypoattenuating and heterogeneous with marked 
central areas of low attenuation. After intravenous 
administration of contrast material, the typical 
early, peripheral, globular enhancement is observed. 
However, during the venous and delayed phases, the 
progressive centripetal enhancement of the lesion, 

although present, does not lead to complete fi lling 
(Fig. 8.6). At MR imaging, T1-weighted sequences 
show a sharply marginated, hypointense mass with a 
cleft-like area of lower intensity and sometimes with 
hypointense internal septa. T2-weighted images show 
a markedly hyperintense cleft-like area and some hy-
pointense internal septa within a hyperintense mass. 
The enhancement is equivalent to that seen at CT, with 
incomplete fi lling of the lesion; the cleft-like area re-
mains hypointense, as do the internal septa (Fig. 8.7) 
(Choi et al. 1989). The MR imaging fi ndings of giant 
hemangiomas are closely correlated with the macro-
scopic appearance, which demonstrates changes such 
as hemorrhage, thrombosis, extensive hyalinization, 
liquefaction, and fi brosis. The central cleft-like area 
may be due to cystic degeneration, liquefaction or 
myxoid tissue (Choi et al. 1989; Danet et al. 2003).

Modifi cations of internal components such as 
thrombosis and hemorrhage may induce compres-
sion of biliary and vascular structures (Coumbaras 
et al. 2002).

8.7.3 
Rapidly Filling Hemangioma

Rapidly fi lling hemangiomas are not very frequent 
(16% of all hemangiomas). However, rapid fi lling 
seems to occur signifi cantly more often in small hem-
angiomas (42% of hemangiomas <1 cm in diameter) 
(Figs. 8.3, 8.5) (Hanafusa et al. 1995).

CT and MR imaging show a particular enhance-
ment pattern: immediate homogeneous enhance-
ment at arterial-phase CT or contrast-enhancement 
T1-weighted MR imaging (Figs. 8.3, 8.5) (Semelka 
and Sofka 1997). This feature makes differentia-
tion from other hypervascular tumors diffi cult. T2-
weighted images may be helpful, but hypervascular 
tumors such as islet cell metastases are also hyper-
intense on such images. Accurate diagnosis is made 
with delayed-phase CT or MR imaging because hem-
angiomas remain hyperattenuating or hyperintense, 
whereas hypervascular metastases do not (Figs. 8.3, 
8.5). Another important fi nding in diagnosis of hem-
angioma is attenuation equivalent to that of the aorta 
during all phases of CT (Figs. 8.3, 8.5) (Quinn and 
Benjamin 1992). At Doppler US, unusual arterial 
fl ow may be present.

Because histopathologic confi rmation is usually 
not performed, the mechanism of the enhancement 
is not clearly understood; however, the difference in 
enhancement patterns may be due to a difference in 
the size of the blood spaces. It is likely that the smaller 
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Fig. 8.6a-c. Giant cavernous hemangiomas at CT. a Nonenhanced 
CT section demonstrates a massive hemangioma that replaces 
the right and caudate lobe of the liver. Calcifi cations are noted 
in a large hypoattenuating central scar. b Peripheral nodular 
enhancement without complete fi lling is demonstrated on the 
postcontrast image. A smaller hemangioma is seen in the IV 
liver segment. c Multiplanar reformation on a coronal oblique 
plane demonstrates the gross calcifi cations and nodular en-
hancement of the lesion

Fig. 8.7a,b. Giant cavernous hemangiomas at MR. a Fat-suppressed T1-weighted gradient-echo MR image shows a giant cav-
ernous hemangioma replacing the right liver with nodular, centripetal, cloud-like enhancement. b T2-weighted fat suppressed 
fast spin-echo MR image shows hemangioma to be of high signal intensity to normal liver. The central hyperintense area cor-
responds to a central scar. Multiple hypointense linear elements corresponding to internal fi brotic septa are noted within the 
lesion. Numerous other hyperintense lesions, corresponding to smaller hemangiomas, are seen in the left lobe of the liver
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the lesion, the more rapid is the spread of contrast 
material within it (Hanafusa et al. 1995). This the-
ory could explain the high proportion of small hem-
angiomas with rapid and complete fi lling.

8.7.4 
Very Slow Filling Hemangioma

They appear as hypoattenuating lesions on multipha-
sic examination or they have tiny enhancing dots that 
do not progress to the classic globular enhancement 
(Fig. 8.8). Their incidence is estimated at between 
8%–16% of cases. They are problematic in patients 
with malignancy (Jang et al. 2003).

8.7.5 
Calcifi ed Hemangioma

Although hemangiomas in the soft tissue, gastro-
intestinal tract, retroperitoneum, and mediastinum 
may show calcifi cations (phleboliths, which are 
pathognomonic for the tumor), hepatic hemangio-
mas rarely demonstrate calcifi cations (Darlak et al. 
1990; Scatarige et al. 1983). Calcifi ed hemangiomas 
are mostly found incidentally.

Calcifi cations may occur in the marginal or central 
portion of the lesion (Mitsudo et al. 1995). A partic-
ular pattern consists of multiple spotty calcifi cations, 
which correspond to phleboliths. However, large, or-

ganized calcifi cations are also possible. Some calci-
fi ed hemangiomas may demonstrate poor enhance-
ment, especially at CT (Mitsudo et al. 1995).

The fi nding of a nonenhancing hepatic tumor with 
calcifi cations should not preclude the diagnosis of 
hemangioma. High signal intensity in non-calcifi ed 
areas of the lesion on T2-weighted MR images can 
help in diagnosis.

8.7.6 
Hyalinized Hemangioma

Hyalinized hepatic hemangiomas are rare (Cheng et 
al. 1995; Tung et al. 1994). Some authors have sug-
gested that hyalinized hemangiomas represent an end 
stage of hemangioma involution. Such hemangiomas 
do not demonstrate any particular symptoms.

Hyalinization of a hemangioma changes its radio-
logical features, thus making diagnosis before biopsy 
virtually impossible. Hyalinized hemangiomas show 
only slight high signal intensity on T2-weighted MR 
images (Cheng et al. 1995). Moreover, there is lack of 
early enhancement on dynamic contrast-enhanced 
images. Slight peripheral enhancement may occur in 
the late phase (Cheng et al. 1995). MR imaging does 
not allow differentiation of hyalinized hemangiomas 
from malignant hepatic tumors.

Pathologic examination reveals extensive fi brous 
tissue and obliteration of vascular channels (Cheng 
et al. 1995). 

Fig. 8.8a,b. Hemangioma associated with focal nodular hyperplasia. a Hepatic arterial-phase image shows two focal nodular 
hyperplasia lesions with strong and homogeneous hyperattenuation in comparison to adjacent liver parenchyma. A central scar 
is noted in the largest lesion. Hemangioma shows nodular peripheral enhancement. b On portal venous-phase image the focal 
nodular hyperplasia lesions are isoattenuating to liver, while hemangioma shows progressive nodular, centripetal enhancement 
that is unusually slow
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8.7.7 
Cystic or Multilocular Hemangioma

Cavernous hemangiomas with a large central cavity 
that contains fl uid are very rare. To our knowledge, 
only one hemangioma with a multilocular cystic com-
ponent has been reported in the literature (Hihara 
et al. 1990). This entity does not demonstrate any 
particular symptoms.

Defi nite diagnosis of such hemangiomas with 
imaging is diffi cult. This atypia may be due to cystic 
degeneration caused by central thrombosis and hem-
orrhage.

8.7.8 
Hemangioma with Fluid–Fluid Level

Fluid–fl uid levels within hemangiomas are very rare. 
To our knowledge, only three articles on this entity 
have been published (Azencot et al. 1993; Itai et 
al. 1987; Soyer et al. 1998). The patient may present 
with abdominal pain.

US shows a hyperechoic or hypoechoic pattern. 
The fl uid–fl uid level is not seen at US (Azencot et 
al. 1993; Soyer et al. 1998). CT and especially MR 
imaging easily demonstrate this feature (Itai et al. 
1987).

8.7.9 
Pedunculated Hemangioma

Pedunculated hemangiomas are very rare. To our 
knowledge, only two cases have been reported in the 
literature (Ellis et al. 1985; Tran-Minh et al. 1991). 
They can be asymptomatic or complicated by sub-
acute torsion and infarction.

At US, the origin of the lesion may be diffi cult 
to recognize. The lesion can be attached to the liver 
by a thin pedicle, which is nearly undetectable at 
imaging. Multiplanar reconstruction of CT scans 
and coronal or sagittal MR imaging can be help-
ful. At CT and MR imaging, the diagnosis is made 
by demonstrating the typical enhancement pattern 
and the typical signal intensities on both T1- and 
T2-weighted images.

Complicated pedunculated hemangiomas must be 
resected.

8.7.10 
Hemangioma with Arterial-Portal Venous Shunt

Arterial-portal venous shunts are mainly associ-
ated with hepatic malignancy but can also be seen 
in benign liver masses, in particular hemangiomas 
(Winograd and Palubinskas 1977; Shimada et al. 
1994). This entity is usually asymptomatic.

An arterial-portal venous shunt can be detected 
with helical CT or dynamic contrast-enhanced MR 
imaging. The fi ndings consist of early parenchymal 
enhancement associated with early fi lling of the 
portal vein (Hanafusa et al. 1995). Arterio-portal 
shunts are found in 25% of hemangiomas. They are 
not related to the lesion size but they are more fre-
quently seen in hemangiomas with rapid enhance-
ment (Fig. 8.3) (Kim et al. 2001b).

8.7.11 
Hemangioma with Capsular Retraction

Capsular retraction is usually associated with malig-
nant tumors such as cholangiocarcinoma, epithelioid 
hemangioendothelioma, or metastases. This fi nding 
is very rare in benign liver tumors and has been 
described in very few hemangiomas (Fig. 8.9) (Yang 
et al. 2001).

Fig. 8.9. Hemangioma with capsular retraction. Portal-phase 
CT demonstrates a large mass in the left lobe of the liver with 
a central hypoattenuating scar and associated capsular retrac-
tion
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Fig. 8.10a,b. Hemangioma in a fatty liver at CT. a Nonenhanced CT scan shows a hyperattenuating lesion in a hypoattenuating 
fatty liver parenchyma. b Portal-phase CT scan shows nodular centripetal enhancement of the lesion

8.8 
Hemangioma Developing in Abnormal Liver

8.8.1 
Hemangioma in Fatty Liver

Diffuse fatty infi ltration of the liver is a common 
fi nding and may change the typical appearances of 
lesions, making them more diffi cult to characterize 
at imaging.

At US, a hemangioma may appear slightly hyper-
echoic, isoechoic, or hypoechoic relative to a fatty 
liver (Marsh et al. 1989). Posterior acoustic enhance-
ment is usually observed. At non-enhanced CT, the 
lesion may be hyperattenuating relative to the liver 
or may not seen (Fig. 8.10). Contrast-enhanced CT 
shows peripheral enhancement and delayed fi lling, 
an appearance similar to that of a hemangioma in a 
normal liver (Freeny and Marks 1986). However, at 
arterial-phase imaging, the hemangioma may be iso-
attenuating relative to the liver. MR imaging is more 
helpful than CT and allows reliable detection and 
differentiation of hemangiomas from other hepatic 
masses (Fig. 8.11) (Stark et al. 1985). Hemangiomas 
may also be accompanied by a focal spared zone as 
seen in malignant tumors in fatty liver (Jang et al. 
2003).

8.8.2 
Hemangioma in Liver Cirrhosis

With progressive cirrhosis, hemangiomas are likely 
to decrease in size and become more fi brotic and 
diffi cult to diagnose radiologically (Brancatelli et 
al. 2001).

8.9 
Association with Other Lesions

8.9.1 
Multiple Hemangiomas

Hemangiomas are multiple in 10% of cases (Ishak 
and Rabin 1975). Multiple hemangiomas generally 
consist of a few scattered lesions (Yamashita et al. 
1994). They often have typical imaging features.

8.9.2 
Hemangiomatosis

Hemangiomas, even giant ones, are usually well de-
fi ned (Valls et al. 1996). In rare cases, the lesion may 
be large and ill defi ned, replacing almost the whole 
hepatic parenchyma. This entity is seen more often 

a b
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Fig. 8.11a–d. Hemangioma in fatty liver at MR imaging. a T2-weighted fat suppressed fast spin-echo MR image shows hem-
angioma with signal intensity almost as strong as that of the cerebrospinal fl uid. b Gadolinium-enhanced T1-weighted gradi-
ent-echo MR image obtained during portal venous phase shows nodular peripheral enhancement of hemangioma. c Axial 
T1-weighted in-phase gradient echo image shows normal intermediate to high signal intensity liver in comparison to spleen. 
The hemangioma is seen as hypointense to surrounding liver. d Corresponding axial T1-weighted opposed-phase gradient 
echo image shows loss of signal intensity of the liver compared with the spleen, representing hepatic steatosis. Hemangioma 
is hyperintense to liver

in infants than in adults and may be associated with 
cardiac failure and high mortality. In adults, heman-
giomatosis can be asymptomatic.

8.9.3 
Focal Nodular Hyperplasia

Association of hepatic hemangioma and focal nodu-
lar hyperplasia is quite frequent (23% of cases) and 

not fortuitous (Fig. 8.8) (Mathieu et al. 1989). It has 
also been suggested that the association is more fre-
quent in cases of multiple focal nodular hyperplasia 
(33%) (Vilgrain et al. 2003). Focal nodular hyper-
plasia is considered to be a hyperplastic response due 
to focal increased arterial fl ow in the hepatic paren-
chyma and, like hemangioma, is thought to have a 
vascular origin.

When the tumors have typical imaging features, 
the diagnosis can be made with confi dence.

a b

c d
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8.9.4 
Angiosarcoma

To our knowledge, there is only one report of ma-
lignant transformation of a hepatic hemangioma in 
the literature (Bertrand et al. 1980). Another report 
described a cavernous hemangioma surrounded by 
angiosarcoma, and the authors raised the hypoth-
esis of malignant transformation of a hemangioma 
(Tohme et al. 1991).

8.10 
Atypical Evolution

Most hemangiomas remain stable in size or dem-
onstrate minimal increase in diameter over time 
(Nghiem et al. 1997; Takayasu et al. 1990). Very few 
observations of signifi cant enlargement of a heman-
gioma have been reported (Schwartz and Husser 
1987; Nghiem et al. 1997; Takayasu et al. 1990). They 
include cases of enlargement during pregnancy and 
during estrogen use.
Enlarged hemangiomas can be asymptomatic or may 
manifest as an abdominal mass or pain. The US, CT, 
and MR imaging features are identical to those of 
typical hemangiomas.

The mechanism of enlargement is believed to be 
vascular ectasia (Fouchard et al. 1994). A role for 
estrogen in hemangioma enlargement is suspected 
but has never been proved (Schwartz and Husser 
1987; Fouchard et al. 1994). Despite the growth of 
the lesion, if imaging features are characteristic of 
hemangioma, the diagnosis can still be made confi -
dently with imaging.

8.11 
Complications

The overall complication rate varies from 4.5% to 
19.7% (Freeny et al. 1979). Complications are mostly 
observed in large hemangiomas and can be divided 
into alterations of internal architecture such as in-
fl ammation; coagulation, which could lead to sys-
temic disorders; hemorrhage, which can cause hemo-
peritoneum, volvulus, and compression of adjacent 
structures.

8.11.1 
Infl ammatory Process

Some cases of infl ammatory processes complicating 
giant hemangiomas have been reported (Takayasu 
et al. 1990). The prevalence is probably underes-
timated. Signs and symptoms of an infl ammatory 
process include low-grade fever, weight loss, ab-
dominal pain, accelerated erythrocyte sedimenta-
tion rate, anemia, thrombocytosis, and increased 
fi brinogen level.

The imaging features are those of giant heman-
gioma. Histological signs of infl ammation may not 
be detected. A possible explanation is the release of 
immune mediators by hepatic endothelial cells lin-
ing the hemangioma. Clinical and laboratory abnor-
malities may disappear after surgical excision of the 
hemangioma.

8.11.2 
Kasabach-Merritt Syndrome

Kasabach-Merritt syndrome is a rare complication 
of hepatic hemangiomas in adults. It is a coagulopa-
thy consisting of intravascular coagulation, clotting, 
and fi brinolysis within the hemangioma (About et 
al. 1994). The initially localized coagulopathy may 
progress to secondary increased systemic fi brinolysis 
and thrombocytopenia, leading to a fatal outcome 
in 20%–30% of patients (Maceyko and Camisa 
1991).

8.11.3 
Intratumoral Hemorrhage

Intratumoral hemorrhage is rarely encountered in 
hepatic hemangiomas. It can occur spontaneously 
or after anticoagulation therapy. The symptoms 
consist of acute-onset vomiting and epigastric pain 
(Graham et al. 1993).

The bleeding is suggested by intratumoral high at-
tenuation on non-enhanced CT scans and high signal 
intensity on T1-weighted MR images. When the typi-
cal enhancement features of hemangioma are present 
in association with marked high signal intensity on 
T2-weighted MR images, the diagnosis can be made. 
If not, histopathological examination allows correct 
diagnosis.
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8.11.4 
Hemoperitoneum Due to Spontaneous Rupture 
of Hemangioma

Spontaneous rupture of a hemangioma is unusual. 
Clinical symptoms include acute abdominal pain.

Imaging procedures reveal hemoperitoneum. 
Intraperitoneal clotting may be seen adjacent to the 
bleeding hemangioma. MR imaging is very sensi-
tive in detection of bleeding by showing high signal 
intensity on T1-weighted images. Angiography can 
be useful for diagnosis, and embolization can be 
performed, thus allowing planned hepatic resection 
(Soyer and Levesque 1995).

8.12 
Diagnostic Work Up

The diagnostic evaluation of hemangiomas varies 
with different clinical and imaging scenarios (Nelson 
and Chezmar 1990). Typical appearance of a hem-
angioma at US imaging does not require any work 
up in a patient with no malignancy or chronic liver 
disease. Conversely, in patients with atypical imag-
ing or at high risk for developing hepatic malignan-
cies, diagnostic confi rmation is mandatory. Although 
overall accuracy of CT for diagnosing hemangioma 
is high, MR imaging is the recommended modality 
with both T2 and postgadolinium information. If the 
diagnosis remains inconclusive, then percutaneous 
biopsy is indicated.

In conclusion, radiologists have to face two prob-
lems in diagnosing liver hemangiomas. First, to dif-
ferentiate typical hemangiomas from other liver le-
sions, especially liver malignancies. The impact is 
so important that we should keep in mind getting 
a 100% specifi city for hemangiomas which implies 
that doubtful cases should not be considered as hem-
angiomas. False positive hemangiomas are much 
more dramatic than false negative cases. Second, to 
recognize atypical hemangiomas. Although atypical 
hemangiomas are rare, many radiologists will en-
counter atypical fi ndings due to the high prevalence 
of hepatic hemangiomas. In some cases, such as large 
heterogeneous hemangiomas, calcifi ed hemangio-
mas, pedunculated hemangiomas, or hemangiomas 
developing in diffuse fatty liver, a specifi c diagnosis 
can be established with imaging, especially MR im-
aging. However, in other atypical cases, the diagnosis 
will remain uncertain at imaging, and these cases will 
require histopathological examination.
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9.1 
Introduction

Focal nodular hyperplasia (FNH) is the second most 
common benign hepatic tumor after hemangioma 
and has a prevalence that in different studies ranges 
from 1% to 3% (Karhunen 1986). 

It can occur in both sexes but it is most frequently 
found in young and middle aged women during the 
third to fi fth decade of life (Mathieu et al. 1997). 
Although a relationship between the use of oral con-
traceptives and FNH has never been proven, endoge-
nous or exogenous estrogens play a role in the growth 
of the lesions by increasing the size of the nodule and 
inducing vascular change thanks to a trophic effect 
on FNH. Approximately 20% of the patients have 
multiple FNH lesions (Fig. 9.1) (Nguyen et al. 1999). 

FNH is always asymptomatic, incidentally discov-
ered during imaging studies performed for other rea-
sons. When present, the clinical symptoms are due to 
the large diameter of the lesion which may expand 
the Glisson capsule and/or may compress adjacent 
structures (Fig. 9.2).

The absence of a malignant potential, the unlikely 
modifi cations of internal structure due to hemorrhage 
or necrosis and the reduction in size of these nodules, 
make it possible to conservatively manage FNH (Di 
Stasi et al. 1996). Only in symptomatic cases, surgical 
resection of the nodule can be considered.

9.2 
Histopathological Findings

FNH is considered a hyperplastic response of the 
liver to a pre-existing arteriovenous malformation 
(Wanless et al. 1985). The arteries of FNH arise from 
the hepatic artery and the vein drains into the he-
patic vein. Therefore, FNH does not contain portal 
vessels.

There are two types of FNH: typical (80%) and 
atypical (20%).

The gross appearance of typical FNH is charac-
terized by lobulated contours and by nodules sur-
rounded by radiating fi brous septa originating from 
a central scar that contains a large artery from which 
blood fl ows centrifugally to the periphery of the le-
sion. Histologically, the typical FNH is characterized 
by a proliferation of hepatocytes, Kupffer cells, bile 
ductules and blood vessels arranged in abnormal 
pattern. 

Differently from typical FNH which is a lobulated, 
well-circumscribed solid, hypervascular mass, with 
a central scar and peripheral fi brous septa, atypical 
FNH is more heterogeneous and the central scar is 
always absent at gross appearance.

Both typical and atypical FNH contains hepato-
cytes and Kupffer cells; however, in atypical FNH 
there is only bile ductular proliferation with a lack 
of malformed vessels or nodular architecture that are 
always present in typical FNH. Wanless et al. (1989) 
and Nguyen et al. (1999) reported the pathologic fea-
tures of a form of atypical FNH, called telangiectatic 
FNH. According to these authors, there are two differ-
ences between classic and telangiectatic FNH:
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a b

c d

Fig. 9.1a–d. Multiple focal nodular hyperplasia. a Arterial phase image acquired after Gd-BOPTA bolus injection shows strong 
hypervascularization of all lesions (arrows) and a hypointense central scar in the biggest of them. b In the portal venous phase 
the lesions are slightly hyperintense. c,d T1-weighted images acquired during the hepatobiliary phase show enhancement of the 
liver lesions which appear slightly hyperintense with a clear evidence of hypointense central scar in all lesions

Fig. 9.2a–h. Chronic right upper abdominal pain in a 25 year-old woman. a Conventional transverse US scan through the lateral 
segment of the left hepatic lobe shows a 10-cm hypoechoic solid lesion. A subtle hyperechoic central scar is seen (arrows). b 
Power Doppler US scan shows the central stellate aspect of the scar. c Contrast-enhanced US scan with low MI pulse inversion 
and a second generation contrast agent: in the arterial phase the macrocirculation of the FNH is very well depicted. d The portal 
phase scan highlights the microcirculation of the lesion that enhances homogeneously apart from the central scan which is 
hypoechoic. e Non-enhanced CT scan shows a homogeneously hypodense lesion. f Enhanced dynamic CT scans reveal intense 
and homogeneous enhancement during the arterial phase.  � � �

a b



Focal Nodular Hyperplasia 121

Fig. 9.2a–h (continued). g The lesion appears slightly hyperdense during the portal phase and isodense during the equilibrium 
phase (h). The central scar is typically hypodense on arterial and portal venous phases, whereas it appears hyperdense in the 
equilibrium phase (arrowhead). Nodule appears delimited by a thin hyperdense rim, detectable during the equilibrium phase 
(arrow), due to the compression of normal surrounding vascular structures
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a) In telangiectatic FNH, arteries have hypertrophied 
muscular media but no intimal proliferation well 
documented in the classic form.

b) In telangiectatic FNH, these abnormal vessels 
drain directly into the adjacent sinusoids, while 
in classic FNH, connection to the sinusoids are 
almost never seen.

9.3 
Diagnostic Imaging

Histopathologic features determine fi ndings at diag-
nostic imaging. Imaging modality that are best able 
to characterize FNH are those that can distinguish 
Kupffer cell activity or can delineate the central scar. 
The ability to show Kupffer cell activity has histori-
cally been made by technetium (Tc)-99m sulfur col-
loid scintigraphy, which is a diagnostic modality of 
choice for this lesion. A total of 80% of FNH show 
uptake of Tc-99m sulfur colloid with scintigraphic 
evaluation (Welch et al. 1985). Unfortunately, other 
hepatocellular neoplasms, such as hepatocellular ad-
enoma (HCA) and hepatocellular carcinoma (HCC), 
can also have Kupffer cells and can subsequently 
show sulfur colloid uptake. Thus, the uptake of sul-
fur colloid can suggest the diagnosis of FNH, but it 
is not pathognomonic.

During the past few years, technical advances in 
ultrasound (US), computed tomography (CT) and 
magnetic resonance (MR) imaging and research into 
contrast agents have led to a marked increase in diag-
nostic accuracy in the detection and characterization 
of FNH.

Familiarity with the spectrum of US, CT and MR 
imaging fi ndings makes it possible to differentiate 
FNH from other primary and secondary hepatic hy-
pervascular lesions and to avoid invasive procedures 
such as biopsy and surgery.

In the following paragraphs the features of typi-
cal and atypical FNH at US, CT and MR imaging are 
discussed. 

9.3.1 
Typical Findings

9.3.1.1 
Ultrasound

FNH is usually incidentally found during an abdomi-
nal US examination. Although US is a sensitive mo-

dality, it is not specifi c due the wide range of echo-
patterns. FNH may be slightly hypoechoic, isoechoic 
or slightly hyperechoic (Fig. 9.3a). Some lesions may 
be detected only because they lead to the displace-
ment of normal hepatic surrounding vessels. On the 
contrary, some lesions may have well defi ned lobu-
lated contours or may show a hypoechoic halo which 
is more evident around FNH with fatty infi ltration 
and located in liver with steatosis. This halo, also 
present around other benign lesions such as hem-
angiomas or adenomas, as well as around malignant 
lesions, most likely represents compressed hepatic 
parenchyma or vessels surrounding the lesion.

The conspicuity of FNH at US may improve with 
the detection of a hyperechoic or hypoechoic scar, 
located in the lesion’s center or, less frequently, at 
the lesion’s periphery (Fig. 9.2a). This scar is found 
in 20% of cases (Shamsi et al. 1993). Sometimes the 
central scar is so small in size that it is not detect-
able by means of US. The use of color and power 
Doppler, providing information about the vascular-
ization of FNH, makes it possible to visualize the ves-
sels located in the central scar, improving not only 
the characterization but also the detection of these 
lesions. Typical fi ndings at color/power Doppler US 
include the presence of a central feeding artery with 
a stellate or spoke-wheel pattern determined by ves-
sels running into radiating fi brous septa originat-
ing from the central scar (Figs. 9.2b, 9.3b). Doppler 
spectral analysis can show an intralesional pulsatile 
waveform with high diastolic fl ow and low resistive 
index (mean 0.51), consisting of malformed arteries, 
and a continuous waveform which could represent a 
draining vein of the lesion (Fig. 9.3c) (Uggowitzer 
et al. 1997; Wang et al. 1997).

The specifi city of ultrasonography in the diagno-
sis of FNH has improved thanks to the introduction 
of ultrasound contrast agents (UCA) and non-linear 
imaging techniques. The characterization of FNH 
may be achieved by exploiting both the vascular and 
the late phase of fi rst and second generation contrast 
agents.

Using second generation UCA and any of the non-
linear continuous imaging modes at low-mechani-
cal index (MI) or fi rst generation UCA and high-MI 
intermittent imaging, the characteristic vascular 
pattern of FNH is represented by a central vascular 
supply with centrifugal fi lling to the periphery at 
the very early arterial phase (the so-called stellate or 
spoke-wheel pattern). Within 15 s of the bolus injec-
tion of contrast agent, in the late arterial phase, the 
lesion shows an uniform or lobulated dense stain 
and becomes homogeneously hyperechoic compared 
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with the surrounding liver parenchyma. During the 
portal phase the lesion remains hyperechoic relative 
to the enhanced normal liver tissue. In the late portal 
and sinusoidal phases the lesion has usually the same 
vascular behavior of the adjacent liver parenchyma, 
being slightly hyperechoic against the background of 
the enhanced liver tissue.

During both the arterial and portal phases, the 
central scar becomes more easily detectable as a 
hypo-anechoic area (Figs. 9.2c, d, 9.4).

There are some non-linear US techniques that 
make it possible to visualize, at the same time, macro- 
and microcirculation using one bolus administration 
of US contrast agent (Fig. 9.5).

By using microbubble destructive techniques, 
such as stimulated acoustic emission (SAE), or agent 
detection imaging (ADI), it is possible to exploit the 
liver specifi c phase of some agents, which is probably 
mediated by Kupffer cell uptake. Interaction with 

Kupffer cells would explain the enhancement that 
Blomley et al. (2001) observed in FNH at 5 min af-
ter injection of a fi rst generation contrast agent. In 
their series, strong late-phase SH U 508A uptake was 
detected by means of SAE in all FNHs, at a level simi-
lar or identical to that of the adjacent liver (Fig. 9.6). 
On the contrary, malignancies showed signifi cant 
low late-phase uptake, with a complete separation 
between FNH and malignancies. Comparable results 
have been obtained by Bryant et al. (2004) with ADI 
and the same contrast agent. These encouraging re-
sults might improve the potential of ultrasonography 
in the characterization of FNH.

9.3.1.2 
Computed Tomography

With the introduction of multislice technology CT 
has become an excellent tool for the detection and 

Fig. 9.3. a Conventional transverse US scan through the left 
hepatic lobe shows an isoechoic solid lesion barely differen-
tiating from the surrounding liver. b Power Doppler US scan 
shows a typical spoke-wheel pattern, determined by vessels 
radiating from a vascularized central area. c Doppler spectral 
analysis of one of these radiating vessels shows the presence 
of pulsatile waveform with high diastolic fl ow
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Fig. 9.5. a Conventional oblique subcostal US scan through the right hepatic lobe shows an isoechoic rounded lesion (arrows). 
b Contrast-enhanced US scan obtained at the same time with both color Doppler mode and non-linear contrast specifi c mode: 
color Doppler shows the macrocirculation of the lesion due to the central artery and some radiating vessels (arrowheads) and 
the microcirculation depicted during the portal phase

Fig. 9.4. a Conventional subcostal US scan shows an inhomogeneous slightly hyperechoic lesion, with subtle halo (arrows). b 
Power Doppler US scan shows radiating vessels. c Doppler spectral analysis of Power signals reveals pulsatile and continuous 
intratumoral waveform. d Contrast-enhanced US images: during the arterial phase the lesion appears hypervascular and be-
comes hyperechoic against the background of the unenhanced liver parenchyma (arrows). A hypoechoic central scar is visible 
(arrowheads). e During the portal phase the FNH is isoechoic to the surrounding liver (arrows), unlike the central scar which 
remains hypoechoic (arrowheads). f Non-enhanced MR images show small lesion in the segment VI with a thick central scar 
which appears typically hyperintense on T2-weighted image and hypointense (g) on T1-weighted image. h After administra-
tion of Gd-BOPTA T1-weighted MR image shows the typical hypervascularization during the arterial phase with hypointense 
central scar. i The delayed hepatobiliary phase reveals a peripheral rim enhancement with a central hypointensity due to the 
thick central scar
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characterization of FNH because it allows greater 
spatial and temporal resolution than conventional 
or single-detector helical CT.

CT examination includes the acquisition of non-
enhanced and enhanced images; the latter are per-
formed during the arterial, portal and delayed he-
patic phases, with a start delay of 25–35 s, 60–70 s 
and 5–10 min, respectively, after the intravenous 
bolus injection of iodinated contrast material. High 
concentration contrast medium (370–400 mgI/ml), 
administered with a fl ow rate of 4–5 ml/s by means of 
a power injector, is usually preferred.

On non-enhanced CT scans FNH is usually iso-
attenuating or hypoattenuating to the surrounding 

liver (Fig. 9.2e). When FNH is isodense to the liver, 
it may be detectable only because of its mass effect 
or its hypoattenuating central scar. The detection of 
a central scar is related to the size of FNH and can be 
identifi ed in about 60% of nodules larger than 3 cm. 
In fatty liver FNH is usually hyperattenuating to non-
enhanced liver. 

On enhanced images, FNH shows a homogeneous 
strong enhancement during arterial phase: the de-
gree of enhancement refl ects the arterial hypervas-
cularity and the homogeneous distribution is related 
to the uniform internal architecture of the tumor. The 
central scar, if present, remains hypodense during the 
arterial phase (Fig. 9.7a).

Fig. 9.6. a Oblique US scan through the right lobe of the liver shows a hyperechoic lesion with a hypoechoic central scar. b The 
same lesion is depicted with color SAE data 5 min after the administration of contrast agent: there is a large amount of SAE 
within the lesion, apart from the central scar. (Courtesy of Blomley et al. 2001)

Fig. 9.7a–h. Typical CT and 
MR fi ndings of focal nodular 
hyperplasia. a Arterial phase 
contrast-enhanced CT scan 
shows strong homogeneous 
enhancement of lesion, caused 
by arterial vascular supply; fo-
cal central area of low attenu-
ation represents the central 
scar. b Contrast-enhanced CT 
scan during the portal venous 
phase shows lesion being 
slightly hypoattenuating com-
pared with surrounding liver 
because of rapid contrast ma-
terial washout.  � � �
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Fig. 9.7a–h (Continued). c Delayed phase contrast-enhanced CT scan shows persistent enhancement of central scar. d T1-
weighted MR image shows isointense lesion (arrows) with more hypointense central scar (arrowhead). e Fat suppressed T2-
weighted HASTE image shows slightly hyperintense lesion (arrows) with obvious hyperintense central scar (arrowhead). f 
Arterial phase after i.v. injection of Gadolinium shows strong hyperintensity of the lesion whereas central scar remains hypoin-
tense. g During the portal phase the lesion appears slightly hyperintense to normal liver and during the equilibrium phase (h) 
central scar is highly enhanced (arrowhead)

c d

e

g

f

h



128 A. Filippone et al.

During the portal venous phase there is the nor-
mal enhancement of the liver and FNH becomes iso-
attenuating or slightly hypoattenuating to the hepatic 
parenchyma (Fig. 9.7b).

On delayed images the FNH nodule is isoattenuat-
ing while the central scar becomes hyperattenuating 
in 81% of cases because of its content of myxomatous 
stroma (Fig. 9.7c).

On transverse CT scans it is not easy to identify 
the origin and the path of vessels; 3D multidetector 
CT angiography can be used in order to display an-
gioarchitecture of FNH. This information has also a 
benefi t in planning for embolization or ligation of 
vessels in symptomatic patients. Moreover, another 
potential benefi t of the 3D display of hepatic vascula-
ture provided by CT angiography is to noninvasively 
improve the differential diagnosis with other hyper-
vascular lesions, thanks to the visualization of typical 
FNH vascular features which are characterized by the 
hepatic venous drainage and by the absence of portal 
vein supply (Brancatelli et al. 2002).

9.3.1.3 
Magnetic Resonance

MR imaging has higher sensitivity (70%) and speci-
fi city (98%) for FNH than CT and US (Mortelè et 
al. 2000). The sensitivity and specifi city of MR can 
be related to the higher capability of MR imaging to 
characterize soft-tissue. Thus, MR imaging is able to 
detect the central scar in 78% of cases (Mortelè et 
al. 2000, Hussain et al. 2004).

MR examinations are usually performed using a 
high magnetic fi eld MR imager (1.5 T) with phased 
array body coil and breath-hold sequence for high-
resolution MR images.

Before administration of contrast agent T1-
weighted GRE and T2-weighted HASTE or FSE or 
TSE images are acquired. Typical FNH nodules are 
iso- or hypointense on T1-weighted images and 
iso- or slightly hyperintense on T2-weighted images 
(Fig. 9.7d, e) (Table 9.1).

The minimal differences in signal intensity be-
tween normal liver parenchyma and FNH depend on 
the components of this lesion which are represented 
by normal Kupffer cells and hepatocytes arranged 
differently from the normal hepatic architecture. The 
central scar appears hyperintense on T2-weighted 
images and hypointense on T1-weighted images 
(Fig. 9.7d, e). 

Dynamic gadolinium-enhanced MR imaging is 
performed with multisection 2D or 3D Gradient-echo 
(GRE) sequences that in a short time (5 s) are able to 
acquire the central K space profi les which determine 
the contrast of the image.

Usually T1-weighted GRE images are acquired at 
20–25 s (arterial phase), 60–70 s (portal venous phase) 
and 3–5 min (equilibrium phase) following the ad-
ministration of contrast medium. The 10-min post-
contrast images are useful to evaluate the retention of 
contrast material within fi brous tissue and, therefore, 
are necessary in order to pick up the central scar.

FNH shows intense and homogeneous enhance-
ment during the arterial phase, followed by isointen-
sity or slight hypointensity during portal and equi-
librium phases (Fig. 9.7f, g). Otherwise, the central 
scar is hypointense during arterial and portal venous 
phases and enhances in the later phases of gadolin-
ium-enhanced imaging (3–5 and 10 min) (Fig. 9.7h).

Therefore, MR imaging offers similar dynamic 
changes as CT but provides additional information 
with non-enhanced T1- and T2-weighted images.

Table 9.1. Typical MR fi ndings in FNH

Features Signal intensity to health liver parenchyma

 Lesion Central scar

Nonenhanced T1w Iso- or sligthly hypointense Hypointense

Nonenhanced T2w Iso- or slightly hyperintense Hyperintense

Dynamic Gd-enhanced T1w  
  – Arterial Homogeneously hyperintense Hypointense
  – Portal Iso- or slightly hypointense Slightly hypointense
  – Equilibrium phase Iso- or slightly hypointense Hyperintense

Hepatobiliary agents
(Gd-BOPTA, Gd-EOB, Mn-DPDP) iso or hyperintense hypointense

Reticuloendothelial agents
(SHU 555A, AMI 25) iso or slightly hyperintense hyperintense   
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9.3.2 
Atypical Findings

FNH is usually characterized by a homogeneous 
structure. Nevertheless, although rare and only spo-
radically mentioned in literature, fatty infi ltration of 
FNH is described and it was thought to be a result 
of the extension of the patient’s underlying hepatic 
steatosis (Mortelè et al. 2000).

Hemorrhage as well as necrosis are unusual fi nd-
ings and may be related to a history of oral contra-
ceptive use.

Although the central scar was thought to not cal-
cify in FNH, a review by Caseiro-Alves et al. (1996) 

demonstrated calcifi cation (central or peripheral) in 
1.4% of their 357 cases of FNH.

In some cases the central scar may be extremely 
small and, therefore, undetectable on CT (16%–40%) 
and on MR imaging (22%) (Fig. 9.8) (Hussain et al. 
2004; Mortelè et al. 2000).

Although the central scar is usually hyperin-
tense on T2-weighted images and hypointense on 
T1-weighted images and shows a delayed contrast 
enhancement on both CT and MR imaging, in some 
atypical FNH the central scar can appear hypointense 
on precontrast T2-weighted images or in T1-weighted 
post-contrast equilibrium phase MR images and 
hypodense on delayed enhanced CT images for the 

Fig. 9.8a–d. Atypical MR fi nding in focal nodular hyperplasia: non-visualization of central scar. a Non-enhanced images show 
a slightly hyperintense lesion on T2-weighted image and a isointense lesion on T1-weighted image (b) in segment IV without 
evidence of central scar. c Arterial phase image shows homogeneous and intense enhancement. No central scar is evident. d 
Image obtained 3 h after administration of Gd-BOPTA shows a homogeneously hyperintense lesion without evidence of central 
scar. Although central scar is not visualized, intense and homogeneous enhancement during the arterial and delayed hepatobili-
ary phases allows to differentiate FNH from hepatic adenoma
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obliterative vascular hyperplasia of central arteries 
(Mathieu et al. 1997; Vilgrain et al. 1992).

In some cases color/power Doppler examinations 
do not show the characteristic ”spoke-wheel pattern” 
but vessels randomly distributed in the lesion and at 
its periphery, without a clear central artery. In these 
lesions, the detection of an arterial Doppler signal 
with high diastolic fl ow can help in differentiating 
FNH from malignant lesions, such as hypervascular 
metastases and HCCs. 

A pseudocapsule has also been reported as an 
atypical feature of FNH. Ba-Ssalamah et al. (2002) 
detected a pseudocapsule in 9% of the lesion on 
non-enhanced images and in 18% of the lesions on 
contrast-enhanced images. Dilated vessels and si-
nusoids around FNH lesions are well-documented 
sources of the pseudo-capsule. As in other type of 
lesions, the pseudocapsule may show enhancement 
on delayed contrast-enhanced images, but typically 
shows high signal intensity on T2-weighted images 
(Fig. 9.2h).

Telangiectatic FNH represents an example of atyp-
ical lesions and its imaging features has been recently 
described in the radiology literature (Attal et al. 
2003). According to these authors, atypical fi ndings 
in telangiectatic FNH were represented by heteroge-
neous pattern, seen in 43% of lesions, hyperintensity 
on T1-weighted MR images, seen in 53% of lesions, 
strong hyperintensity on T2-weighted MR images, 
seen in 44% of lesions, absence of a central scar, seen 
in 92% of lesions, and persistent enhancement on de-
layed-phase contrast-enhanced CT or T1-weighted 
images, seen in 61% of lesions.

The development of MR imaging liver specifi c 
contrast agents with hepatobiliary (Gd-BOPTA, Gd-
EOB-DTPA, MnDPDP) or reticuloendothelial (SPIO 
or USPIO) effect has greatly increased the utility of 
MR imaging for the diagnosis of typical and mostly 
atypical FNH. MR imaging diagnosis of FNH with 
the extracellular gadolinium chelates is based on the 
early hyperintensity of the lesion and delayed con-
trast enhancement of the central scar. However, other 
hepatocellular tumors can show similar contrast be-
havior. On the other hand, Ba-Ssalamah et al. (2002) 
reported that 12% of FNH lesions showed only mod-
est or minimal contrast enhancement during the ar-
terial phase, which is an additional atypical fi nding 
(Fig. 9.9).

Gd-BOPTA and Gd-EOB-DTPA are molecules 
with a vascular-interstitial phase like the other gado-
linium-based contrast agents and liver-specifi c prop-
erties in a later delayed phase in which the molecule 
accumulates selectively in hepatocytes.

Fig. 9.9a–h. Atypical fi nding in focal nodular hyperplasia: 
minimal contrast enhancement during the arterial phase. 
a Longitudinal US scan through the left hepatic lobe shows 
an isoechoic solid lesion with a subtle hyperechoic scar (ar-
rows). b Power Doppler US shows few vessels radiating from 
a central one. c At contrast-enhanced US the lesion appears 
slightly hyperechoic in the arterial phase, due to a minimal 
enhancement. d Contrast-enhanced CT scan acquired during 
the arterial phase does not show a signifi cant enhancement 
of lesion located in segment IV with hyperattenuating central 
scar during the equilibrium phase (arrow) (e). f Non-enhanced 
T2-weighted MR image shows an isointense lesion which is 
only detectable thanks to central scar hyperintensity (arrow). 
g Arterial phase T1-weighted image confi rms the absence of a 
signifi cant enhancement of the lesion, whereas the hepatobili-
ary phase (h) makes it possible to characterize the lesion as 
FNH thanks to Gd-BOPTA uptake with the evidence of a thin 
hypointense central scar (arrow)
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The FNH nodule appears hyperintense or isoin-
tense during the delayed phase after administration 
of Gd-BOPTA because FNH lacks a well-formed bile 
canalicular system to permit normal excretion. Thus, 
Gd-BOPTA gives morphologic and functional infor-
mation of FNH nodules (Figs. 9.8d, 9.9h) (Grazioli 
et al. 2001).

Similarly, FNH lesions typically enhance follow-
ing MnDPDP. On early phase imaging (start delay of 
20 min) lesions may appear isointense or hyperin-
tense to normal liver and are usually hyperintense to 
normal liver parenchyma on delayed imaging (start 
delay of 24 h) (King et al. 2002). Non-enhancing cen-
tral scar or septa are frequently demonstrated.

Using superparamagnetic iron oxide (SPIO) 
based media, FNH nodules show a signal loss on 
T2 and T2*-weighted images related to the uptake 
of iron oxide particles by Kupffer cells within the 
lesion. Therefore, the central scar appears more 
conspicuous when these contrast agents are used 
(Fig. 9.10). The decrease in signal intensity of FNH, 
however, may be less than that of the hepatic pa-
renchyma for the different content of Kupffer cells. 
Liver tissue after administration of SPIO shows a 
signal loss of 68%, while in FNH the signal loss 
intensity is approximately 30% (Beets-tan et al. 
1998). 

Fig. 9.10a–d. Focal nodular hyperplasia in a 35-year-old woman with a history of ileum carcinoid. a Contrast-enhanced CT scan 
shows in the right lobe a hypervascular lesion during the arterial phase with a rapid wash-out and a peripheral capsule dur-
ing the portal phase (b). c,d MR fi ndings after SPIO contrast agent administration. c Unenhanced T2-weighted image reveals a 
slightly hyperintense lesion which after i.v. bolus injection of SPIO agent (SHU 555A-Resovist). d Shows contrast uptake (arrows) 
with clear evidence of hyperintense central scar (arrowhead)
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Fig. 9.11a–c. Focal nodular hyperplasia associated with hem-
angioma. a Contrast-enhanced arterial phase shows typical 
FNH nodule which appears as hyperdense lesion with a small 
hypodense central scar. b,c In segment VII of the same patient 
portal (b) and equilibrium phase (c) CT scans show a hyper-
dense small nodule whose imaging pattern is consistent with 
that of hemangioma (arrows)

9.4 
Associated Lesions

FNH has been associated with benign or malignant 
hypervascular liver tumors: knowledge and recog-
nition of this association is important because the 
presence of multiple hypervascular lesions may be 
erroneously suggestive of hepatic malignancy.

Several authors reported that there is a signifi cant 
non random association between FNH and heman-
gioma in the liver (23%) (Fig. 9.11) (Mathieu et al. 
1997; Vilgrain et al. 2003). Both lesions, FNH and 
hemangioma, may be caused by the same factors, in-
cluding focal disturbance of the hepatic blood supply 
that somehow facilitates the hyperplastic develop-
ment of these benign lesions. 

FNH has also be described in association with 
hepatocellular adenoma: in a series of 168 patients 
with 305 lesions FNH lesions the association with 
adenoma was observed in 3.6% of cases (Nguyen et 

al. 1999). Other investigations have noted that FNH 
and hepatic adenomas occur more often in patients 
who have coexisting vascular tumors, portal ve-
nous absence or occlusion, or portohepatic venous 
shunts (Ishak and Rabin 1975; Di Stasi et al. 1996; 
Grazioli et al. 2000; Lalonde et al. 1992).

FNH has also been described in association with 
the fi brolamellar type of hepatocellular carcinoma 
(Saul et al. 1987; Saxema et al. 1994).

9.5 
Diff erential Diagnosis

The differential diagnosis of FNH includes other hy-
pervascular tumors such as hepatocellular adenoma, 
hepatocellular carcinoma (particularly fi brolamellar 
hepatocellular carcinoma), and hypervascular metas-
tases (Table 9.2).
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Hepatocellular adenoma shows no central scar, 
may bleed spontaneously and, therefore, contains 
areas of heterogeneity, fat, necrosis, hemorrhage, 
and calcifi cation. At US examination hepatocellular 
adenoma appears more inhomogeneous than FNH 
and at color/power Doppler it shows peripheral and 
peritumoral vessels, most of them with a continuous 
waveform (Bartolozzi et al. 1997). At contrast-en-
hanced US, this lesion enhances inhomogeneously 
at arterial phase, remains slightly hypoechoic com-
pared to the surrounding liver parenchyma in portal 
phase and becomes isoechoic to the normal liver tis-
sue in the late phase. During the arterial phase, CT 
attenuation is signifi cantly different between FNH 
and hepatocellular adenoma: the latter shows lower 
and heterogeneous enhancement. Some authors 
investigated not only qualitative, but also quantita-
tive parameters of triphasic helical CT attenuation 
and enhancement patterns of FNH and hepatocel-
lular adenoma (Ruppert-Kohlmayr et al. 2001). 
According to their results, relative enhancement of 
FNH and hepatocellular adenoma for the arterial 
phase was signifi cantly higher in FNH than in he-
patocellular adenoma: if relative enhancement was 
greater than 1.6 in the arterial phase, then FNH was 
most probable. 

Whenever dynamic CT or MR study is not enough 
to indicate the diagnosis, Gd-BOPTA delayed (3 h) 
enhanced MR images provide additional informa-
tion by showing a markedly hypointense appearance 
of hepatic adenoma, whereas FNH usually appear 
isointense or slightly hyperintense (Grazioli et al. 
2001).

After Mn-DPDP the differentiation of adenoma 
from FNH is more diffi cult because both lesions show 
contrast uptake with an iso or slightly hyperintense 
appearance to the normal liver. 

The use of SPIO could show the same limitation 
of MN-DPDP as in some cases adenoma may take 
up SPIO, although Beets-tan et al. (1998) measured 
only 20% of signal loss on T2 weighted images in the 
adenoma, while the signal loss in FNH was as high 
as 70%.

Fibrolamellar carcinoma is another hypervascular 
tumor that occurs in young adults and contain a fi -
brotic scar. Fibrolamellar carcinoma usually appears 
as a large (>10 cm), heterogeneous, lobulated mass, 
with calcifi cation (68% of cases). Because of its purely 
fi brous nature, the scar is hypointense on both T1- 
and T2-weighted images. The lack of enhancement 
of liver specifi c contrast agent on delayed images is 
useful in differentiating fi brolamellar carcinoma and 
FNH. 

Hypervascular metastases occur in patients with 
known malignancy, are more often multiple, hetero-
geneous, hypointense on T1 weighted and hyperin-
tense on T2-weighted non-enhanced MR images. At 
contrast-enhanced US hypervascular metastases, 
unlike FNH, show rapid wash out in portal phase 
and remain hypoechoic in the late phase. During the 
dynamic study, metastatic lesions appear hypodense 
on portal and equilibrium phases CT images, and 
hypointense on portal and equilibrium phases MR 
images. Furthermore, the lack of MR liver specifi c 
contrast agent uptake is an obvious sign of malig-
nancy.

Table 9.2. Findings to differentiate FNH from hepatocellular adenoma

Features FNH HCA

Sex Female Female
Hormone therapy –/+ +++
Symptoms Rare Occasional
Multiple +++ ++  
Central arterial scar Yes No  
Internal hemorrhage or necrosis –/+ +++
Calcifi cation –/+ +
Arterial phase enhancement Homogeneous Inhomogeneous
MR liver contrast behaviour 
Hepatobiliary agents 
  – Gd-BOPTA,  Uptake No signifi cant uptake 
  –  Mn-DPDP Uptake Uptake
Reticuloendothelial agents Uptake Uptake
(SHU 555A, AMI 25) iso or slightly hyperintense hyperintense   
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10.1 
Introduction

Hepatocellular adenoma (HA) is a rare, benign neo-
plasm of hepatocellular origin that is frequently 
found in middle-aged women. The pathogenesis of 
the tumor is not yet clear, but is likely caused by 
multiple factors. The use of estrogen-containing or 
androgen-containing steroid clearly increases the 
incidence, number, and size of adenomas (Walness 
and Medline 1982; Soe et al. 1992). Moreover, this 
casual relationship is related to dose and duration, 
with the greatest risk encountered in patients taking 
large doses of estrogen or androgen for prolonged pe-
riods of time compared with the population without 
a history of oral contraceptive use (Soe et al. 1992). 
In particular in women who have never used oral 
contraceptives, the annual incidence of this tumor is 
1 per million; conversely, this increases to 30-40 per 
million in long-term users of oral contraceptives 
(Reddy and Schiff 1993).

Another risk group for hepatocellular adenoma 
are patients affected by glycogenosis, in particular 

the type I glycogen storage disease (Labrune et al. 
1997). In these patients the possible pathogenetic 
mechanism includes glucagon/insulin imbalance, 
cellular glycogen overload, and proto-oncogene ac-
tivation (Bianchi 1993). Patients with diabetes mel-
litus have decreased circulating insulin levels and el-
evated serum glucose; therefore they share a similar 
pathogenetic mechanism with patients affected by 
glycogenesis. Hepatocellular adenomas can occur 
sporadically in patients without known predisposing 
factors. A recently recognized association is that of 
congenital or acquired abnormalities of the hepatic 
vasculature, such as portal vein absence, occlusion 
or portohepatic venous shunts; these vascular ab-
normalities have been noted, particularly in patients 
with liver adenomatosis (LA) (Nakasaki et al. 1989; 
Kawakatsu et al. 1994). This entity is considered a 
separate form characterized by the presence of more 
than ten adenomas within an otherwise normal 
liver, without a history of glycogen storage disease 
or chronic anabolic steroid use (Flejou et al. 1985; 
Grazioli et al. 2000).

Although the adenomas in liver adenomatosis are 
histologically similar to other adenomas, they are 
not steroid dependent, but are multiple, progressive, 
symptomatic, and more likely to lead to impaired 
liver function, hemorrhage, and perhaps malignant 
degeneration (Grazioli et al. 2000). An association 
with pregnancy has also been described, probably 
due to increased levels of endogenous steroid hor-
mones (Terkivatan et al. 2000).

Recently, some authors have suggested a genetic 
alteration in the hepatocellular adenoma origin; 
they found respectively a β-catenin mutation and a 
deletion locus on chromosome 12 in patients with 
this neoplasm (Bluteau et al. 2002; Chen et al. 
2002).

A new classifi cation of adenomas has been pro-
posed according to which anabolic steroid associated 
type HA is considered separately from the classical 
form (Kew 1998). This is due to its distinct histologi-
cal appearance, which often resembles that of hepa-
tocellular carcinoma.



138 L. Grazioli et al.

10.2 
Histopathologic Features

Hepatic adenomas are reported to be solitary in 
70–80% of cases, but it is not unusual to encounter 
two or three adenomas in one patient. Adenomas are 
usually well-circumscribed lesions, varying in size 
from less than 1 cm to more than 15 cm. The typi-
cal steroid-related adenoma often comes to clinical 
attention when it reaches about 5 cm in diameter. 
Histologically, hepatic adenoma is defi ned as a tumor 
composed of cells closely resembling normal hepa-
tocytes, but larger than normal liver cells, the cyto-
plasm containing variable amounts of glycogen and 
lipid; a typical yellow appearance of the cut surface 
of the tumor is related to lipid accumulation.

Adenoma cells are arranged in cords and sepa-
rated by sinusoids (Ishak 1994). The tumor lacks 
portal tracts or bile ducts, a key histological feature 
that helps distinguish hepatocellular adenoma from 
focal nodular hyperplasia (Boulahdour et al. 1993). 
Kupffer’s cells are found in adenomas but probably 
they are often decreased in number or less func-
tional than normal liver tissue, as refl ected by ab-
sent or diminished uptake of technetium (Tc)-99m 
sulfur colloid (Fig. 10.1) (Rubin and Lichtenstein 
1993). Because this neoplasm has no portal tracts, 
the tumor perfusion occurs solely by peripheral ar-
terial feeders; therefore the hypervascular nature of 
adenoma, related to sinusoids and feeding arteries, 
associated with poor connective tissue support, can 
lead frequently to hemorrhage. Because a tumor cap-
sule is usually absent or incomplete, hemorrhage may 
spread into the liver or abdominal cavity (Molina 
and Schiff 1999).

Many or most patients with no more than a few ad-
enomas are asymptomatic and almost invariably have 
normal liver function and no elevation of serum “tu-
mor markers” such as α-fetoprotein. Large adenomas 
may cause a sensation of right upper quadrant fullness 
or discomfort. However, the classic clinical manifesta-
tion of hepatic adenoma, especially in large neoplasm, 
is spontaneous rupture or hemorrhage, leading to acute 
abdominal pain and possibly progressing to hypoten-
sion and even death (Fig. 10.2) (Leese et al. 1998).

10.3 
Imaging Features

10.3.1 
Ultrasound

On US examination, HA has variable sonographic 
appearances, depending on changes in the lesion. The 
neoplasm is described in many cases as a large mixed 
echoic lesion, mainly hypoechoic with anechoic ar-
eas, corresponding to zones of internal hemorrhage. 
Adenomas may undergo extensive necrotic and hem-
orrhagic changes, and the ultrasound appearance is 
that of a complex mass with large cystic components 
(Fig. 10.3). This US appearance is basically found in 
large, more than 5 cm, adenomas. The high lipid 
content of adenomas may contribute to the hypere-
choic appearance of some of these lesions (Fig. 10.4). 
Noncomplicated and “non-fat” adenomas may ap-
pear as homogeneous isoechoic or hypoechoic le-
sions with or without a surrounding hypoechoic 
rim (Fig. 10.5). Using the color Doppler technique 
the arterial hypervascularity is well demonstrated 

Fig. 10.1a,b. Non-complicated hepatocellular adenoma. a On CT scan during the arterial phase after contrast medium adminis-
tration the neoplasm becomes homogeneously hyperdense (asterisk) compared to the surrounding liver parenchyma. b Nuclear 
medicine shows absent uptake of technetium (Tc)-99m sulfur colloid, and the lesion is seen as “cold defect”

a b
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Fig. 10.2a,b. Complicated hemorrhagic hepatocellular adenoma: CT evaluation. a The precontrast and portal venous CT (b) 
scans show a large and inhomogeneous mass located in the left lobe of the liver (asterisk). The rupture of the neoplasm deter-
mined abundant subcapsular hematoma and hemoperitoneum (arrows)

a b

Fig. 10.3. Hemorrhagic hepatocellular adenoma: 
ultrasound evaluation. Ultrasound examination 
reveals a large and dishomogeneous lesion 
characterized by a peripheral solid portion and 
central heterogeneous hypoechoic zone with 
multiple anechoic areas (arrowheads) related 
to hemorrhage

Fig. 10.4. Non-complicated fatty adenoma: ultrasound exami-
nation. Ultrasound scan shows, in segment I of the liver, a 
well-delimited, round and homogeneously hyperechoic lesion 
(asterisk) due to abundant fatty infi ltration

Fig. 10.5a,b. Non-complicated hepatocellular adenoma: 
ultrasound fi ndings. a Ultrasound examination shows a 
well-defi ned isoechoic nodule (asterisk) delimited by a 
hypoechoic rim (arrows) in the left lobe of the liver. b 
Hepatocellular adenoma may show a different pattern 
and appears as a homogeneous slightly hypoechoic le-
sion (asterisk)

a

b
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directly by the arterial vessels within the lesion and 
with the typical arterial spectrum (Fig. 10.6). Color 
ultrasound also demonstrates intratumoral and pe-
ripheral peritumoral vessels; the former may have a 
fl at continuous or, less commonly, a triphasic wave-
form. Peritumoral arteries and intratumoral veins are 
often present in HA and this fi nding may be use-
ful to discriminate features distinguishing HA from 
FNH (Fig. 10.7) (Bartolozzi et al. 1997; Golli et 
al. 1994).

Recently the availability of ultrasound second 
generation contrast media has permitted the evalu-
ation of the type and the entity of vascularity similar 
to that observed with dynamic CT or MR. Using this 
blood pool agent during the arterial phase shows in-
tense enhancement in non-complicated nodules or 
enhancement in the saved portion of complicated 
hemorrhagic adenomas. During the portal venous 
and equilibrium phases non-complicated adenomas 
may appear as an iso- or slightly hyperechoic mass.

and the lesion may contain hypodense areas due to 
the presence of fat within the tumor, or hyperdense 
ones corresponding to fresh hemorrhage (Figs. 10.8, 
10.9). Old hemorrhage is seen as a heterogeneous, 
hypoattenuating area within the tumor (Grazioli 
et al. 2001). During dynamic bolus-enhanced CT 
scanning, non-complicated adenomas may enhance 
rapidly (about 20–30 s after contrast administration) 
and appear homogeneously hyperdense compared 
to the liver. The enhancement usually does not per-
sist in adenomas because of arteriovenous shunting 
within the lesion (Fig. 10.10). Larger or complicated 
HA may be more heterogeneous than smaller lesions 
(Fig. 10.11). However, because adenomas consist of 
normal hepatocytes and a variable number of Kupffer 
cells, it is not surprising that most of the adenomas 
are nearly isoattenuating relative to normal liver on 
unenhanced, portal venous and delayed phase im-
ages (Heiken 1998; Ros 1990).

Fig. 10.6. Color Doppler of hepatocellular adenoma. Color 
Doppler scan reveals the presence of arterial vessels within 
the lesion with arterial spectrum

10.3.2 
Computed Tomography

On multiphasic helical CT, the ability to acquire sepa-
rate series during the arterial dominant and portal 
venous dominant phases adds a temporal hemody-
namic component to the morphologic depiction of 
neoplasm. Adenomas consist almost entirely of uni-
form hepatocytes, with the exception of areas of fo-
cal fat, hemorrhage, or calcifi cation. On unenhanced 
CT scans, fat or hemorrhage can be easily detected, 

Fig. 10.7a,b. Color scan of hepatocellular adenoma. a Color 
ultrasound examination is able to demonstrate intratumoral 
vessels and peripheral peritumoral vessels (b)

b

a
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Fig. 10.8. Hepatocellular adenoma: unenhanced CT scan. 
Unenhanced CT scan shows a heterogeneous hypoattenuat-
ing lesion in the left lower lobe of the liver (asterisk). The neo-
plasm contains small, hypodense, peripheral areas related to 
fat within the tumor (arrows)

Fig. 10.9. Complicated hemorrhagic hepatocellular adenoma: 
unenhanced CT scan. Unenhanced CT scan reveals diffuse 
intratumoral, fresh hemorrhage characterized by hyperdense 
intralesion areas (asterisks). A peripheral hypodense thin rim 
represents a fi brous capsule (arrow)

Fig. 10.10a–d. Hepatocellular adenoma: CT evaluation. a On precontrast CT scan hepatocellular adenoma (asterisk) is isoat-
tenuating to the liver. b During the arterial phase after contrast medium administration the nodule shows quite homogeneous 
enhancement, with a rapid wash-out during the portal venous (c) and equilibrium (d) phases

a b

c d
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10.3.3 
Magnetic Resonance

On MR images, hepatocellular adenoma can show 
a variable signal intensity related to tissue compo-
nents. On T1-weighted images, frequently the le-
sion is heterogeneous in appearance due to areas 
of increased signal intensity related to fat, glycogen 
or recent hemorrhage, and low signal intensity ar-
eas corresponding to necrosis or old hemorrhage. 
Using T1-weighted “out phase” images, adenomas 
containing fat demonstrate a signifi cant decrease 
of signal intensity (Fig. 10.12). The neoplasm may 
appear homogeneously or heterogeneously hyperin-
tense on T2-weighted images, the heterogeneity be-
ing mainly due to the presence of hemorrhage and 
necrosis (Fig. 10.13) (Grazioli et al. 2001; Paulson 
et al. 1994). About one-third of adenomas have a 
peripheral rim, corresponding to a fi brous capsule; 

frequently the rim is of low signal intensity on both 
T1 and T2-weighted images (Fig. 10.14) (Arrive et 
al. 1994).

Dynamic MR imaging, after contrast medium ad-
ministration, is able to demonstrate the early arterial 
enhancement that refl ects the presence of subcapsu-
lar feeding vessels, and a rapid wash-out of the lesion. 
On portal venous and equilibrium phases hepatic 
adenoma appears isointense or slightly hyperintense, 
with focal heterogeneous hypointense areas of ne-
crosis, calcifi cation or fi brosis if present (Fig. 10.15) 
(Chung et al. 1995).

In the delayed liver specific phase after Gd-
BOPTA administration, there is usually no sub-
stantial uptake of contrast and the lesion is hy-
pointense to the normal liver parenchyma, due 
to the absence of biliary ducts. This is one of the 
main features differentiating HA from FNH in the 
non-complicated form; in fact FNH generally ap-

Fig. 10.11a–d. Hepatocellular adenoma: dynamic CT evaluation. a On precontrast CT scan the mass appears heterogeneously 
hyperdense (asterisks); a small calcifi cation is visible in the peripheral portion of the tumor (arrow). During the dynamic study 
after contrast medium administration (b–d) the lesion shows heterogeneous enhancement, particularly evident during the 
portal venous and equilibrium phases (d)

a b

c d
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Fig. 10.14a,b. Capsulated hepatic ade-
noma: MR evaluation. a Both T1 and T2 
(b) weighted images show a peripheral 
hypointense thin rim representing the 
fi brous capsule (arrow)

a b

Fig. 10.12a,b. Hepatocellular adenoma: T1-weighted MR evaluation. a Unenhanced GRE T1-weighted “in phase” image shows, in 
segment I of the liver, a homogeneous hyperintense nodule (arrows). b In an unenhanced T1-weighted “out phase” image, the 
nodule shows a signifi cant homogeneous signal drop due to the presence of abundant, diffuse fatty infi ltration

a b

Fig. 10.13a,b. Hepatocellular adenoma: T2-weighted MR evaluation. a Same case as in Fig. 10.12. The presence of fatty infi ltration 
determines the homogeneous hyperintensity of the lesion with respect to the surrounding normal liver parenchyma on a HASTE 
T2-weighted image. b Same case as in Fig. 10.3. Cellular composition and intratumoral necrosis and hemorrhage contribute to 
determining the heterogeneous hyperintensity of the mass on a HASTE T2-weighted image (arrows)

a b
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Fig. 10.15a–d. Hepatic adenoma: dynamic MR evaluation. a On an unenhanced T1-weighted image the lesion, located in seg-
ment II, appears as a well-delimited slightly hypointense nodule. b Dynamic MR evaluation after extracellular contrast medium 
administration shows, during the arterial phase, the early and intense enhancement (arrows), and rapid wash-out in the portal 
(c) and equilibrium phases (d). In the equilibrium phase a thin hyperintense capsule is also visible

a
b

c d

pears isointense or slightly hyperintense to the 
surrounding parenchyma (Grazioli et al. 2001). 
Conversely, after Mn-DPDP, hepatic adenoma ap-
pears iso- or slightly hyperintense, similarly to 
FNH, and this contrastographic behavior limits 
the capability to make a correct differential diag-
nosis in these primary hepatic nodules (Fig. 10.16) 
(Coffin et al. 1999).

Adenomas, in some cases, may take up super-
paramagnetic iron oxide (SPIO) particles, result-
ing in decreased signal intensity on DP-T2 or T2*-
weighted images, whereas on T1-weighted images 
the neoplasm usually appears moderately hyperin-
tense. The uptake of SPIO in adenoma is variable, 
depending on Kupffer’s cell content or function, 
and is usually poorer or heterogeneous compared 
to that which occurs in the surrounding normal 
liver parenchyma or in FNH (Fig. 10.17) (Vogl et 
al. 1996).

10.4 
Liver Adenomatosis

Liver adenomatosis (LA) is a distinct clinical entity 
which can be distinguished from isolated hepatic 
adenoma by the presence of multiple lesions, usu-
ally more than ten nodules. This condition is also 
characterized by the absence of any correlation with 
steroid medication, and by involvement in both men 
and women (Grazioli et al. 2000).

The conditions that may predispose patients to 
liver adenomatosis are poorly understood, although 
congenital or acquired abnormalities of the hepatic 
vasculature, such as portal venous absence, occlusion, 
portohepatic venous shunts, or vascular tumors may 
be involved (Fig. 10.18). It was speculated that a focal 
disturbance of the hepatic blood somehow facilitates 
the hyperplastic development of this type of lesion 
(Grazioli et al. 2000; Ichikawa et al. 2000).
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Fig. 10.16a,b. Hepatic adenoma: MR evaluation with Gd-BOPTA and Mn-DPDP. a Same case as in Fig. 10.15. On delayed (hepa-
tobiliary phase) GRE T1-weighted fat sat image after Gd-BOPTA administration the lesion appears as a hypointense and ho-
mogeneous nodule in comparison with the normal, hyperintense liver parenchyma. b Using Mn-DPDP, the lesion demonstrates 
uptake of the contrast medium and appears isointense to the surrounding normal liver parenchyma

Laboratory analysis has shown an elevation of se-
rum alkaline phosphatase and γ-glutamyltransferase 
levels (Flejou et al. 1985).

Clinically patients with LA can be asymptomatic, 
can have chronic or acute abdominal pain. The le-
sions in liver adenomatosis can lead to impaired liver 
function, and patients are at increased risk for devel-
opment of hepatocellular carcinoma (HCC); there-
fore they should be closely monitored with CT or MR 
imaging as well as with serum α-fetoprotein or other 
tumor marker examinations (Riberio et al. 1998).

The multiple adenomas in liver adenomatosis 
may have a variety of appearances, but the CT and 
MR characteristics of individual lesions are similar 

to those reported for sporadic or solitary adenomas 
(Fig. 10.19) (Grazioli et al. 2000; Ichikawa et al. 
2000; Paulson et al. 1994).

As noted by Flejou et al. (1985), liver adenomato-
sis has features that distinguish it from the more com-
mon isolated cases of hepatic adenoma, the latter cor-
related with hormonal or metabolic disorders. Most 
steroid-induced or steroid-augmented adenomas are 
solitary, or at most two or three of these lesions mani-
fest in a patient and typically regress with cessation 
of exogenous steroid use. Conversely the tumors in 
patients with liver adenomatosis do not appear to 
be steroid dependent, and they do not regress with 
steroid withdrawal or blockage. Most adenomas are 

a b

Fig. 10.17a,b. Hepatocellular adenoma: MR evaluation with SPIO. a T2*-weighted precontrast image reveals a well-defi ned, 
slightly homogeneous hyperintense lesion (arrows). b On a delayed phase image after SPIO administration, the lesion shows a 
signifi cant signal drop which refl ects the presence of Kupffer’s cells

a b
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asymptomatic, unless there is a hemorrhage, which 
occurs in a minority of patients. The exact frequency 
of hemorrhage is uncertain, because symptomatic 
patients are more likely to seek medical attention. 
Malignant degeneration to HCC has been reported, 
rarely in adenomas, related to exogenous steroid use 
or glycogen storage disease. Liver function tests are 
usually invariably normal (Rooks et al. 1979). Liver 
adenomatosis, on the other hand, affects both women 
and men; liver function abnormalities are almost al-
ways present because of the tremendous number of 
space-occupying tumors.

10.5 
Treatment

The hepatic adenoma is the most serious of all hepatic 
benign neoplasms, because of potential consequences, 
such as rupture, and dedifferentiation into malignancy. 
Criteria that guide treatment include the number and 
size of the nodules, the presence of symptoms, and 
the surgical risk incurred by the patient (Leese et 
al. 1998). Some clinicians have proposed nonsurgical 
management with cessation of hormone therapy, se-
rial radiologic examination, and screening for elevated 
α-fetoprotein levels, especially in isolated small ad-
enomas. Conversely, many surgeons have advocated 
resection of adenomas of larger 5 cm adenomas, due 
to the recognized risk of complications. Hepatic arte-
rial embolization can be effective for controlling acute 
hemorrhage in an adenoma (Ault et al. 1996).

In liver adenomatosis, because of the chance of 
malignant degeneration and hemorrhage, resection 
of adenomas, or at least of the largest and most vul-
nerable lesions (such as subcapsular and exophytic 
lesions), seems to be warranted in many cases, even if 
some smaller adenomas remain in place. Orthotopic 
liver transplantation remains a diffi cult decision, al-
though it is sometimes the last option in progressive 
forms, or in liver disease impairing socioprofessional 
day-to-day life in young patients, particularly young 
women trying to become pregnant. Liver transplan-
tation can be reserved even in patients who have pro-
gressive signs or symptoms after partial resection, or 
in whom HCC is suspected.

10.6  
Diff erential Diagnosis

Another clinical problem concerns the differential di-
agnosis between patients with hepatic adenoma and 
patients with different solid, hypervascular hepatic 
masses.

Focal nodular hyperplasia (FNH), similarly to 
hepatic adenoma, is a hypervascular and nonencap-
sulated lesion that occurs predominantly in young 
women, who probably share a common predispos-
ing factor of hepatic venous abnormality. FNH can 
be often distinguished from adenoma by the absence 
of fat, calcifi cation or hemorrhage, and by the pres-
ence of a central scar and marked hypervascularity 
(Choi and Freeny 1998; Ichikawa et al. 2000). Some 

Fig. 10.18a,b. Hepatocellular adenoma: CT and angiographic examination. a CT scan acquired on portal venous phase shows 
large mass located in the VI segment of the liver (clippers). Focal heterogeneous hypodense area represents hepatocellular 
degeneration. b Angiographic scan shows an intrahepatic shunt between the left branch of the portal vein and the intermedius 
hepatic vein (arrows). Right portal venous branches are decreased in size

a b
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authors have noted the coexistence of FNH and ad-
enomas both in liver adenomatosis and in cases of 
sporadic liver adenomas (Friedman et al. 1984; 
Ichikawa et al. 2000).

Other investigators have reported cases of nodular 
regenerative hyperplasia demonstrating multiple hy-
pervascular hepatic lesions in young patients without 
cirrhosis but with underlying vascular abnormali-
ties; nevertheless the nodules are usually multiple, 
distributed uniformly through the liver and in most 
cases present a peripheral “ischemic” rim (Motoori 
et al. 1997).

Distinguishing liver adenomatosis from multifo-
cal HCC might be impossible with imaging criteria 
alone, because HCC lesions are often hypervascu-
lar and partially encapsulated and may contain fat 
(Oliver et al. 1996). In most cases of diffuse HCC, 
however, cirrhosis or clinical evidence of chronic 
liver disease is evident and serum tumor markers are 
elevated.

Hypervascular liver metastases may share some 
imaging features with liver adenomatosis. Most pa-

Fig. 10.19a–c. Liver adenomatosis: CT evaluation. a On pre-
contrast CT scan at least two nodules (arrows), slightly hy-
perdense compared to the normal liver parenchyma, can be 
detected in the VII and VIII segments. b During the arterial 
phase after contrast medium administration the lesions be-
come homogeneously hyperdense, showing a rapid wash-out 
in the portal venous phase (c)

tients have a known primary malignancy, such as 
thyroid or renal carcinoma. Such hepatic metastases 
almost never contain fat, and the diagnosis is usually 
easily confi rmed by needle biopsy.
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11.1 
Introduction

Liver imaging, currently performed by helical CT and 
MR, is widely used for the study of focal and diffuse 
liver disease as well as to obtain angiographic data 
sets by volumetric 3D reconstructions. The liver, with 
its dual blood supply, receiving simultaneous arte-
rial (20%) and venous blood (80%), is well suited 
to cross-sectional imaging, which can provide high 
intrinsic contrast and temporal resolution, easily 
depicting the various phases of liver enhancement 
on dynamic studies performed after the injection of 
intravenous non-specifi c, interstitial contrast agents. 
However, the clear-cut separation of the hepatic 
phases of liver enhancement routinely achieved by 
state-of-the-art equipment creates additional prob-
lems, mostly related to the presence of perfusion 
abnormalities resulting in areas of abnormal liver 

enhancement. In most cases, they are caused by a 
selective impairment of one of its vascular supplies, 
either arterial or venous. It is well known that the 
arterial and portal systems are not independent and 
may communicate via intrahepatic anastomosis, at 
the acinus level, using transplexal, transvasal or even 
transtumoral routes (Fig. 11.1) (Itai and Matsui 
1997). Arterioportal shunts can be opened to a fur-
ther extent in response to a signifi cant portal blood 
fl ow reduction or stoppage, which in turn results in 
a compensatory increase of the arterial fl ow to the 
corresponding liver segments. Connections between 
the intrahepatic vascular systems are not restricted 
to arterioportal communications but may also occur 
between the portal vein and the hepatic or systemic 
veins seen in a variety of conditions such as portal 
hypertension or in Budd-Chiari syndrome. On other 
occasions, the liver may be supplied by accessory 
hepatic arteries such as the inferior diaphragmatic, 
capsular or hilar arteries (Michels 1966). In the ve-
nous counterpart, an accessory network of systemic 
veins, the so-called “non-portal venous blood” can 
drain directly into the liver parenchyma as may occur 
with the parabiliary venous plexus, the cystic veins, 
the veins of Sappey, or the aberrant drainage of the 
gastric vein (Itai and Matsui 1999; Matsui et al. 
1994). All these feeding vessels may ultimately mimic 
or conceal focal liver lesions, and thus represent a 
potential source of interpretation errors. It is there-
fore important that the radiologist is aware of their 
true nature, at the same time understanding the basic 
underlying mechanism of their production.

Besides a pure vascular nature, other focal het-
erogeneities of the liver parenchyma such as fatty 
infi ltration may be seen on cross-sectional imaging, 
mimicking focal liver lesions in many cases. Under 
these circumstances, a multimodality imaging ap-
proach may be indispensable to rule out true focal 
liver lesions. Thus a sound knowledge of the diagnos-
tic capabilities of the various imaging techniques is 
of the utmost importance to allow a proper choice 
to be made for the diagnostic workfl ow of these pa-
tients. The present chapter will try to cover the most 
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Fig. 11.1a–f. Drawings of the hepatic microvasculature and arterioportal (AP) communications in normal and pathologic condi-
tions. a Normal circulation with physiologic AP communications. ha, hepatic artery; hv, hepatic vein; pv, portal vein; bd, bili-
ary duct; pbp, peribiliary plexus. b Tumoral AP shunt via a transtumoral route. T, tumor. c Tumoral AP shunt via a transvasal 
(vasa vasorum) route. d Cirrhosis with stretching and deformation of hepatic sinusoids causing a compensatory increase of 
the arterial fl ow. Note inversion of the direction of the portal vein fl ow. e Iatrogenic AP shunt caused by a fi stulous tract after 
liver biopsy. f Portal fl ow reduction due to extrinsic compression resulting in a compensatory increase of the arterial blood 
fl ow. (Courtesy of Yu and Rofsky 2002)
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common causes of liver pseudo-lesions seen with 
cross-sectional imaging, particularly on dynamic 
helical-CT and MR studies. Several kinds of liver 
pseudo-lesions have been reported in the literature 
and they can be broadly divided into three main cat-
egories: pitfalls, vascular abnormalities and variants, 
and focal steatosis.

11.2 
Pitfalls

11.2.1 
Parenchymal Compression

One of the best known pitfalls, and most commonly 
seen in the elderly, results from the diaphragmatic 
compression of liver parenchyma due to uneven con-
traction of its muscle bundles, creating a hypodense 
pseudo-nodular area near the dome of the liver, in 
segments VII and VIII (Yoshimitsu et al. 2001). The 
typical location and the observation of the adjacent 
slices in general readily solve the problem (Fig. 11.2). 
Another pitfall can be caused by a more medially 
located rib (in general the seventh to eleventh ribs) 
that may provoke an extrinsic compression of adja-
cent parenchyma locally reducing the portal venous 
fl ow and mimicking a hypodense focal nodule during 
the portal phase of liver enhancement. This fi nding 

has been reported to be present in as many as 14% 
of patients and is most commonly seen in the sub-
capsular regions of segments V and VI (Yoshimitsu 
et al. 1999).

11.2.2 
Unenhanced Vessels

Due to the high temporal resolution achievable nowa-
days by dynamic studies performed with multislice 
CT or hypergradient MR, the different phases of liver 
enhancement can be clearly separated. Since portal 
and venous vessel enhancement occurs slightly later 
than arterial enhancement, it may occur at this stage 
to depict a non-opacifi ed intrahepatic venous ves-
sel. When seen end-on these vascular structures may 
simulate a hypodense focal nodule, thus mimicking a 
true focal liver lesion. Besides their typical anatomi-
cal distribution, the direct visual comparison with 
later phases of liver enhancement should be able to 
rapidly solve the problem and avoid this common 
pitfall (Fig. 11.3).

11.2.3 
Pericaval Fat Collection

Localized fat collections adjacent to the intrahepatic 
portion of the inferior vena cava have received at-

Fig. 11.2a,b. Pitfalls of liver imaging seen on dynamic multidetector computed Tomography (MDCT) simulating hypodense focal 
liver lesions due to extrinsic compression caused by diaphragmatic muscle bundles (a) and by a rib arch (b)

a b
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tention in recent years because they can be a source 
of error, mimicking intracaval fat-containing lesions 
or even lipomatous liver masses (Han et al. 1997). 
Although considered an anatomic variation, they are 
most commonly seen in cases of obesity or chronic 
liver disease with parenchymal atrophy. The typical 
location is around the inferior vena cava (IVC) and 
due to volume averaging effects an intracaval throm-
bus may even be erroneously diagnosed (Fig. 11.4). 
In general, observation of the adjacent contiguous 
slices is enough to solve any diagnostic dilemma, but 
in doubtful cases a second series of scans obtained at 
end-expiration can be performed in order to modify 
the anatomical relationship between the pericaval fat 
and the vessel itself.

11.3 
Vascular Abnormalities and Variants

11.3.1 
Portal Venous Infl ow Obstruction

Reduction of the portal blood fl ow to the liver can be 
due to thrombosis, stricture or compression of the 
main portal vein or to a more peripheral, intrahepatic 
compromise. In both cases, on dynamic liver stud-

ies, an area of parenchymal staining on the arterial 
phase can be seen, refl ecting the increased compen-
satory arterial fl ow, showing a rapid return to near 
isodensity on the subsequent portal venous phase of 
liver enhancement (Chen et al. 1999). These areas 
are typically fan-shaped showing a broad peripheral 
base and may be lobar, segmental, subsegmental or 
subcapsular in location (Fig. 11.5).

The term “transient hepatic attenuation differ-
ences” (THAD) has been coined, a designation that 
expresses well their transitory nature (Itai et al. 
1987). THAD can obscure or artifi cially increase the 
size of a focal liver lesion located within the hyperat-
tenuating fan-shaped area (Fig. 11.6).

It must be stressed that THAD, refl ecting a local 
vascular disturbance, is a rather non-specifi c imaging 
feature, since it can be due to other causes than portal 
fl ow obstruction such as arteriovenous communica-
tions, a subject that will be dealt later in this chapter. 
In some instances, however, their nature is not ap-
parent and a real intrahepatic vascular mechanism 
remains to be proved since there may be no associ-
ated evidence of a focal liver lesion even on follow-up 
scans (Fig. 11.7).

Areas of hyperattenuation/hyperintensity of liver 
enhancement can also be depicted on dynamic CT/
MR around infl ammatory processes such as liver 
abscesses or acute cholecystitis artifi cially increas-

Fig. 11.3a,b. Dynamic MDCT obtained in a patient with rectal carcinoma during upper abdominal work-up depicting the 
arterial (a) and portal (b) phases of liver enhancement. a A small 1-centimeter metastasis is depicted showing ring enhance-
ment (arrow) as well as two THAD in segments V and VI related to other intrahepatic metastases not shown in the present 
scans. There is a pseudo-nodular appearance at segment V (arrowhead) that could easily mimic a focal malignant deposit. b 
Comparison with the portal phase of liver enhancement clearly shows that the “nodule” corresponds to the unopacifi ed right 
hepatic vein sliced end-on
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ing the lesion size (Fig. 11.8). A double mechanism 
has been pointed out: the local hyperemia related 
to the infl ammatory process itself increases arterial 
perfusion and the parenchymal compression exerted 
by the mass further contributes to a locally reduced 
portal fl ow (Mathieu et al. 2001).

Cavernomatous transformation of the portal vein 
may be another cause for reduction of the portal blood 
fl ow to the liver and especially to the most peripheral 
areas, since the hilar collateral vessels are insuffi cient 
to adequately supply the more peripheral liver in con-
trast to the periportal regions. Dynamic studies may 
reveal a heterogeneous liver enhancement associated 
with one or more THAD, refl ecting the compensatory 
increase in the arterial  fl ow (Fig. 11.9). 

11.3.2 
Hepatic Vein Obstruction

A reduction in the efferent blood fl ow via the hepatic 
veins such as seen in Budd-Chiari syndrome causes 
several liver fl ow abnormalities which are quite dif-
ferent in the acute and chronic forms of the disease 
(Mathieu et al. 1987). In the acute phase, besides 
obvious liver enlargement, the postsinusoidal ob-
struction causes a severe reduction in the portal vein 
fl ow and a compensatory increase in the arterial fl ow 
delivered through the hepatic artery. Since blood fl ow 
is not able to perfuse the more peripheral liver areas 
properly, and since there is a pressure gradient be-
tween the arterial vessels and liver veins, functional 
intrahepatic arterioportal shunts are used that may 

Fig. 11.4a,b. Helical dynamic CT obtained in a non-cirrhotic patient in end-inspiration and during the portal phase of liver 
enhancement. There is a small fat collection around the IVC simulating an intracaval thrombus

a b

Fig. 11.5a,b. MR imaging of a patient with hepatocellular 
carcinoma and tumor thrombus within the right portal vein. 
a The dynamic liver study obtained at the arterial phase of 
liver enhancement shows a fan-shaped area of hyperinten-
sity with a broad capsular base corresponding to the THAD 
in the territory affected by the portal fl ow interruption. b On 
the T2-weighted fast spin-echo sequence a tumoral portal vein 
thrombus is depicted causing vessel enlargement

a

b
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Fig. 11.8a,b. Dynamic CT of liver abscess. a There is a peripheral rim of increased attenuation at the late arterial phase of liver 
enhancement. b A later phase of liver enhancement showing return to isodensity

a b

Fig. 11.6a,b. Dynamic helical CT in a patient with hepatic metastasis from lung cancer located at the central liver. a Due to 
its central location with probable portal vein involvement there is a peripheral fan-shaped perfusion abnormality artifi cially 
increasing the lesion size. b This fi nding is exacerbated at a later phase of liver enhancement due to the interstitial diffusion of 
iodinated contrast material within the metastasis

a b

Fig. 11.7a,b. Helical CT depicting a peripheral THAD of unknown origin in a patient with previous history of left liver lobec-
tomy for metastasis. a A possible vascular mechanism for the THAD seen on segment VII was presumed since small venous 
collaterals are seen around the stomach but without discernible portal vein thrombosis or cavernomatous transformation. b At 
a later phase of liver enhancement the THAD returns to near isodensity with the remaining liver. A follow-up CT performed 
6 months later did not show any additional abnormalities

a b
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ultimately lead to a complete fl ow reversal within 
the portal vein. This phenomenon can be depicted 
by dynamic CT or MR that will show at the arterial 
phase of liver enhancement an isolated and vigorous 
enhancement of the portal vein (Fig. 11.10).

In the later phases of liver enhancement a mottled 
parenchymal appearance is the net result of the ef-
ferent vessel obstruction, causing stasis and distal 
accumulation of the intravascular contrast mate-
rial. This imaging fi nding is, however, not specifi c to 

Budd-Chiari syndrome, since it can also be seen in 
advanced right-sided cardiac failure, explained by 
the same hemodynamic effects related to the outfl ow 
disturbances within the hepatic veins (Fig. 11.11). 
In the chronic phase of Budd-Chiari disease, the ve-
nous obstruction is well established, giving rise to 
the appearance of typical comma shaped branching 
vascular structures, corresponding to an intrahe-
patic network of venous collaterals trying to bypass 
the obstruction. These abnormal vessels tend to be 

Fig. 11.9a,b. Dynamic multislice helical CT of two cases of portal cavernoma. a The collateral hilar vessels show early staining 
and there is a better perfusion of the central liver displaying enhancement to a higher level compared to the peripheral paren-
chyma. b Another patient showing several peripheral THADs at the right liver lobe

Fig. 11.10a,b. Abnormal liver hemodynamics in the acute phase of Budd-Chiari syndrome. a Due to the hepatic venous fl ow 
obstruction there is rising pressure in the portal system resulting in reduced intrahepatic portal venous fl ow and a compensatory 
increase of the arterial fl ow. Since there is a normal pressure gradient between the arterial and portal systems, functional AP 
shunts are used leading to total inversion of the direction of the blood fl ow within the main portal vein that acts as a draining 
vein. b In the arterial phase of liver enhancement, iodinated blood conveyed by the hepatic artery perfuses the central areas of 
the liver. Due to the complete fl ow reversal within the portal vein early and isolated enhancement is observed

a b
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more peripherally located and to be most prominent 
around the caudate lobe due to its separate, autono-
mous venous drainage.

11.3.3 
Intrahepatic Vascular Shunts

Intrahepatic shunts can be divided into tumorous or 
non-tumorous depending on the underlying cause 
and into arterioportal, arteriosystemic or portosys-
temic according to the established vascular connec-
tion. Arterioportal shunting (AP shunting) is one of 
the most common intrahepatic shunts and in general 
is observed in the context of hepatocellular carci-
noma, but it may be iatrogenic and related to prior 
liver biopsy. Tumoral AP shunting occurs essentially 
by a transtumoral route, when a direct communica-
tion between the feeding arterial vessels of the tumor 
and the draining portal venules and/or sinusoids is 
established, resulting in increased arterial fl ow around 
the tumor (Fig. 11.1). Since these vascular communi-
cations are generally too small, they are below the 
threshold of detection with cross-sectional imaging, 
and only the parenchymal perfusion changes are 
depicted (Itai and Matsui 1997; Lane et al. 2000). 
Imaging fi ndings are thus manifested by a peritu-
moral THAD whose size depends on the magnitude 
of the shunt associated with early enhancement of 
the draining veins (portal or systemic) (Fig. 11.12) 
(Yu and Rofsky 2002).

Besides the appearance of a THAD and since there 
is a pressure gradient between the high pressure ar-
terial system and the low pressure portal system, a 
localized inversion of the portal fl ow may occur, 
demonstrated by early enhancement of portal vein 
branches, during the arterial phase of the dynamic 
liver study. AP shunts can occur not only with malig-
nant tumors such as hepatocellular carcinoma (HCC) 
but also with other liver tumors and have been re-
cently demonstrated in association with the so-called 
“fl ash-fi lling” hemangiomas. The underlying mecha-
nism seems to be related to the hyperdynamic sta-
tus of this benign vascular tumor possessing a large 
arterial fl ow, quick enhancement and quick outfl ow 
to the draining vein (Yu and Rofsky 2002). In these 
circumstances fl ow direction in the draining portal 
vessel may be inverted (Fig. 11.13).

Apart from tumors and liver biopsy, AP shunts 
may also be seen in the context of liver cirrhosis due 
to the parenchymal damage with chronic scarring, 
ischemia and nodular regeneration, which altogether 
tend to modify the hepatic fl ow dynamics (Fig. 11.1d). 
AP shunts in the cirrhotic patient can be a source of 
potential confusion with HCC since they may also ap-
pear as small arterial enhancing nodules (Kim et al. 
1988). The use of MR enhanced with reticuloendothe-
lial superparamagnetic iron oxide agents may be of 
some use in this regard. In principle, the parenchyma 
affected by a non-tumorous AP shunt should reveal 
a signal loss comparable to the normal parenchyma 
on T2-weighted images, in contrast to the tumoral AP 

Fig. 11.11a,b. Dynamic liver MDCT in a patient with severe right-sided cardiac failure and renal insuffi ciency. a Intense refl ow 
of the iodinated contrast agent within the hepatic veins is seen shortly after the i.v. injection in the arm vein, with severe delay 
of aortic enhancement. b Mottled appearance of the liver parenchyma in the later phase of liver enhancement due to stagnation 
of iodinated contrast material within hepatic sinusoids. There is a hypodense area on the splenic parenchyma corresponding 
to a local infarction
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Fig. 11.12a,b. Dynamic helical MDCT study of a hypervascular HCC during the arterial phase of liver enhancement. a There is 
early enhancement of the portal vein consistent with arterioportal shunting. b A THAD is also seen in the posterior segments 
of the right liver lobe (arrow). An arteriosystemic fi stula was suspected in this case due to the early enhancement of the right 
hepatic vein (arrowhead)

Fig. 11.13a–c. Schematic drawing (a) and dynamic CT (b,c) 
of a fl ash fi lling hemangioma causing localized inversion of 
the portal vein fl ow. The dynamic CT depicts, on the arte-
rial phase of liver enhancement (b), two small hypervascular 
hemangiomas showing early and vigorous enhancement as-
sociated with subtle peritumoral enhancement representing 
perfusion abnormalities. There is concomitant enhancement 
of a small intrahepatic branch (arrow) of the portal vein near 
one of the hemangiomas leading to localized inversion of the 
portal blood fl ow. The right liver lobe also shows two addi-
tional hemangiomas (arrowheads) that display the usual pat-
tern of enhancement

a b
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shunt, which will remain hyperintense, since it is de-
void of the Kupffer cells responsible for the contrast 
media retention (Mori et al. 2000).

Intrahepatic portosystemic venous shunts (IPSVS) 
consist of the direct communication between the 
portal vein and the systemic veins and they can also 
mimic a hypervascular liver lesion. According to Itai 
et al. (2001), they can be subdivided into internal and 
external subtypes, depending on whether the portal 
vein communicates with the hepatic vein (internal 
type) or with a systemic vein outside the liver (ex-
ternal type). Outside the setting of liver cirrhosis 
with portal hypertension that may be accompanied 
by the presence of intra- and extrahepatic portosys-
temic collateral circulation, IPSVS are seldom seen 
and a congenital origin has been postulated due to 
the persistence of an omphalomesenteric venous 
system with the right horn of the sinus venosus or 
rupture of a portal vein aneurysm into a hepatic vein 
(Lane et al. 2000). With the advent of CT and color 
Doppler, they have been increasingly reported (Itai 
et al. 2001; Lane et al. 2000). They can be recognized 
by any cross-sectional imaging method, particularly 
Doppler sonography, by the demonstration of a direct 
connection between a dilated segment of the portal 
vein and the adjacent draining vein (Fig. 11.14). If 
they attain a large size, hepatic encephalopathy might 
be induced.

11.3.4 
Non-portal Venous Supply to the Liver

In some instances, veins from the digestive organs 
may not fl ow into the portal vein trunk, but instead 
may drain directly into the liver parenchyma. These 
anatomical variations have been consistently re-
ported, with angiographic demonstration from the 
splanchnic circulation such as the cystic vein from 
the gallbladder for segments IV–V, the parabiliary 
venous system draining the pancreatic head, duode-
num and distal stomach for the posterior aspect of 
segment IV and the aberrant gastric venous drain-
age from the gastric antrum and pancreatic head 
to segments I and IV (Fig. 11.15) (Itai and Matsui 
1999).

Since parenchymal perfusion to these liver areas 
does not depend on portal venous blood, they will 
show lack of enhancement on CT arterial portog-
raphy, thus mimicking hypodense focal tumors. On 
intravenous dynamic CT/MR these areas show early 
enhancement due earlier venous return of less di-
luted contrast agent when compared with the portal 

blood fl ow coming from the intestine and spleen. 
Since the venous blood supply to these liver areas is 
subtracted from the normal portal blood fl ow that 
carries hormonal substances and other dietary ele-
ments, it is not surprising that focal sparing in cases 
of fatty liver may occur. This imaging fi nding has 
been consecutively demonstrated using cross-sec-
tional imaging techniques on the gallbladder bed 
or in the posterior edge of segment IV (Fig. 11.16). 
Conversely, focal fatty infi ltration can also occur in 
the hilar region of segment IV, or adjacent to the 
gallbladder neck. The explanation for this local dis-
tribution remains unclear, but when segment IV 
receives its venous blood supply directly from the 
pancreas it is exposed to higher levels of insulin, 
which may act as a promoting factor (Itai and 
Matsui 1999).

Apart from the vascular variants of the splanch-
nic circulation other systemic venous shunts can be 
associated with liver pseudo-lesions, as is the case 
in superior vena cava obstruction with subsequent 
development of a collateral thoracic circulation by 
intermediates of the intercostal veins, the internal 
mammary, hemiazygos and paravertebral veins. 
These veins ultimately connect the superior epi-
gastric vein to the portal system via the paraum-
bilical veins at the round ligament. These systemic 
veins can end deeply in the umbilical vein, in the 
left portal vein or can enter the left liver lobe di-
rectly around the falciform ligament by intermedi-
ates of the paraumbilical inferior veins of Sappey 
(Hashimoto et al. 2002). This systemic venous 
drainage to the liver has also been pointed out as a 
possible explanation for the cases of focal fatty infi l-
tration around the falciform ligament as explained 
by the low portal blood fl ow causing local hepatic 
injury and promoting fatty infi ltration (Itai and 
Matsui 1999). Another rare anastomotic network 
between the portal and systemic circulations can 
be seen through the veins of the coronary and falci-
form ligaments interconnecting the diaphragmatic 
veins to the portal system.

In cases of superior vena cava obstruction, the 
recruitment of the collateral circulation can cause a 
dense focal parenchymal stain in the early phases of 
liver enhancement around the round ligament, the 
left portal vein or even in more remote subcapsular 
areas, corresponding to the early arrival of a consid-
erable amount of minimally diluted contrast agent 
to these areas of liver parenchyma (Maldjian et al. 
1995). The parenchymal staining in these cases can 
be so intense that it can mimic a true hypervascular 
neoplasm (Fig. 11.17).
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Fig. 11.14a–f. Multislice helical CT of intrahepatic portosystemic venous shunts of the external (a,b) and internal subtypes (c–f). 
a Portal venous phase of liver enhancement depicting an abnormal vessel adjacent to the portal vein. b This venous vessel runs to 
the periphery of segment V interconnecting with subcapsular systemic veins. c Another case showing on plain CT a hypodense 
nodule on segment VI (arrow). d,e Arterial and portal phases of dynamic liver study showing progressive enhancement of the 
“nodule” to the same extent as portal vessels. An abnormal branching structure corresponding to the connecting vein can be seen 
(arrowhead). f MIP reconstruction showing the direct connection of the intrahepatic “nodule” with the right hepatic vein

a b

c d
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11.3.5 
Steal Phenomena

Another cause of abnormal liver enhancement can 
be seen in the arterial phase around highly vascular-
ized liver neoplasms. In the dynamic study, the liver 
around a hypervascular neoplasm can be signifi cantly 
hypodense compared to the remainder of the normal 
parenchyma since the iodinated arterial blood fl ow 
is strongly diverted to feed the hypervascular liver 
lesion. This phenomenon may be seen around benign 
or malignant liver tumors, which are essentially de-
pendent on the amount of arterial vascularization of 
the hepatic neoplasm (Fig. 11.18). The phenomenon 
is transitory and in the portal venous phase of liver 
enhancement it returns to isodensity.

11.4 
Focal Fatty Infi ltration and Focal Fatty Sparing

Fatty infi ltration of the liver (FFI) is a common as-
ymptomatic condition reported to be present in as 
much as 10% of the adult population and is usu-
ally associated with a variety of clinical situations, of 
which alcoholism, diabetes and obesity are the most 
common in the developed countries (el-Hassan et 
al. 1992). There are many other reported causes that 
include inborn metabolic errors, drug toxicity, gluco-
corticoid therapy, and infections (Alpers et al. 1993). 
Kammen et al. (2001) described an overall incidence 
of focal fatty liver in as many as 9% of children and 

young adults so the disease is not exclusively seen in 
adult patients. In patients displaying fatty liver infi l-
tration, about 31% may possess focal forms consist-
ing of multiple or solitary nodular foci (el-Hassan 
et al. 1992). Several etiologic explanations have been 
advanced for the focal cases of liver steatosis. The 
most commonly accepted theory is related to local 
disturbances of liver perfusion since the laminar fl ow 
of the splenic vein entering the portal vein is not 

Fig. 11.16a,b. Obese patient with low hepatic attenuation 
consistent with diffuse steatosis. Areas of focal fatty sparing 
displaying normal attenuation values are recognized at the 
posterior aspect of segment IV (a) and adjacent to the gall-
bladder fossa (b)

Fig. 11.15. Schematic drawing of non-portal splanchnic perfu-
sion to the liver parenchyma. 1, aberrant gastric vein drainage 
to segments I and IV; 2, cystic veins to segments IV and V; 
3, parabiliary venous system to the posterior aspect of seg-
ment IV; GB, gallbladder; ST, stomach; d, duodenum a

b
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Fig. 11.17a–e. a Schematic representation of the anastomosis 
of the thoracic vasculature via the epigastric veins intercon-
necting with the paraumbilical vein at the navel and abutting 
the superior and inferior veins of Sappey that drain into the 
liver parenchyma around the falciform ligament. n, navel; puv, 
paraumbilical vein; ev, epigastric vein; svs, superior veins of 
Sappey. b Patient with superior vena cava syndrome due to 
tumor involvement with collateral vessels seen on the anterior 
right hemithorax (arrow). c Intense and early enhancement of 
segment IV of the left liver lobe, mimicking a hypervascular 
focal lesion (courtesy of Vilgrain). d, e Another case of su-
perior vena cava syndrome (d) showing subcapsular venous 
collateral vessels at the right liver lobe leading to a hyperdense 
pseudo-tumoral focal lesion (e). 
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exposed to hormones and other lipotropic-promot-
ing substances that arise via the superior mesenteric 
vein, which is preferentially directed towards the 
right liver lobe (Itai and Matsui 1999; Arai et al. 
1988; Arita et al. 1996; Baker et al. 1985). Other 
causes, also of vascular origin, are related to the pres-
ence of anatomical variants in liver vasculature, com-
prising what has been described as the third infl ow 
feeding vessel, which was discussed earlier in this 
chapter. Since these aberrant vessels carry non-por-
tal, nutrient-poor blood fl ow towards the liver, one 
should expect that focal fatty sparing (FFS) should 
arise instead of FFI. However, for reasons that for the 
time being are unclear, both kinds of pseudo-lesions 
can be observed (Itai and Matsui 1999; Gabata et 
al. 1997; Tochio et al. 1999). The aberrant vessels 
tend to perfuse specifi c liver areas, so abnormalities 
are confi ned to expected locations within the paren-
chyma, following a relatively constant pattern. The 
areas involved are thus commonly observed near the 
falciform ligament, the gallbladder, the posterior as-
pect of segment IV, the anterior aspect of segment 
I and the subcapsular regions (Fig. 11.16) (Itai and 
Matsui 1999; Arai et al. 1988).

Since these liver areas do not receive portal 
blood fl ow, it is also not surprising that they can 
be a source for the pseudo-lesions seen on angio-
graphically assisted CT arterial portography, where 
they are represented by focal non-enhancing areas, 

ultimately leading to the high number of false posi-
tives reported for this technique (Bluemke et al. 
1995; Paulson et al. 1993). Another vascular change 
that has been implied in the development of focal 
fatty infi ltration relates to liver hypoxia, mainly ob-
served on the more peripheral subcapsular paren-
chyma. Finally, focal fatty sparing can be caused by 
arterioportal shunting or other causes that deprive 
the portal blood fl ow to the affected areas of the 
parenchyma, such as compression or occlusion of 
the portal vein (Arita et al. 1996). The diagnosis of 
the diffuse forms of hepatic steatosis is in general 
straightforward, since it consists of a diffuse increase 
in liver echogeneity on ultrasound or hypodensity 
on CT scans, producing no apparent vascular distor-
tion, amputation or mass effect. In contrast to the 
diffuse forms, however, the diagnosis of the focal 
forms can be very troublesome since the foci of fatty 
infi ltration are in general too small to be able to pro-
duce signifi cant vessel distortion or expectable mass 
effect. Focal fatty infi ltration is a frequent source of 
liver pseudo-lesions and may mimic other true fo-
cal lesions known to be primarily hyperechoic on 
sonography such as hemangiomas, metastases from 
digestive tract or endocrine tumors. On CT they can 
mimic hypodense secondary liver deposits or other 
primaries such as adenoma and HCC, and problems 
in the differential diagnosis are exacerbated by the 
fact that density measurements are not reliable due 

Fig. 11.18a,b. Dynamic helical CT of a hypervascular liver metastasis from non-functioning malignant neuroendocrine pan-
creatic tumor. a The primary tumor (arrow) and the liver metastasis (arrowhead) are similarly enhanced during the arterial 
phase of liver enhancement. The parenchyma around the metastasis is less dense than the normal left liver lobe due to steal 
phenomena. This fi nding is transitory and not depicted in the later phases of the dynamic study (b)

a b
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to an overlap between FFI and true hypodense focal 
liver lesions.

For many years it has been known that MR is 
the best way to adequately characterize fat (Thu et 
al. 1991). Fat causes T1-shortening, so FFI is in gen-
eral brighter on T1-weighted images, an effect that is 
more pronounced at lower fi eld strengths, since the 
T1 relaxation time of fat is directly proportional to 
the intensity of the static magnetic fi eld. However, 
T1 hyperintensity is not a specifi c fi nding for fat, 
and other diagnostic possibilities can be proposed, 
such as hemorrhage, melanin-containing nodules or 
peliosis (Mathieu et al. 1997). To adequately char-
acterize fat on MR it is mandatory to use some kind 
of chemical-shift imaging, a technique that explores 
the difference in resonant frequencies between wa-
ter and fat, which, at 1.5 T, are separated by 220 Hz. 
Chemical shift imaging can be done by integrating 
an additional destructive radiofrequency pulse to the 
sequence design centered on the resonant frequency 
of fat. These sequences are known as fat-saturated 
(fat-sat) and they are able to nullify the signal gener-
ated from fatty tissues.

FFI and FFS share, on MR, the same morphologi-
cal aspects as other imaging modalities, but on MR 
they tend to appear isointense and virtually unde-
tectable on FATSAT T2-weighted and T1-weighted 
images, which are helpful features for differentiation 
from true focal liver lesions (Fig. 11.19). Another ap-
proach to characterizing fat is currently performed by 
the technique of phase cancellation (opposed-phase 
imaging), which has gained a wide popularity due to 
its ease of performance and excellent results in the 
demonstration of the milder forms of FFI (Hood et 
al. 1999). This technique is based on the different pre-
cession velocities of fat and water observed after ex-
citation in the transverse plane and the condition to 
be observed is that water and fat coexist in the same 
tissue voxel. At 1.5 T and using a T1-weighted gradi-
ent-echo sequence, the signal intensity of water and 
fat protons is additive every 4.2 ms (in-phase) and 
subtractive, due to phase cancellation phenomena, in 
between, that is, adding an extra 2.1 ms to the original 
TE value. This means that, simply by varying the echo 
time (TE) of a T1-weighted gradient-echo sequence, 
the operator can obtain in-phase or opposed-phase 
images for the tissues under appreciation. State-of 
the-art equipment can currently obtain a simultane-
ous set of images respectively in and out-of-phase in 
the same single breath-hold period, matching exactly 
for visual comparison of the pertinent anatomy. The 

opposed-phase images are readily recognized due to 
the presence of a thin black rim delineating the solid 
organs in contact with intra-abdominal fat due to 
phase cancellation in areas of abrupt change in signal 
intensity (Rofsky et al. 1996). This kind of chemi-
cal-shift imaging is more effective at higher fi eld 
strengths, which maximizes the resonant frequency 
difference between water and fat (Fig. 11.20).

In practical terms, the signal intensity of the liver 
and/or of any suspected nodule is subject to a direct 
visual assessment of the signal intensity compara-
tive to the spleen, an organ where signal intensity 
remains unaltered between the two sets of images. 
When defi ning the protocol for the breath-hold GRE 
in opposed-phase sequence it is usually preferable 
to choose between the lowest possible TE values, 
not only to allow an increased number of slices to 
be acquired, but also to minimize any T2 interfer-
ence that could lead to confusion, notably with liver 
signal intensity drop-out, caused, for instance, by a 
previously unsuspected iron deposition. Despite the 
exquisite information provided by MR and chemical-
shift imaging, the mere characterization of fat may 
not be enough to allow the straightforward exclusion 
of liver tumors that may contain fat such as hepato-
cellular carcinoma, adenoma or, more rarely, angio-
myolipoma. Dynamic MR using gadolinium chelates 
adds additional arguments to the accurate diagnosis 
of fatty pseudo-lesions against true focal fatty liver 
masses. In contrast to FFI, hepatocellular carcinoma, 
adenoma and even angiomyolipomas may be distin-
guished by their strong enhancement on the arterial 
phase of the dynamic study, refl ecting its hypervas-
cular nature, and also by their expected heteroge-
neity (Yoshimura et al. 2002). Whenever doubt re-
mains, MR can again provide additional arguments 
with the use of more sophisticated specifi c contrast 
agents targeted to Kupffer cells or hepatocytes, such 
as iron-oxide particles and mangafodipir. With this 
approach, a signifi cant uptake of both classes of con-
trast agent by fatty pseudo-tumors is expected, in 
contrast to true focal liver lesions, which contain fat 
components but are devoid of Kupffer cells. As a note 
of caution it must be emphasized, however, that both 
a less pronounced and an increased signal drop-out 
in the areas of FFI compared to normal liver paren-
chyma have been reported when using iron-oxide en-
hanced MR, probably refl ecting quantitative and/or 
qualitative alterations of the Kupffer cells inside the 
areas of FFI (Hirohashi et al. 2000; Lwakatare et 
al. 2001).
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Fig. 11.19a–d. Patient with 
colorectal cancer and a 
pseudo-tumoral, nodular 
form of FFI seen on various 
imaging modalities. a The 
ultrasound study shows 
several echogenic nodular 
foci simulating focal liver 
lesions. b Non-enhanced CT 
where several hypodense 
nodules are depicted. c,d 
MR was performed show-
ing normal signal intensity 
of the liver parenchyma 
both in the spin-echo T2-
weighted sequence (c) and 
in the in-phase T1-weighted 
gradient-echo sequence (d)

Fig. 11.20a,b. Opposed-phase imaging for MR depiction and characterization of FFI on gradient-echo T1-weighted images is 
advantageous. a In the in-phase image the liver is practically homogeneous, but on opposed-phase imaging (b) areas of FFI 
become hypointense compared to the signal intensity of the spleen. A pseudo-tumoral form of FFS is now apparent correspond-
ing to the nodular areas of liver parenchyma devoid of fatty infi ltration

b

c d
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12.1 
Introduction

Hepatocellular carcinoma (HCC) is a major health 
problem worldwide due to its high incidence (ap-
proximately 600,000 new cases in 2000), and severe 
natural history. Indeed, the incidence and mortal-
ity rates associated with this disease signifi cantly 
overlap worldwide (Parkin et al. 2001). The identi-
fi cation of chronic liver disease as the relevant risk 
factor for this tumor has made surveillance aimed 
at early detection of HCC possible and surveillance 
is now universally recognized to be the practical 
approach for improving the treatment of HCC pa-
tients (Bruix et al. 2001). The few cases (<5%) of 
HCCs that do not develop with a background of 
chronic liver disease present late and usually have 
poor prognosis (Bralet et al. 2000). The under-
standing of both the natural history and staging of 
HCC is hampered by the epidemiologic and clinical 
variability of the tumor. This, in turn, is infl uenced 
by the concurrence of multiple co-morbidity fac-
tors in the same patient as well as by the presence 
of multiple distinct cell lines in the liver that may 
develop into liver cell cancer (Sell 2002).

12.2 
The Pathological Classifi cation

HCC is classifi ed as nodular, massive or diffuse. The 
nodular type occurs as a nodule sharply delineated 
from the surrounding liver. The massive type occupies 
a large area and infi ltrates the neighboring hepatic tis-
sue with satellite nodules. The diffuse type is charac-
terized by the diffuse involvement of the liver (Kojiro 
1997). All three forms of HCC occur with a background 
of chronic liver disease or of an otherwise normal liver. 
The growth pattern of HCC may be infi ltrative, expand-
ing, multinodular and mixed type. Based on histology, 
the WHO proposed a classifi cation of HCC into tra-
becular, acinar, compact and scirrhous (Gibson and 
Sobin 1978). In the trabecular type, tumor cells are 
arranged in cords of variable cell thickness separated 
by sinusoids, with minimal or no fi brosis (Fig. 12.1). 
The acinar (pseudoglandular) type is characterized by 
cells arranged in gland-like structures, fi lled with cellu-
lar debris, exudates and macrophages (Figs. 12.2, 12.3). 
The compact type shows tumor cells that are packed in 
a solid mass with inconspicuous sinusoids (Fig. 12.4). 
In the scirrhous type, signifi cant fi brous tissue sepa-
rates cords of tumor cells. Each histological type is 

Fig. 12.1. Trabecular hepatocellular carcinoma. Trabecular 
pattern of well-differentiated neoplastic hepatocytes arranged 
in plates which are between three and four cells in thickness 
(×30)
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further classifi ed according to different grades of cell 
differentiation. Well differentiated HCC is a trabecular 
tumor with two- to three-cell thick cords. The anaplas-
tic tumor usually shows a solid growth pattern, with 
pleomorphic and giant syncytial cells (Fig. 12.5).

12.3 
Early Detected Tumors

Surveillance of patients with cirrhosis has led to an in-
creasing number of cancers detected early in the form 
of small nodules that fi rst appear as well-differentiated 
tumors and proliferate along with gradual dediffer-
entiation (Kojiro 1998). A sizable number of tumors 
arising in cirrhotic livers seem to occur in a multi-
centric distribution and a certain proportion of them 
may arise from dysplastic nodules (International 
Working Party 1995). HCCs ranging from 1–2 cm 
in size may present with a fi brous capsule and/or fi -
brous septa in contrast to other indistinct nodular 
small cancers that have indistinct margins despite 
such tumors being clearly detected as hypoechoic or 
hyperechoic focal lesions on ultrasound (US) exami-
nation. The latter have been considered carcinoma in 
situ of the liver due to the absence of invasion into 
the portal vein branches and intrahepatic metastases 
(Kojiro 2002). Minute HCCs of the indistinct nodu-
lar type are diffi cult to differentiate from high grade 
dysplastic nodules. The majority of small (less than 
1.5 cm) HCCs of the indistinct nodular type are not 
detected as hypervascular tumors by contrast imaging, 
whereas distinct nodular type tumors almost invari-
ably show hypervascular features during the arterial 
phase of contrast imaging (Kojiro 2002). A combina-
tion of the lack of fi brotic capsule and reduced num-
ber of unpaired arteries per square millimeter in less 
than 1.5 cm tumors accounts for many false negative 
diagnoses of HCC with contrast imaging. Since well-
differentiated tumors in the early stages proliferate 
along with the occurrence of gradual dedifferentiation 
(Kojiro 1998), more histological grades are seen in tu-
mors greater than 1 cm in size. A “nodule-in-nodule” 

Fig. 12.3. Acinar clear-cell hepatocellular carcinoma. Clear-cell 
hepatocytes are arranged in glands with lumen fi lled by bili-
ary plugs (×120)

Fig. 12.4. Solid hepatocellular carcinoma. Nodular growth of 
neoplastic hepatocytes with prominent nucleoli. The cells 
grow in solid sheets with few vascular channels (×120)

Fig. 12.5. Undifferentiated hepatocellular carcinoma. 
Pleomorphic liver cells growing in solid pattern with evidence 
of many syncytial giant cells (×75)

Fig. 12.2. Acinar hepatocellular carcinoma. Prevalence of 
acinar pattern of well-differentiated hepatocytes arranged in 
acini with dilated lumen (×30)
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appearance has been documented in less differenti-
ated tumors expanding with a clear boundary within 
a well-differentiated tumor.

Biopsy examination of 1–2 cm nodules in patients 
with cirrhosis often implies differential diagnosis 
between a well-differentiated HCC and a large regen-
erative nodule. Histological changes seen in a biop-
sied nodule are best evaluated in comparison with 
those of control extranodular tissue from the same 
liver (Table 12.1) (Borzio et al. 1994). Moderately 
differentiated HCC has a typical trabecular pattern, 
whereas poorly differentiated HCC may show a tra-
becular, solid or sarcomatous like pattern.

12.4 
Special Types of Tumors

Special types of HCC have distinct histologic pat-
terns and natural history: fi brolamellar carcinoma, 
clear cell HCC and pedunculated HCC. Fibrolamellar 
carcinoma is composed of large eosinophilic cells 
arranged in thin or thick trabeculae that are sur-
rounded by fi brous bounds with lamellar stranding 

makes fi brolamellar carcinoma more often suitable 
for resection than the usual HCC (Craig 1997).

12.5 
Diagnosis

Both cytohistologic criteria and non-invasive crite-
ria allow diagnosis of HCC (Table 12.2). In patients 
with chronic liver disease, large tumors are easily 
diagnosed by combining clinical and radiological 
procedures. Arterial hypervascularization by tripha-
sic spiral CT or MR of a liver mass identifi ed by 
abdominal US, is diagnostic for HCC (Bruix et al. 
2001). Diagnosis is further confi rmed by greater than 
400 ng/ml serum levels of AFP. During the arterial 
phase of spiral CT highly vascularized HCCs appear 
against a background of relatively unenhanced liver 
that is primarily contrasted during the late portal 
vein phase. In patients not fulfi lling these diagnostic 
criteria, the diagnosis of HCC is made by echo-guided 
aspiration cytology or microhistology (Bruix et al. 
2001). The histological diagnosis of HCC is needed in 
the absence of contraindications and when a defi nite 
diagnosis may infl uence the choice of treatment. The 
diagnosis of small HCCs (1–2 cm in diameter) identi-
fi ed by chance or during surveillance, may be diffi -
cult. In principle, a lesion seen as either a hypoechoic 
or hyperechoic nodule in the liver of a patient with 
chronic liver disease should be presumed to be a pre-
neoplastic lesion, like a macroregenerative nodule, 
or an HCC, and should be investigated accordingly. 
For tumors of 1–2 cm in diameter the risk of false 
negative diagnoses with contrast imaging technique 
could be as high as 50% due to immature arterial 
vascularization of the nodule (Kojiro 2002). The 
highest diagnostic accuracy (85%) for these nodules 
was provided by the combined use of fi ne needle as-
piration cytology plus intranodular and extranodu-
lar fi ne needle microhistology (Table 12.1) (Borzio 
et al. 1994). Complications in patients subjected to 

Fig. 12.6. Fibrolamellar hepatocellular carcinoma. Cords of 
neoplastic liver cells are separated by lamellar fi brous strands 
(×75)

Table 12.1. Diagnostic accuracy of fi ne-needle aspiration (A) 
and biopsy (B) of 36≤2-cm nodules developing in patients 
with compensated cirrhosis

Liver sampling  Accuracy

Intra- + extranodular A+B 85%
Intranodular A+B  78%
Intra- + extranodular B 67%
Intranodular B  54%
Intranodular A  31%

(Fig. 12.6). The tumor occurs primarily in non-cir-
rhotic livers of young adults with equal frequency 
in males and females. In the USA the incidence of 
this tumor is approximately 1% of all HCCs. Serum 
α-fetoprotein (AFP) is elevated in a minority of the 
patients. In half the patients, an abdominal X-ray 
reveals minute calcifi cations within the tumor that 
are uncommon in HCC. The fact that the tumor is 
sharply demarcated and arises in non-cirrhotic livers 
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fi ne-needle biopsy are hemoperitoneum (<0.5%) 
and tumor seeding along the needle track (3%–5%) 
(Takamori et al. 2000; Kim et al. 2000). Recently, 3D 
image reconstruction techniques by MR was proven 
to be superior to spiral CT in the diagnosis of HCC 
nodules of 1–2 cm in size (84% vs 47% detection 
rates). As expected both imaging techniques failed to 
recognize tumors of less than 1 cm in diameter (32% 
vs 10% detection rates) as a consequence of poor 
arterialization of small nodules (Table 12.3) (Burrel 

et al. 2003). Cases not resolved by imaging or liver 
biopsy should be followed up with imaging tech-
niques performed at 3-month intervals (enhanced 
follow-up), until diagnosis is obtained (Fig. 12.7). The 
differential diagnosis of HCC or fi brolamellar carci-
noma includes focal nodular hyperplasia, metastatic 
carcinomas, neuroendocrine carcinoma and cholan-
giocarcinoma (Craig 1997).

12.6 
Staging

Staging is a crucial variable in treatment outcome 
since many therapeutic failures have resulted from 
incorrect patient selection. Tumor dedifferentiation 
and vascular invasion by tumor cells have constantly 
emerged as independent predictors of shortened 
survival in patients undergoing hepatic resection or 
transplantation for HCC. Although, tumor size and 
number appear to be clinical surrogates predicting 
tumor dedifferentiation and vascular invasion, tu-
mor-related criteria like the tumor, node and me-
tastases (TNM) classifi cation do not accurately pre-
dict patient survival. The latter is better predicted 
by criteria combining tumor characteristics, func-
tional status and liver function. Triphasic spiral CT 
and dynamic MR are currently used for assessing the 
number, size and vascular invasiveness of the tumor. 
In the Barcelona Clinic Liver Cancer staging classi-
fi cation the functional status of the patient and the 
liver status are measured by the Performance Status 
and Child-Pugh score system, respectively (Llovet 
et al. 1999). The Barcelona classifi cation comprises 
four stages that select the best candidates for the best 
therapies available, i.e. from early tumor stage (Stage 

Fig. 12.7. Surveillance of patients 
with compensated cirrhosis as 
suggested by the Conference of 
the European Association for the 
Study of the Liver 

Table 12.2. Diagnostic criteria for hepatocellular carcinoma as 
proposed during the Conference of the European Association 
for the Study of the Liver in Barcelona

• Cytohistologic criteria
• Non-invasive criteria (cirrhotic patients)

 1. Radiological criteria:    
  Two coincident imaging techniquesa 
  Focal lesion >2 cm with arterial hypervascularization

 2. Combined criteria:       
  One imaging technique associated to AFP
  Focal lesion >2 cm with arterial hypervascularization
  AFP levels >400 ng/ml

aFour techniques considered: US, spiral CT, MR and 
angiography.

Table 12.3. Superiority of magnetic resonance (MR) angiog-
raphy with respect to helical computerized tomography (CT) 
for detection of early hepatocellular carcinoma prior to liver 
transplantation

Tumor size  Number  Detected  Detected by CT pValue
(mm) of tumors by MR

<10 22 7 (22%) 2 (10%) n.s.
11–20 19 16 (84%) 9 (47%) p=0.04
>20 6 6 (100%) 6 (100%) n.s.
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A) that includes asymptomatic patients with small 
tumors suitable for radical therapies to late tumor 
stage (Stage D) that includes patients with untreat-
able disease (Table 12.4).

The Cancer of the Liver Italian Program (CLIP) 
system allocates points for four variables that af-
fect prognosis including Child-Pugh stage, tumor 
morphologic features (single, multiple or massive 
tumor), serum AFP level and portal vein thrombosis 
(Table 12.5) (CLIP 1998). Although this scoring sys-
tem has been partially validated (CLIP 2000) and is 
easy to use, the CLIP score has suboptimal sensitivity 
for tumor invasiveness, since patients with a score of 
0 may have from 0% to 50% of their liver replaced 
by HCC. Since the score is defi nitively skewed toward 
more severely affected patients whose disease is not 
amenable to curative treatment, too many patients 
with a CLIP score of 0 will not meet currently ac-
cepted criteria for surgery or locoregional ablation of 
the tumor that have been proven to be effi cacious in 
patients in whom there is one tumor node of less than 
5 cm in size (Bruix et al. 2001). In recent years, other 
staging systems have been proposed including the 
Chinese University Prognostic Index (Leung et al. 
2002), the modifi ed TNM (Henderson et al. 2003), 
a French score system (Chevret et al. 1999) and a 
German score system (Rabe et al. 2003). Tumor ag-
gressiveness appears to be predicted also by the tissue 
expression of genetically modifi ed estrogen recep-
tors (VER): VER identifi ed tumors with shorter dou-
bling time and was a negative predictor of survival 
compared to patients with a HCC expressing wild ER 
(Villa et al. 2000). In a comparative study, patient 
classifi cation based on ER was a better predictor of 
survival in patients with inoperable HCC compared 
to CLIP, Barcelona and French staging scores (Villa 
et al. 2003). However, one important limitation of the 
ER score system is its invasive approach to obtain a 
sample of liver tissue. Since staging scores developed 
thus far refl ect differences in demographic features 

of the patients seen locally, expertise and treatment 
algorithms adopted in different centers, one wonders 
whether it is worth attempting to reach consensus on 
a single model for staging HCC. From a clinical point 
of view, it appears mandatory that prognostication of 
liver cancer should always incorporate treatment-de-
pendent variables.

12.7 
Natural History of the Tumor

The tumor size when HCC is fi rst detected does not 
predict the course of the disease in all cases. In fact, 
the median time of doubling volume for a small HCC 
may range from 1 to 20 months (Barbara et al. 1992; 
Ebara et al. 1986; Okazaki et al. 1989). The tumor is 
a clinically indolent disease during the early phases 
of growth, whereas in the advanced stages it often 
presents with painful hepatomegaly and/or jaundice. 
In the majority of patients with compensated cirrho-
sis undergoing surveillance, HCC is fi rst detected as 
a single node (Table 12.6). The multinodular pattern 
of the tumor appears to be more common in pa-
tients with multiple etiological factors than in those 
with a single etiologic factor (Benvegnù et al. 2001; 
Fasani et al. 1999). Primary and secondary HCCs 
may be differentiated by matching radiological and 
histopathological fi ndings on explanted or resected 
livers only. Distinction between these two conditions 
bears important clinical implications, since second 
primary tumors appear to be less aggressive than 
metastatic tumors and recur less frequently after ab-
lation than the former tumors (Kumada et al. 1997). 
The growth pattern of HCC varies greatly from one 
tumor to another and may have clinical implications, 
since it infl uences the choice and outcome of treat-
ments. Slowly expanding tumors (Franco et al. 1990) 
are more commonly seen in Caucasian and Asian pa-

Table 12.4. The Barcelona Clinic Liver Cancer Staging Clas-
sifi cation of patients with hepatocellular carcinoma 

Staging Performance  Tumor stage Child-
 status  Pugh

(A) Early 0 Single <5 cm
  3 nodes <3 cm A & B

(B) Intermediate 0 Large/multinodular A & B

(C) Advanced 1–2 Vascular invasion  A & B
  extrahepatic spread

(D) End-stage 3–4 Any of the above C

Table 12.5. Cancer of the Liver Italian Program (CLIP) staging 
classifi cation of hepatocellular carcinoma 

Score Tumor  Child- AFP Vascular 
 morphology Pugh  invasion

0 Uninodular 
 <50% of the liver A <400 mg/dl No

1 Multinodular
 >50% of the liver B >400 mg/dl Yes

2 Massive C - -
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tients than in South African patients who have more 
fast growing, replacing type tumors (Anthony 1973). 
Further complicating the assessment of tumor course 
is that some HCC nodes have constant rates of growth 
during follow-up, while others either have a declining 
growth rate in the late phases of follow-up or, after an 
initial phase of resting, increase in volume exponen-
tially (Ebara et al. 1986; Okazaki et al. 1989). This 
great diversity of the tumor growth patterns makes 
the predictive power of the size of the tumor at diag-
nosis not absolute and explains why prognostication 
in HCC patients can be more reliably obtained by 
combining tumor size with liver function.

One controversial issue that bears important 
clinical implication is the presence of microscopic 
vessel invasion by the tumor, that is considered di-
rect evidence of intrahepatic metastasis. Although 
macroscopic venous invasion seen with CT or MR 
scan is a well-established prognostic indicator and 
is one of the variables in the pathologic staging of 
HCC, the clinical signifi cance of microscopic ve-
nous invasion in patients with operable HCC, re-
mains unclear. Patients with microscopic venous 
invasion have higher serum levels of AFP, a larger 
tumor size and more nodules lacking a fi brous cap-
sule (Tsai et al. 2000). Interestingly, up to 40% of 
less than 2-cm explanted tumors show microscopic 
venous invasion, a feature that overestimates the 
actual risk of tumor recurrence in patients with less 
than 5-cm tumors undergoing liver transplantation 
(Mazzaferro et al. 1996). Interestingly, circulating 
tumor cells have been demonstrated in the blood 
of 23 of 44 patients with HCC using a cytomorpho-
logical approach but only one patient ultimately 
developed extrahepatic metastases during a 3-year 
follow-up period (Vona et al. 2004). This clearly 
suggests that the presence of tumor cells within tu-

mor vessels is not synonymous of tumor metastasis 
in all cases, thus attenuating the predictive value of 
this pathological feature.

12.8 
Conclusions

The understanding of the natural history of HCC has 
led to signifi cant improvements in the management 
of patients with this tumor and made surveillance 
programs aimed at early diagnosis of HCC, possible. 
Surveillance programs with abdominal US and se-
rum AFP have been of strategic importance since 
HCC treatment could only be improved in tumors 
diagnosed early. Chronic carriers of hepatitis B and 
patients with cirrhosis are the ideal target popula-
tion for prospective surveillance (Bruix et al. 2001). 
Abdominal US is the best tool for surveillance with 
its greater predictive value for HCC than serum 
AFP (54% vs 32%) (Colombo et al. 1991; Oka et 
al. 1994). Since the average volume doubling time of 
HCC arising in patients with cirrhosis is 6 months, a 
6-month interval between surveillance is considered 
cost-effective by many (Bruix et al. 2001). Although 
surveillance can identify tumors at an early stage 
and increase the chances of successful treatment, it is 
still not clear whether it reduces liver-related mortal-
ity in parallel. Ageing of the patient population and 
deterioration of liver function during surveillance, 
occurrence of multinodular tumors and limited ac-
cess to liver transplantation may hamper surveillance 
program effectiveness. Two non-randomized studies 
in the Far East (Chen et al. 2002; Yuen et al. 2000) and 
one in Italy (Bolondi et al. 2001) provided confl ict-
ing results in terms of survival when patients with 

Table 12.6. Prevalence of single, small nodes of hepatocellular carcinoma (HCC) 
detected during surveillance programs with abdominal ultrasound (US) of 
patients with compensated cirrhosis

Study Patients with US periodicity HCC × Single HCC
 cirrhosis  (months)  year <5 cm

Oka et al.  140 3 6.5% 82%
1990
Colombo  447 12 3.2% 54%
et al. 1991
Cottone  147 6 4.4% 83%
et al. 1994
Bolondi  313 6 4.1% 80%
et al. 2001
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an HCC detected during surveillance were compared 
to patients with an incidentally diagnosed tumor. 
However, those studies did not adequately assess pa-
tient survival in relation to the signifi cant improve-
ments in management of HCC that have occurred 
in recent years. The reanalysis of a cohort of 417 
HCC-free patients with compensated cirrhosis who 
had been under prospective surveillance for 148 
months, showed a fall in liver-related mortality rates 
in HCC patients identifi ed between 1997 and 2001. 
Mortality rates fell from 45% in the fi rst 5-year pe-
riod (1986–1991) to 37% in the second (1991–1996) 
and 10% in the third (1997–2001; fi rst vs second not 
signifi cant, fi rst vs third p=0.0009, second vs third 
p=0.018) in parallel with a reduction in yearly mor-
tality of treated patients (34%, 28% and 5%: fi rst vs 
second not signifi cant, second vs third p=0.036; fi rst 
vs third p=0.0024) (Sangiovanni et al. 2004). During 
the last 5-year surveillance period, there was a shift 
of more patients from surgery towards the less ag-
gressive locoregional ablative techniques, favored 
by the application of stringent criteria for patient 
selection to hepatic resection and the limited avail-
ability of donated organs for treating HCC with liver 
transplantation (Bruix et al. 1996; Mazzaferro et 
al. 1996). Also, fewer patients with a single small tu-
mor were left untreated or missed radical treatment 
compared to previous periods (46% vs 38% vs 26%), 
and fewer patients treated with hepatic resection or 
locoregional ablative therapies died of causes unre-
lated to cancer (35%, 25%, 0%). The gain in survival 
of cirrhotic patients developing an HCC during the 
last 5 years was likely to be the consequence of im-
proved management of the tumor and complications 
of cirrhosis.
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13.1 
Introduction

Diagnostic confi rmation and careful staging of the 
cirrhotic patient with hepatocellular carcinoma 
(HCC) are key aspects for establishing the patient’s 
prognosis and planning an appropriate treatment. 
For years, the diagnosis of HCC was based mainly 
on percutaneous biopsy, and accurate tumor staging 
required invasive procedures, such as angiography or 
angiographically assisted techniques. Currently, ow-
ing to the advances in imaging modalities, a reliable 
diagnostic assessment can be based in most instances 
on noninvasive examinations in combination with 
clinical and laboratory fi ndings (Bruix et al. 2001). 
HCC, however, shows a variety of imaging features 
that refl ect the variable gross and microscopic char-
acteristics of this malignancy, and imaging evalua-
tion of cirrhotic patients with suspected HCC is a 
challenging issue, as nonmalignant hepatocellular le-
sions arising in liver cirrhosis, such as regenerative 
(RN) and dysplastic nodules (DN), may simulate a 
small HCC (Bartolozzi and Lencioni 1999). One 

of the key pathologic factors for differential diagnosis 
that is refl ected in imaging appearances is the vas-
cular supply to the nodule. Through the progression 
from RN, to low-grade DN, to high-grade DN, to frank 
HCC, one sees development of nontriadal arteries, 
which become the dominant blood supply in overt 
HCC (Tajima et al. 2002). It is this neovascularity that 
allows HCC to be diagnosed. It is currently accepted 
that imaging techniques may confi dently establish 
the diagnosis, without needing biopsy confi rmation, 
in HCCs larger than 2 cm. In lesions ranging from 
1 to 2 cm, biopsy can still be recommended, but a 
negative response can never be used to completely 
rule out malignancy. While ultrasound (US) is widely 
accepted as the imaging modality of choice for HCC 
screening, spiral computed tomography (CT) or 
dynamic magnetic resonance (MR) imaging are re-
quired for intrahepatic staging of the disease. These 
examinations have replaced invasive procedures, 
such as angiography and angiographically assisted 
CT techniques, but remain relatively insensitive for 
the detection of tiny HCCs and tumor vascular inva-
sion into peripheral portal vein branches (Choi et 
al. 2001).

13.2 
Ultrasound

The use of US as the imaging modality of choice 
for HCC screening has been widely accepted, as this 
technique enables a rapid and noninvasive evaluation 
of liver parenchyma. Nevertheless, a comprehensive 
US assessment of the liver parenchyma is sometimes 
impossible because of the patient’s body habitus or 
colonic interposition. In addition, when careful imag-
ing-pathologic correlation was performed, the sen-
sitivity of US in the detection of small HCCs was 
shown to be much lower than previously estimated 
(Kim et al. 2001).

New, contrast-specifi c techniques that display 
enhancement of microbubble US contrast agents 
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in gray-scale, improve tumor-to-liver contrast, and 
seem to increase lesion detection and characteriza-
tion (EFSUMB Study Group 2004; Lencioni et al. 
2002a).

Small HCC tumors less than 3 cm usually show a 
nodular confi guration and can be divided into four 
types: single nodular type, single nodular type with 
extranodular growth, contiguous multinodular type, 
and poorly demarcated nodular type (Bartolozzi 
and Lencioni 1999). On US, small, nodular type HCC 
typically appears as a round or oval mass lesion, with 
either hypoechoic or hyperechoic appearance and 
sharp and smooth boundaries. In contrast, the single 
nodular type with extranodular growth, the contigu-
ous multinodular type, and the poorly demarcated 
nodular type show a nodular confi guration with an 
irregular or blurred margin. The hyperechoic pattern 
of small HCC usually indicates fatty metamorphosis 
or, less frequently, pseudoglandular arrangement of 
the cancer cells or peliotic changes of tumor vascular 
spaces. Small, nodular type HCC is usually indistin-
guishable from RN or DN.

Advanced HCC tumors are classifi ed into three 
major types: nodular, expansive type; massive, in-
fi ltrative type; and diffuse type (Bartolozzi and 
Lencioni 1999). The typical nodular, expansive 
type HCC is a sharply demarcated lesion that may 
be unifocal or multifocal. Large, nodular type HCC 
typically shows inhomogeneous internal architecture 
with components of different echogenicity separated 
by thin septa (mosaic pattern). Most expansive type 
HCCs have a well-developed fi brous capsule that 
shows itself as a peripheral hypoechoic halo. The in-
fi ltrative type HCC is characterized by an irregular 
and indistinct tumor-nontumor boundary. The tu-
mor strands into surrounding tissue, and frequently 
invades vascular structures, particularly portal vein 
branches. Infi ltrative HCCs may create a massive in-
volvement of the liver, replacing large parts of the pa-
renchyma. The diffuse type is by far the most unusual 
presentation of HCC. This type is characterized by 
numerous nodules of small size scattered through-
out the liver.

Doppler US techniques have long been used in 
attempts to evaluate tumor vascularity of HCC. On 
color or power Doppler US, HCC is usually displayed 
as a vascular rich lesion containing intratumoral fl ow 
signals with an arterial Doppler spectrum (Lencioni 
et al. 1996a). A basket pattern, which is a fi ne blood-
fl ow network surrounding the nodule, or tumor ves-
sels fl owing into the lesion and branching within it, 
are typically observed in large HCC. Doppler interro-
gation shows a pulsatile Doppler waveform with high 

frequency shifts and abnormally elevated resistive 
and pulsatility indexes. Since RNs and DNs usually 
do not show intratumoral arterial vessels, detection 
of neovascularity on Doppler US imaging supports 
the diagnosis of HCC. In small HCCs, however, the 
sensitivity of Doppler techniques in showing arte-
rial hypervascularity is low, and a pulsatile fl ow with 
arterial waveform can be demonstrated in less than 
50% of the lesions (Lencioni et al. 1996a).

The introduction of US contrast agents and, more 
recently, the development of contrast-specifi c tech-
niques that display microbubble enhancement in 
gray-scale have substantially improved the ability of 
US studies to assess the vascularity of HCCs. These 
techniques, in fact, optimize contrast and spatial res-
olution, and offer real-time imaging of contrast en-
hancement, thus allowing evaluation of tumor micro-
circulation (EFSUMB Study Group 2004; Lencioni 
et al. 2002a). After intravenous administration of an 
US contrast agent, HCC typically shows strong intra-
tumoral enhancement in the arterial phase (i.e. within 
20–30 s after the start of the injection) followed by 
an isoechoic or hypoechoic appearance in the portal 
venous and delayed phases (EFSUMB Study Group 
2004; Fracanzani et al. 2001; Lencioni et al. 2002a). 
In contrast, RNs and DNs usually do not show any 
early contrast uptake, and resemble the enhancement 
pattern of liver parenchyma.

In a series in which 72 HCCs ranging from 1.2 to 
7.5 cm in greatest dimension were studied with con-
trast US by using continuous, low mechanical index, 
real-time scanning after bolus injection of 2.4 ml of a 
second-generation agent, contrast US studies showed 
arterial contrast uptake, occurring 11–31 s after the 
start of the injection, in 61 (92%) of 66 hypervascular 
HCCs on spiral CT with a sensitivity of 92%, and a 
specifi city of 100% in distinguishing hypervascular 
HCCs from hypovascular HCCs. Of these 66 hyper-
vascular tumors on spiral CT, arterial contrast uptake 
was observed in a contrast US study in 44 (92%) HCCs 
smaller than or equal to 3 cm, in 17 (94%) HCCs larger 
than 3 cm with no statistical signifi cant difference, in 
37 (95%) HCCs which were superfi cially located, and 
in 24 (89%) HCCs which were deeply located within 
the liver parenchyma with no statistical signifi cant 
difference (Figs. 13.1, 13.2) (Lencioni et al. 2002b).

In another series, 25 small (3 cm or less) nodular 
lesions detected by baseline US in 14 pre-transplant 
cirrhotic patients were examined with contrast-en-
hanced US, and contrast US fi ndings were correlated 
lesion-by-lesion with pathology fi ndings. On pathol-
ogy examination, the 25 lesions were classifi ed as 
HCC (n=18), high-grade DN (n=3), and low-grade 
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Fig. 13.1a–e. Small hepatocellular carcinoma, superfi cially lo-
cated in segment IV. a Conventional gray-scale US study shows 
a hypoechoic nodular lesion. b,c Contrast US study shows a 
clear-cut enhancement of the lesion in the arterial phase (b) 
and its hypoechoic appearance in the delayed phase (c). d,e 
On contrast-enhanced spiral CT, the lesion appears hyperat-
tenuating in the arterial phase (d) and hypoattenuating in the 
delayed phase (e)

DN (n=4). Contrast-enhanced US studies showed 
arterial contrast uptake in 14 of 18 HCCs and in 1 
of 3 HG-DNs. No arterial enhancement was seen on 
contrast US in 4 of 18 HCCs, 2 of 3 HG-DNs and 4 of 
4 LG-DNs. In the delayed phase, 13 of 18 HCCs, 3 of 
3 HG-DNs, and 4 of 4 LG-DNs were isoechoic with 

respect to liver parenchyma. Delayed lesion hypo-
echogenicity was observed in 5 of 18 HCCs and none 
of the DNs (Figs. 13.3, 13.4) (Lencioni et al. 2004a).

Doppler US techniques are useful in evaluating 
presence and extension of portal vein thrombosis 
caused by tumor invasion. The peculiar aspect seen in 
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Fig. 13.2a–e. Small hepatocellular carcinoma, deeply located 
in segment VIII. a Conventional gray-scale US study shows 
a hypoechoic nodular lesion. b,c Contrast US study shows 
a clear-cut enhancement of the lesion in the arterial phase 
(b) and its isoechoic appearance in the delayed phase (c). d,e 
On contrast-enhanced spiral CT, the lesion appears hyperat-
tenuating in the arterial phase (d) and hypoattenuating in the 
delayed phase (e)
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Fig. 13.3a–f. Small hepatocellular carcinoma located in segment IV in a cirrhotic patient, candidate for liver transplantation. a 
Conventional gray-scale US study shows a hypoechoic nodular lesion. b,c Contrast US study shows a clear-cut enhancement 
of the lesion in the arterial phase (b) and its hypoechoic appearance in the delayed phase (c). d,e On contrast-enhanced spiral 
CT, the lesion appears hyperattenuating in the arterial phase (d) and hypoattenuating in the delayed phase (e). f Pathology 
examination of the explanted liver confi rms the presence of the small hepatocellular carcinoma
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Fig. 13.4a–f. Low-grade dysplastic nodule, located in segment III in a cirrhotic patient, candidate for liver transplantation. a 
Conventional gray-scale US study shows a hypoechoic nodular lesion. b,c Contrast US study does not show a clear-cut enhance-
ment of the lesion in the arterial phase (b), and the lesions appear isoechoic in the delayed phase (c). d,e On contrast-enhanced 
spiral CT, the lesion fails to enhance in the arterial phase (d) and appears hypoattenuating in the delayed phase (e). f Pathology 
examination of the explanted liver confi rms the presence of the low-grade dysplastic nodule
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cases of malignant thrombosis is the presence of pul-
satile arterial fl ow within the thrombus (Lencioni et 
al. 1995a). This fi nding is the expression of hypervas-
cular neoplastic tissue growing into the portal vein. 
The sensitivity of US in detecting the arterial neovas-
cularity within tumor thrombi may be increased by 
using microbubble contrast agents: enhancement of 
the thrombus in the arterial phase will indicate ma-
lignant thrombosis.

13.3 
Computed Tomography

Spiral CT, with the recent introduction of multidetec-
tor-row scan technology, currently plays a fundamen-
tal role in the diagnosis and staging of HCC (Awai 
et al. 2002; Kawata et al. 2002). The different blood 
supply to the lesion, in fact, is the most important CT 
feature that may help differentiate among small hepa-
tocellular lesions that have emerged in a cirrhotic 
liver (Choi 2004). Indeed, small, overt HCCs show 

a typical hypervascular pattern, with clear-cut en-
hancement in the predominantly arterial phase and 
rapid wash-out in the portal venous phase (Fig. 13.5) 
(Ichikawa et al. 2002; Laghi et al. 2003; Lee et al. 
2004; Murakami et al. 2001). In contrast, early-stage 
HCCs, RNs or DNs fail to exhibit this feature and 
appear isoattenuating or hypoattenuating with re-
spect to surrounding liver parenchyma on CT im-
ages (Fig. 13.6) (Lencioni et al. 1996b). Nevertheless, 
high-grade DNs may show increased arterial blood 
supply and be indistinguishable from a small HCC 
(Freeny et al. 2003).

Small, nodular type HCC tumor is a sharply de-
marcated lesion that may or may not be encapsu-
lated. The CT detection rate of the capsule 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 hyperattenuat-
ing on delayed contrast-enhanced images (Fig. 13.7) 
(Karahan et al. 2003; Ros et al. 1990). The single 
nodular type with extranodular growth, the contigu-
ous multinodular type, and the poorly demarcated 

Fig. 13.5a–d. Small, overt hepatocellular carcinoma. The lesion, not visible in the 
baseline image (a), appears hyperattenuating in the arterial phase spiral CT image 
(b) and hypoattenuating in the portal venous (c) and delayed phase (d) images
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Fig. 13.6a–d. Early-stage, hypovascular hepatocellular carcinoma. a The lesion is 
depicted as a slightly hypoattenuating nodule in the baseline image. b–d The lesion 
fails to enhance in the arterial phase image (b) and appears defi nitely hypoattenuat-
ing in the portal venous phase (c) and in the delayed phase (d) images

ca b

d

Fig. 13.7a–d. Small, encaspulated hepatocellular carcinoma. a,b The lesion, hardly visible in the baseline image (a), is well de-
picted in the arterial phase spiral CT image (b). c,d In the portal venous (c) and delayed phase (d) images, a peripheral rim of 
enhancement corresponding to the capsule is observed
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nodular type show a nodular confi guration with an 
irregular or unclear margin on CT images (Fig. 13.8) 
(Matsui et al. 1991; Ueda et al. 1995).

Among the advanced HCC tumors, the typical ex-
pansive type of HCC is a sharply demarcated lesion 
that may be unifocal or multifocal. Typical features 
of expansive type HCC include tumor capsule and 
internal mosaic architecture. Most expansive HCC 
lesions have a well-developed fi brous capsule. The 
fi brous capsule is demonstrated by CT as a hypoat-
tenuating rim which enhances in the delayed phase 
(Karahan et al. 2003; Ros et al. 1990). Internal mo-
saic architecture is characterized by components 
separated by thin fi brous septa. The different com-
ponents may show various attenuation indexes on 
CT images, particularly if areas of well-differentiated 
tumor with different degrees of fatty metamorphosis 
are present. Internal septa show delayed enhance-
ment, similar to that of the fi brous capsule (Fig. 13.9) 
(Yoshikawa et al. 1992). The infi ltrative type HCC is 
characterized by an irregular and indistinct tumor-
nontumor boundary. This type is demonstrated as 
a mainly uneven hypodense area with unclear mar-

gins (Fig. 13.10). The tumor strands into surround-
ing tissue, and 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. Identifi cation of 
neoplastic thrombosis of the portal vein is a crucial 
staging and prognostic factor (Choi 1995; Karahan 
et al. 2003). Infi ltrative HCC may create a massive in-
volvement of the liver, replacing large parts of the pa-
renchyma. The diffuse type is by far the most unusual 
presentation of HCC. This type is characterized by 
numerous nodules of small size scattered through-
out the liver. The nodules do not fuse with each other 
and are visualized as diffusely distributed hypodense 
lesions (Fig. 13.11).

In addition to these morphological features, HCC 
has a typical tendency to produce small or minute sat-
ellite nodules (“daughter” lesions), frequently located 
in the vicinity of the main tumor. These nodules, rep-
resenting intrahepatic metastases usually developed 
via the portal vein branches, show the same CT ap-
pearance of the main tumor. Identifi cation of these 
satellite lesions is of the utmost importance for thera-

a b c
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Fig. 13.8a–d. Small, poorly demarcated hepatocellular carcinoma. The lesion, hy-
poattenuating in the baseline image (a), appears hyperattenuating in the arterial 
phase image (b) and hypoattenuating in the portal venous (c) and delayed phase 
(d) images
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Fig. 13.9a–d. Hepatocellular carcinoma with internal mosaic architecture, intratu-
moral septa and areas of necrosis. Spiral CT images obtained in the baseline (a), 
arterial phase (b), portal venous (c) and delayed phase (d) images. Different com-
ponents of the tumor show various degrees of attenuation. Internal fi brous septa 
are depicted as they enhance in the portal venous phase

cba

d

Fig. 13.10a–d. Infi ltrative type hepatocellular carcinoma. The lesion is depicted by 
baseline (a), arterial phase (b), portal venous phase (c) and delayed phase (d) images 
as an uneven area with irregular borders and inhomogeneous enhancement which 
strands into surrounding tissue

a b c
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peutic planning, and represents one of the most chal-
lenging issues in HCC patients (Fig. 13.12) (Choi et al. 
1997). Satellite lesions 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 
advanced stage and is associated with a worse prog-
nosis. In the case of multicentric development, multi-
ple small tumors may exhibit a different enhancement 
pattern on CT, refl ecting different degrees of tumor 
differentiation (Ueda et al. 1995).

Unusual histopathologic characteristics of HCC 
may modify the typical CT appearance of this tu-
mor. These unusual histopathologic characteristics 
include marked fatty change, massive necrosis, abun-
dant fi brous stroma (sclerosing type HCC), sarcoma-
tous change, copper accumulation, and calcifi cations 
(Freeny et al. 1992). When fatty metamorphosis is 
severe, CT shows usually areas of negative attenuation 
value within the tumor, allowing the diagnosis of the 
fat component (Fig. 13.13). When the degree of fatty 

deposition differs among internal portions of the tu-
mor, the mosaic architecture can be visualized and 
the diagnosis of HCC made (Yoshikawa et al. 1998). 
Spontaneous massive necrosis within HCC is shown as 
a non-enhanced area, similar to other necrotic tumors 
(Fig. 13.9). HCC with abundant fi brous stroma (scle-
rosing type HCC) demonstrates hypovascularity on 
arterial-phase CT images and shows delayed enhance-
ment (Yamashita et al. 1993). The same enhancement 
pattern 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 fi brous compo-
nent, such as confl uent hepatic fi brosis in cirrhotic 
liver and cholangiocellular carcinoma. Deposition of 
copper and copper-binding protein in some HCCs has 
been recognized, resulting in increased attenuation 
on precontrast CT images (Kitagaua et al. 1991). The 
presence of calcifi cations is uncommon in HCC, be-
ing detected in about 0.2–1% of tumors. Calcifi cations, 
however, are not rare in fi brolamellar carcinoma and 
in mixed cholangiocellular-hepatocellular carcinoma.

Fig. 13.11a–d. Diffuse type hepatocellular carcinoma. The lesion depicted by baseline (a), arterial phase (b), portal venous phase 
(c) and delayed phase (d) images is characterized by numerous nodules of small size scattered throughout the left liver lobe. 
The nodules do not fuse with each other and are visualized as diffusely distributed hypoattenuating lesions
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Fig. 13.13a–d. Hepatocellular carcinoma with fatty metamorphosis. Spiral CT images obtained in the baseline (a), arterial phase 
(b), portal venous (c) and delayed phase (d) images. The lesion appears hypoattenuating in the baseline image, shows inhomo-
geneous enhancement in the arterial phase image and appears hypoattenuating in the portal venous (c) and delayed phase (d) 
images, due to intratumoral fatty change
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Fig. 13.12a–d. 
Hepatocellular carcinoma 
with satellite lesions. The 
daughter nodules are 
better depicted in the 
arterial phase spiral CT 
image (b) with respect 
to the baseline (a), portal 
venous (c) and delayed 
phase (d) images
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13.4 
Magnetic Resonance Imaging

Recent advances in MR imaging include the introduc-
tion of high performance gradients, which have made 
possible the volumetric three-dimensional imaging 
techniques, as well as the development of liver-spe-
cifi c contrast agents, with a substantial impact on 
the diagnosis and staging of HCC (Keogan and 
Edelman 2001; Semelka and Helmberger 2001; 
Augui et al. 2002; Hussain et al. 2003; Laissy et al. 
2002; Semelka et al. 1999).

If the dynamic study is often the single most im-
portant component of an MR examination, much 
information can be obtained from baseline images. 
Tumor architecture, grading, stromal component, as 

well as intracellular content of certain substances, 
such as fat, glycogen, or metal ions, greatly affect the 
MR imaging appearance of the lesion on T1-weighted 
and T2-weighted images (Lencioni et al. 2004b). 
The signal intensity may range from hypointensity 
to isointensity to hyperintensity on T1-weighted im-
ages and from isointensity to hyperintensity on T2-
weighted images. Hyperintensity on T1-weighted 
images and isointensity on T2-weighted images 
are typical features of well-differentiated tumors, 
while hypointensity on T1-weighted images and 
hyperintensity on T2-weighted images are usually 
associated with moderately or poorly differentiated 
tumors (Figs. 13.14, 13.15) (Lencioni et al. 2004b). 
Tumor capsule is usually depicted as a thin rim with 
hypointense signal intensity on T1-weighted images 

Fig. 13.14a–d. Well-differentiated hepatocellular carcinoma. The lesion appears hyperintense on T1-weighted images (a), slightly 
hypointense on T2-weighted images (b), does not show a clear-cut enhancement in the arterial phase (c) and appears isointense 
in the portal venous phase (d) on dynamic study
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due to its fi brotic composition. T2-weighted images 
delineate a single ring with hypointense signal in-
tensity or a double ring with inner hypointensity 
and outer hyperintensity due to a thin fi brous inner 
zone and an outer zone consisting of compressed 
small vessels and bile ducts (Bartolozzi et al. 
2001). In the mosaic pattern, intratumoral, linear-
like hypointense areas on T1-weighted images and 
a nonuniform signal on T2-weighted images are 
detected due to intratumoral septa and a variety of 
histopathological fi ndings within the tumorous tis-
sue (Bartolozzi et al. 2001). Central necrosis pres-
ents itself usually with hypointensity on T1-weighted 
images, with marked hyperintensity on T2-weighted 
images in the case of liquefaction (Bartolozzi et al. 
2001). Stromal (fibrous) component reduces signal 
intensity on T2-weighted images (Bartolozzi et 
al. 2001). Intracellular accumulation of fat or gly-
cogen increases signal intensity on T1-weighted 

images (Bartolozzi et al. 2001). While the intra-
tumoral content of copper usually has limited in-
fluence on MR signal intensity of the lesion, iron 
deposits may greatly reduce signal intensity, es-
pecially on T2-weighted images (Bartolozzi et 
al. 2001).

The signal intensity of HCCs may be inhomoge-
neous, refl ecting the presence of areas with different 
degrees of differentation. Lesion signal intensity on 
baseline T1-weighted and T2-weighted images may 
help differentiate HCCs from RNs or DNs in cirrho-
sis (Lencioni et al. 2004b). In fact, benign hepato-
cellular lesions almost never show hyperintensity 
on T2-weighted images, while malignant nodules 
almost never show hypointensity on T2-weighted 
images. Isointensity on T2-weighted images, how-
ever, is a common fi nding both in DN and well-dif-
ferentiated HCC and, therefore, considerable over-
lap exists.

Fig. 13.15a–d. Poorly differentiated hepatocellular carcinoma. The lesion appears hypointense on T1-weighted images (a) and 
hyperintense on T2-weighted images (b), showing a clear-cut enhancement in the arterial phase (c) and wash-out in the portal 
venous phase (d) on dynamic study
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The key pathologic factors for differential diag-
nosis between HCC and RNs or DNs is reflected in 
imaging appearances of vascular supply to the le-
sion, because the HCC neovascularity allows HCC 
to be diagnosed (Lencioni et al. 1996b). Dynamic 
MR imaging well demonstrates the hallmark of 
HCC in the cirrhotic liver, that is, arterial phase 
enhancement with portal venous phase wash-out 
(Fig. 13.16) (Eubank et al. 2002; Lencioni et al. 
1996b; Noguchi et al. 2002; Noguchi et al. 2003). 
This feature enables one to distinguish frank HCC 
from DN, which are not usually hypervascular 
on arterial phase MR imaging, and enhance ho-
mogeneously on portal venous phase imaging, 
appearing isointense or nearly isointense to sur-
rounding liver tissue (Fig. 13.17). Well-differenti-
ated tumors, however, may not exhibit the typical 
hypervascularity of overt HCC and show slight 
progressive enhancement with no peak in the ar-

terial phase (Bartolozzi et al. 2001). Sclerosing 
HCC can show some delayed enhancement due to 
the abundant fibrous component (Bartolozzi et 
al. 2001).

While the dynamic study performed by using 
gadolinium chelates is currently a key part of the 
MR imaging examination, liver-specifi c contrast 
agents have also been used in attempts to improve 
the information provided by MR imaging in HCC 
detection and characterization. It has been shown 
that some well-differentiated HCCs may show a 
positive enhancement after the administration of 
a hepatobiliary contrast agent because of their af-
fi nity with normal hepatocytes. In one study, ow-
ing to this peculiar feature, early-stage tumors that 
were missed by spiral CT because of their imma-
ture neovascularity were detected (Bartolozzi et 
al. 2000). However, since uptake of the hepatobil-
iary contrast agent also occurs in DNs, differential 
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Fig. 13.16a–d. Small hepatocellular carcinoma. The lesion appears hypointense on T1-weighted images (a) and hyperintense 
on T2-weighted images (b), showing a clear-cut enhancement in the arterial phase (c) and wash-out in the portal venous phase 
(d) on dynamic study



192 D. Cioni et al.

diagnosis among these entities cannot be achieved 
(Bartolozzi et al. 2000). HCC conspicuity after the 
administration of RES-specifi c contrast agents de-
pends on differences in the number of Kupffer cells 
within the nodule and the surrounding cirrhotic 
liver (Lim et al. 2001). While moderately or poorly 
differentiated HCCs containing few or no Kupffer 
cells show high contrast-to-noise ratio, well-differ-
entiated HCCs (as well as DNs) have a Kupffer cell 
population that may not signifi cantly differ from 
that of surrounding parenchyma, which results in 
a signal-to-noise ratio close to zero and, thus, in 

low detectability rates (Figs. 13.18, 13.19) (Lim et 
al. 2001). Although in one study MR imaging with 
use of a RES-targeted agent was superior to spiral 
CT for the detection of HCCs, in a comparative 
study the sensitivity of RES-targeted-enhanced im-
aging in detection of small HCCs was inferior to 
that of gadolinium-enhanced MR (Kang et al. 2003; 
Pauleit et al. 2002). In addition, the specifi city may 
not improve after the administration of RES-tar-
geted agents because of the false-positive lesions 
that may be caused by fi brotic changes (Mori et al. 
2002) 

Fig. 13.17a–d. Dyspastic nodule. The lesion appears hyperintense on T1-weighted images (a) and isointense on T2-weighted 
images (b), but does not show clear-cut enhancement in the arterial phase (c) and appears isointense in the portal venous phase 
(d) on dynamic study
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Fig. 13.18a–c. Small hepatocellular carcinoma studied before 
and after administration of RES-specifi c contrast agent. The 
lesion appears hypointense on baseline T1-weighted images 
(a), hyperintense on baseline T2-weighted images (b), and 
hardly hyperintense on T2-weighted images after contrast 
agent administration (c)
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13.5 
Angiography and Angiographically Assisted 
Techniques

Angiography has long been used to diagnose HCC 
through the demonstration of abnormal arterial tu-
mor vessels and nodular tumor stain. Following the 
advances in CT and MR imaging, angiography has 
lost almost any diagnostic role. The sensitivity of 
angiography in the depiction of small HCCs is in-
ferior to that of spiral CT or dynamic MR imaging. 
In addition, angiography does not provide accurate 
anatomic localization of tumors. Angiography can be 
used in combination with spiral CT to perform CT 
hepatic arteriography (CTHA), CT arterial portogra-
phy (CTAP), or Lipiodol CT.

In spiral CTHA, contrast material is injected di-
rectly into the proper or common hepatic artery. 
This technique is based on the fact that all but very 
few HCCs are fed from the hepatic artery. On spiral 
CTHA images, HCCs show high-attenuation blushes 

compared with the surrounding normal liver and 
stand out against the faintly enhanced normal pa-
renchyma. Spiral CTAP is based on the reverse path-
ologic substratum with respect to CTHA, that is, on 
the fact that almost no HCCs are fed by the portal 
vein. This procedure produces dense enhancement of 
portal venous blood, so that the arterially supplied 
HCCs are highlighted as negative defects. However, 
variations in vascular anatomy, fl ow-related artifacts 
(especially perfusion defects in CTAP), and altered 
hemodynamics due to the associated cirrhosis may 
signifi cantly change the patterns of enhancement 
and produce both false-negative and false-positive 
results (Choi et al. 2001).

In Lipiodol CT, iodized oil is injected into the he-
patic artery through angiographic catheterization. 
Most of the iodized oil droplets fl ow into HCCs by 
virtue of the increased blood supply to the tumor and, 
once deposited in the tumor, disappear at a far slower 
rate compared with those deposited in the normal 
liver tissue. Hence, on CT scans acquired 3-4 weeks 

Fig. 13.19a–c. Dysplastic nodule studied before and after ad-
ministration of RES-specifi c contrast agent. The lesion appears 
hyperintense on baseline T1-weighted images (a), hypointense 
on baseline T2-weighted images (b), and hardly hypointense 
on T2-weighted images after contrast agent administration 
(c)
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later, HCCs appear as highly hyperattenuating areas 
compared with nontumorous liver tissue. However, 
when careful imaging-pathologic correlation was per-
formed, the sensitivity of the technique was shown to 
be lower than previously estimated (Bizollon et al. 
1998; Lencioni et al. 1997). Also, fi ndings on Lipiodol 
spiral CT have limited specifi city, as Lipiodol accu-
mulation has been demonstrated in benign lesions, 
including RN and DN (Bizollon et al. 1998).

13.6 
Percutaneous Biopsy

Percutaneous biopsy has long been considered the 
method of choice for diagnosis of HCC. It is rou-
tinely performed with local anesthesia and without 
a hospital stay. US is the preferred imaging modal-
ity for guidance, because real-time control allows 
for a faster procedure time and precise centering 
of the needle in the target. Percutaneous biopsy can 
be performed by using either noncutting aspiration 
needles for cytology examination or cutting needles 
(Menghini modifi ed needles or Tru-cut needles) for 
histology examination. The sensitivity of biopsy for 
the diagnosis of HCC ranges from 75% to 97%, while 
the specifi city approaches 100% in most published 
series (Bartolozzi and Lencioni 1999; Lencioni 
et al. 1995b; Longchampt et al. 2000). False-nega-
tive results may be caused by either sampling mis-
takes or misinterpretations of a well differentiated 
tumor such as a DN or RN. Four cytologic features 
(increased nuclear/cytoplasmic ratio, cellular mono-
morphism, nuclear crowding, loss of bile duct cells) 
and four histologic features (increased nuclear/cyto-
plasmic ratio, decreased Kupffer cells, cellular mon-
omorphism, increased trabeculae thickness) were 
identifi ed as predictive of HCC in biopsy specimens 
(Longchampt et al. 2000). To improve the accuracy 
of the biopsy, combined cytology and histology sam-
pling is recommended. Performing a double biopsy 
into the lesion and in normal parenchyma may also 
improve the accuracy of the technique (Bartolozzi 
and Lencioni 1999).

Fatal complications following biopsy are extremely 
rare and almost always related to post-biopsy bleed-
ing. A possible major complication is represented by 
tumor seeding along the needle track. The risk of 
seeding depends on several factors, including needle 
caliber, number of passes, tumor histology, and lesion 
location. The combination of superfi cial location and 
poor tumor differentiation signifi cantly enhances the 

risk of seeding. Although the true incidence of this 
event is diffi cult to establish, in two series in which 
careful post-biopsy follow-up was performed seed-
ing occurred in 3.5% and 5.1% of cases, respectively 
(Kim et al. 2000; Takamori et al. 2000).

13.7 
Diagnostic Workup

While the detection of a focal lesion in cirrhosis dur-
ing US follow-up should always raise the suspicion 
of HCC, it has been shown by pathologic studies that 
many small nodules detected by US in cirrhotic liv-
ers do not correspond to HCC, but rather to non-
neoplastic hepatocellular nodules, such as RN or DN. 
The prevalence of HCC among US-detected nodules is 
strongly dependent on the size of the lesion: while half 
of the nodules less than 1 cm in size are not malignant, 
the large majority of the lesions exceeding 2 cm are 
true HCC or contain HCC foci (Bruix et al. 2001). 
The differential diagnosis between small HCC and RN 
or DN remains one of the greatest challenges in liver 
imaging. The diagnostic protocol, therefore, should be 
structured according to the actual risk of malignancy 
and the possibility of achieving a reliable diagnosis.

The following workup has been devised by a panel 
of experts from the European Association for the 
Study of the Liver, and offers guidelines for the clini-
cal management of suspected HCC lesions (Bruix et 
al. 2001). In nodules smaller than 1 cm detected by US 
in a cirrhotic patient, in view of the high prevalence 
of nonmalignant lesions and the diffi culty of achiev-
ing a fi nal diagnosis of HCC, a reasonable protocol is 
to repeat US every 3 months, until the lesion grows to 
more than 1 cm, at which point additional diagnostic 
techniques are applied. It has to be emphasized, how-
ever, that the absence of growth during the follow-up 
period does not rule out the malignant nature of the 
nodule because even an early-stage HCC may take 
more than 1 year to increase in size.

When the nodule exceeds 1 cm in size, the lesion 
is more likely to be HCC and diagnostic confi rma-
tion should be pursued. If the nodule does not ex-
ceed 2 cm, biopsy of the nodule can be recommended 
since the imaging techniques do not seem to have 
suffi cient accuracy to distinguish HCC from benign 
conditions and AFP concentration will usually re-
main within normal values or be slightly elevated. 
Pathological confi rmation may be best obtained by 
histology or combined cytology and histology sam-
pling. The presence of an expert pathologist and the 
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use of standardized interpretation criteria are crucial 
aspects of the technique. Nevertheless, a negative bi-
opsy of a nodule which has emerged in a cirrhotic 
liver can never be taken as a criterion to rule out ma-
lignancy. Hence, lesions in which malignancy is not 
confi rmed should be carefully followed over time and 
additional diagnostic techniques must be applied in 
the case of lesion growth.

For nodules above 2 cm, imaging techniques may 
confi dently establish the diagnosis without needing 
confi rmation with a positive biopsy (Torzilli et al. 
1999). Thus, in the setting of liver cirrhosis, HCC can 
be diagnosed by the coincident fi ndings in at least 
two techniques (out of US, CT and MR imaging) 
showing characteristic features in a focal lesion larger 
than 2 cm. Imaging techniques should evidence arte-
rial hypervascularization, and angiography can be 
used for this purpose if the others are not available. 
Ultimately, the decision to request a diagnostic bi-
opsy should take into account the clinical impact of 
the result, and the balance between the potential risks 
of biopsy and the risk of invasive treatments in a pa-
tient due to a possible false-positive diagnosis based 
solely on imaging techniques.

The HCC nature of a nodule may also be con-
fi rmed by the concomitant detection of an increased 
α-fetoprotein (AFP) concentration. Published data 
suggest using values above 400 ng/ml for diagnostic 
confi rmation, but future investigations may prompt 
a reduction of this limit to lower values, probably in 
the light of a comparison with values obtained prior 
to the nodule detection (Bruix et al. 2001).

13.8 
Staging Workup

The indication to perform an accurate assessment of 
disease extension depends on the clinical need. In pa-
tients diagnosed at an advanced stage of disease with 
no therapeutic options, the results of diagnostic US 
provide enough information and no other techniques 
are necessary. In those individuals in whom a treat-
ment decision has to be taken, in contrast, accurate 
staging is necessary to determine the best treatment 
method. In these patients, tumor staging should in-
clude the assessment of number, size, location, and 
characteristics of the tumor nodules; tumor vascular 
invasion; and nodal and extrahepatic metastases.

US is defi nitely insuffi cient to defi ne accurately 
the degree of intrahepatic and extrahepatic tumor 
spread. US, in fact, has a low detection rate for small 

intrahepatic metastatic nodules of HCC. When US 
fi ndings were compared with explanted liver speci-
mens, US lesion detection sensitivity for HCCs and 
DNs was in the ranges of 33–46% and 0–33%, respec-
tively (Kim et al. 2001; Rode et al. 2001). Also, US is 
insensitive in the identifi cation of tumor invasion in 
peripheral portal vein branches.

Spiral CT is a much better technique for staging, 
as it provides reliable detection of both intrahepatic 
and extrahepatic spread of the tumor. Dynamic MR 
imaging may in any case substitute for CT scan-
ning (Kim et al. 2004; Sugihara et al. 2003). Spiral 
CT and dynamic MR imaging provide accurate as-
sessment of the number and size of HCCs, enabling 
identifi cation of even small intrahepatic metastatic 
nodules. These tiny tumor deposits, in fact, are usu-
ally hypervascular, like the main tumor, and there-
fore well depicted in arterial phase spiral CT or MR 
images. Nevertheless, when careful lesion-by-lesion 
imaging-pathologic correlation was performed in 
explanted livers, the sensitivity of both spiral CT and 
MR imaging in the detection of intrahepatic meta-
static nodules was shown to be much lower than pre-
viously estimated (Bhartia et al. 2003; Burrel et al. 
2003; de Ledinghen et al. 2002; Valls et al. 2004). 
In studies in which the results of preoperative spiral 
CT were correlated with histopathologic results af-
ter 3-mm slicing of the explanted liver, the sensitivity 
of spiral CT was in the range 37–75% for the detec-
tion of HCCs, and 39–50% for the detection of DNs 
(Lim et al. 2000; Peterson et al. 2000; Zacherl et al. 
2002). With dynamic gadolinium-enhanced MR im-
aging, lesion-by-lesion analysis revealed a sensitivity 
of 55–77% in the detection of HCCs and 15–50% for 
the detection of DNs (Krinsky et al. 2001; Rode et al. 
2001). In a series in which 55 patients with liver cir-
rhosis and HCC were examined with multidetector 
spiral CT and then submitted to liver transplantation 
within 3 months, pathology examinations showed 41 
HCCs in 24 of 55 patients, ranging from 0.5 to 5 cm 
in diameter. Thirty of 41 lesions were detected by CT 
(lesion sensitivity 73%). Nine of the 11 lesions unde-
tected by CT were smaller than 1 cm. Eight false-posi-
tive CT fi ndings were observed (positive predictive 
value, 79%). Patient sensitivity and specifi city in the 
detection of HCC were 79% (19/24) and 90% (28/31), 
respectively (Fig. 13.20) (Cioni et al. 2004).

Spiral CT and dynamic MR imaging have, how-
ever, substantially restricted the indication for more 
complex and invasive angiographically assisted CT 
techniques for the detection of satellite lesions even 
if they still remain relatively insensitive for the detec-
tion of tiny HCCs (Table 13.1).
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Fig. 13.20a–d. Preoperative CT in a pre-transplant cirrhotic patient with hepatocellular carcinoma. a,b Arterial (a) and portal 
venous phases (b) images show a typical hypervascular hepatocellular carcinoma located in segment VII. c,d On pathology 
examination of the explanted liver, the lesion is confi rmed (c), but a second tiny tumor is also depicted (d)

a b

c d

Table 13.1. Sensitivity and positive predictive value of gadolinium-enhanced dynamic magnetic resonance imaging (MR) and spiral 
computed tomography (CT) in the diagnosis of hepatocellular carcinoma (HCC) according to lesion size. All series have pathologic 
examination of the explanted liver as term of reference. N/P= not performed; N/A= not available

Author 
year

No. of patients/
No. of lesions

Overall
sensitivity

Sensitivity for 
lesions <1 cm

Sensitivity for
lesions 1-2 cm

Sensitivity for
lesions >2 cm

Positive pre-
dictive value

Krinsky et al.
2001  

71 / 19 MR, 10/19 (53%)
CT, N/E

1/3 (33%) 6/12 (50%) 3/4 (75%) 19/34 (56%)

Rode et al.
2001  

43 / 13 MR, 10/13 (77%)
CT, 7/13 (54%)

MR, 5/7 (71%)
CT, 3/7 (43%)

MR, 4/5 (80%)
CT, 3/5 (60%)

MR, 1/1 (100%)
CT, 1/1 (100%)

MR, N/A
CT, N/A

de Lédinghen 
et al. 2002  

34 / 54 MR, 33/54 (61%)
CT, 28/54 (52%)

MR, 2/8 (25%)
CT, 2/8 (25%)

MR, 19/34 (56%)
CT, 15/34 (44%)

MR, 12/12 (100%)
CT, 11/12 (92%)

MR, 33/37 (89%)
CT, 28/37 (76%)

Burrel et al.
2002  

50 / 76 MR, 58/76 (76%)
CT, 43/70 (61%)

MR, 7/22 (32%)1

CT, 2/19 (10%)
MR, 16/19 (84%)1

CT, 9/19 (47%)
MR, 6/6 (100%)1

CT, 6/6 (100%)
MR, 58/64 (90%)
 CT, 43/49 (87%)         

Bhartia et al.
2003  

31 / 32 MR, 25/32 (78%)2

CT, N/P
3/8 (38%) 12/13 (92%) 10/11 (91%)

25/46 (54%)
Teefey et al.
2003  

22 / 18 MR, 14/18 (77%)
CT, 13/18 (72%)

N/A N/A N/A MR, 14/19 (74%)
CT, 13/22 (59%)

Valls et al.
2004  

51 / 85 MR, N/P
CT, 67/85 (79%)

N/A 23/28 (61%) 3 44/47 (94%) 67/76 (88%)

1 Analysis of sensitivity according to lesion size was focused on 47 satellite nodules and did not include 29 main tumors
2 MR examination protocol included dynamic gadolinium-enhanced, and ferumoxide-enhanced imaging
3 The subgroup includes lesions smaller than or eqaul to 2 cm
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The use of Lipiodol CT, in particular, is no longer 
recommended because of its invasiveness and lim-
ited accuracy (Bizollon et al. 1998; Lencioni et al. 
1997).

Vascular invasion by the tumor is a crucial stag-
ing factor. Tendency to grow into the portal veins, 
eliciting tumor thrombi, is a peculiar feature of 
HCC. Spiral CT and MR imaging allows accurate 
identifi cation of tumor thrombi in the main portal 
veins. Tumor thrombi are shown as solid masses in 
the blood vessels with a marked hypervascularity 
often seen on arterial-phase images. Arteriovenous 
shunting may be present within thrombi. The hepatic 
segment in which the feeding portal vein branch is 
obstructed demonstrates hyperperfusion abnormal-
ity on arterial-phase CT or MR images, as a result 
of arterial compensation and lack of dilution of the 
enhanced arterial blood with the unenhanced portal 
blood. Identifi cation of tumor invasion in peripheral 
(segmental or subsegmental) portal vein branches, 
however, is unreliable with both spiral CT and MR 
imaging.

Lymphatic metastases in HCC are not common. 
They are seen in no more than 10–15% even in autopsy 
cases, especially in the hepatic hilar lymph nodes 
(Bartolozzi and Lencioni 1999). Extrahepatic he-
matogenous metastases are usually associated with 
advanced-stage tumors. The lung is the most com-
mon site of metastases, followed by the bone and 
the adrenal gland. CT is valuable for the diagnosis of 
adenopathies and distant metastatic disease, except 
for bone metastases. Assessment of tumor spread in 
selected patients (i.e. candidates for liver transplan-
tation, inclusion in therapeutic trials) may therefore 
require thin section spiral CT of the chest and bone 
scintigraphy.
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14.1 Introduction

Primary malignant tumors of the liver can be classifi ed 
into three groups according to their origins: those 
derived from the hepatocytes, those arising from 
the bile-duct epithelium, and those originating from 
the mesenchymal tissues of the liver. In this chapter, 
clinico-pathological features of hepatocellular malig-
nancies arising in noncirrhotic liver are discussed, 
including hepatocellular carcinoma, fi brolamellar 
carcinoma and hepatoblastoma. Cholangiocellular 
tumors (cholangiocarcinoma and cystoadenocarci-
noma) and tumors that origin from hepatic mes-
enchymal tissues (epithelial hemangioendothelioma, 
angiosarcoma and primary hepatic lymphoma) will 
also be examined. 

14.2 
Hepatocellular Tumors

14.2.1 
Hepatocellular Carcinoma

Most cases of hepatocellular carcinoma (HCC) can 
be attributed to chronic hepatitis B (HBV) and/or C 
(HCV) (Llovet et al. 2003). However, some cases of 
HCC are not associated with cirrhosis (Nzeako et al. 
1996). Nzeako et al. (1996) estimated that 40% of the 
HCC seen in North America occurs in noncirrhotic 
livers; they reported that only 10% of those patients 
had evidence of viral hepatitis or alcoholism. In a 
more recent study serologic evidence of hepatitis B or 
C or history of alcohol intake was present in only 36% 
of noncirrhotic patients with HCC, the remaining 
64% having no evidence of risk factors for cirrhosis 
or HCC (Brancatelli et al. 2002). These data sup-
port the fact that HBV and HCV are associated with 
carcinogenesis of the HCC arising in noncirrhotic 
liver, but in most cases the cause of HCC remains 
uncertain. Recent reports have shown that transpla-
cental transmission of HBV and HBV DNA integra-
tion into the cellular genomic DNA during fetal life is 
a possible explanation of HBV-related HCC in young 
adults without cirrhosis (Sezaki et al. 2004). The 
suspicion that oral contraceptives might play a role 
in the genesis of liver cancer has yet to be confi rmed 
(Smalley et al. 1988).

When the tumor develops in the absence of cir-
rhosis, the course of the disease is generally turbu-
lent. These patients are younger, generally about 40 
years old, and with abnormally elevated serum tumor 
markers. Patients generally have severe, diffuse ab-
dominal pain; weakness, weight loss, and lack of ap-
petite may also be present. Extrahepatic extension of 
HCC is common in noncirrhotic patients (Trevisani 
et al. 1995). Noncirrhotic patients with HCC have a 
relatively favourable prognosis, with a median sur-
vival of 2.7 years and with 25% of patients surviv-
ing for at least 5 years after resection (Smalley et 
al. 1988).
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The hepatic mass is commonly a large, lobulated 
and encapsulated solitary mass; necrosis and hy-
pervascularity are prominent features. Vascular and 
biliary invasion are common. HCC had been reported 
as well-differentiated in 15% of patients, moderately 
differentiated in 82%, and poorly-differentiated in 
3% of cases (Brancatelli et al. 2002). 

14.2.2 
Fibrolamellar Carcinoma

Fibrolamellar carcinoma (FLC) is a rare neoplasm 
of hepatocellular origin, considered as independent 
entity from HCC (El-Serag and Davila 2004). FLC 
occurs predominantly in young people of both sex, 
usually without preexisting liver disease (Craig et al. 
1980). FLC does not appear to be related to previous 
HBV or HCV infection, and is not associated with 
elevated alpha-fetoprotein levels. Serum unsaturated 
vitamin B12  binding capacity and plasma neuroten-
sin  may be used as tumoral markers (Kwee 1989). 
In most patients signs and symptoms are represented 
by abdominal pain, hepatomegaly or palpable mass 
in the abdomen. In a recent study, the survival rates 
were signifi cantly longer in patients with FLC than 
HCC: the 5-year relative survival rate was 31% for 
FLC and 6% for HCC (El-Serag and Davila 2004).

The neoplasm usually presents as a large, lobulated 
and solitary mass with a central fi brous scar that may 
be calcifi ed (Ichikawa et al. 1999). Microscopically, 
FLC is characterized by cords of tumor cells sur-
rounded by abundant avascular fi brous tissue. Fibrotic 
lamellae often form a central scar and multiple septa 
which radiate from the centre of the lesion.

14.2.3 
Hepatoblastoma

Hepatoblastoma is the most common hepatic neo-
plasm in the paediatric age, comprising approxi-
mately 1% of all paediatric cancers (Schnater et 
al. 2003). The tumor is often detected before 3 years 
of age, more frequently in males, with a median sur-
vival of 1 year (Jung et al. 2001). The neoplasm is 
frequently combined with congenital disorders and 
malformations of other organ such as hemihyper-
trophy, glycogen storage disease, diaphragmatic and 
umbilical hernias, and Wilms tumor (Lack et al. 
1982; Mann et al. 1990). Presentation is often due to 
the mass effects accompanied by anorexia, vomiting, 
fever, and weight loss. The serum α-fetoprotein level 

is usually high. Metastases can be found in the ab-
dominal lymph nodes, the lungs, and, less commonly, 
the brain (Begemann et al. 2004). Recent evidence 
suggests the possible association between prematu-
rity and hepatoblastoma (Feusner and Plaschkes 
2002).

On macroscopic examination, hepatoblastoma is, 
in most cases, a solid, solitary and lobulated mass. 
Areas of necrosis and calcifi cation are commonly 
present. Microscopically it can be classifi ed as an epi-
thelial or mixed (epithelial-mesenchymal) neoplasm. 
Epithelial hepatoblastoma is composed of fetal or 
embryonal malignant hepatocytes. Mixed hepato-
blastoma has epithelial and mesenchymal component 
as osteoid material or cartilage. The histologic clas-
sifi cation has prognostic implications: the epithelial 
type, particularly fetal histologic type, is associated 
with improved survival when compared with other 
histologic patterns (Haas et al. 1989).

14.3 
Cholangiocellular Tumors

14.3.1 
Cholangiocellular Carcinoma

Cholangiocellular carcinoma or cholangiocarcinoma 
(CCA) is a primary malignancy arising from the bile 
duct epithelium. The incidence of CCA among pri-
mary liver tumors is around 20% of the cases. It gen-
erally occurs during the sixth and seventh decades of 
life (Okuda et al. 2002). Risk factors are primary scle-
rosing cholangitis, congenital anomalies of the biliary 
tree, hepatolithiasis, infection with Clonorchis sinen-
sis, familial polyposis and congenital hepatic fi brosis 
(Abdel-Rahim 2001; Burak et al. 2004; Kim et al. 
2003). Some data point to a potential role for chronic 
liver disease, hepatitis B and C in development of in-
trahepatic CCA (Shaib and El-Serag 2004; Liu et al. 
2003). Peripheral intrahepatic CCA usually presents 
with non-specifi c symptoms, such as anorexia and 
weight loss, or can be detected as incidental lesion 
by ultrasound examination (Kaczynski et al. 1998). 
On the other hand perihilar or extrahepatic tumours 
present signs and symptoms related to the biliary 
obstruction. In most cases serum α-fetoprotein level 
is normal whereas a recent study had shown that 
serum CA 19-9 could be an effective tumor marker 
(Qin et al. 2004).
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According to the site of origin, CCA can be classi-
fi ed into: 1) peripheral CCA, which arises from intra-
hepatic bile ducts; 2) hilar CCA (Klatskin’s tumor), 
which originates from one of the hepatic ducts or 
from the bifurcation of both hepatic ducts; 3) clas-
sical bile-duct carcinoma from the extrahepatic bile 
ducts (Nakeeb et al. 1996). However, this classifi ca-
tion scheme is controversial because the differentia-
tion between peripheral and hilar forms is sometimes 
diffi cult: peripheral CCA can spread into the hepatic 
hilum, and hilar CCA can infi ltrate intrahepatic bile 
ducts (Yamasaki 2003). The Liver Cancer Study 
Group of Japan (1997) has proposed a new classifi -
cation based on macroscopic appearance and growth 
characteristics. Among all CCA, the peripheral CCA 
represents 20%, hilar CCA 60% and bile-duct carci-
noma 20% of cases. 

Macroscopically CCA is a grayish-white, fi rm and 
fi brous mass because of its large amount of fi brous 
stroma. Characteristically this tumor has a large cen-
tral core of fi brotic tissue, due to the desmoplastic 
reaction induced by the neoplastic cells. CCA differs 
from HCC since it is poorly vascularised, and the in-
vasion of the portal tree is an infrequent complica-
tion. Hilar and bile-duct CCA grow into the walls of 
the bile ducts with invasion of the lumen, so obstruc-
tive jaundice and dilatation of the biliary tree are 
early signs. In the bile ducts, CCA presents papillary 
growth and periductal infi ltration. Microscopically 
CCA represent an adenocarcinoma with its tubular 
or acinar-glandular structures. The neoplastic cells 
induce a variable desmoplastic reaction.

14.3.2 Cystoadenocarcinoma

This rare neoplasm is seen predominantly in females 
in the middle age. It arises from a cystoadenoma 
or a congenital biliary cyst (Devaney et al. 1994). 
When present, the symptoms are due to the growing 
abdominal mass. Most of the lesions are intrahepatic, 
less than 10% are extrahepatic, arising in the extrahe-
patic biliary ducts. Connections to the biliary tree may 
be seen, but are uncommon. 

From a macroscopic point of view, cystadenocar-
cinoma is a large cystic mass containing bile-stained 
mucus and divided by internal septa. The neoplasm 
originates from the mucinous-secreting epithelium 
of the biliary ducts. Microscopically cystoadenocar-
cinoma shows similar features to those of mucinous 
cystic tumors of pancreas and ovary. The neoplastic 
tissue consists in epithelial cells arranged in papil-
lary structures circumscribed by an abundant mes-

enchymal stroma, that can bear some resemblance to 
ovarian stroma (Gourley et al. 1992). Biliary cysta-
denocarcinoma with ovarian stroma is documen ted 
only in women developing from a pre-existing biliary 
cystadenoma and has a good prognosis. In contrast 
cystadenocarcinoma without ovarian stroma is seen 
both in men and women and is not associated with a 
pre-existing cystadenoma (Devaney et al. 1994).

14.4 
Mesenchymal Tumors

14.4.1 
Angiosarcoma

Angiosarcoma is a very rare neoplasm, but it is the 
most common hepatic tumor of mesenchymal ori-
gin. It displays a predilection for males and gener-
ally occurs during the sixth and seventh decade of 
life. Angiosarcoma has been associated to the ex-
posure to a variety of chemical agents (inorganic 
arsenic, vynil chloridre) and radiation (radium, tho-
rium oxide [Thorotrast]) (Ito et al. 1988;Kojiro et 
al. 1985). Association with hemochromatosis, von 
Reckinghausen’s disease, and alcoholic cirrhosis have 
also been noted (Locker et al. 1979). Primary hepatic 
angiosarcoma is highly aggressive and, therefore, 
symptoms and signs are those of a rapidly progres-
sive disease. The patient complains of pain, anemia, 
fever of unknown origin, weight loss, and abdominal 
mass (Molina and Hernandez 2003). The median 
survival  after diagnosis is only 6 months (Molina and 
Hernandez 2003). This tumor metastasize early, par-
ticularly to lung and spleen (Buetow et al. 1994).

Macroscopically, angiosarcoma presents often  
multifocal growth pattern, with nodules ranging from 
few millimeters to several centimeters. Angiosarcoma 
may also appear as solitary, not encapsulated, large 
mass with large cystic areas fi lled with blood debris. 
Microscopically the neoplastic tissue is characterised 
by malignant endothelial cells that line dilated sinu-
soidal spaces. As the tumor grows, the dilated sinu-
soids become cavernous cavities with poorly defi ned 
borders (Ito et al. 1988).

14.4.2 
Epithelioid Haemangioendothelioma

Epithelioid haemangioendothelioma (EHE) is a rare 
malignant hepatic tumor of vascular origin that oc-
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curs generally in young females. This neoplasm has 
a lower grade of malignancy than angiosarcoma, 
but is however progressive: overall metastasis rate 
is 45% with preferential involvement of lungs and 
bones (Lauffer et al. 1996). The clinical signs and 
symptoms of patients with EHE are non-specifi c; the 
tumor is usually discovered incidentally, although 
symptoms like weakness, weight loss, and jaundice 
can occur. The 5-years survival of 55% for EHE is 
signifi cantly better than for other hepatic malignan-
cies (Lauffer et al. 1996). 

Macroscopically, EHE presents as multiple nodules 
or large intrahepatic mass, the latter being the natu-
ral evolution of multiple confl uent nodules (Miller 
et al. 1992). EHE characteristically has a fi brotic hypo-
vascular central area and a peripheral hyperemic rim. 
At the outer edge of these tumors there is often a nar-
row avascular zone where hepatic sinusoids and small 
vessels are infi ltrated by advancing tumor (Miller et 
al. 1992). The hepatic capsule overlying an EHE is 
frequently retracted inward, probably due to fi brosis 
induced by the tumor. The neoplastic tissue is com-
posed of epithelioid cells that proliferate into the si-
nusoids and central hepatic veins.

14.4.3 
Lymphoma

Lymphoma is considered to be a primary neoplasm of 
the liver when the tumor is limited to hepatic paren-
chyma. Primary lymphoma of the liver is extremely 
rare, and is more common among immunocompro-
mised patients. It typically occurs during the fi fth dec-
ade of life and has a male predominance (Avlonitis 
and Linos 1999;Harris et al. 1987;Siskin et al. 
1995). Some studies have highlighted the association 
between hepatic lymphoma, arising in the post-trans-
plant time or in patients with AIDS, and the infec-
tion with Epstein-Barr virus (Nalesnik et al. 1988). 
It has also been suggested that HCV plays a role in 
the pathogenesis of lymphoma (Bronowicki et al. 
2003;Kim et al. 2000). Abdominal pain or discomfort, 
weight loss and fever are the most frequent present-
ing symptoms (Avlonitis and Linos 1999;Ryan et 
al. 1988). Serum tumor markers are usually normal 
but serum lactic dehydrogenase activity may be in-
creased (Scoazec et al. 1991). Follow-up studies 
show that hepatic lymphoma had a relatively favora-
ble prognosis when early detection of the disease was 
possible (Ohsawa et al. 1992;Scoazec et al. 1991).

Macroscopically, the liver may be occupied by soli-
tary mass, multiple masses or a diffuse lesion without 

nodule formation (Ohsawa et al. 1992). Hodgkin’s 
disease occurs more often as miliary lesions than 
masses. According to the WF classifi cation, most cases 
of primary lymphoma of the liver are of intermediate 
or high grade. Diffuse large cell lymphoma is the most 
commonly encountered histological subtype and 
most of cases are B-cell lymphoma. In both Hodgkin 
and non-Hodgkin’s lymphoma, initial involvement is 
seen in the portal areas, because here the majority of 
the lymphatic tissue of the liver is found.
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15.1 
Hepatocellular Carcinoma

15.1.1 
Epidemiologic and Clinical Features

Hepatocellular carcinoma is one of the most com-
mon malignant neoplasm world-wide, with an esti-
mated incidence of more than 500,000 new cases per 
year (Llovet et al. 2003). Hepatocellular carcinoma 
usually occurs in patients with long standing cir-
rhosis induced by hepatitis B or C viral infections 
or protracted alcohol intake. In cirrhotic liver, he-
patocellular carcinoma is the result of the evolution 
of regenerative nodules into dysplastic nodules, with 
different degree of atypia, and fi nally into overt hepa-
tocellular carcinoma (Arakawa et al. 1986). However, 

20%–40% of cases of hepatocellular carcinoma are 
not associated with cirrhosis (Nzeako et al. 1996). 

Mechanism of hepatocarcinogenesis in patients 
without cirrhosis are not fully understood. In some 
cases, virus B and C exert directly their carcinogenic 
effect (Trevisani et al. 1995). In a series of 39 pa-
tients, serologic evidence of hepatitis B or C or his-
tory of alcohol intake was present in 15 cases (38%) 
(Brancatelli et al. 2002). These data support the 
fact that HBV and HCV viral proteins have direct 
oncogenic role on hepatocellular carcinoma arising 
in non-cirrhotic liver. In other cases, hepatocellular 
carcinoma is the result of the malignant transfor-
mation of hepatocellular adenoma (Ferrell 1993). 
However, in many patients with hepatocellular car-
cinoma developing in non-cirrhotic liver, etiology is 
unknown (Brancatelli et al. 2002). Recent reports 
have shown that non-alcoholic steatohepatitis is a 
risk factor for the development of hepatocellular car-
cinoma (Bugianesi et al. 2002).

Hepatocellular carcinoma in non-cirrhotic liver 
is more common in males (65%) than females 
(Brancatelli et al. 2002). Patients with hepatocel-
lular carcinoma arising in non-cirrhotic liver usually 
are in their sixties (Brancatelli et al. 2002; Winston 
et al. 1999). Patients are typically symptomatic, and 
abdominal pain is by far the most common symptom, 
being present in half of patients (Brancatelli et al. 
2002). Otherwise, hepatocellular carcinoma presents 
with fever, weight loss, hepatomegaly or ascites. The 
average level of serum α-fetoprotein is usually very 
high (more than 18,000) (Brancatelli et al. 2002). 
Complications are spontaneous rupture and massive 
hemoperitoneum. Due to its large size, treatment is 
either resection or intraarterial chemotherapy.

15.1.2 
Histopathologic Features

Many studies on hepatocellular carcinoma arising in 
non-cirrhotic liver did not provide detailed enough 
data in terms of the fi brotic degree of the non-neo-
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plastic part of the liver. The term ”non-cirrhotic” 
liver ranges from no fi brosis to incomplete cirrhosis, 
encompassing all the intermediate steps as portal fi -
brosis, portal and periportal fi brosis, septa and bridg-
ing fi brosis and incomplete cirrhosis. Hepatocellular 
carcinoma in non-fi brotic liver is far less common 
than hepatocellular carcinoma in fi brotic liver. In a 
series of 39 patients, only two livers were interpreted 
as non-fi brotic (Brancatelli et al. 2002). Tumor can 
present as a solitary mass, as a predominant mass 
with satellite nodules, or as a multifocal or diffuse 
mass, and frequently shows necrosis and hemorrhage 
due to lack of stroma. Vascular and biliary invasion 
are common. Calcifi cations and fat can be observed 
in 10% of cases. Regarding the hepatocellular car-
cinomas, they are reported as well-differentiated in 
15% of patients, moderately differentiated in 82% of 
patients, and poorly-differentiated in 3% of patients 
(Brancatelli et al. 2002). Microscopically, hepato-
cytes may show a trabecular, acinar or pseudoglandu-
lar pattern. Cells are pleomorphic or anaplastic, and 
cytoplasm can show increased fat and glycogen. 

15.1.3 
Imaging Features

Hepatocellular carcinoma in non-cirrhotic liver 
is usually large, with a mean diameter of 12.4 cm 
(Figs. 15.1–15.3). It presents usually as a solitary or 
dominant mass with smaller satellite lesions, while 
in a few cases it presents as multiple masses with-
out a dominant lesion. The dominant mass or larg-
est cluster of hepatocellular carcinoma can be found 
either in the right or left lobe, with no predominance. 
At ultrasonography, hepatocellular carcinoma shows 
mixed echogenicity due to tumor necrosis and hyper-
vascularity. Hypoechoic appearance is usually due to 
solid tumor, while hyperechoic appearance can be 
due to fatty metamorphosis. In those encapsulated 
hepatocellular carcinomas, the capsule can be seen at 
ultrasound as a thin hypoechoic band. At CT and MR 
imaging, the tumor margins can either be well- or ill-
defi ned, and the surface is usually lobulated. A tumor 
capsule is noted in only half of patients. Calcifi cation 
are present within tumors in one every four patients, 
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Fig. 15.1a–c. Hepatocellular carcinoma in non-cirrhotic liver 
in an 80-year-old man. a Non-enhanced transverse CT scan 
demonstrates a large, encapsulated mass (arrows) in the right 
lobe, with an hypoattenuating necrotic center. b Hepatic ar-
terial contrast-enhanced transverse CT scan shows heteroge-
neous enhancement of the tumor. The central hypoattenuating 
area does not enhance. The portion of the non-tumorous liver 
adjacent to the lesion (arrowheads) is homogeneously hyper-
attenuating to normal liver due to thrombosis of a branch of 
the right portal vein (not shown) and hyperarterialization. c 
Portal venous contrast-enhanced transverse CT scan demon-
strates that both the lesion and the adjacent area of hyperar-
terialization are hypoattenuating to the normal parenchyma. 
The capsule (arrows) is now best seen, due to contrast reten-
tion
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and are most of the times peripheral. Calcifi cations are 
better seen with CT than with MR imaging. Necrotic 
non-enhancing portions of tumor are present vir-
tually in all of cases (Fig. 15.1). Hyperattenuating/
hyperintense areas compatible with hemorrhage 

can be found within tumors. Low-attenuating areas 
compatible with a fat component are unusually seen. 
Dilated intrahepatic bile ducts can be observed, in-
dicative of hepatocellular carcinoma obstruction of 
more central ducts. Tumor thrombus or encasement 
of either the portal or hepatic veins is seen in some 
cases. Upper abdominal lymphadenopathy is noted 
in a minority of patients. On nonenhanced CT/MR 
images, the typical hepatocellular carcinoma is pre-
dominantly hypoattenuating/hypointense to liver. 
On hepatic arterial phase CT/MR images, the tumor 

is heterogeneously hyperattenuating/hyperintense. 
Occasionally, wedge-shaped areas of increased den-
sity on hepatic arterial phase are observed, and are 
due to perfusion abnormalities (increased arterial 
fl ow) due to portal vein occlusion by tumor thrombus 
(Fig. 15.1). On portal venous phase CT/MR, hepa-
tocellular carcinoma shows decreased attenuating/
intensity with heterogeneous areas of contrast accu-
mulation (Figs. 15.1–15.3) (Brancatelli et al. 2002; 
Winston et al. 1999). On delayed phase, the tumor 
is hypoattenuating/hypointense to adjacent nontu-
morous liver. Angiography shows an hypervascular 
tumor with mixed neovascularity and arteriovenous 
shunting. A large hepatic artery is noted, as well as 
vascular invasion. The ”thread and streak sign” is 
due to tumor thrombus in portal vein. Hepatobiliary 

Fig. 15.2a–c. Hepatocellular carcinoma in non-cirrhotic liver 
in a 25-year-old woman. a Hepatic arterial contrast-enhanced 
transverse CT scan shows mild, heterogeneous tumor en-
hancement (arrows). Note the large arterial vessel (arrowhead) 
feeding the tumor. b Portal venous contrast-enhanced trans-
verse CT scan demonstrates that the lesion is hypoattenuating 
to the normal parenchyma. Note central hypoattenuating area 
(arrow) due to necrosis. c Coronal MIP CT angiogram image 
from hepatic-arterial phase data demonstrates marked tumor 
neoangiogenesis. Note the replaced hepatic artery (arrow) 
originating from the superior mesenteric artery
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scans show uptake in 50% of lesions. At technetium 
sulfur colloid, hepatocellular carcinoma shows het-
erogeneous uptake. At gallium scan, hepatocellular 
carcinoma shows uptake in 90% of cases.

15.2 
Fibrolamellar Hepatocellular Carcinoma

15.2.1 
Epidemiologic and Clinical Features

Fibrolamellar hepatocellular carcinoma has distinct 
features in comparison to hepatocellular carcinoma. 
It accounts for only 1%–9% of all cases of hepato-
cellular carcinoma, but for as many as 40% of those 
in patients 32 years of age or younger (Craig et al. 
1980). It arises in non-cirrhotic liver in the majority 
of cases (90%), and the typical patient has an average 
age of 28 years, with no sex predilection. No specifi c 
risk factors have been identifi ed for the development 

of fi brolamellar hepatocellular carcinoma. Signs and 
symptoms are initially non-specifi c, and represented 
by pain, abdominal distention, hepatomegaly or pal-
pable mass in the abdomen. Jaundice can occasion-
ally be present if the tumor invades the biliary tract. 
Rarely, fi brolamellar hepatocellular carcinoma can 
present with metastatic disease, fever, gynecomastia 
or portal, hepatic, or inferior vena cava thrombo-
sis. The tumor is associated with an elevated plasma 
level of vitamin B12, while levels of α-fetoprotein 
are typically normal, being mildly increased in 10% 
of cases (<200 ng/l). Rarely, a marked increase in 
α-fetoprotein levels is seen, similar to conventional 
hepatocellular carcinoma (10,000 ng/l). Prognosis in 
patients with fi brolamellar hepatocellular carcinoma 
is better than for patients with typical hepatocellular 
carcinoma. The tumor is resectable in half of pa-
tients, although it tends to recur. Treatment consists 
of surgical resection of the mass and the associated 
regional lymph nodes. Liver transplantation has been 
performed in those cases in whom hepatectomy was 
not possible. In inoperable cases, chemotherapy is 

Fig. 15.3a–c. Hepatocellular carcinoma in non-cirrhotic liver 
coexisting with multiple cavernous hemangioma in a 45-year-
old man. a Fat-suppressed T2-weighted turbo spin-echo MR 
image shows a large tumor (short thick arrow) in the right lobe 
of the liver that is slightly hyperintense to the surrounding non-
tumorous parenchyma. Two hemangiomas (long thin arrows) 
with signal intensity as strong as that of the cerebrospinal fl uid 
are seen adjacent to the tumor and in the left lobe in a subcap-
sular location. b Gadolinium-enhanced T1-weighted gradient-
echo MR image obtained during arterial-phase shows strong 
intensity of the hepatocellular carcinoma, except for a central 

area that is hypointense due to necrosis. Hemangiomas show initial nodular peripheral enhancement. c Gadolinium-enhanced 
T1-weighted gradient-echo MR image obtained during portal-phase shows hypointensity of the hepatocellular carcinoma, and 
enhancement of the surrounding capsule (arrows). Hemangiomas show progressive nodular centripetal fi lling
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administered. Patients with fi brolamellar hepatocel-
lular carcinoma have a survival rate of 34% at 5 years, 
and the rate rises to 63% if the tumor has been com-
pletely resected (Berman et al. 1980). 

15.2.2 
Histopathologic Features

Fibrolamellar hepatocellular carcinoma is usually a 
solitary, lobulated, non-encapsulated well-circum-
scribed mass with a prominent central, stellate scar 
(Ichikawa et al. 1999). It is found more commonly in 
the left lobe, and at cut section it presents as a large 
(mean 13 cm), fi rm, bile-stained, tan-yellow or brown 
mass with streaks of fi brous tissue. It may sometimes 
show large necrotic or cystic areas and hemorrhage. 
Fibrolamellar hepatocellular carcinoma are typically 
slow-growing. No specifi c risk factors are known for 
the occurrence of fi brolamellar hepatocellular carci-
noma, therefore there is usually no cirrhosis or hepa-

titis in the underlying liver. Punctuate calcifi cations 
located within the scar are observed in 68% of cases. 
Microscopically, the mass consists of cords and tra-
beculae of large polygonal neoplastic cells containing 
large nuclei with prominent nucleoli and intranuclear 
cytoplasmic pseudo-inclusions, eosinophilic hyaline 
globules, pale bodies. Cells are divided into nodules 
by a dense, avascular collagenous stroma composed 
of lamellae that form multiple fi brous septa which 
radiate from the central scar. 

15.2.3 
Imaging Features

At ultrasonography, fi brolamellar hepatocellular car-
cinoma usually present as a large, solitary, well-de-
fi ned and lobulated mass, with variable echotexture. 
The central scar is usually hyperechoic.

CT demonstrates typically a solitary mass with 
well-defi ned, lobulated margins (Figs. 15.4–15.6). 

Fig. 15.4a–c. Fibrolamellar hepatocellular carcinoma in the 
left lobe in a 21-year-old woman. a Non-enhanced transverse 
CT scan shows a large mass (long thin arrows) replacing the 
left lobe of the liver, hypoattenuating to the non-neoplastic 
parenchyma, with central calcifi cations (short thick arrow). b 
Hepatic arterial contrast-enhanced transverse CT scan dem-
onstrates moderate, heterogeneous enhancement within the 
tumor (arrows), with a central hypoattenuating scar. c Portal 
venous contrast-enhanced transverse CT scan shows isoat-
tenuation of the tumor. Note septa (arrows) radiating from 
the center to the periphery
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A usually incomplete tumor capsule surrounds the 
mass in 35% of cases, and small calcifi cations are 
seen in the center of the tumor in 68% of cases. Cyst-
like or necrotic areas are noted in 65% of cases, while 
fat is never observed. On non-enhanced CT images, 
the tumor is heterogeneous and hypoattenuating to 
adjacent normal liver. On hepatic-arterial phase, the 
tumor is usually heterogeneously and strongly hy-
perattenuating to liver. On portal venous phase, the 
tumor is iso- to hypoattenuating to liver, while on de-
layed-phase imaging the tumor is usually hypoatten-
uating. A stellate, central scar is noted at CT in 71% of 
cases, with radial septal bands extending toward the 
periphery of the tumor. The central scar and septa are 

Fig. 15.6a–f. Fibrolamellar hepatocellular carcinoma in the right lobe in a 21-year-old woman. a Non-enhanced transverse CT 
scan shows a large hypoattenuating mass (short arrows) in the right hepatic lobe. A calcifi cation (long arrows) is noted within 
the center of the tumor. b Hepatic arterial contrast-enhanced transverse CT scan demonstrates heterogeneous tumor enhance-
ment (arrows). An enlarged lymph node (LN) is seen at hilum. c Delayed contrast-enhanced transverse CT scan. The lesion 
becomes hypoattenuating to the surrounding liver. Septa (arrows) radiating from the center to the periphery are better seen 
on this phase of enhancement. d Fat-suppressed T2-weighted turbo spin-echo MR image shows the mass as of slightly higher 
intensity compared to the surrounding liver parenchyma. The central scar (arrowhead) is hypointense. The peripheral hyper-
intense foci (arrow) represent areas of necrosis. e Gadolinium-enhanced T1-weighted gradient-echo MR image obtained during 
arterial-phase shows marked hypervascularity of the tumor, central scar, fi brous septa and a non-enhancing capsule (arrows) 
that surrounds most of the lesion. f Gadolinium-enhanced T1-weighted gradient-echo MR image obtained during portal-phase 
shows isointensity of the tumor to the normal surrounding liver. A peripheral portion of the tumor that was of high signal 
intensity on T2-weighted imaging is noted as of low-signal intensity (arrow) on this sequence

hypoattenuating on unenhanced, arterial and portal 
venous phase, while they can become hyperattenuat-
ing to liver on delayed-phase. Lymphadenopathy is 
noted in 65% of cases, involving most commonly the 
hepatic hilum. Malignant features that are occasion-
ally observed are biliary invasion or lung metastases.

At magnetic resonance imaging, the tumor is hy-
pointense to liver on T1-weighted images, and hyper-
intense on T2-weighted images. In the arterial phase 
of imaging the tumor is usually markedly hetero-
geneous and hyperintense. The tumor becomes hy-
pointense on both portal venous and delayed phase. 
Calcifi cations can be suspected as hypointense spots 
on both T1-weighted and T2-weighted images. Cyst-

Fig. 15.5a,b. Fibrolamellar hepatocellular carcinoma in the left lobe in a 22-year-old man. a Hepatic arterial contrast-enhanced 
transverse CT scan shows a heterogeneous hypervascular tumor ( long thin arrows) with a central calcifi cation (arrowhead). 
The scattered hypoattenuating foci represent areas of necrosis. The adjacent non-tumorous liver enhances to an abnormal 
degree (short thick arrow), due to increased arterial fl ow and decreased portal venous fl ow. b Portal venous contrast-enhanced 
transverse CT scan shows the heterogeneous tumor, with hypoattenuating necrotic areas (arrow). Compression of a branch of 
the portal vein, responsible for the segmental increased arterial fl ow, was seen on an adjacent image (not shown)
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Table 15.1. Epidemiological, clinical, pathologic and imaging 
features of hepatocellular carcinoma arising in non-cirrhotic 
liver and fi brolamellar hepatocellular carcinoma

 Fibrolamellar  Hepatocellular
 hepatocellular carcinoma 
 carcinoma

Sex M=F M>F
Average age 28 61
Lobe Left in 65% Right in 54%
Calcifi cations  68% 28%
Location of calcifi cations Central in 95% Peripheral
Surface Lobulated Lobulated
Capsule 35% 51%
Size 13 cm 12.4 cm
Lymphadenopathy 65% 21%
Fat ~0% 10%

like or necrotic areas appear as hypointense on T1-
weighted and markedly hyperintense on T2-weighted 
images. The central scar and septa are hypointense on 
both T1-weighted and T2-weighted images, and can 
show partial enhancement on delayed phase. Rarely, 
however, the scar may show hyperintensity on T2-
weighted imaging, rendering diffi cult the differential 
diagnosis with focal nodular hyperplasia. 

At angiography, fi brolamellar hepatocellular car-
cinoma is usually seen as a hypervascular mass with 
enlarged feeding arteries and dense tumor blush. 
No arteriovenous or arterioportal shunts are usually 
noted. Fibrous septa are seen as multiple serpiginous 
hypovascular areas, while central scar is avascular. At 
tagged red blood cell scan, fi brolamellar hepatocel-
lular carcinoma shows early uptake and late defect. 
At Tc-99m-labeled sulfur colloid examination, if soli-
tary, the mass is seen as a single photopenic defect, if 
multifocal as multiple defects. It is however diffi cult 
to differentiate fi brolamellar hepatocellular carci-
noma from hepatocellular carcinoma or metastases 
with nuclear medicine alone.

15.3 
Diff erential Diagnosis

Table 15.1 shows the main distinguishing features 
between hepatocellular carcinoma arising in non-
cirrhotic liver and fi brolamellar hepatocellular 
carcinoma. Both hepatocellular carcinoma in non-

cirrhotic liver and fi brolamellar hepatocellular car-
cinoma have to be differentiated from focal nodular 
hyperplasia, because both are seen in young indi-
viduals with no history of cirrhosis and both have a 
central scar or an area of reduced contrast-enhance-
ment in the center of the lesion. Focal nodular hyper-
plasia usually has a smaller diameter (mean 5 cm), 
and calcifi cations are extremely rare. Focal nodular 
hyperplasia is isointense or isoattenuating to liver on 
non-enhanced, portal venous and delayed-phase CT 
and MR imaging, while it is strongly and homoge-
neously hyperattenuating/hyperintense on the arte-
rial phase of imaging (Fig. 15.7). The scar is usually 
hyperintense on T2-weighted images, and this is the 

Fig. 15.7. a Fat-suppressed T2-weighted turbo spin-echo MR image shows a large tumor (white arrow) in the right lobe of the 
liver that is slightly hyperintense to the surrounding non-tumorous parenchyma, with a central, large hyperintense scar (arrow-
head) and septa (black arrow). b Gadolinium-enhanced T1-weighted gradient-echo MR image obtained during arterial-phase 
shows strong enhancement of the lesion. The central area (arrowhead) does not show enhancement. c Delayed-phase (5 min) 
gadolinium-enhanced T1-weighted gradient-echo MR image shows isointensity of the focal nodular hyperplasia lesion and 
hyperintensity (arrowhead) of the central scar. Strong enhancement and homogeneity of the tumor and scar hyperintensity 
are the key to correct diagnosis

a b c



 Hepatocellular and Fibrolamellar Carcinoma 217

most valuable feature to differentiate focal nodular 
hyperplasia from fi brolamellar hepatocellular carci-
noma, which usually exhibits a hypointense scar on 
T2-weighted images.
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16.1 
Introduction

16.1.1 
Epidemiology

Cholangiocellular carcinoma or cholangiocarcinoma 
(CCA) is a malignant tumour arising from bile duct 
epithelium and is the second most common primary 
liver cancer world-wide. In Caucasians, the relative 
frequency of CCA among histologically confi rmed 
primary liver cancers is 19%–25%. Epidemiological 
studies have demonstrated increasing mortality rates 
and a nearly twofold increase of CCA in the past 20 
years. CCA is mainly a disease of the elderly, with 
peak prevalence during the seventh decade of life and 
a slight male predilection, although most patients 
with risk factors often develop this neoplasm at a 
younger age (Okuda et al. 2002).

Primary sclerosing cholangitis (PSC), with or 
without ulcerative colitis, is the commonest known 
predisposing condition to the development of CCA 
in Western countries, with a lifetime risk of 5%–15%. 
If chronic infl ammatory processes of the biliary tract 
were sustained for a long period of time, they would 
cause the multiple chromosomal changes necessary 
to trigger the development of cholangiocarcino-
genesis. The etiological factors that infl uence the 
regional epidemiology are liver fl uke infection and 
hepatolithiasis. Two species of liver fl uke, Clonorchis 
sinensis (clonorchiasis) and Opisthorchis viverrini 
(opisthorchiasis) that are endemic in South Eastern 
Asia and the Far East, are known to be associated 
with CCA. Besides the fl uke, some chemical carcino-
gens that are present in local food may be involved as 
cofactors. The presence of a parasite in the bile duct 
mechanically damages tissues, resulting in chronic 
cholangitis (recurrent pyogenic cholangitis), and 
increased cell proliferation. Chronic hepatolithia-
sis (intrahepatic gallstones) is very uncommon in 
Western countries, but is endemic in some parts of 
the Far East. It was suggested that bacterial infec-
tion and bile stasis cause stenoses and dilatation of 



220 S. Terraz and C. D. Becker

the duct, which further facilitates stone formation, 
persistent cholangitis, and eventually an increased 
risk of malignant transformation. An excessive risk 
of CCA was demonstrated with Thorotrast (thorium 
dioxide), a radiological agent no longer licensed for 
use, and smoking in association with PSC, but no 
relationship was found with organic solvent, alcohol 
intake or oral contraceptive use. Others predispos-
ing factors for CCA include Caroli’s disease with a 
lifetime risk of 7%, familial polyposis and congenital 
hepatic fi brosis. On rare occasions, CCA can develop 
from benign tumours, like biliary papilloma and ad-
enoma, or from choledochal cysts with a 10%–30% 
risk of malignancy. Recent evidence now suggests a 
possible etiological role of hepatitis C virus (HCV) 
infection in CCA. Hepatocytes and cholangiocytes 
share the same precursor cell, called the oval cell. 
It is possible that oval cells are infected with HCV 
and develop into cholangiocytes with acquisition of 
certain genetic changes associated with carcinogen-
esis.

16.1.2 
Clinical Features

CCA usually presents after the disease is advanced 
with non-specifi c symptoms. This is particularly true 
with more peripheral intrahepatic or perihilar tu-
mours obstructing one duct, which often produce 
systemic manifestations of malignancy, such as 
malaise, fatigue, anorexia and weight loss, or vague 
gastrointestinal symptoms and ill-defi ned upper ab-
dominal discomfort. Most common presenting clini-
cal features of perihilar or extrahepatic tumours are 
those of biliary obstruction: jaundice, pale stool, dark 
urine and intractable pruritus. Some cases are de-
tected incidentally by elevated serum alkaline phos-
phatase and bilirubin levels, or ultrasonography (US) 
performed for other indications. Right upper quad-
rant pain, fever, and rigors suggest cholangitis, which 
is an unusual clinical presentation.

16.2 
Pathology

CCA may arise from any portion of the bile duct 
epithelium, that is, from the terminal ductules to the 
papilla of Vater, as well as at the peribiliary glands. 
Most of these ductal tumours are adenocarcinomas 
(95% of cases), but various other histological types 

are seen at microscopy, such as mucinous, squamous, 
adenosquamous and cystadenocarcinoma. It is often 
impossible to histologically distinguish CCA from 
other adenocarcinomas that have metastasized to 
the liver.

In the surgical literature, CCA is usually classifi ed 
as either intrahepatic or extrahepatic, and intrahe-
patic CCA is further classifi ed as either peripheral 
tumour that arises distal to second-order bile duct 
branches, or hilar tumour (Klatskin’s tumour) that 
arises from one of the hepatic ducts or the bifurca-
tion of both hepatic ducts. This last entity is classi-
fi ed as intrahepatic, even though the right and left he-
patic ducts join outside the liver anatomically. These 
three types of CCA, peripheral (20%–25%), hilar 
(50%–60%) and extrahepatic (20%–25%), are tradi-
tionally regarded as distinct disease entities from a 
clinical, therapeutic, and radiological point of view. 
However, this classifi cation scheme is controversial. 
Differentiation between peripheral and hilar forms 
is diffi cult, since peripheral CCA can spread continu-
ously into the hepatic hilum, whereas hilar CCA often 
shows continuous infi ltration to the intrahepatic bile 
ducts. In addition, the distinction between hilar CCA 
and extrahepatic CCA is not clearly defi ned.

The Liver Cancer Study Group of Japan 
(1997) has proposed a new classifi cation based on 
macroscopic appearance and growth characteristics, 
which divides intrahepatic CCA into mass-form-
ing, periductal-infi ltrating, and intraductal-growing 
types. Because some authors have reported that two 
growth patterns could coexist in the same patient, the 
combined type was defi ned. The prognosis for mass-
forming and periductal-infi ltrating CCA is generally 
unfavourable, whereas the prognosis for intraductal-
growing CCA is much better after surgical resection. 
The different biologic behaviour of the tumours 
seem to be caused by their various locations and 
their size at the time of diagnosis. Further molecular 
or biochemical investigations are needed to support 
the ”fi eld theory”, which states that all CCAs are bio-
logically the same tumour originating from the same 
biliary epithelium.

16.2.1 
Mass-Forming Type

Mass-forming CCA is the most common type of pe-
ripheral CCA. This neoplasm arises from the mucosa 
of a branch of the bile ducts in the peripheral or hilar 
area of the liver, invades and penetrates the bile duct 
wall, spreads between hepatocyte plates, expands via 



Cholangiocellular Carcinoma 221

the hepatic sinusoidal spaces and grows three-dimen-
sionally. Similar to hepatocellular carcinoma (HCC), 
tumour cells have a propensity to invade small adja-
cent portal branches in the form of venous tumoral 
thrombi. As the primary mass and satellite nodules 
within portal veins grow, they fuse together and form 
a large mass, up to 15 cm in diameter. On gross speci-
mens, the tumour is fi rm and whitish grey because 
of its large amount of fi brous stroma and central 
necrosis may be present. The margin is usually wavy 
or lobulated but sharply circumscribed.

16.2.2 
Periductal-Infi ltrating Type

Periductal-infi ltrating CCA is the most common 
type of hilar CCA. Arising from the mucosa of the 
intrahepatic or extrahepatic bile ducts, the tumour 
invades the wall and penetrates to the serosa. In 
contrast to mass-forming CCA, infi ltrating CCA 
tends to spread along the bile duct wall via the 
nerve and perineural tissue of Glisson’s capsule 
toward the porta hepatis. Thus, the tumour grows 
longitudinally and extends along the axis of the 
bile duct. Macroscopically, this neoplasm appears 
as elongated, spiculated or branch-like, with a fi rm, 
grey-white, annular thickening of the bile duct walls 
that measure up to 1 cm. Irregular narrowing of the 
involved bile ducts eventually results in obstruction 
of the lumen. The tumoral extension varies, rang-
ing from 0.5 to 6 cm in length, sometimes involving 
all the extrahepatic ducts and extending proximally 
as far as the intrahepatic ducts. Associated tumour 
formation may occur outside the bile ducts in the 
liver parenchyma.

16.2.3 
Intraductal-Growing Type

Intraductal-growing CCA, accounting for 8%–18% 
of reported cases, is a low-grade papillary adeno-
carcinoma, consisting of innumerable frond-like 
infoldings of proliferated columnar epithelial cells 
and slender fi brovascular cores. The neoplastic cells 
are confi ned within the mucosal layer, spread su-
perfi cially without invading the submucosal layer. 
Since the intraluminal papillary projections grow to 
a certain size, the tumour becomes friable and may 
slough spontaneously from the wall of the bile ducts. 
Sometimes, the detached tumour forms implants 
in the lumen of the adjacent bile ducts, resulting 

in multiple tumours, so-called papillomatosis. The 
sloughed and fl oating tumoral debris may partially 
occlude the bile fl ow or drain through the orifi ce 
of the papilla of Vater. The tumours are usually 
small, sessile or polypoid but sometimes a large 
mass occludes an aneurysmally dilated bile duct. 
The biliary tree may be dilated diffusely, in a lobar 
or segmental fashion, because of obstruction by a 
tumour, by sloughed debris or by excessive mucin. 
When an intraductal CCA produces a large amount 
of mucus, it is considered as a variant and is labelled 
intraductal papillary mucinous tumour (IPMT) of 
the bile ducts. Some IMPT of the bile ducts may 
occasionally impede the fl ow of bile, resulting in 
obstructive jaundice. This tumour bears a striking 
similarity to IPMT of the pancreas, in terms of his-
topathology and pathophysiology.

16.3 
Imaging Findings

16.3.1 
Peripheral Cholangiocarcinoma

Since mass-forming CCA is the most common type 
of peripheral CCA, its most common appearance on 
cross-sectional imaging is a single, predominantly 
homogeneous mass with well-defi ned irregular bor-
ders and with a distinct right lobe predilection. Its 
size is usually large because early symptoms are 
rarely present. Satellite nodules are frequent and vary 
in size. Capsular retraction is relatively frequent as 
a result of subjacent lobar atrophy by chronic com-
pression of portal venous and biliary systems. The 
bile ducts peripheral to the tumour are usually fo-
cally dilated because of obstruction by the tumour. 
Periductal-infi ltrating peripheral CCA is often dif-
fi cult to detect by imaging. Early fi ndings include 
diffuse architectural changes of a hepatic segment 
or lobe with discrete and focal bile ducts dilatation. 
In the later stage, the tumour may invade the hepatic 
parenchyma and hilum.

16.3.1.1 
Ultrasonography

Mass-forming intrahepatic CCA manifests as a 
solitary mass in liver parenchyma with a nodular 
pattern. Increasing tumour echogenicity together 
with increasing tumour size is a well-documented 
fi nding (Wibulpolprasert and Dhiensiri 1992). 
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Nodules less than 3 cm tend to be hypoechoic or 
isoechoic, whereas lesions greater than 3 cm are pre-
dominantly hyperechoic. When multiple lesions are 
present, the larger mass shows higher echogenicity 
compared to the daughter nodules. A peripheral 
hypoechoic area, so-called halo sign, is observed in 
1/3 of cases. These US fi ndings did not differ from 
those found in cases of metastases from extrahe-
patic adenocarcinomas, which have also histological 
similarities. Sometimes, the central portion of the 
tumour may appear hypoechoic, due to the presence 
of necrosis, or markedly hyperechoic with acous-
tic shadowing, due to the presence of calcifi cations. 
Because of the peripheral location of the mass, bile 
duct obstruction is not often seen and, when pres-
ent, it is a helpful sign for the differential diagnosis 
with HCC. Owing to its hypovascular nature, CCA 
shows scanty signals on power Doppler US, which 
also helps to differentiate it from the typically hy-
pervascular HCC.

Recently, new echo-enhancing agents have been 
developed to improve detection and characterisation 
of liver nodules. The marked increase in the echo-
genicity of the liver parenchyma greatly improves 
the contrast between liver and non-hepatocytic com-
ponents such as portal triads and liver masses. The 
use of galactose microaggregates with a small ad-
mixture of palmitic acid (Levovist, Schering, Berlin, 
Germany) intravenously and coded phase inversion 
harmonic US imaging provides detailed information 
about tumour vascularity. Progressive peripheral en-
hancement was observed in CCA nodules (Furuse et 
al. 2003). New contrast-specifi c imaging techniques 
combined with a second-generation agent, which 
contained sulphur hexafl uoride (Sonovue, Bracco, 
Milan, Italy), can display microbubble enhancement 

in grey-scale, thus maximising contrast and spatial 
resolution and enabling the analysis of the microcir-
culation of focal hepatic lesions. These techniques 
offer high sensitivity either to microbubble move-
ment at low mechanical index (MI) or to microbubble 
collapse at high MI and related to microbubble con-
centration. Hypovascular tumours such as nodular 
CCA appear as black spots in the hepatic arterial and 
portal venous phase, with a progressive peripheral 
enhancement and concentric fi lling in the delayed 
phases (Lencioni et al. 2002). Currently available US 
contrast media have not so far enabled to distinguish 
reliably between CCA and adenocarcinoma metasta-
ses.

16.3.1.2 
Computed Tomography

Unenhanced computed tomography (CT) scan shows 
a predominantly hypodense mass, either solitary or 
with several satellite nodules. Calcifi cations may be 
seen in the central portion of the lesions, especially 
in mucin-secreting CCA. The most common pattern 
of mass-forming CCA on contrast-enhanced CT is a 
mild, incomplete and thin, rim-like or thick, band-
like contrast enhancement around the periphery of 
the main tumour on scans obtained at hepatic arte-
rial phase and as gradual centripetal enhancement 
on subsequent phases (Fig. 16.1a) (Kim et al. 1997). 
The distinctive intratumoral appearance of peripheral 
cholangiocarcinoma on two-phase spiral CT scans is 
a markedly hypodense mass mixed with stippled and 
slightly hyperdense foci during both the hepatic ar-
terial and portal venous phase. The hypodense part 
corresponds to diffuse and microcystic changes of 
necrotic material and the slightly hyperdense areas in 

Fig. 16.1a–f. Peripheral mass-forming cholangiocarcinoma in a 59-year-old man with weight loss and epigastric pain. a Arterial-
phase CT scan shows a large, heterogeneous and hypodense mass with lobulated margins and satellite nodules in the IV–VIII 
liver segments. The contrast enhancement around the tumour is thin, irregular, incomplete and rim-like. b Equilibrium phase 
CT scan shows concentric fi lling of contrast material, thus making the whole tumour slightly denser than surrounding liver 
parenchyma. Central low density areas correspond to microcystic alterations of necrosis. c Coronal image from a PET study 
after intravenous injection of 218 MBq of 18FDG. The liver mass demonstrates a marked increased activity with mean SUV 
between 3.5 and 6.1 within this area. Furthermore, there is a hot spot at the right lung apex (arrow), probably corresponding 
to a lung metastasis. d Unenhanced axial T1-weighted GRE image (TR/TE/fl ip angle: 106/4 ms/80°) shows the extensive lesion 
with a homogeneous low signal and well-defi ned borders. e Axial T2-weighted FSE image (TR/TE/fl ip angle: 586/80 ms/90°) 
reveals a heterogeneous and predominantly hyperintense tumour with areas of lower or higher signal intensity, depending on 
the fi brous content or degree of necrosis respectively. f Axial T2*-weighted GRE SENSE image (TR/TE/fl ip angle: 220/18 ms/25°) 
after intravenous injection of 1.4 ml of ferucarbotran (Resovist, Schering, Berlin, Germany). This technique shows a diffuse 
signal drop in the normal liver parenchyma. The tumour appears as a homogenously bright lesion with margins that are 
more clearly depicted. Furthermore, the daughter nodules around the primary mass and in the left hepatic lobe become more 
conspicuous, allowing a better delineation of tumour extension. After core biopsy, histopathology revealed an undifferentiated 
mass-forming cholangiocellular carcinoma. Since the tumour had been staged T4 Nx M1, the patient was treated by Gemzar-
oxaliplatin chemotherapy
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the mass may be consistent with mucinous substances 
(Ros et al. 1988). CT fi ndings of daughter nodules are 
similar of those of the primary mass. In the vast ma-
jority, tumour shows a greater enhancement than the 
surrounding liver parenchyma on post-equilibrium-
phase (Fig. 16.1b) (Lacomis et al. 1997). Delayed imag-
ing is of great diagnostic importance, since some CCA 
nodules are only depicted on delayed phase images, 
sometimes more than 30 min after contrast adminis-
tration. Delayed imaging is also useful in differentiat-
ing intrahepatic CCA nodules from dilated bile ducts 
or fatty infi ltration of the liver, and better defi ning 
their margins. In addition, although not necessary for 
diagnosis, delayed enhancement can be helpful as a 
target for CT-guided biopsy. These fi ndings are ex-
plained by slow diffusion into the interstitial spaces of 
the tumour. It has also been suggested that the delayed 
enhancement characteristics of CCA may be due to 
contrast material retention within the fi brous stroma 
of these tumours. Besides fi brosis, other factors affect 
the delayed enhancement, like distribution of fi brosis, 
tumour grading and tumour differentiation: for in-
stance, better differentiated tumours are more likely to 
show delayed contrast material retention than poorly 
differentiated ones (Lacomis et al. 1997).

The contrast enhancement pattern of CCA differs 
from that of HCC or other hypervascular tumours, 
which typically show a single, early peak of enhance-
ment followed by a rapid decrease in tumour attenua-
tion, so-called washout (Loyer et al. 1999). Sclerosing 
and fi brolamellar HCC are distinctly different enti-
ties in clinicopathologic features, but both have 
abundant fi brous stroma. Therefore, both types of 
HCC show hypervascularity and prolonged enhance-
ment on imaging studies. Other criteria are helpful 
for the differential diagnosis between CCA and HCC, 
which represent the two most common primary liver 
cancers. Most CCA occur in non-cirrhotic livers, may 
show intratumoral calcifi cations but no intratumoral 
fat, do not have a pseudocapsule, are not associated 
with arterioportal shunting and frequently cause bile 
ducts dilatation. Extension trough the liver capsule 
and invasion of organs adjacent to the liver is com-
mon in intrahepatic CCA, but rare in HCC, which is 
more expansive than infi ltrative. Interestingly, the in-
vasion of vascular structures around the liver is rare 
in peripheral CCA. Cholangiohepatocellular carci-
noma (combined HCC and CCA) is a rare primary 
liver cancer that contains unequivocal elements of 
both neoplasms. CT fi ndings of the HCC-component-
dominant type resemble those of HCC, whereas CT 
fi ndings of CCA-component-dominant type mimic 
those of cholangiocarcinoma. In exceptional cases, 

concomitant but distinct CCA and HCC may emerge 
in the same cirrhotic patient and HCV infection 
would be probably their common pathogen.

Hypovascular metastases, especially from adeno-
carcinoma of the gastrointestinal tract, may have a 
similar pattern to that of mass-forming CCA and the 
differential diagnosis can be very diffi cult. Suggestive 
features for the diagnosis of intrahepatic CCA are 
unknown primary tumour, a relatively large single 
tumour at discovery, few satellites nodules rather 
than multiple scattered nodules, and other additional 
fi ndings such as segmentary or subsegmentary bile 
duct dilatation, and retraction of liver capsule. Some 
primary malignant tumours (i.e. embryonal sarcoma, 
neuroendocrine carcinoma) or mesenchymal metas-
tases (i.e. metastatic leiomyosarcoma) that rarely oc-
cur in the liver, may appear as a thick-walled, bulky 
mass that contains a large necrotic area in the liver 
and occasionally mimic peripheral CCA. Small hy-
podense hemangiomas are particularly problematic 
in patients with underlying malignancy and may 
simulate the satellite lesions of CCA or liver metasta-
ses. If present, the ”bright-dot” sign is helpful in diag-
nosis these atypical hemangiomas (Jang et al. 2003). 
It consists in tiny enhancing dots in the hemangioma 
that do not progress to the classic globular enhance-
ment because of the small size of the lesion and the 
propensity for very slow fi ll-in. However, a number of 
hemangiomas have no discernible enhancement.

16.3.1.3 
Magnetic Resonance

Although CT and magnetic resonance (MR) may 
be considered equally effective in the detection and 
correct diagnosis of CCA, the higher tissue contrast 
resolution of magnetic resonance imaging facilitates 
the detection and evaluation of hepatic parenchy-
mal changes peripheral to the tumour (Zhang et 
al. 1999). The MR imaging appearance of peripheral 
CCA is invariably that of a homogenous hypointense 
mass on T1-weighted images with a peripheral hy-
perintense rim on T2-weighted images (Fig. 16.1d). 
Since internal desmoplastic changes are intermin-
gled with various degrees of fi brosis, coagulative 
necrosis, and mucinous material, signal intensity of 
the centre of the tumour on T2-weighted images is 
extremely variable (Fig. 16.1e) (Maetani et al. 2001). 
With respect to the central portion of the tumour, 
the stronger the fi brotic change, the lower the signal 
intensity on T2-weighted images. Although a central 
scar is not pathognomonic, this fi nding that refl ects 
severe fi brosis appears to be a characteristic marker 
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of intrahepatic CCA. Central areas with high signal 
intensity or with mixed high and low signal inten-
sity on T2-weighted images, correspond to necrosis 
and cell debris with various amount of fi brosis re-
spectively. Mucinous CCA is one of the histological 
subtypes of CCA and can be extremely hypointense 
on T1-weighted images and homogeneously hyper-
intense on T2-weighted images, due to large amount 
of mucinous lakes within the tumour.

Differentiating intrahepatic CCA from metastatic 
adenocarcinomas is diffi cult, since these second-
ary hepatic tumours also exhibit necrosis and show 
sometimes hypointense areas. Dynamic MR imaging 
studies may provide additional information because 
intratumoral fi brous stroma displays marked delayed 
or prolonged enhancement on the delayed phase of 
contrast-enhanced T1-weighted imaging and necro-
sis have been known to show no enhancement. Some 
authors emphasised the importance of ”ultra-de-
layed” images, obtained 1–4 h after the administra-
tion of gadolinium chelates in order to investigate 
the different tissue components present in hepatic tu-
mours. Typically, CCA revealed minimal or moderate 
initial rim enhancement, followed by progressive and 
concentric incomplete fi lling with contrast material. 
This characteristic enhancement pattern of central 
scar is similar of those seen in focal nodular hyper-
plasia. Small CCA (2–4 cm) may enhance homoge-
neously and simulate an HCC. Nevertheless, CCA do 
not show early phase hypervascularity and ancillary 
fi ndings similar to those of CT imaging may help to 
differentiate both tumours. Although some studies 
have stressed that the portal and hepatic veins are 
not commonly invaded and make this a differentiat-
ing point from HCC, most authors believe the portal 
vein is commonly involved with tumour and em-
phasise the role of MR imaging in this fi eld. Rarely, 
atypical hemangiomas with regressive changes, such 
as thrombosis, haemorrhage or hyalinisation, may 
show T2 signal intensity that is similar to that of CCA. 
Conversely, peripheral CCA may show progressive, 
centripetal and prolonged contrast-enhancement 
that may mimic peripheral globular enhancement of 
typical hemangioma. Interpretation should be based 
on the combination of two or more imaging charac-
teristics (Jang et al. 2003).

Recently, diffusion-weighted MR sequences has 
been proposed for the characterisation of focal he-
patic lesions by using single-shot echo-planar imag-
ing (EPI) technique with diffusion gradients in three 
directions and with different b values (Taouli et al. 
2003). There is a signifi cant difference between ap-
parent diffusion coeffi cient (ADC) of cyst, heman-

gioma and benign hepatocellular nodules (mean 
ADC 2.45x10-3 mm2/s) and ADC of HCC and me-
tastases (mean ADC 1.08x10-3 mm2/s). Thus, diffu-
sion-weighted MR imaging can potentially be useful 
for the differentiation between benign and malignant 
hepatic lesions.

16.3.1.4 
Liver-Specifi c MR Contrast Agents

A variety of liver contrast agents have been developed 
for contrast-enhanced MR imaging of the liver, which 
are designed to overcome the limitations of extra-
cellular low molecular gadolinium chelates. The two 
main classes of liver-specifi c contrast agents are the 
superparamagnetic iron oxide (SPIO) with uptake 
via the reticuloendothelial system (RES) mainly into 
the liver and spleen, and the hepatobiliary contrast 
agents with uptake into hepatocytes followed by vari-
able biliary excretion.

As a negative contrast material, the particles of 
SPIO are taken up by the hepatosplenic Kupffer’s 
cells, leading to a signifi cant decrease of signal in-
tensity of normal liver parenchyma on T2*-weighted 
images and remarkable improvement for detection 
of neoplastic focal lesion, which lack Kupffer’s cells. 
SPIO particles may be slowly injected as ferumoxides 
diluted solution (Endorem, Guerbet, Roissy, France) 
or administered as direct bolus injection of undiluted 
ferucarbotran (Resovist, Schering, Berlin, Germany). 
SPIO-enhanced MR imaging can signifi cantly im-
prove the visualisation of intrahepatic CCA and the 
evaluation of the tumour margins, in a manner previ-
ously shown for colon metastases (Fig. 16.1f) (Braga 
et al. 2001). For CCA, the contrast-to-noise ratio is 
increased of about 90% compared to unenhanced 
imaging, similar to colorectal metastases. Therefore, 
SPIO are useful for defi ning the extent and location 
of intrahepatic CCA and are recommended prior to 
surgical exploration when CT shows a potentially re-
sectable tumour. Benign hepatocellular lesions, such 
as focal nodular hyperplasia or liver cirrhotic nod-
ules, are easily characterised by SPIO particles, with 
a signifi cant signal intensity reduction in the lesions. 
HCC shows variable signal decrease on T2*-weighted 
images compared to surrounding liver, according to 
tumour differentiation. In addition, the degree of fi -
brosis of the underlying cirrhosis may decrease the 
tumour-to-liver contrast.

Mangafodipir trisodium, known as Mn-DPDP 
(Teslascan, Amersham Health, Oslo, Norway), is a 
paramagnetic complex that is metabolised follow-
ing i.v. administration. After intracellular uptake of 
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released Mn2+, T1 relaxivity of liver tissue is three 
times greater than that of gadolinium. Post-con-
trast imaging may start as soon as 20 min after the 
start of the infusion (5 mmol/kg), but longer time 
intervals are possible because of a plateau-like en-
hancement. Mn-DPDP enhances the performance of 
MR for classifi cation of focal liver lesions as either 
hepatocellular or non-hepatocellular and benign or 
malignant (Oudkerk et al. 2002). Since CCA do not 
contain hepatocytes, they do not take up Mn-DPDP 
and typically demonstrate no central enhancement. 
Thus, lesion conspicuity is signifi cantly increased 
after contrast administration. Occasionally, a pe-
ripheral rim or a wedge-shaped area of increased 
enhancement of the surrounding liver tissue may 
be found on early (20 min) and delayed (4–24 h) 
imaging, probably due to compression of surround-
ing parenchyma or functional biliary obstruction 
with subsequent retention of contrast agent. These 
fi ndings are very similar to liver metastases. Other 
non-hepatocellular liver lesions, such as hemangi-
omas and cysts, do not take up the contrast agent 
either, but they rarely show peripheral rim en-
hancement and differentiation is primarily based 
on T2-weighted sequences. HCC tends to show a 
considerable variability in Mn-DPDP uptake: well-
differentiated HCC may show signifi cant contrast 
uptake, whereas poorly differentiated HCC tends to 
show only minimal or no enhancement.

Gadobenate dimeglumine or Gd-BOPTA 
(MultiHance, Bracco, Milan, Italy) differs from 
other gadolinium chelates in that it distributes not 
only to the extracellular fluid space, but is selec-
tively taken up by functioning hepatocytes and 
excreted into the bile. Gd-BOPTA can be used for 
rapid dynamic imaging of the liver following bolus 
injection (50 mmol/kg) in the same way in which 
other non-liver-specific contrast materials are used, 
improving visualisation of hypervascular lesions. 
The liver parenchyma enhancement obtained with 
Gd-BOPTA between 40 and 120 min post-injection 
is equivalent to that achieved with purely liver-spe-
cific contrast media. Hence, Gd-BOPTA also sig-
nificantly increases detection rate of hypovascular 
lesions (Petersein et al. 2000). Typically, primary 
CCA nodules and liver metastases are obscured 
by the parenchyma or slightly hypointense on the 
hepatic arterial and portal venous phase images. 
In the equilibrium phase, these lesions are again 
detectable presenting with a hypointense rim sur-
rounding them, known as peripheral washout sign. 
This sign is highly specific for non-hepatocellular 
malignant nodules. This observation is due to a 

washout of contrast medium in the peripheral vital 
parts of the tumour, whereas the contrast medium 
in the more central parts demonstrates a delayed 
uptake, most likely because of its diffusion. In the 
delayed scans, an increase of the signal intensity 
of normal liver parenchyma is visible. Therefore, 
a higher contrast between normal liver tissue and 
the neoplasms is observed.

Gadoxetic acid or Gd-EOB-DTPA (Primovist, 
Schering, Berlin, Germany) is a paramagnetic con-
trast agent with hepatocellular uptake via the an-
ionic-transporter protein. In human plasma, Gd-
EOB-DTPA exhibits a higher T1-relaxivity than that 
of other gadolinium chelates. Dynamic imaging can 
start immediately after bolus injection (25 mmol/kg) 
and accumulation phase imaging can be performed 
at 20 min post-injection. Liver metastases and CCA 
show highest enhancement 90–120 s following i.v. 
injection of Gd-EOB-DTPA and then showed lower 
enhancement than normal liver after 3 min post-con-
trast (Huppertz et al. 2004). A prolonged enhance-
ment of hemangiomas compared to normal liver up 
to 10 min post-contrast was observed, differentiating 
them from metastases and CCA. HCC demonstrated 
an enhancement similar to liver parenchyma during 
the initial distribution phase and on delayed scans 
and thus were harder to detect on post-contrast im-
ages than on pre-contrast images. Additional infor-
mation for differential diagnosis was achieved using 
Gd-EOB-DTPA-enhanced dynamic and static MR 
imaging for the characterisation of malignant and 
benign liver lesions and classifi cation according to 
lesion type.

16.3.1.5 
Cholangiography and Angiography

Direct cholangiography is indicated in patients with 
peripheral CCA only in rare situations, i.e. to detect 
contralateral bile duct involvement. The mass and its 
satellites give the intrahepatic ducts an encased or 
scalloped appearance. The smooth, variable length 
stricture affects adjacent ducts within the same he-
patic territory. This appearance is usually not mis-
taken for the peripherally invading Klatskin’s tumour, 
but care is required not to interpret these fi ndings as 
primary sclerosing cholangitis (PSC).

Angiographically, peripheral CCA is predomi-
nantly hypovascular, with thin dysplastic vessels cor-
responding to neovascularity and fi brous transforma-
tion of the tumour (Soyer et al. 1995a). Intrahepatic 
CCA are purely hypervascular in 30% of cases, but 
shows no arteriovenous fi stulas, as seen commonly in 
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large HCC. Encasement of hepatic arteries and other 
major vessels is essentially due to sclerosis resulting 
from the tumour.

16.3.2 
Hilar Cholangiocarcinoma

Most hilar CCA are of the periductal-infi ltrating type, 
and it is therefore diffi cult or impossible to depict 
the tumour mass on imaging studies and to distin-
guish between a carcinoma arising from the hepatic 
bifurcation and a mass-forming peripheral CCA that 
secondarily obliterates the hilar area. The lesion may 
also represent infi ltrating intrahepatic CCA that in-
volves the hepatic hilum by intraductal spreading and 
the hepatic parenchyma by direct invasion.

16.3.2.1 
Ultrasonography

Dilatation of the intrahepatic bile ducts is the most 
frequently seen US abnormality in patients with infi l-
trating CCA. Klatskin’s tumours classically manifest 
as segmental dilatation and non-union of the right 
and left ducts at the porta hepatis. These fi ndings 
may be the fi rst and only clues to the presence of 
this pathologic condition. Dilated intrahepatic ducts 
with a normal-calibre extrahepatic duct are also sug-
gestive of Klatskin’s tumour. Characterisation of a 
CCA requires meticulous evaluation of the point of 
calibre alteration or ductal occlusion. If the level of 
obstruction is segmental, this scrutiny should include 
all the segmental ducts. Periductal-infi ltrating CCA 
is the most common subtype at the hilus but is the 
most diffi cult to appreciate at US. In some patients, 
infi ltrating CCA may appear as an obvious small cen-
tral mass with associated mural thickening. More of-
ten, however, isoechoic infi ltration of the periductal 
soft tissue and liver may produce a mass effect that 
may be inferred from the distance that separates the 
dilated segmental ducts (Hann et al. 1997). Subtle 
alterations in liver echogenicity and pressure effects 
on adjacent vascular structures, especially the portal 
vein, may also be helpful. On occasion, focal irregu-
larity of the ducts may be used to suggest the US 
diagnosis as well as to establish the extent of tumour 
extension. Tissue harmonic imaging proved to be su-
perior to conventional US in the examination of the 
biliary ductal system (Ortega et al. 2001). Imaging 
improvements include better sharpness of the duct 
walls, a clearer bile duct lumen, improved detection 
of intraluminal and juxtaluminal masses and reduc-

tion of side lobe artefacts. Second-generation US con-
trast agents also improve the contrast resolution of 
the modality and therefore its sensitivity for tumour 
detection (Khalili et al. 2003). Further mass extent 
or satellite nodules not visualised on the baseline im-
age are depicted on Levovist-enhanced US as small 
invasive foci following the ducts into the liver.

Although its appearance at CT is usually obvi-
ous, lobar atrophy is often more diffi cult to detect 
on real-time US. When lobar atrophy is present, US 
scans demonstrate crowded, dilated ducts within the 
atrophic lobe. The dilated ducts will often reach un-
usually close to the surface of the involved atrophic 
segment. The constellation of these three fi ndings 
(dilated ducts, ductal crowding, lobar atrophy) is 
strongly suggestive of CCA, although long-standing 
biliary obstruction from surgical trauma or focal bili-
ary obstruction from other causes may produce simi-
lar fi ndings. In addition to these features, differences 
in lobar echogenicity may also refl ect either ischemic 
or fatty changes.

Besides ductal involvement, vascular invasion and 
lymphadenopathy will infl uence the resectability of 
hilar CCA. The portal vein is more frequently involved 
(41%–63% of cases) and easier to evaluate with US 
than hepatic artery, which may be invaded, encased, 
or obliterated by the tumour. These fi ndings are often 
better appreciated at grey-scale US, which provides 
higher resolution than its colour Doppler counter-
part. Conversely, a vessel within a tumour may be 
detected only from its colour signal. Alteration in the 
calibre of the vessel with fi ndings of waveform altera-
tions and focal velocity increases at spectral Doppler 
US is suggestive of direct involvement of the vessel 
wall. Detection of lymphadenopathy in the hepato-
duodenal ligaments and the peripancreatic region is 
sensitive but not specifi c because not all large nodes 
may contain tumour tissue. A fl at lymph node with 
preservation of the echogenic hilar stripe is more 
likely of reactive infl ammatory origin than are nodes 
that are round and hypoechoic. 

16.3.2.2 
Computed Tomography

Hilar CCA typically results in focal thickening of 
the bile duct walls with subsequent obstruction and 
pre-stenotic bile duct dilatation, although exophytic 
growth may also occur. CT is more sensitive than 
US in detecting an obstructive ductal lesion, show-
ing an abnormality in 69%–90% of cases (Tillich 
et al. 1998). In periductal-infi ltrating hilar CCA, ir-
regular and ill-defi ned thickening of the ductal wall 
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can be seen in contrast-enhanced CT, which is often 
hypoattenuating relative to the liver parenchyma in 
the portal venous phase and hyperattenuating in the 
delayed phase (Fig. 16.2a). Lobar hepatic atrophy 
with marked dilatation and crowding of bile ducts 
is easily seen on CT scans in approximately 1/4 of 
patients with hilar CCA.

When using multislice CT (MSCT) technology, 
dilated bile ducts and the level of obstruction may 
be visualised by three-dimensional CT cholangiog-
raphy with minimum intensity projection (minIP). 
Some authors have proposed this technique as an 
alternative of MRCP or cholangiography (Park et 
al. 2001). CT cholangiography after slow infusion 
or oral administration of biliary excreted contrast 
agents has been used in the early 1990s. This method 
is time-consuming and is of limited value in patients 
with advanced bile duct obstruction and renal fail-
ure. These drawbacks prevented widespread use of 
this technique. A detailed representation of vascular 
structures allows a good depiction of invasion of the 
hepatic arteries and portal venous branches.

The hepatoduodenal ligament is commonly in-
vaded in advanced Klatskin’s tumour, appearing as 
dense masses in hypoattenuating tissue of the liga-
ment. Lymphatic metastases most commonly involve 
the portocaval, the superior and posterior pancreati-
coduodenal lymph nodes. Retroperitoneal lymphade-
nopathy, peritoneal spread, and proximal intestinal 
obstruction occur in advanced stages of hilar CCA. 
Both CT and US tend to understage hilar CCA, as lo-
cal tumour extension along the bile ducts, peritoneal 

spread, and metastases in normal sized lymph nodes 
may not be appreciated.

Mirizzi syndrome is an uncommon cause of ex-
trahepatic bile duct obstruction due to an impacted 
stone in the cystic duct that creates extrinsic com-
pression of the common hepatic duct. The infl am-
matory component of this syndrome may be infi l-
trative or mass-like at the hilum and suggest CCA. 
Even, identifi cation of a hyperattenuating stone on 
unenhanced images cannot always ascertain benign 
disease, since both entities may coexist (Becker et 
al. 1984). Gallbladder carcinoma with contiguous 
spread to the bile ducts at the porta hepatis is often 
indistinguishable from CCA. The epicentre of this 
tumour is the gallbladder rather than the hilum and 
it is usually associated with gallbladder wall thicken-
ing and enhancement. Complications of biliary stone 
disease such as infl ammatory strictures after stone 
passage or due to bacterial cholangitis are conditions 
in which the differential diagnosis can also cause dif-
fi culties.

16.3.2.3 
Magnetic Resonance

On cross-sectional MR imaging, a periductal-infi l-
trating CCA appears as an ill-defi ned circumferential 
or nodular tumour with hypointense or occasionally 
isointense signal to liver on T1-weighted images and 
moderately hyperintense signal on T2-weighted im-
ages (Fig. 16.2b) (Guthrie et al. 1996). The central 
scar of the mass-forming type is an unusual feature of 

Fig. 16.2a–f. Hilar periductal-infi ltrating cholangiocarcinoma in a 62-year-old woman with progressive jaundice and mild ab-
dominal discomfort. Initial ultrasound showed diffuse dilatation of the intrahepatic bile ducts with a normal-calibre extrahe-
patic duct and non-union of the right and left ducts at the porta hepatis. Right branch of portal vein was invisible. a Portal-phase 
CT scan confi rms the diffuse dilatation of both intrahepatic bile ducts and reveals infi ltration of the hilum by an ill-defi ned 
mass that is heterogeneously enhanced by contrast (arrow). Right branch of portal vein is completely obstructed by this lesion. 
b Unenhanced axial T1-weighted SE image (TR/TE/fl ip angle: 186/19 ms/90°) shows an irregular hypointense mass that extends 
proximally along intrahepatic bile ducts from hepatic hilum. c Axial T1-weighted fat-suppressed GRE image (TR/TE/fl ip angle: 
102/6 ms/80°) 120 s after intravenous injection of 6.1 mmol of Gd-DTPA (Magnevist, Schering, Berlin, Germany). The tumour 
exhibits a strong and homogenous enhancement and its margins are better delineated. Dilated intrahepatic bile ducts are easily 
differentiated from intrahepatic vessels. In this case, the right branch of hepatic artery is encased within the tumour (arrow). 
Digital subtraction angiography (not shown) demonstrated a slightly irregular vessel at this level, confi rming arterial inva-
sion. d Coronal breath-hold single-shot FSE T2-weighted MR cholangiography (TR/TE/fl ip angle: 1800/350/90°) with 3D-MIP 
reconstruction. Bile duct confl uence is obliterated, with upstream bilateral extension to the confl uence of segmental branches. 
According to Bismuth-Corlette classifi cation, it is a type IV biliary obstruction. e Double oblique axial 3D-MIP reconstruction 
oriented along the course of the left hepatic duct and perpendicular to the course of the right hepatic duct allows a better 
visualisation of bile ducts anatomy and a better assessment of common bile duct, and right and left hepatic ducts involvement. 
CBD, common bile duct. f Gadolinium-enhanced T1-weighted 3D-GRE sequence (TR/TE/fl ip angle: 6/2/60°) with coronal ob-
lique MIP reconstruction of portal system. This image nicely depicts the extrinsic occlusion of the right portal branch, with 
tapering of its proximal part (arrow). Distal portal vessels on the right side and left portal branch are patent. The tumour was 
confi rmed histologically after brush cytology. Since the malignant biliary obstruction was classifi ed as type IV, the palliative 
treatment consisted in placement of three metallic stents (one in the left segmental branches confl uence, one in the anterior 
sector confl uence and one in the posterior sector confl uence), in order to prevent tumour overgrowth
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Klatskin’s tumour. Hilar CCA does not show a unique 
enhancement pattern. The majority are hypovascular 
compared with adjacent liver parenchyma, showing a 
heterogeneous enhancement that gradually increases 
on delayed images. This pattern is consistent with 
the fi brous nature of the tumour. Circumferential 
tumours may cause minimally increased duct wall 
thickness and are most clearly shown as moderate 
periductal enhancement on gadolinium-enhanced 
fat-suppressed gradient echo images (Fig. 16.2c) 
(Worawattanakul et al. 1998). Since appreciable 
duct wall enhancement has been demonstrated in 
normal subjects previously, isolated duct wall en-
hancement may not be a predictor of tumour in-
volvement. A small percentage of infi ltrating CCA 
are hypervascular but without immediate diffuse 
enhancement. Satellite nodules are less commonly 
seen in Klatskin’s tumour as opposed to peripheral 
CCA. Invasion of adjacent liver parenchyma and as-
sessment of the atrophy-hypertrophy complex are 
important in determining tumour non-resectability. 
Cross-sectional MR images can detect a mass that 
frequently grows beyond the duct and invades the 
adjacent liver parenchyma. Morphologic alterations 
of the liver may also be evaluated by this imaging 
modality. Lymphadenopathy in the porta hepatis or 
in the coeliomesenteric and retroperitoneal spaces 
are more clearly defi ned on gadolinium-enhanced 
fat-suppressed gradient echo images.

Over the past decade, projectional MR cholangio-
pancreatography (MRCP), used in conjunction with 
MR imaging, has been introduced to evaluate the ex-
tent of tumours in the bile ducts. MRCP, with respi-
ratory-gated 3D fast spin echo (FSE) or breath-hold 
single-shot FSE T2-weighted sequences, can produce 
excellent non-invasive cholangiographic images that 
depict hilar obstruction and subsequent dilatation of 
upstream bile ducts (Becker et al. 1997). Further, this 
technique permits visualisation of the ductal irregular-
ity and narrowing characteristic of hilar CCA and the 
intraluminal tumour extent (Schwartz et al. 2003). 
The morphology of a bile duct stricture detectable on 
the images closely refl ects the gross anatomic changes 
occurring along the biliary duct walls. A periductal-
infi ltrating cancer may be seen either as a stretch of 
narrowed lumen with a sclerosed appearance, or as 
an annular stricture. The mass-forming type tends 
to produce complete obstruction with protuberant-
shaped end morphology of the bile duct, whereas the 
intraductal-growing type appears as an intraluminal 
fi lling defect, usually larger than 1 cm. MRCP accu-
rately assesses the level of bile duct involvement with 
proximal and distal extension of the disease, according 

to the Bismuth-Corlette classifi cation, although under-
estimation or overestimation may occur (Fig. 16.2d) 
(Bismuth et al. 1992). Double oblique axial thin MIP 
slices oriented along the course of the left hepatic duct 
and perpendicular to the course of the right hepatic 
duct allows interactive 3D post-processing to depict 
even small bile duct stenosis (Fig. 16.2e). It is an ad-
vantage of MRCP over direct cholangiography that an 
undrained bile duct cephalad to the stenosis can be vi-
sualised without injection of contrast medium. 

Although hilar CCA has a propensity to compress 
hepatic vessels (50%–82% of cases), frank vascular in-
vasion is rare. Compression of central portal branches is 
most frequent, as these have thinner walls than hepatic 
arteries. Until recently, assessment of resectability in 
CCA usually required the use of digital subtraction an-
giography (DSA) to determine vessel involvement. MR 
angiography, with 3D fast imaging with steady-state 
precession (FISP) technique, is comparable to DSA in 
the evaluation of the portal vasculature invasion in pa-
tients with cholangiocarcinoma (Lee et al. 2003). For 
this purpose, dynamic imaging in the coronal oblique 
plane is particularly useful for distinguishing vessels 
from bile ducts and for showing the relation of the le-
sion to the portal veins, because the whole portal veins 
are typically seen on one or two sections, hilar lesions 
are more easily localised, and the coronal anatomy is 
similar to that seen at surgery (Fig. 16.2f). Contrast-
enhanced 3D FISP MR angiography has the potential 
to also substitute DSA in the preoperative evaluation 
of hepatic arterial invasion, even though DSA has a 
greater specifi city.

16.3.2.4 
Cholangiography and Angiography

The role of cholangiography is twofold: fi rst, to help 
make the diagnosis in diffi cult cases of Klatskin’s tu-
mour where no mass was defi ned in cross-sectional 
imaging, and, second, to determine the extent of 
disease, especially if contralateral involvement exists 
(Soyer et al. 1995b). Unlike ERCP, percutaneous chol-
angiography delineates the morphology of hilar CCA 
in almost all cases. However, the majority of hilar 
CCA are adequately diagnosed and staged by non-in-
vasive procedures, such as MRCP or CT cholangiog-
raphy. The cholangiographic appearance of Klatskin’s 
tumour is variable but mainly appears as a ductal 
narrowing or obstruction of the right and left and 
common hepatic ducts. As it extends beyond 3 cm, 
intrahepatic tumours invade the liver. The contour of 
the stenosed duct may be smooth or moderately ir-
regular. The strictures tend to branch and may extend 
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into the secondary order biliary radicles. Isolation 
of segments of bile ducts is common in advanced 
disease. Cholangiography often underestimates the 
extent of submucosal spread of CCA. Furthermore, 
hilar CCA should be differentiated cholangiographi-
cally from malignant extrinsic strictures and benign 
intrinsic strictures. Lymphadenopathy and extrahe-
patic metastases compress and displace rather than 
invade the extrahepatic ducts. Benign strictures al-
most invariably occur after cholecystectomy or dis-
tal gastric surgery, are short, and cause symmetric 
narrowing of the common hepatic bile duct. Rarely, 
lymphoma or sarcoidosis of the bile ducts are indis-
tinguishable from CCA.

Angiography does not depict hilar CCA directly 
but can show stenosis or occlusion of the hilar or 
intrahepatic portions of the portal vein or hepatic 
artery. Nowadays, venous invasion can be accurately 
demonstrated by contrast-enhanced multiphasic CT 
or dynamic MR imaging, but angiography still re-
mains the gold standard technique to exclude arte-
rial involvement.

16.3.3 
Intraductal Cholangiocarcinoma

Even though mass-forming intrahepatic CCA and 
periductal-infi ltrating hilar CCA and their imaging 
fi ndings have been exhaustively discussed in the 
literature, intraductal-growing CCA has been less 
commonly described. On cholangiographic imag-
ing (MRCP, PTC or ERCP), the bile ducts proximal 
to the tumour are dilated, the degree of dilatation 
depending on the degree of obstruction. The intra-
ductal CCAs is depicted as polypoid fi lling defects or 
irregularities of the bile duct wall. Usually the tumour 
is small and fl at, but occasionally it is large enough 
to be visualised on cross-sectional examinations. The 
mass is confi ned within the bile ducts, and thus the 
thickened wall of the bile duct remains invariably 
intact. Intraductal-growing CCA tends to spread su-
perfi cially along the lumen for a variable length and 
sometimes implants along the inner surface of the 
bile ducts, creating multiple discrete tumours.

16.3.3.1 
Ultrasonography

On US, intraductal-growing CCA presents with focal, 
segmental or diffuse bile duct dilatation with single 
or multiple papillary intraductal masses or without 
visible tumour. An intraductal mass appears as a well-

defi ned, polypoid or sessile, echogenic nodule fi lling 
the lumen of one or more bile ducts (Robledo et al. 
1996). Sometimes, a polypoid tumour causes expan-
sion of the adjacent bile duct and its frond-like sur-
face excrescences are well depicted. Colour Doppler 
may reveal some faint signals within the tumour.

Biliary stasis secondary to a stricture from PSC 
may predispose to bile salt deposition and resul-
tant formation of non-shadowing stones and sludge, 
which may be virtually indistinguishable from in-
traductal CCA. These oval and avascular intraductal 
masses often become impacted within the common 
bile duct, which restricts their mobility. Occasionally, 
hemobilia secondary to hepatobiliary interventions 
or blunt trauma will form an intraluminal cast. 
Although these conditions are mimicking intraductal 
tumour, the patient’s recent medical history and lack 
of mass effect are usually diagnostic.

16.3.3.2 
Computed Tomography

Characteristic features of intraductal peripheral CCA 
at CT include segmental or lobar dilatation of the 
intrahepatic bile ducts with higher attenuation than 
that of bile. An obstructing mass is occasionally seen 
as a spontaneously hypodense lesion relative to the 
liver parenchyma, when it is larger than 1 cm. On con-
trast-enhanced CT, it appears as an enhancing soft-
tissue intraductal mass (Yoon et al. 2000). Because 
the intraductal-growing tumour does not penetrate 
the bile duct wall, its outer margin is relatively clear 
on CT. The tumour may not be depicted when it is 
small and isodense to the adjacent hepatic paren-
chyma or when the complex orientation of the dilated 
bile ducts obscures the presence of the mass.

Intraductal CCA at the hilum also manifests as an 
intraductal soft-tissue mass but is associated with more 
diffuse bile duct dilatation. At this location, the tumours 
are frequently multiple or disseminated within the bili-
ary system and involve both the intrahepatic and ex-
trahepatic bile ducts. Therefore, the true extent of this 
superfi cially spreading tumour is diffi cult to determine. 
HCC occasionally invades and grows within the bile 
duct. This tumour appears at imaging as a polypoid 
mass expanding the bile duct and therefore is diffi cult 
to differentiate from intraductal-growing CCA.

16.3.3.3 
Magnetic Resonance

Few studies described the appearance of intraductal-
growing CCA at MR imaging. The intraductal tumour 
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is depicted as a cast-like or sessile mass (Fig. 16.3). 
MRCP shows intraluminal fi lling defect usually 
larger than 1 cm or irregularity of the bile duct wall 
(Fig. 16.3a). The bile ducts of the involved hepatic 
segment or hepatic lobe are dilated. Papillary CCA is 
frequently multifocal and spreads superfi cially along 
the mucosa, often with intervening normal mucosa 
between papillary lesions. The ability of MRCP to 
detect minute mucosal changes and small polypoid 
lesions is limited, and thus tumour size and span of 
involvement in the biliary tree are underestimated. 
Some intraductal CCA produce large amounts of 
mucin, which may result in overestimation of the 
tumour.

16.3.3.4 
Cholangiography

Although the description of the three pathological 
types of CCA appears straightforward, at times the 
cholangiographic differentiation may be diffi cult, es-
pecially between focal stenosis of infi ltrating type and 
papillary lesions of intraductal type. On PTC or ERCP, 
the involved biliary tree is dilated because of partial 
obstruction, and fi lling defects appear because of in-
traductal tumours. When intraductal CCA is small, 
there may be fi ne irregularities, with a velvety or 
serrated contour, along the bile ducts, representing 
the papillary surface of the tumour protruding into 
the duct lumen. However, when the polypoid lesion 
grows into the bile duct lumen, there is slow progress 
toward the near-total obstruction of the lumen. In 
this case, the contrast medium is only able to outline 
the rounded surface interface, causing a meniscus 
and making diffi cult to recognise the exact origin 
of the mass.

16.3.3.5 
Intraductal Papillary Mucinous Tumour 
of the Bile Ducts

Severe dilatation of the intrahepatic and extrahepatic 
ducts is the hallmark of IPMT of the bile ducts on 
US, CT, and MRCP (Yoon et al. 2000). Both proxi-
mal and distal bile ducts to the tumour are dilated 
because mucin may obstruct the papilla of Vater. On 
cross-sectional imaging, the tumour may appear as a 
small mass. Mucin is echo-free on US, water-attenuat-
ing on CT, hypointense on T1-weighted images and 
hyperintense on T2-weighted images, and therefore 
is not visible within the bile juice. Cholangiographic 
techniques (PTC or ERCP) can show large or small, 
elongated or amorphous fi lling defects caused by mu-

cin in the dilated bile ducts. Some intrahepatic IPMT 
may produce cystic dilatation of the bile ducts that 
harbour multiple, fungating, intraductal papillary 
tumours that may calcify. Some of the involved bile 
ducts dilate cystically, whereas others dilate diffusely 
and proportionally. If superimposed infection occurs, 
imaging fi ndings may mimic a liver abscess (Jin et al. 
2002). Endoscopy may show mucin protruding from 
the orifi ce of the duodenal papilla.

16.3.4 
Cholangiocarcinoma and Primary Sclerosing 
Cholangitis

Clearly, the diagnosis of CCA complicating PSC re-
mains a diffi cult challenge and no approach to de-
tection has proven optimally effective. Furthermore, 
uncertainty as to the presence of tumour can arise be-
cause the imaging fi ndings in PSC may mimic those 
of CCA. Often a combination of clinical, laboratory, 
and imaging tests is used to monitor patients with 
primary sclerosing cholangitis.

Clinically, CCA is suspected when a patient has 
rapid clinical deterioration in association with a rapid 
rise in serum markers of cholestasis. Since up to 70% 
are Klatskin’s tumours located at the hilum, cholangi-
ography has traditionally been used to diagnose and 
follow up patients with PSC for the progression of 
disease and the development of CCA. Unfortunately, 
there is no cholangiographic feature specifi c for CCA. 
This shortcoming originates primarily from the dif-
fi culty in distinguishing benign dominant strictures 
of PSC from malignant strictures caused by CCA. 
In several studies, endoscopic brushing cytology 
of dominant bile duct strictures was shown to have 
limited sensitivity (30%–85%) and tumour markers 
were found to have low specifi city. Therefore, it is im-
possible to exclude CCA on the basis of a negative 
brush biopsy result.

Cross-sectional imaging modalities such as CT 
and MR imaging can assist in the work-up of sus-
pected CCA by demonstrating extraductal abnor-
malities. In fact, CT and MR imaging signifi cantly 
outperform cholangiography in term of sensitiv-
ity and specifi city (Campbell et al. 2001). Because 
most CCA have a fi brous centre, they demonstrate 
delayed accumulation and washout of contrast ma-
terial, thus producing hyperdense or hyperintense 
lesions at delayed contrast-enhanced imaging. State 
of the art CT, with optimised contrast material ad-
ministration and including delayed imaging, is able 
to directly depict tumoral masses, particularly those 
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Fig. 16.3a–d. Hilar intraductal-growing cholangiocarcinoma in a 63-year-old man with progressive jaundice but without ab-
dominal symptoms. Initial ultrasound showed diffuse dilatation of the intrahepatic bile ducts with a normal-calibre extrahepatic 
duct. a Coronal breath-hold single-shot FSE T2-weighted MR cholangiography (TR/TE/fl ip angle: 10000/247/90°) with coronal 
oblique MIP reconstruction. MRCP also demonstrates diffuse dilatation of intrahepatic bile ducts proximal to a round, faintly 
irregular intraluminal defect (arrowhead) at the origin of the common bile duct. b Axial T2-weighted breath-hold single-
shot FSE image (TR/TE/fl ip angle: 80/18000 ms/90°). The 10-mm large intraluminal defect at the bile duct confl uence (arrow) 
presents a heterogeneously moderate high signal intensity compared to liver parenchyma, suggesting the soft-tissue nature of 
this pathological process. c Unenhanced axial T1-weighted GRE image (TR/TE/fl ip angle: 86/4.5 ms/80°) shows a moderate low 
signal intensity lesion, with slightly hyperintense and thickened duct wall. d Axial T1-weighted GRE image (TR/TE/fl ip angle: 
86/4.5 ms/80°) 90 s after intravenous injection of 8.5 mmol of Gd-DTPA (Magnevist, Schering, Berlin, Germany). The intraductal 
lesion is slightly enhanced by contrast medium and the common bile duct wall shows a marked contrast enhancement (small 
arrows). Surgery revealed a moderately differentiated intraductal papillary cholangiocarcinoma with minimal wall invasion 
(pT2 N0 M0)



234 S. Terraz and C. D. Becker

arising within or invading the liver parenchyma, or 
thickened bile duct wall. Because of its increased 
contrast resolution, dynamic contrast-enhanced MR 
imaging has been shown to be more sensitive than 
CT for the diagnosis and staging of CCA (Vitellas 
et al. 2000). Periportal changes manifest as low sig-
nal intensity on T1-weighted images and high sig-
nal intensity on T2-weighted images. Such changes 
are suggestive of CCA if their extent is greater than 
1.5 cm and they enhance after administration of 
gadolinium contrast material. In addition, MRCP 
may provide more information than conventional 
cholangiography about the proximal extent of dis-
ease, thereby allowing a more accurate assessment 
of resectability.

Positron emission tomography (PET) is an-
other non-invasive imaging approach to detect-
ing early CCA in patients with PSC (Keiding et al. 
1998). 18Fluoro-2-deoxy-D-glucose (18FDG) is a 
glucose analogue and a positron-emitting radiola-
beled tracer that accumulates in various malignant 
tumours because of their high glucose metabolic 
rates. After intravenous injection of 18FDG, CCA 
masses appear as hot spots on PET scanning of the 
liver. Preliminary observations suggest that the net 
metabolic clearance of 18FDG of these tumours is 
signifi cantly greater than reference liver tissues in 
the same patients.

16.3.5 
Cholangiocarcinoma and Choledochal Cyst

The incidence of malignancy in choledochal cysts 
is reported at between 10%–30%. The pathogenesis 
of CCA in choledochal cysts may be caused by the 
carcinogenic effect of pancreatic refl ux. This compli-
cation is especially encountered with the most com-
mon type I cysts of the Todani classifi cation, which 
consists in cystic, focal or fusiform dilatation of com-
mon bile duct. On the other hand, type III cysts rarely 
undergo malignant changes.

Most CCA that arise in patients with are papillary. 
At imaging, they are depicted as either a polypoid 
mass or an irregularly thickened wall. MRCP rep-
resents the current gold standard in the imaging of 
choledochal cysts and their complications, since it is 
superior than CT at detecting and defi ning lesions 
and as good as cholangiography, without the poten-
tial complications of invasive technique (Kim et al. 
2000). Also, MRCP may not be as sensitive a tool in 
paediatric cases as it is in adults, where US has a pre-
eminent role.

16.4 
Treatment

The management of patients with CCA requires a 
high degree of expertise in diagnostic imaging tech-
niques, as well as interventional radiological and 
surgical skills. Early diagnosis and accurate staging 
is the key to reaching the correct decision regard-
ing the resectability of the tumour. The decision 
whether the tumour is resectable is based on the 
imaging information and the result of any biopsies 
taken.

16.4.1 
Surgery

The best chance of cure is offered by complete surgi-
cal resection with negative margins and restoration 
of biliary-enteric continuity. Resectability criteria are 
based on tumour extension, vascular involvement, 
distant metastases, the presence of coexistent liver 
disease or dysfunction, portal hypertension and the 
general condition of the patient. CCA is resectable 
if vascular and biliary ductal involvement is limited 
to one lobe of the liver, if there is no extrahepatic 
disease, and the patient is fi t for surgery. In patients 
in whom the proportion of the liver to be resected is 
substantial, it may be useful to carry out preliminary 
embolisation of the appropriate branch of the portal 
vein, in order to induce compensatory hypertrophy of 
the residual lobe, which minimises the risk of post-
operative liver failure. In case of doubt, surgical ex-
ploration can be performed, in order to determine 
the chance of resectability.

16.4.2 
Palliative and Adjuvant Treatments

Unfortunately, in many cases, imaging delineates 
an advanced tumour, requiring non-surgical pal-
liative treatment, usually by means of endoscopic or 
percutaneous radiological techniques. The benefi t 
of external-beam radiotherapy or intra-arterial lo-
cal chemotherapy is uncertain. Intraluminal 192Ir 
brachytherapy may restrict tumour spread but to 
date there is no evidence that it provides any ad-
vantage compared with external-beam irradiation. 
Photodynamic therapy is a safe, minimally invasive 
palliative therapy, which may be effective in reducing 
malignant stenosis, leading to a signifi cant longer 
survival and improved quality of life in patients with 
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hilar CCA. Unresectable or recurrent peripheral CCA 
may be treated by means of percutaneous radiofre-
quency thermoablation. Even if there are few reports 
in the literature, we may reasonably recommend in-
clusion criteria that are similar to metastases of ex-
trahepatic adenocarcinoma. Patients without known 
extrahepatic malignancy and with lesions smaller 
than 5 cm may be good candidates for this type of 
treatment.

16.4.3 
Percutaneous Transhepatic Management

The palliative treatment of malignant hilar biliary 
obstruction is strongly dependent on individual ex-
pertise, but many authors favour the percutaneous 
approach over the endoscopic approach because the 
percutaneous technique provides better demonstra-
tion of the proximal extent of the tumour, allows 
easier placement of drainage catheters and avoids 
the risk of septicaemia due to a failed attempt at 
endoscopic stent insertion. Moreover, in the pres-
ence of multiple duct obstruction, the percutaneous 
route enables to drain individual branches by means 
of US guidance and fl uoroscopy-directed puncture. 
If percutaneous transhepatic cholangiography (PTC) 
demonstrates proximal biliary obstruction, it is de-
sirable that drainage is carried out in order to prevent 
cholangitis and sepsis (Sherman 2001). Unlike ERCP, 
PTC does not contaminate the bile ducts with enteric 
fl ora. Except for patients with acute cholangitis, in 
whom emergency drainage is mandatory, preopera-
tive biliary drainage is not indicated in lower bile 
duct obstruction.

16.4.3.1 
Biliary Endoprostheses Placement

Metallic endoprostheses offer a better long-term 
patency than plastic devices (Wagner et al. 1993). 
Plastic devices should be used in preference to me-
tallic endoprostheses only when a defi nitive diagno-
sis of malignancy has not been made, since metallic 
endoprostheses cannot be removed. Metallic stents 
can be inserted in a single-stage procedure in most 
patients, minimising hospital stay and reducing the 
associated costs. The proximal end of the stent should 
be placed in a peripheral intrahepatic duct, in order 
to minimise the risk of occlusion by tumour over-
growth. Ensuring that the stent extends through the 
sphincter of Oddi minimises the risk of late non-
obstructive cholangitis and reduces post-procedural 

morbidity (Hatzidakis et al. 2001). In patients with 
hilar tumours obstructing both the left and right he-
patic ducts, bilateral or even triple stent insertion is 
usually indicated (Fig. 16.4). Parallel deployment of 
two stents should be achieved by using two separate 
punctures to gain access to each lobe.

The majority of metallic endoprostheses used are 
self-expandable devices, such as the Wallstent (Boston 
Scientifi c, Watertown, United States), the Zilver stent 
(Cook, Bloomington, United States) or nitinol stent 
(Cordis, Waterloo, Belgium). Balloon-expandable 
stents are infrequently used in the biliary system, be-
cause their relatively high rigidity hamper their de-
ployment along a curve. Covered metallic stents offer 
no signifi cant improvement in patency in comparison 
with uncovered stents, because overgrowth remains a 
problem (Kanasaki et al. 2000). On the other hand, 
peripheral stent placement (in order to minimise 
occlusion by tumour overgrowth) may lead to inad-
vertent occlusion of intrahepatic side branches. The 
possible future role of impregnated stents has yet to 
be determined.

16.4.3.2 
Results of Palliative Treatment by Endoprosthesis

Metallic stents can be inserted successfully in up to 
100% of patients. Survival after metallic stent place-
ment has been reported as ranging between 93 and 
420 days, depending on patient population, tumour 
location and stage (Cowling and Adam 2001). In 
bifurcation tumours, the longest survival rate has 
been observed in patients in whom both lobes have 
been drained. The shortest survival rate has been 
observed in those with cholangiographic opacifi ca-
tion of both lobes but drainage of only one lobe. The 
12-month patency of metallic endoprostheses is 46% 
for hilar and 89% for non-hilar obstructions, with 
an overall 12-month survival of 35% (Becker et al. 
1993). Stent occlusion is usually caused by tumour 
overgrowth (2.4%–16%) and less frequently by tu-
mour ingrowth (2.4%–7%). Stent occlusion due to en-
crustation of bile is uncommon, because of the large 
stent diameter. This condition may cause jaundice 
and cholangitis, and should be managed by insertion 
of a new endoprosthesis to relieve the obstruction. 
The re-intervention rate is 18%–19.2% after a mean 
period of 5.9 months (Sherman 2001; Cowling and 
Adam 2001). 

Complications of percutaneous treatment in-
clude cholangitis (5%–6.5%), haemorrhage (2%), 
bile leakage (2%), abscess and catheter dislodgement 
(Cowling and Adam 2001; Rieber and Brambs 
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1997). Minor complications are seen in 10%–23% 
of cases, while the incidence of major complications 
ranges from 2.3% to 20.8%. Most complications are 
related to the transhepatic puncture rather than 
the stent placement (Rieber and Brambs 1997). 
Aggressive guidewire and catheter manipulations, 
as well as vigorous fi lling of multiple undrained seg-
ments with contrast medium during cholangiogra-
phy, can cause cholangitis and septicaemia, especially 

if stent insertion is unsuccessful. Stent-related com-
plications include malpositioning, migration, inad-
equate expansion, failure of release of the stent and 
rarely duodenal erosion when the stent protrudes into 
the bowel. The 30-day mortality is 6-39%, depending 
on the patient’s general condition, the tumour stage 
and the therapeutic method used, whereas the proce-
dure-related mortality ranges between 0.8 and 3.4% 
(Cowling and Adam 2001).

Fig. 16.4a–c. Palliative biliary drainage by triple metallic en-
doprosthesis of a hilar periductal-infi ltrating cholangiocarci-
noma in a 49-year-old woman with brutal right upper quad-
rant abdominal pain and vomiting. Initial ultrasound showed 
diffuse dilatation of intrahepatic bile ducts but without vis-
ible mass or wall thickening. a Coronal breath-hold single-
shot FSE T2-weighted MR cholangiography (TR/TE/fl ip an-
gle: 8000/247/90°) with coronal oblique MIP reconstruction. 
MRCP shows a stricture of the common bile duct with a dif-
fuse dilatation of proximal bile ducts. A biliary trifurcation is 
present, with a separate confl uence of V and VIII segments. 
Because radiological staging did not demonstrate any sign 
of vascular invasion or extrahepatic dissemination, the pa-
tient underwent an exploratory laparotomy, which revealed 
an invasion of the hepatic ducts, gallbladder and second part 
of duodenum. Surgical biopsies demonstrated a poorly dif-
ferentiated periductal-infi ltrating cholangiocarcinoma. Due 
to unresectability, the patient was then treated by palliative 
biliary stenting. b Percutaneous transhepatic cholangiogram 
obtained before stenting confi rms an occlusion of the main 

bile duct without passage of contrast media distally. At the trifurcation level, left hepatic duct (arrow) and, to a lesser extent, 
confl uence of biliary branches V and VIII (small arrow), present intraluminal fi lling defects. Moreover, there is a notch at the 
inferior aspect of right hepatic duct (arrowhead). Therefore, this biliary obstruction may be classifi ed as type IV, according to 
Bismuth-Corlette classifi cation, as confi rmed by surgical exploration. c Positioning of three metallic endoprostheses leads to 
bile duct decompression. Catheter drainage was maintained in the left stent for 24 h to keep control on early reobstruction or 
haemorrhage

a b

c
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17.1 
Introduction

Primary hepatic malignant neoplasms may develop 
from hepatocytes, bile duct epithelium, endothelial 
cells, or lymphoid cells. Most primary malignant 
hepatic neoplasms are epithelial in origin, such as 
hepatocellular carcinoma and cholangiocarcinoma. 
Mesenchymal tumors such as angiosarcoma and epi-
thelioid hemangio-endothelioma, and other sarcoma 
and lymphomas are rare and represent a minority of 
primary hepatic neoplasms (Table 17.1).

This chapter will review rare primary malignant 
neoplasms such as hepatoblastoma, arising from he-
patocytes; cystoadenocarcinoma, arising from bili-
ary cells; angiosarcoma and other sarcomas as well 
as epithelioid hemangioendothelioma, arising from 
mesenchymal tissue; and fi nally primary lymphoma, 
arising from lymphomatous tissue.

Table 17.1. Histologic classifi cation of primary malignant liver 
lesions

Epithelial tumors
 Hepatocellular Hepatocellular carcinoma
  Fibrolamellar carcinoma 
  Hepatoblastoma
 Cholangiocellular Cholangiocellular carcinoma
  Cystadenocarcinoma

Mesenchymal tumors
 Vascular tumors Angiosarcoma
  Hemangiosarcoma
  Epithelioid hemangioendothelioma
  Leiomyosarcoma
  Fibrosarcoma
  Embryonal sarcoma
  Fibrous histiocytoma
  Lymphoma (Hodgkin’s disease)
  Lymphoma (non-Hodgkin’s disease)
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17.2 
Hepatoblastoma

17.2.1 
Incidence and Clinical Presentation

Hepatoblastoma is the most common symptomatic 
liver tumor occurring in children under the age of 
5 years with a peak age of 3 years. Although it may be 
present at birth or develop in adolescents and young 
adults, this tumor has a peak incidence between 18 
and 24 months of age. Males are more frequently af-
fected. Recent evidence suggests that an extremely 
low weight at birth is associated with the occurrence 
of hepatoblastoma. Although diffuse and multifocal 
forms have been reported, it most commonly pres-
ents as a well circumscribed single mass (Tsuchida 
et al. 1990).

The epithelial type in the presence of hepatocyte 
predominance has a better prognosis than the other 
forms. Tumors due to embryonal epithelial cells carry 
a poorer prognosis.

17.2.2 
Pathologic Findings

Hepatoblastoma has been considered a tumor of 
embryonal origin histopathologically different from 
HCC in childhood. Epithelial hepatoblastoma con-
sists of fetal and embryonal malignant hepatocytes. 
A mixed hepatoblastoma presents both a hepatocyte 
and a mesenchymal component consisting of primi-
tive mesenchymal tissue, osteoid material and car-
tilage. Amorphous calcifi cations are seen in about 
30% of cases.

Grossly hepatoblastoma is usually a large, well-
circumscribed solitary mass that has a nodular or 
lobulated surface. Twenty percent of cases are mul-
tifocal.

Microscopically, it consists of epithelial cells, 
malignant hepatocytes and tissues of mesenchy-
mal origin (Miller et al. 1992). Areas of calcifica-
tion and extramedullary hematopoiesis are often 
present.

17.2.3 
Imaging Findings

Hepatoblastoma needs to be differentiated from he-
mangioendothelioma, which occurs in the same age 
group (Dachman et al. 1983).

17.2.3.1 
Ultrasound

Hepatoblastoma presents as a mass with heteroge-
neous echogenicity (Dachman et al. 1987). The as-
sociation of the high Doppler frequency shift with 
neovascularity may prove to be useful in the evalua-
tion of these masses (Bates et al. 1990). In contrast to 
hepatoblastoma, the great majority of hemangioen-
dotheliomas (differential diagnosis) are hypoechoic.

17.2.3.2 
Computed Tomography

On unenhanced CT the tumor appears as a homoge-
neous hypodense mass with or without calcifi cations 
which shows septal and peripheral enhancement. 
Delayed scanning may show greater enhancement 
(Dachman et al. 1987).

17.2.3.3 
MR Imaging

On MR the tumor appears as a heterogeneous isoin-
tense or hypointense mass on T1-weighted unen-
hanced images. The presence of a fi brotic component 
determines hypointensity of the signal in the mixed 
type. Intermediate intensity with hypointense sep-
tations is seen on T2-weighted images. During the 
arterial phase of dynamic Gd-enhanced imaging, the 
lesion becomes heterogeneously hyperintense, except 
for the fi brotic and necrotic areas. On portal venous 
and equilibrium phases, the tumor rapidly appears 
isointense and subsequently hypointense. A stromal 
component increases in signal intensity. On delayed 
Gd-enhanced imaging the tumor is usually heteroge-
neously hypointense or isointense.

17.3 
Cystadenocarcinoma

17.3.1 
Incidence and Clinical Presentation

Biliary cystadenoma and biliary cystadenocarcinoma 
are rare neoplasms of the liver and comprise less than 
5% of intrahepatic cysts of biliary origin (Ishak et 
al. 1977). Cystadenocarcinoma develops mostly in he-
patic cystadenoma. Most of the reported cases are in 
middle-aged women (Devaney et al. 1994). Clinical 
symptoms are abdominal pain, mass, and intermittent 
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jaundice. Right upper quadrant abdominal pain, occa-
sionally irradiating to the scapula, is the chief fi nding 
in 60% of patients at presentation (Edmonson 1976).

17.3.2 
Pathologic Findings

Most of the cystic lesions are intrahepatic; less than 
10% are extrahepatic involving the extrahepatic bili-
ary tree. Connections to the biliary tree may be seen, 
but are uncommon.

Macroscopically the lesions are usually multilocu-
lar and large. They frequently contain mucoid fl uid. 
Large papillary masses as well as solid areas of gray-
white tumor may occur in a thickened wall. The cyst 
is bloody in one-third of the cases.

Microscopically, a variety of epithelia, including 
columnar, stratum cuboid, and purely squamous 
epithelium, is seen. Most cases have invasive tubulo-
papillary epithelial components. Areas of preexisting 
benign cystadenoma are found in about one-third of 
cases, suggesting that benign lesions may evolve into 
malignant ones.

Biliary cystadenocarcinoma are subdivided patho-
logically into two subtypes:
• First of all biliary cystadenocarcinoma with ovar-

ian stroma, containing a typical band of closely 
bound spindle cells below the epithelium. This 
type is documented only in women developing 
from a preexisting biliary cystadenoma.

• Second biliary cystadenocarcinoma without ovar-
ian stroma. This type is seen both in men and 
women and is not associated with a preexisting 
cystadenoma. Grossly, these tumors are typically 
large with variable amounts of internal septation 
and nodularity. There is variable composition of 
the cystic fl uids contained in the locular compart-
ments of the mass (Buetow et al. 1995). The loculi 
may contain bilious, hemorrhagic, mucinous, or 
clear fl uid. Calcifi cation within the septa or wall 
is rarely seen.

Cystadenocarcinoma with ovarian stroma has a 
good prognosis, whereas cystadenocarcinoma with-
out ovarian stroma results in death in more than 50% 
of patients (Devaney et al. 1994).

17.3.3 
Imaging Findings

The pathologic features of the lesion have been shown 
to correlate with the imaging features on ultrasound, 

CT, and MR imaging. Features such as nodularity 
and thickened septation are associated with biliary 
cystadenocarcinoma, the lack of nodularity with 
cystadenoma. However, there are no consistent mor-
phologic or imaging features that would consistently 
distinguish neoplasms with ovarian-like stroma from 
those without it (Buetow et al. 1995). On all imag-
ing studies, it may be diffi cult to distinguish biliary 
cystadenoma and cystadenocarcinoma from other 
multilocular cystic lesions that occur in the liver, 
such as abscesses and echinococcal cysts. Correlation 
with clinical presentation and clinical history, how-
ever, should be helpful in this regard (Agildere et 
al. 1991).

17.3.3.1 
Ultrasound

On ultrasound, cystadenocarcinoma appears mostly 
as a multilocular cystic mass. Associated nodularity 
is observed in half of the patients (Buetow et al. 
1995). The fl uid-fi lled spaces may be either anechoic 
or hypoechoic.

17.3.3.2 
Computed Tomography

On the CT scan, these tumors are predominantly 
hypodense due to their multilocular cystic nature. 
Nodular areas are evident as focal regions of soft tis-
sue attenuation. After intravenous contrast, enhance-
ment of the wall and septa is depicted (Stoupis et 
al. 1994). The presence of thick, nodular septations 
and papillary excrescences favors the diagnosis of 
cystadenocarcinoma.

17.3.3.3 
MR Imaging

MR descriptions of biliary cystadenocarcinoma are 
limited (Chen et al. 1998; Choi et al. 1989; Stoupis 
et al. 1994). Biliary cystadenocarcinomas are of var-
ied signal intensities on T1- and T2-weighted images 
depending on the type of fl uid present within the 
locules of these tumors. The degree of internal septa-
tions and nodularity within the cyst wall varies.

In T1-weighted sequences there may be increased 
signal intensity internally if there is proteinaceous or 
hemorrhagic fl uid within the multilocular cystic tu-
mor. On T2-weighted images, biliary cystadenocarci-
nomas are of predominantly high signal-intensity due 
to their cystic components. Lower signal-intensity is 
noted in the walls and the septations of these tumors 
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due to hemorrhage. Due to enhancement of the septa 
and wall, gadolinium-enhanced imaging should fa-
cilitate depiction of the internal architecture.

17.4 
Angiosarcoma

17.4.1 
Incidence and Clinical Presentation

Although angiosarcoma is a rare hepatic malignancy 
and accounts for less than 2% of all primary liver 
neoplasms, it is the most common mesenchymal 
malignancy in the liver in adults. Primary hepatic 
angiosarcoma is occurring more frequently than 
fi brosarcoma, malignant fi brous histiocytoma and 
leiomyosarcoma (Buetow et al. 1997).

This tumor originates from the endothelial cells. 
In 40% of cases, angiosarcomas are associated with 
one of several toxins including Thorotrast, vinyl 
chloride, and arsenic ingestion. More rarely, an-
giosarcomas have been related to radiation and 
hemochromatosis. Association with hemochroma-
tosis, von Recklinghausen’s disease, and alcoholic 
cirrhosis has also been noted (Locker et al. 1979). 
This tumor occurs predominantly in men between 
the 6th and 7th decades of life. Angiosarcomas 
are aggressive malignancies that occur in the 
adult population, carrying a median survival of 
6 months (Molina and Hernandez 2003). Clinical 
symptoms include pain, anemia, fever of unknown 
origin, weight loss, abdominal mass, and hemo-
peritoneum (Almogy et al. 2004). At the time of 
diagnosis, most patients have distant metastases, 
most often to lung or spleen. Tumor markers are 
negative.

17.4.2 
Pathologic Findings

Grossly, angiosarcoma is an unencapsulated multi-
nodular lesion. Angiosarcoma may also diffusely in-
volve the liver in a micronodular form. Mixed types 
might also be present. Rarely, a solitary mass can be 
identifi ed (Craig et al. 1989). The tumors are pre-
dominantly located at the surface of the liver. They 
are nodular, ill defi ned, and may contain thrombosis 
or necrosis. When angiosarcoma appears as a soli-
tary, large mass, it frequently contains large cystic 
areas fi lled with blood (Ito et al. 1988).

Microscopically, hepatic angiosarcomas are com-
posed of malignant vascular cells that may form 
poorly organized vessels, which are variable in size 
from cavernous to capillary, trying to form sinu-
soids. The tumor is characterized by dilated sinu-
soids with hypertrophic or necrotic hepatocytes 
that leave vascular channels lined with malignant 
cells. Endothelial lining cells are seen to have in-
creased in number, become enlarged and have large 
hyperchromatic nuclei. Tumor cells tend to grow 
along preformed vascular channels, particularly the 
sinusoid, and may form solid nodules or cavitary 
spaces (Ito et al. 1988).

17.4.3 
Imaging Findings

All presentations are observed from a solitary liver 
mass to multiple disseminated intrahepatic lesions 
associated with splenic tumors. Because the origins 
of hepatic angiosarcoma and hepatic angioma are 
similar, specifi c diagnosis of these entities is diffi cult 
on imaging but almost always possible. Acute onset 
of the disease, exposure to chemical carcinogens, 
and a rapid increase in tumor size are highly sug-
gestive of hepatic angiosarcomas and should allow 
live biopsy to be avoided (Table 17.2) (Goodman 
1984).

Table 17.2. Angiosarcoma

Pathologic fi ndings
 Foci of malignant vascular cells
 Grows along vascular spaces
 Displaces Thorotrast granules peripherally
 Appearance: – Multinodular (70%)
  – Solitary
  – Thorotrast
   Peripherally displaced
   Reticulated surface fi brosis

Clinical fi ndings
 Most common sarcoma of the liver
 Male predominance: M>F (4:1)
 Non-specifi c symptoms
 Risk factors: 
  Exposure: Thorotrast (10%), vinyl chloride, arsenic
   Hemochromatosis
   Neurofi bromatosis

Imaging fi ndings
 Multilocular masses with disseminated appearance, 
 cystic areas
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17.4.3.1 
Ultrasound

The echogenicity of angiosarcoma is variable de-
pending on the presence or absence of intralesional 
hemorrhage and the age of hemorrhage as well as 
necrosis. If the angiosarcoma is Thorotrast related, 
foci of increased echoes representing Thorotrast ac-
cumulations are noted throughout the liver. Multiple 
color signals are detected on color coded ultrasound 
(Fig. 17.1).

17.4.3.2 
Computed Tomography

On unenhanced CT scan, angiosarcomas have a 
non-specific low-attenuation appearance. However, 
hyperdense areas are sometimes observed within 
the lesions due to hemorrhage or in non-tumorous 
liver due to Thorotrast deposit. Thorotrast accu-
mulates as well in lymph nodes and spleen. In cases 
where remote hemorrhage occurred, necrotic or 
cystic areas may be noted within the angiosarcoma 
(Fig. 17.2). In the case of rupture of hepatic an-
giosarcoma, the diagnosis is ascertained by dem-
onstrating free intraperitoneal fluid and a focal 

high-density area adjacent to the tumor consistent 
with acute clot (Mahony et al. 1982).

Due to its vascular nature, marked enhance-
ment of angiosarcoma is noted on contrast-en-
hanced CT. Angiosarcoma may mimic hepatic 
angioma with progressive spreading enhance-
ment and puddling of contrast material in dif-
ferent portions of the tumor, or it may be het-
erogeneous. In most described cases, the lesions 
become isodense on postcontrast images (Itai 
and Teraoka 1989).

Angiosarcomas have been reported to mimic 
hemangiomas on CT due to their centripetal 
pattern of enhancement (Itai and Teraoka 
1989; Mahony et al. 1982). However, a report of 
six angiosarcomas studied with spiral CT notes 
that none of the findings of angiosarcoma could 
be confused with the typical findings of hepatic 
hemangioma. In this study, angiosarcoma was 
multifocal in all patients and showed variable 
enhancement patterns. In only one patient who 
had multiple angiosarcomas did a single focus of 
angiosarcoma simulate hemangioma; all other tu-
mors in this patient showed no imaging features 
similar to those of hemangioma (Peterson et al. 
2000).

Fig. 17.1a,b. Angiosarcoma. Ultrasound fi ndings. a Documentation of two hypoechoic lesions (arrows) in the liver with cystic 
areas and dorsal increased signal in B-mode imaging. b Color coded imaging refers to central non-vascular lesions (arrows) 
with hypervascularity in the periphery of the lesions and feeding vessels

a b
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17.4.3.3 
MR Imaging

The signal intensity on T1-weighted images may 
be hypointense with areas of hyperintensity related 
to hemorrhage (Figs. 17.3, 17.4). On T2-weighted 
images, angiosarcoma should be of increased sig-
nal intensity. After intravenous administration of 
gadolinium, peripheral intense enhancement simi-
lar to that seen with intravenous iodinated contrast 
occurs (Fig. 17.4) (Bartolozzi et al. 2001).

b

Fig. 17.2a–c. Angiosarcoma. CT fi ndings. a Unenhanced CT 
depicted hypodense lobulated masses (white arrows) in the 
liver. b Arterial phase imaging shows non-enhancing lesions 
(white arrows) with feeding artery (black arrowhead). c Low-
density lesions are visualized with moderate peripheral en-
hancement (white arrows) and feeding vessels (black arrow-
head) in venous phase imaging

a

c

The signal intensity features of angiosarcoma 
are similar to those that may be seen in heman-
gioma. Both tumors contain abundant blood-filled 
vascular spaces. However, the peripheral enhance-
ment of angiosarcomas is not of the dense, discon-
tinuous, and globular nature that is typically seen 
in cases of hemangioma (Marti-Bonmati et al. 
1993).
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Fig. 17.3a–f. Angiosarcoma. MR fi ndings. a,b T2-weighted HASTE imaging confi rms the diagnosis of cystic lesions (arrows) 
with hyperintense signal unenhanced (a) and no change of signal postcontrast with Ferucarbotran-enhanced (b) delayed scans. 
c,d Dynamic gadolinium-enhanced T1-weighted imaging in arterial (c) and venous (d) phase depicts the non-vascular lesions 
(arrows) with peripheral enhancement as well as the feeding vessels (black arrowhead). Delayed static imaging using a fat 
saturated protocol (e) as well as an out-of-phase T1-weighted sequence (f) shows an enhanced rim (black arrowhead) and 
vessels near the lesions

a

c

e

b

d

f
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17.5 
Epithelioid Hemangioendothelioma

17.5.1 
Incidence and Clinical Presentation

Epithelioid hemangioendothelioma (EHE) is a rare 
primary malignant neoplasm of vascular origin that 
may arise from liver, lung, soft tissue, or bone in 
adults (Table 17.3). This tumor should not be con-
fused with infantile hemangioendothelioma, which 
occurs in children who usually are aged 6 months or 
younger. The tumor has a variable clinical course be-
tween that of benign endothelial tumors and malig-
nant angiosarcomas (Weiss et al. 1986). Unlike most 
primary malignant tumors, two-thirds of patients are 
middle-aged women. Patients usually present with 
abdominal pain, weakness, anorexia, jaundice, and 
hepatosplenomegaly (Ishak et al. 1984). Rare mani-

festations include hemoperitoneum and Budd-Chiari 
syndrome (Hamm et al. 1994). The most common 
laboratory abnormality is in serum alkaline phos-
phatase levels. Tumor markers are negative. No risk 
factors of a specifi c cause of hepatic EHE are known 
(Radin et al. 1988; Weiss et al. 1982). However, oral 
contraceptive use and a possible linkage to vinyl chlo-

Table 17.3. Epithelioid hemangioendothelioma

Pathologic fi ndings
 Female predominance: F>M (2:1)
 Middle age
 Association with OC or vinyl chloride

Clinical fi ndings
 Non-specifi c symptoms or asymptomatic (20%)

Imaging fi ndings
 Slow, peripheral, subcapsular growth
 Hypertrophy of uninvolved liver

Fig. 17.4a–d. Angiosarcoma. MR fi ndings. a,b Coronal and transverse T2-weighted imaging documents well-marginated mul-
tiple hyperintense lesions in the liver (true-FISP imaging (a) and T2-HASTE (b) unenhanced). c Lesions appear hypointense 
on T1-weighted unenhanced imaging. d On delayed Gd-enhanced imaging, lesions are hypervascular with predominantly pe-
ripheral and inhomogeneous enhancement as well as delayed retention of the contrast medium

b

dc

a
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ride exposure have been suggested (Shin et al. 1991). 
The prognosis of patients with EHE is considerably 
better than that for angiosarcoma, but survival may 
vary from several months to 2 or 3 decades. Treatment 
depends on the intrahepatic extent and involvement 
of other organs. When possible, liver transplantation 
is the treatment of choice.

17.5.2 
Pathologic Findings

Two major manifestations of EHE are multiple, 
nodular lesions, and large masses. It is speculated 
that the smaller, multiple, nodular lesions coalesce 
to form large, conglomerate masses, the uninvolved 
portions undergoing hypertrophy. They grow usually 
in the periphery of the liver, owing to the extension 
of the tumor through the tributaries of the portal 
and hepatic veins. These solid tumors characteristi-
cally have a dense fi brotic hypovascular central core 
and a peripheral hyperemic rim. Retraction of the 
adjacent liver capsule may occur, likely as a result 
of lesion-related fi brosis. This is an unusual feature 
in malignant lesions of the liver, and is suggestive of 
EHE (Kelleher et al. 1989).

Microscopically, EHE is a solid tumor composed 
of epithelioid-appearing endothelial cells. There are 
dendritic spindle cells and epithelioid round cells 
within an abundant matrix of myxoid and fi brous 
stroma. Neoplastic cells invade and eventually oblit-
erate the sinusoids, terminal hepatic veins, and portal 
veins. Approximately 30% of patients may demon-
strate progressive sclerosis and eventual classifi ca-
tion (Kelleher et al. 1989). The demonstration of 
cells containing factor VIII-related antigen confi rms 
the endothelial origin of the tumor.

17.5.3 
Imaging Findings

Imaging fi ndings using CT or MR are similar. Changes 
in hepatic contours are more often observed in dif-
fuse lesions than in nodular lesions. These changes 
include capsular retraction, which is always centered 
over a peripheral mass and is suggestive of EHE. But 
it is not a specifi c fi nding and could be encountered 
in other malignant tumors, such as hepatocellular 
carcinoma (HCC) and cholangiocellular carcinoma 
(CCC). Moreover a compensatory enlargement may 
be seen, usually in the left lobe or the caudate lobe 
in patients with predominant lesions located in the 

right lobe. In addition, tumor invasion in the portal 
branches, obliteration of hepatic veins, and signs of 
portal hypertension are visualized.

Summing up, the following imaging fi ndings are 
highly characteristic for EHE: predominant distri-
bution at the periphery of the liver, intratumorous 
calcifi cations, changes of liver contour with capsu-
lar retraction and compensatory hypertrophy of the 
normal liver, invasion of portal and hepatic veins, 
tumors composed of concentric zones, and changes 
of nodular lesions to large coalescent masses (van 
Beers et al. 1992).

17.5.3.1 
Ultrasound

EHE usually presents as multiple peripheral hy-
poechoic masses. Hyperechoic and mixed hypo-
hyperechoic appearances, however, have also been 
described. The hyperechoic masses may have a pe-
ripheral hypoechoic rim. There is no correlation 
between sonographic pattern and the size of the le-
sions. In diffuse lesions hyperechoic foci correspond 
to calcifi cation (Miller et al. 1992).

17.5.3.2 
Computed Tomography

Unenhanced CT presents multiple, round or oval 
lesions of low attenuation. Intralesional calcifi ca-
tions have occasionally been described (Furui et al. 
1989).

Due to the vascular nature of EHE contrast-en-
hanced series are better in depiction. A peripheral 
tumor enhancement is noted surrounding the central 
low-attenuation fi brous core. A thin hypodense rim 
may be seen surrounding the enhanced periphery of 
the EHE, correlating with the avascular rim seen on 
pathology (Fig. 17.5).

Retraction of the overlying capsule probably 
due to lesion-related fibrosis is demonstrated in 
several cases, although this finding has been seen 
with other malignant liver tumors (Soyer et al. 
1994).

Marked enhancement of the lesions is demon-
strated on delayed imaging with isoattenuation com-
pared to surrounding liver parenchyma. Incomplete 
fi lling of the lesions may be seen on delayed images 
in tumors with a high content of fi brosis.

In diffuse lesions, unenhanced CT shows large and 
diffuse areas of overall low attenuation. The vascular-
ity of diffuse lesions is moderate, but delayed fi ll-in of 
contrast medium is consistent with fi brosis.
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17.5.3.3 
MR Imaging

Concentric alteration in signal intensity, correspond-
ing to the regions of different histology, are seen on 
both T1- and T1-weighted images.

The appearance of EHE on T1-weighted images is 
variable, demonstrating a hypointense lesion, a lesion 
of low signal intensity with a thin peripheral dark rim, 
or a isointense tumor with centrally thin dark areas. 
T2-weighted images show a heterogeneous high sig-
nal intensity. The center of the lesion may contain one 
or several concentric zones of various intensity. These 
areas are related to connective tissue admixed with 
calcifi cations or coagulation necrosis (Bartolozzi 
et al. 2001). The subcapsular nodules demonstrate a 
high signal intensity but not as intense as the char-
acterizing one of hepatic hemangioma (Radin et al. 
1988). The hyperintense peripheral rim corresponds 

to viable tumor, the hypointense peripheral rim to 
the peripheral avascular zone (Fig. 17.6).

Contrast-enhanced series delineate a layered ap-
pearance with a central hypointense area, inner hy-
perintensity, and outer non-enhancing rim. EHE 
shows peripheral and delayed central enhancement 
(Miller et al. 1992).

17.6 
Other Sarcomas

17.6.1 
Incidence and Clinical Presentation

With the exception of angiosarcomas, sarcomas of 
the liver are rare tumors. Other sarcomas of the liver 
include leiomyosarcoma, malignant fi brous histiocy-

Fig. 17.5a–c. Epithelioid hemangioendothelioma. CT fi ndings. 
a Multiple hypodense liver lesions are documented on unen-
hanced CT. In arterial (b) and venous (c) imaging, characteris-
tic peripheral distribution and enhancement are noted

a b

c
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toma, and fi brosarcoma. Leiomyosarcoma is the most 
common (Ishak 1987).

In a recent review of the literature there were 54 
cases of primary hepatic leiomyosarcoma: the male-
to-female ratio was 25:26; the mean age at diagnosis 
was 54 years (Gates et al. 1995). Malignant fi brous 
histiocytomas have become increasingly common 
since the 1960s and 1970s, when it was introduced as 
a separate pathologic entity and subsequently popu-
larized. These lesions demonstrate no signifi cant sex 
predilection and usually occur in patients between 40 
and 60 years of age. It is the most common soft tissue 
sarcoma found in adults.

Fibrosarcoma is a malignant tumor of soft tissue 
derived from collagen-producing fi broblasts.

17.6.2 
Pathologic Findings

These tumors consist of malignant sarcomatous cells 
corresponding to the respective criteria used for each 
entity (Enzinger and Weiss 1983).

Grossly, these lesions present as large solitary 
masses on the background of a normal non-cirrhotic 
liver. There are variable amounts of internal hemor-
rhage and necrosis.

Leiomyosarcomas are bulky solid tumors with 
polylobulated margins and contain areas of hemor-
rhage. They originate from mesenchymal elements of 
the liver and are composed of large spindle cells of 
smooth muscle.

Fig. 17.6a–d. Epithelioid hemangioendothelioma. MR fi nd-
ings. a Coronal true FISP imaging refers to multiple moderate 
hyperintense lesions. b In a T2-weighted unenhanced HASTE 
sequence a retraction of the liver capsule (black arrow) as well 
as portal infi ltration (black arrowhead) and relatively low-
hyperintense multiple lesions (white arrow) are depicted. c 
Diffuse hypointense masses are seen on T1-weighted imaging. 
d On delayed Gd-enhanced scans, rim enhancement (white ar-
rows), retraction of the liver (black arrow), and portal invasion 
(black arrowhead) are excellently documented

a

b

c

d
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Fibrous histiocytoma is a malignant tumor com-
posed of histiocytes and of macrophages. It is gener-
ally regarded as arising from primitive mesenchymal 
cells that demonstrate partial histiocytic and fi bro-
blastic differentiation.

Fibrosarcoma is composed of cells and fi bers derived 
from fi broblasts, which produce collagen but otherwise 
lack cellular differentiation. It is grossly grayish white, 
invades locally and metastases hematogenously.

17.6.3 
Imaging Findings

17.6.3.1 
Ultrasound

Sonography demonstrates a large mass, with a vari-
able echo pattern depending on the degrees of in-
ternal hemorrhage and necrosis (Fig. 17.7). Lesions 
appear as well-defi ned masses (Baur et al. 1993).

17.6.3.2 
Computed Tomography

Similarly on CT scan both leiomyosarcomas and ma-
lignant fi brous histiocytoma have a similar appear-
ance. A large non-calcifi ed, hypodense, homogeneous 
mass is depicted, which exhibits heterogeneous pe-
ripheral enhancement after contrast medium admin-
istration. Non-enhancement corresponds to sites of 
necrosis with cystic and hemorrhagic spaces. Despite 
large tumors portal and hepatic veins are not in-
volved in most cases (Pinson et al. 1994).

17.6.3.3 
MR Imaging

MR imaging demonstrates a signal intensity that is 
variable on T1- and T2-weighted images (Fig. 17.8); 
more frequently they appear as hypointense masses 
both on T1- and T2-weighted images. Enhancement 
of the viable portions of the tumor is usually seen 
peripherally (Fig. 17.9).

Fig. 17.7a–c. Sarcoma. Ultrasound fi ndings. Inhomogeneous 
lesion of the liver due to clear-cell type of sarcoma revealing 
mixed echoic pattern using B-mode (a) imaging. Color coded 
(b) and contrast-enhanced ultrasound (post-Sonovue intra-
venously) in the venous phase (c) document vascular parts 
of the large tumor

a

b

c
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Fig. 17.8a–d. Sarcoma. MR fi ndings. a,b Using unenhanced (a) and Ferucarbotran-enhanced (b) T2-weighted HASTE imag-
ing, a hyperintense inhomogeneous tumor in the right liver lobe with compression of the surrounding vessels is seen. There 
is no enhancement of superparamagnetic iron oxide contrast agents (SPIO) in delayed Ferucarbotran-enhanced imaging. c 
T1-weighted unenhanced scan shows a mass with mixed signal. d Hypervascular areas are demonstrated with inhomogeneous 
enhancement in a delayed gadolinium-enhanced protocol

a b

c d

Fig. 17.9a,b. Sarcoma. MR fi ndings. Secondary non-calcifi ed infi ltration of the liver due to rectal sarcoma reveals hypoin-
tense signal using T1-weighted unenhanced imaging (a) and peripheral enhancement post-gadolinium administration (b). 
Inhomogeneous inner structure of the lesion is depicted with several hyperintense areas

a b
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17.7 
Lymphoma

17.7.1 
Incidence and Clinical Presentation

Primary hepatic lymphoma is a rare disease and 
arises in the liver without nodal or other extrahe-
patic spread.

These tumors occur more commonly in white 
middle-aged men. Organ transplant recipients, pa-
tients with pharmacologic immunosuppression and 
AIDS patients have an increased risk of developing 
primary hepatic lymphoma (Bacchi et al. 1996). 
Primary hepatic lymphoma may be of either T-cell or 
B-cell origin, with the large cell lymphocytic type be-
ing the most frequently histologic pattern. A strong 
association has been identifi ed between post-trans-
plant lymphoproliferative disorders and Epstein-
Barr virus. Up to 80% of patients with post-transplant 
lymphoproliferative disorders are infected with the 
virus at the time of lymphoma diagnosis (Nalesnik 
et al. 1988). Moreover, a correlation of the presence of 
Epstein-Barr virus and the appearance of lymphoma 
in AIDS patients has been reported (Bacchi et al. 
1996).

Secondary lymphomatous hepatic involvement is 
quite common, 60% in Hodgkin’s disease and 50% 
in non-Hodgkin’s disease (Bechtold et al. 1985). 
Non-Hodgkin’s lymphoma in HIV-positive people is 
60 times more common than in the general popula-
tion. AIDS-related lymphomas are highly aggressive 
tumors with poorly differentiated histological sub-
types associated with a poor prognosis. Patients are 
typically fi rst seen with advanced stages of the dis-
ease.

17.7.2 
Pathologic Findings

Grossly, the appearance of primary hepatic 
lymphoma is variable. There is a large solitary 
mass with central fibrosis or necrosis. Moreover, 
multiple smaller nodular lesions are depicted. 
Furthermore diffuse forms of hepatic lymphoma 
are seen, documenting hepatomegaly without dis-
crete lesions.

Hodgkin’s disease and non-Hodgkin’s lymphoma 
occur more often as miliary lesions than masses 
(Shirkhoda et al. 1990).

Microscopically, liver parenchyma involvement 
occurs early in the disease. With time, small nodules 

from a few millimeters to several centimeters in size 
develop.

In Hodgkin’s disease, a Reed-Sternberg variant 
type of cell is accepted as evidence for liver involve-
ment. Typically these cells are rarely identifi ed in 
biopsy specimens (Jaffe 1987). In non-Hodgkin’s 
disease, the lymphocytic form tends to be mili-
ary, whereas the large cells or histiocytic variet-
ies are nodular masses (Ryan et al. 1988). In both 
Hodgkin’s and non-Hodgkin’s lymphoma initial in-
volvement is seen in the portal areas, because this 
is where the majority of the lymphatic tissue of the 
liver is found.

17.7.3 
Imaging Findings

Primary lymphoma of the liver usually occurs as a 
single mass, less often as multiple lesions. It is un-
common for secondary hepatic lymphoma to present 
with focal masses.

17.7.3.1 
Ultrasound

The sonographic pattern of hepatic lymphoma 
varies from hypoechogenic to highly echogenic 
(Fig. 17.10). The large mass or multinodular form 
of lymphoma is seen as one or more hypoechoic 
masses with regular margins, which is excellently 
visualized using ultrasound (Rizzi et al. 2001). 
Echogenic or cystic masses are seen much less fre-
quently. The diffuse form is uncommon and may not 
be detectable or may result in diffuse hypoechoic 
or heterogeneous altered echogenicity of the liver 
(Shirkhoda et al. 1990).

17.7.3.2 
Computed Tomography

While focal primary lymphoma of the liver is more 
frequently identifi ed by CT due to depiction of a soli-
tary large mass, the typical secondary diffuse lym-
phomatous involvement is beyond the resolution for 
CT detection even after contrast injection (Sanders 
et al. 1989).

Focal lymphomas are hypodense, homogeneous, 
and sharply marginated on unenhanced CT scan 
and do not enhance signifi cantly due their hypo-
vascularity following the administration of contrast 
(Fig. 17.11). A thin enhancing rim may be depicted 
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in some cases (Fig. 17.12) (Maher et al. 2001; Rizzi 
et al. 2001). Intratumoral unenhancing hypodense 
areas suggesting necrosis are not an infrequent fi nd-
ing in focal hepatic lymphomas. Diffuse primary 
hepatic lymphoma results in a diffusely decreased 
attenuation of the liver indistinguishable from fatty 
infi ltration of the liver (Vinnicombe and Reznek 
2003). Bechtold et al. (1985) have observed de-
layed enhancement in a case of primary hepatic 
lymphoma on CT. It has been shown that infi ltration 
with histologically proven areas of abundant stroma 
and coagulation necrosis exhibits delayed enhance-
ment on CT.

17.7.3.3 
MR Imaging

MR imaging fi ndings are non-specifi c for lymphoma. 
On MR images focal lymphomas are hypointense on 
T1-weighted images and hyperintense on T2-weighted 
images due to their rich cellularity (Bartolozzi et al. 
2001; Weissleder et al. 1988). Lymphomas may have 
a variable signal intensity on T2-weighted images in 
some cases: they are moderately high in signal in-
tensity compared to surrounding liver parenchyma, 
whereas some are mildly hypointense to mildly hy-
perintense. The homogeneity of the tumor is de-

Fig. 17.10a,b. Lymphoma due to Hodgkin’s disease. Ultrasound fi ndings. On ultrasound, the tumoral form of the lymphoma 
appears as an inhomogeneous, hypoechoic mass in B-mode imaging

a b

Fig. 17.11a,b. Lymphoma due to Hodgkin’s disease. CT fi ndings. a On unenhanced scan the lesion is seen as a relatively homo-
geneous mass. b On venous phase imaging lymphoma is depicted as a large well-defi ned mass with higher attenuation in the 
periphery of the lesion due to compressed normal liver parenchyma

a b
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pendent on the presence of necrosis, hemorrhage or 
fi brosis (Abbas et al. 1991; Nyman et al. 1987). A 
hypointense capsule (T1-weighted images) may be 
present in some cases (Nyman et al. 1987).

Lymphomas with relatively low signal on T2-
weighted images remain hypointense during the 
entire dynamic study after the administration of 
gadolinium-chelates, due to their poor vascularity 
(Figs. 17.13, 17.14) (Fukuya et al. 1993).

In cases of relatively high signal in T2-weighted 
images early post-gadolinium scans present an in-
tense enhancement which constantly increases over 

time. In addition, there is a centripetal fi lling-in phe-
nomenon, resulting in an almost total opacifi cation 
of the tumor in 30 min (Kelekis et al. 1997). A tran-
sient ill-defi ned perilesional enhancement on imme-
diate post-gadolinium GRE images can be observed 
independently from signal in T2-weighted images.

In diffuse infi ltration due to lymphoma, there is no 
signifi cant difference in signal intensity of the nor-
mal and diffuse lymphomatous liver.

Fig. 17.12a–d. Lymphoma due to non-Hodgkin’s disease. Ultrasound and CT fi ndings. a,b B-mode ultrasound documents a large 
hypoechoic lesion (arrow) with inhomogeneous inner architecture. c Using panorama imaging normal liver parenchyma of 
the right liver lobe and lymphoma comprising almost the complete left liver lobe (arrow) is visualized. d Unenhanced CT scan 
documents a low attenuation mass (arrows)

a b

c d
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Fig. 17.13a–f. Lymphoma due to Hodgkin’s disease. MR fi ndings. a T1-weighted unenhanced imaging shows a hypointense well-
defi ned mass (arrow). b Post-Ferucarbotran moderately hyperintense signal of the lesion (arrow) and uptake in the periphery 
due to compressed normal liver parenchyma is seen. Postcontrast the lesion is hyperintense due to darkening of normal liver 
parenchyma. c A moderately hyperintense lesion (arrow) is depicted on T2-weighted unenhanced HASTE imaging. d Post-
Ferucarbotran there is no evidence of uptake of the lymphoma itself (arrow). e Using an unenhanced fat-saturated T2-weighted 
protocol, contrast of lesion (arrow) to liver is increased. f Visualization of the lymphoma (arrow) is best post-Ferucarbotran

a b

c d

e f
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Fig. 17.14a–e. Lymphoma due to non-Hodgkin’s disease. MR 
fi ndings. a A large hypointense mass is delineated using T1-
weighted GRE imaging. b Delayed Gd-enhanced image shows 
almost no enhancement of the lesion (arrow) with a moder-
ately hyperintense signal in the periphery of the lesion (arrow-
head). c,d Documentation of a well-circumscribed, relatively 
low-hyperintense mass (arrow) with hypointense periphery 
(arrowhead) and markedly hyperintense central spots using 
a T2-weighted HASTE protocol unenhanced (c) and post-
Ferucarbotran (d). No uptake of SPIO is seen postcontrast. 
e Coronal unenhanced true-FISP imaging demonstrates the 
large mass (arrows) with moderately hyperintense signal and 
several hyperintense central spots

a b
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18.1 
Introduction

Both benign and malignant focal liver lesions are ex-
tremely common and imaging the liver for focal le-
sions especially in cancer patients is one of the most 
frequent tasks in everyday radiological practice.

The most common malignancy of the liver is me-
tastases from other organs: 25–50% patients with a 
known non-haematological malignancy have liver 
metastases at the time of diagnosis with decreasing 
frequency in colon, gastric, pancreatic, breast and 
lung cancer (Edmunson and Craig 1987).

The prevalence of solid benign liver tumours 
has been reported to be more than 20% in autopsy 
series and in patients with malignancy 25–50% of 
lesions under 2 cm in size are benign (Karhunen 
1986; Edmunson and Craig 1987; Jones et al. 1992; 

Kreft et al. 2001). The most frequent benign lesion is 
haemangioma with a prevalence of 7–21%, followed 
by focal nodular hyperplasia (FNH), which has a 
prevalence of up to 3% (Karhunen 1986; Ishak 
and Rabin 1975; Wanless et al. 1989). Adenomas 
are much rarer than FNH (by a factor of approxi-
mately 50) and they occur usually in female patients 
with a history of sexual hormone medication. Other 
rare benign lesions are pyogenic, parasitic or fungal 
abscesses. Areas of focal fatty change or focal fatty 
sparing are very common; they do not represent 
true lesions but may appear as pseudo-tumours on 
ultrasound and are thus easily confused with real 
tumours such as metastases. They are particularly 
common in patients undergoing chemotherapy.

From the above it is obvious that liver imaging of 
cancer patients requires an imaging modality that 
is not only highly sensitive in detection but also pro-
vides reliable characterisation of lesions and thus 
allows differentiation of malignant from benign tu-
mours. Accurate and timely detection of hepatic me-
tastases is very important because of the far-reaching 
therapeutic and prognostic implications. Especially 
through the recent improvements in liver resection 
and local ablation of metastases from colorectal car-
cinoma, liver imaging has become more demanding. 
Accurate assessment of number, size and segmental 
location of metastases is required to identify pa-
tients suitable for surgical or interventional therapy, 
for treatment planning and for follow-up imaging 
under chemotherapy.

In the past, ultrasound (US) had an important but 
somewhat limited role in liver imaging of cancer pa-
tients. Although commonly the first and most wide-
spread modality used, its detection rate was inferior 
to that of CT and MR and its ability to differenti-
ate metastases from other focal liver lesions is often 
limited. With the advent of US contrast agents and 
new contrast-specific imaging techniques in the last 
few years, contrast-enhanced ultrasound (CEUS) 
has become a powerful tool, which has dramatically 
changed the role of US for liver imaging in cancer 
patients.
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18.2 
Examination Technique

The liver is best scanned using a curved array or 
sector probe with a centre frequency ranging from 
2 to 5 MHz. Higher frequency linear array transduc-
ers may be employed to image superficial parts of 
the liver surface in deep inspiration. The left lobe 
is optimally imaged from a subxiphoid approach 
with the patient supine. The right lobe is best im-
aged either subcostally or intercostally. Intercostal 
scanning should be performed with the patient in 
the supine position either during quiet respiration 
or breath-hold on expiration. Using this approach 
the superior aspects of the liver and subphrenic 
area can be imaged. Imaging in a plane parallel 
to the long axis of the intercostal space minimises 
rib shadowing and by angling the probe anteriorly 
and posteriorly, liver coverage is maximised from a 
given intercostal space. The subcostal approach is 
best performed with the patient in the left lateral 
decubitus position in deep inspiration allowing in-
sonation of the majority of the right lobe including 
the dome. Each lobe of the liver should be imaged in 
at least two orthogonal planes using multiple sweeps 
covering the entire organ.

The real-time nature of US makes it ideally suited 
for accurate and safe biopsy of focal lesions, as res-
piratory motion can be imaged directly during the 
needle passage and accounted for interactively. Also, 
US is commonly used for guidance of percutaneous 
thermal ablation of metastases.

18.2.1 
Doppler Techniques

When using colour Doppler the settings must be 
optimised to achieve the greatest sensitivity to al-
low the detection of low flow. In practice this means 
increasing the colour gain to a level just below that 
which noise or flash artefacts appear. Also the co-
lour box should be made as small as allowable to 
increase sensitivity and the wall filter and pulse 
repetition frequency (PRF) should be low. However, 
if the flow is too high for these settings the wall 
filter and PRF need to be increased to reduce flash 
artefact due to motion. The left lobe is particularly 
susceptible to flash artefacts from cardiac motion. 
Liver malignancies require a neovascular supply to 
grow. Conventional colour and spectral Doppler are 
often limited in their ability to image the vascularity 
in the majority of metastases since the signals are 

too low. This may be improved with the use of power 
Doppler and contrast agents. Hypovascular metas-
tases typically only show a faint rim of peripheral 
vessels or no vessels at all (Fig. 18.1). Some benign 
lesions, such as FNH, exhibit characteristic spoke-
wheel arterial vascularity, which aids differential 
diagnosis (Fig. 18.1).

18.2.2 
Tissue Harmonic Imaging

Tissue harmonic imaging (THI) is a grey-scale tech-
nique that uses information from harmonic signals 
(multiples of the insonating frequency) generated by 
non-linear propagation of a sound wave as it passes 
through tissue. The transmitted sound wave con-
sists of a series of sine wave oscillations which cause 
alternate tissue compression and relaxation. Since 
the velocity of sound propagation is greater in com-
pressed tissue compared to relaxed tissue and since 
the velocities vary slightly between different tissue 
materials, harmonics are produced due to these 
variations in propagation. Whilst conventional US 
transmits and receives at the same frequency, in 
THI a low frequency is used and usually the second 
harmonic signal is received by separating it from 
the fundamental echoes using filters or phase in-
version technology. Since the harmonic signals are 
generated in the tissue, artefacts from the body wall, 
side-lobes and scatter are minimised so improving 
signal to noise ratio. The shorter wavelengths of the 
harmonic frequency also improve axial resolution. 
This technique is particularly well suited to imaging 
“technically difficult” patients.

THI improves spatial and contrast resolution of B-
mode US in the majority of cases and the conspicu-
ity of focal liver lesions is often improved. However, 
the detection rate of focal lesions is only slightly im-
proved. THI should be part of every state-of-the-art 
sonogram of the liver and abdomen.

18.2.3 
Intraoperative Ultrasound

Intraoperative US (IOUS) provides highly accurate 
information to the surgeon influencing operative 
management. One prospective study on the impact 
of IOUS on planned resection of primary or sec-
ondary liver malignancies demonstrated a decisive 
influence on surgical management in almost 50% of 
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cases (Clarke et al. 1889). In more recent studies 
the surgical plan was changed after IOUS in 18% of 
patients with metastatic colorectal carcinoma and 
additional information of therapeutic relevance was 
achieved in 15% of patients with gastrointestinal tu-
mours compared to preoperative staging (Conlon 
et al. 2003; Hunerbein et al. 2001).

IOUS detects 10–15% more metastases than CT 
arterial portography and 19–32% more than SPIO-
enhanced MR (Bluemke et al. 2000; Schultz et al. 
1999; Soyer et al. 1992; Ward et al. 1999). It is able 
accurately to detect cysts down to 1–3 mm and solid 
focal lesions of 3–5 mm in size. With a sensitivity of 
98% and a specificity of 95%, IOUS is generally con-
sidered the gold standard for detecting liver lesions 
(Schmidt et al. 2000). It is used to evaluate the ex-
tent of malignant liver disease and to plan resections 
by assessing the relation of a tumour to large vessels 
(and thus the segmental borders). Intraoperative 

biopsy of small lesions and tumour ablation can be 
guided by IOUS.

Interpretation of IOUS includes the sonographic 
information combined with intraoperative inspec-
tion and palpation. Surgical mobilisation of the liver 
with dissection of the falciform ligament is of great 
help, as it provides easy access to all parts of the or-
gan. Complete visualisation of the liver including its 
posterior aspect requires insonation from the ante-
rior, lateral and posterior approach. The examina-
tion usually takes 10-15 min.

Since the barriers of skin, gas and subcutaneous 
tissue encountered with US imaging are not pres-
ent with IOUS, higher transducer frequencies can 
be used compared to conventional abdominal US, 
providing better image resolution (Fig. 18.2a). For 
the liver 7 MHz is the frequency of choice. Probe de-
sign also needs to be considered with use of side-fire 
probes facilitating scanning in tight spaces such as 

Fig. 18.1a–c. Colour/power Doppler appearances of me-
tastases versus FNH. a Colour Doppler of a hypovascular 
metastasis from bronchogenic carcinoma showing periph-
eral rim vascularity of the lesion and only a few colour dots 
within the lesion. b Power Doppler of a hypervascular me-
tastasis from malignant melanoma shows stronger rim en-
hancement and multiple small vessels almost evenly distrib-
uted throughout the lesion. c Power Doppler of FNH shows 
the characteristic “spoke-wheel pattern” of a central feeding 
artery branching and radiating centrifugally towards the pe-
riphery of the lesion

a
b

c
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between the ribcage and lateral liver margin as well 
as the dome, which are difficult to image using end-
fire designs.

Transducers should have spectral and colour 
Doppler to assess tumour vascularisation and vas-
cular invasion, which is especially important in 
HCC. Sonographic probes may also be incorporated 

into laparoscopes, allowing the detection of deeper 
occult lesions undetectable by routine laparoscopy.

Usually IOUS is performed without the use of 
contrast agents. Reasons are the already high detec-
tion rate and, until recently, the fact that contrast-
specific imaging modes were not available for intra-
operative probes. This has recently been rectified as 

Fig. 18.2a–e. Examples of different sonographic presenta-
tions of liver metastases. a Isoechoic lesion with hypoechoic 
halo, IOUS obtained prior to resection of a colonic carci-
noma. b Slightly hyperechoic mass with hypoechoic halo and 
areas of necrosis, primary tumour: colon. c Homogeneously 
hypoechoic lesions are usually well seen, even if small (8 
and 12 mm). Primary tumour: bronchogenic carcinoma. 
d Unusual pattern: hypoechoic lesion with a hyperechoic 
halo. Primary: testicular carcinoma, on chemotherapy. e 
Homogeneously hyperechoic metastasis with identical ap-
pearances as a typical haemangioma. Primary tumour: neu-
roendocrine carcinoma

a

d

b

c

e
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such probes with contrast capabilities are now be-
coming available. Early results show that sensitivity 
and specificity of IOUS are further improved by the 
use of contrast agents.

18.2.4 
Ultrasound Contrast Agents

Unlike all other imaging modalities, US has lacked 
effective contrast agents until comparatively re-
cently. This was rectified with the introduction of 
gas microbubble agents, which have had a remark-
able impact on liver sonography. Two such agents 
are currently available for clinical use in Europe: 
Levovist (Schering AG, Berlin, Germany) and 
SonoVue (Bracco SPA, Milan, Italy).

Microbubbles are less than 10 µm in diameter 
and are safe and effective echo enhancers. They are 
blood pool agents and do not diffuse into the ex-
travascular fluid compartment. When given intra-
venously microbubbles produce marked signal aug-
mentation on insonation for several minutes, in grey 
scale and Doppler, with up to 25 dB enhancement 
in echo strength. In addition to the vascular phase 
some agents exhibit a delayed liver-specific phase.

Imaging of microbubbles requires highly sensi-
tive contrast-specific imaging techniques. These 
techniques exploit the non-linear microbubble re-
sponse which occurs when bubbles interact with 
US. Contrast-specific imaging techniques use the 
principles of Doppler (i.e. agent detection imaging, 
ADI), phase modulation (i.e. phase or pulse inver-
sion mode, PIM), amplitude modulation or a combi-
nation of the latter two (contrast pulse sequencing, 
CPS). There has been rapid development and im-
provement of such techniques by the manufacturers 
in the last few years. Detailed explanation of con-
trast-specific imaging modes is beyond the scope of 
this chapter and the interested reader is referred to 
the specialised literature (Hope Simpson and Burns 
1999; Albrecht et al. 2000; Chomas et al. 2002).

The interactions of microbubbles with US waves 
are complex. The bubble response is strongly de-
pendent on the acoustic power (amplitude) of the in-
sonating signal, which is indicated on the US scanner 
as the mechanical index (MI). When a microbubble 
is exposed to an oscillating acoustic signal, it un-
dergoes alternate expansion and contraction (reso-
nance). At very low acoustic power (MI <approx. 
0.05) these alternate expansions and contractions 
are equal and symmetrical (linear behaviour) and 
the frequency of the scattered signal is unaltered. 

As the acoustic power increases (MI> approx. 0.05), 
more complex non-linear interactions occur: the 
expansion and contraction phases become unequal 
because the microbubbles resist compression more 
strongly than expansion. This non-linear resonant 
behaviour is associated with the production of har-
monic signals at multiples (or fractions) of the in-
sonating frequency and can be imaged with contrast 
specific imaging techniques such as phase or pulse 
inversion mode (PIM). At still higher powers (MI ap-
prox. 0.3–1.9), although still within accepted limits 
for diagnostic imaging, highly non-linear behaviour 
is associated with microbubble disruption. This dis-
ruptive phase can be imaged in several ways, using 
specially adapted Doppler-based colour overlay 
modes (ADI) or on grey scale, i.e. with PIM.

High MI imaging is best performed with Levovist. 
It provides strong non-linear signals from disrupt-
ing microbubbles seen on colour modes (ADI) or B-
mode (PIM). The disadvantage of this technique is 
the highly transient nature of the signals, which per-
sist only for a few frames after insonation of an in-
dividual area. To exploit the enhancement for clini-
cal use, special scanning techniques such as rapid 
sweeping through the liver to image undestroyed 
bubbles with each new frame or intermittent imag-
ing have to be employed.

Conversely, more recent low MI imaging, which is 
performed with SonoVue, can be performed in real 
time without substantial bubble destruction. This 
allows a lesion to be imaged continuously during its 
vascular phase as well as comprehensive surveying 
of the liver in multiple planes. Low MI imaging is 
now preferred in most instances.

During the vascular phase, the dynamic en-
hancement pattern and the vascular morphology of 
a lesion are assessed. Additionally some agents have 
a delayed liver-specific phase where the bubbles ac-
cumulate in normal liver parenchyma 2–5 min after 
injection after the vascular enhancement has faded, 
analogous to liver-specific contrast agents used 
in MR (Leen et al. 2000). This late phase is par-
ticularly useful for detection of metastases as they 
show as non-enhancing defects. Characterisation 
is also improved as the great majority of benign le-
sions show contrast uptake in the delayed phase. 
Microbubble agents known to exhibit liver-specific 
behaviour are Levovist and Sonavist (Schering AG, 
Berlin, Germany), Sonazoid (NC100100; Amersham 
Medical, Amersham, UK) and BR14 (Bracco SPA, 
Milan, Italy). SonoVue (Bracco SPA) is less liver spe-
cific but also shows some degree of hepatic accumu-
lation for approximately 5 min after injection, which 
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can be exploited in a similar way. In the late phase 
the bubbles are stationary or extremely slow moving, 
as shown by the absence of conventional Doppler 
signals. The mechanism of hepatic accumulation is 
not completely understood. Possible explanations 
are mediation by the reticuloendothelial system or 
pooling and endothelial adherence in the liver si-
nusoids. For some agents (Sonavist and Sonazoid), 
Kupffer cell uptake has been demonstrated.

18.3 
Appearances of Liver Metastases

18.3.1 
Unenhanced Ultrasound

The ability of ultrasound to detect a focal lesion 
depends on a number of factors: size, location, echo-
genicity and mass effect. Thus detection depends on 
a combination of spatial resolution and liver-to-le-
sion contrast: strongly hyper- or hypoechoic lesions 
are easily detected even when small (Fig. 18.2). Fatty 
infiltration of the liver aids detection of hypoechoic 
lesions, since liver-to-lesion contrast is increased. 
Conversely, isoechoic masses are often missed and 
require a larger size for detection. Mass effect is 
important for the detection of isoechoic lesions. It 
manifests as deviation or invasion of the intrahepatic 
vasculature and/or bulges of the liver contour.

The echo patterns of metastases are numerous, 
but some patterns are said to be commonly asso-
ciated with certain primary tumours (Table 18.1) 
(Fig. 18.2). US appearances of metastases may vary 
within a given patient as well as over time and es-
pecially following chemotherapy. Most metastases 
are round with well-defined margins. Hypoechoic 
metastases are more common (approximately 65%) 
than hyper- or isoechoic. A hypoechoic halo sur-
rounding the lesions is seen in 40%; it is usually 
associated with iso- or hyperechoic metastases 
(Hohmann et al. 2003). The cause of the halo is con-
troversial. It is not pathognomonic of metastases as 
it may also be seen in HCC, focal lymphoma, fungal 
abscess and adenoma and, less commonly, in FNH 
and haemangioma.

In summary, there are no pathognomonic B-
mode features and the differentiation of a single 
metastasis from other lesions is usually not possi-
ble without the use of contrast agents. In a patient 
with a known primary malignancy, any focal liver 
lesion seen on unenhanced US must be regarded 

as suspicious of metastasis until proven otherwise. 
However, many lesions (25–50% of lesions ≤2 cm) 
will eventually prove to be benign, once contrast 
enhanced US, other imaging tests or biopsy is used 
to further characterise the lesion (Jones et al. 1992; 
Kreft et al. 2001).

Doppler typically shows no or some peripheral 
vascularity in hypovascular metastases, while hy-
pervascular deposits may show vessels throughout 
the lesion (Fig. 18.1). Use of Doppler can be useful 
to differentiate metastases from FNH and focal fatty 
change/infiltration: large FNH (≥approx. 4 cm) of-
ten shows a typical “spoke-wheel” arterial pattern, 
often within a central scar (Fig. 18.1); focal fatty 
change/sparing shows no abnormal vascularity and 
normal hepatic vessels crossing the lesion with no 
deviation.

Multiple lesions in a patient with a known primary 
malignancy are highly suggestive of metastases. 
Multiple metastases may show as several individ-
ual lesions or as diffuse infiltration, producing the 
“moth eaten” appearance of a heterogeneous liver 
combined with definite or questionable individual 
lesions (Fig. 18.3). Multiple (fungal) abscesses are 

Table 18.1. Common sonographic patterns of metastatic liver 
disease

1. Echogenic
 Colon carcinoma
 Neuroendocrine tumours, i.e. carcinoid, pancreatic islet 
 cell tumours
 Renal cell carcinoma
 Choriocarcinoma
 Multifocal hepatocellular carcinoma

2. Echopoor
 Breast cancer
 Lung cancer
 Lymphoma
 Pancreas

3. Target pattern (“halo”)
 Most common lung cancer
 May occur in many others

4. Calcified metastases
 Common; mucinous adenocarcinoma: colon, ovary, 
 stomach, breast (treated)
 Rare; osteosarcoma, chondrosarcoma

5. Cystic
 Ovary, pancreas, colon cancer
 Sarcomas-necrosis
 Squamous cell

6. Infiltrative
 Breast, lung cancer
 Melanoma
 Multifocal hepatocellular carcinoma
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the most important differential diagnosis of mul-
tiple lesions in patients on chemotherapy; their ap-
pearances can be identical to those of metastases.

18.3.2 
Contrast Enhanced Ultrasound

Metastases show characteristic dynamic fea-
tures in all three phases after contrast injection 
(Figs. 18.4–18.6). In the arterial phase the appear-
ances are twofold: hypovascular metastases show 

Fig. 18.3. Multiple/diffuse metastases giving the “moth-
eaten” appearance

Fig. 18.4. Schematic display of the dynamic enhancement of 
hypo- and hypervascular metastases postcontrast injection 
during the arterial, portal venous and delayed phase

Fig. 18.5a–d. Dynamic features of a “hypovascular” hepatic 
metastasis from a breast primary after contrast injection 
(SonoVue). a Slightly hyperechoic lesion with hypoechoic 
halo and small central necrosis on unenhanced US. b In the 
arterial phase the lesion displays strong peripheral rim en-
hancement (arrow). c Portal venous phase imaging shows 
fading of the rim. d In the delayed phase, the lesion shows 
as a hypoechoic enhancement defect

b

d

a

c
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as hyporeflective lesions usually with a typical rim 
enhancement of varying size, while hypervascular 
metastatic deposits show as brightly enhancing 
hyperreflective and homogeneous lesions, some-
times with non-enhancing necrotic areas. At the 
beginning of the portal venous phase, the (rim) 
enhancement fades and the entire lesion becomes 
increasingly hyporeflective. In the delayed phase 
both hypo- and hypervascular metastases invari-
ably show as dark enhancement defects while the 
enhancement persists in normal liver parenchyma; 

this is independent of the contrast agent and imag-
ing technique used (Hohmann et al. 2003). During 
the delayed phase metastases are usually particu-
larly well defined often with sharp, “punched out” 
borders. Both portal venous and delayed phase 
imaging markedly increase the contrast between 
the enhancing normal liver and the non-enhanc-
ing metastases and thus improve detection, espe-
cially of small lesions below 1 cm in diameter and 
of lesions that are isoechoic on baseline (Figs. 18.7, 
18.8).

Fig. 18.6a–d. Dynamic features of a “hypervascular” metastasis from a thyroid carcinoma after contrast injection (SonoVue). 
a Conventional grey-scale image shows a hypoechoic lesion. b During the arterial phase 20 s post injection the lesion en-
hances homogeneously while there is almost no contrast uptake by the liver parenchyma. c Portal venous phase image (43 s 
post injection) shows enhancement of normal liver and some contrast washout from the lesion (arrow) so that the lesion 
is isoechoic at this point. d Delayed phase image (4–5 min post injection) with persistent enhancement of the normal liver 
and almost complete contrast wash-out from the metastasis

a b

c d
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Fig. 18.7a–e. Patient with multiple small metastases. a 
Baseline US shows three ill-defined hypoechoic lesions 
(arrows) in a slightly heterogeneous liver. b,c In the portal 
venous and delayed phase post SonoVue, multiple lesions 
are revealed throughout the liver, some of them only a few 
millimetres in diameter. d,e Multidetector CT in the portal 
venous phase (150 ml Iohexol 300) confirms the presence of 
multiple lesions

a b

c

e

d
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18.4 
Differential Diagnosis on Contrast 
Enhanced Ultrasound

As discussed above, solid benign liver lesions are 
very common. It is therefore of the utmost impor-
tance to differentiate these from metastases in can-
cer patients. Unenhanced US is usually not able reli-
ably to differentiate metastases from other lesions. 
Conversely, the use of contrast agents achieves this 
goal in most cases, since all common solid benign 
liver lesions have characteristic dynamic imaging 
features on contrast-enhanced US and their diag-
nosis is thus usually unproblematic. Most of these 
features are analogous to those on dynamic CT and 
MR.

Haemangiomas show a characteristic peripheral 
nodular arterial phase enhancement followed by 
gradual centripetal in-filling during the later phases 
(Fig. 18.9). The filling may be partial or complete. 
The speed of filling is size dependent: while small 
haemangiomas often fill within less than a minute, 
large lesions may take 5 min or more. Many large 

haemangiomas will not fill completely, and approxi-
mately 5–10% of smaller haemangiomas will show 
only minor peripheral filling. This can lead to con-
fusion with metastases.

FNH appear as lesions with homogeneous en-
hancement in the arterial phase. In about 50% of 
FNH this is preceded by a typical spoke-wheel arte-
rial pattern with centrifugal filling early in the ar-
terial phase, lasting for a few seconds (Fig. 18.10). 
In some cases the feeding artery is also seen. In 
the subsequent phases the lesions show a similar 
degree of enhancement as the normal liver, due 
to the liver-like tissue that the lesion consists of. 
A non-enhancing central scar is frequently seen 
in the delayed phase (Fig. 18.10). Delayed phase 
imaging is particularly useful for FNH as they in-
variable show as isoechoic or hyperechoic lesions, 
often with a non-enhancing central scar that was 
previously invisible. They can thus not be con-
fused with metastases. Not unusually, especially 
small FNH may become completely occult in the 
delayed phase due to their liver-like contrast be-
haviour.

Fig. 18.8a–c. Patient with colorectal carcinoma. a Baseline 
US shows a nearly isoechoic lesion in segment VI measuring 
1.5 cm. b In the delayed phase post SonoVue (2–5 min) the 
metastasis appears as a typical enhancement defect and is 
much more visible. A second metastasis of 2 cm size is now 
detected in segment V. c Spiral CT examination in portal 
venous phase (150 ml Iohexol 300) confirms the presence of 
the two metastases

a b

c
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Focal fatty change and focal fatty sparing show 
the same contrast behaviour as normal liver paren-
chyma in all phases, since they contain no abnor-
mal vessels and essentially consist of normal pa-
renchyma. Again, these lesions usually “disappear” 
after contrast injection (Fig. 18.11).

Liver abscesses are rare; they may, however, be 
confused with metastases since they also show a rim 
enhancement in the arterial phase and produce en-
hancement defects in the later phases. An important 
differential diagnostic clue is the complete absence 
of vessels and enhancement in the central liquid 
portion of an abscess, while even hypovascular me-
tastases will display some weak but visible central 
enhancement due to small vessels, provided they are 
not necrotic.

18.5 
Detection of Hepatic Metastases with 
Ultrasound

The accuracy of unenhanced US in the assessment 
of hepatic metastases is lower than that of contrast-
enhanced CT and MR. In series with a true gold 
standard, its sensitivity ranges between 50% and 
76% (Table 18.2) (Clarke et al. 1989; Ohlsson et 
al. 1993; Wernecke et al. 1991). Problems encoun-
tered with US are its operator-dependent nature 
(making it difficult to use for follow-up staging), 
the sometimes difficult access to subdiaphragmatic 
areas of segments IVa and VIII and poor liver-to-le-
sion contrast of isoechoic lesions, especially in small 
metastases. For lesions smaller than 1 cm, the false-

Fig. 18.9a–d. Dynamic enhancement of an haemangioma using Sonazoid. a Atypical baseline appearances: isoechoic lesion 
(arrow) indicative of metastases in a patient with colon carcinoma. b Arterial phase with peripheral nodular enhancement 
(arrowheads). c Partial centripetal fill-in in the portal venous phase (45 s post injection). d Complete filling of the haeman-
gioma in the delayed phase (3–5 min post injection)

a b

c d



272 T. Albrecht

negative rate is as high as 80% (Wernecke et al. 
1991). The false-positive rate of US is in the order of 
5–10% on a by patient basis and considerably higher 
on a by lesion basis.

As with other imaging modalities, the use of con-
trast agents improves the ability of US to detect liver 
metastases substantially. As described above, metas-

Fig. 18.10a–c. Focal nodular hyperplasia (arrowheads) post 
SonoVue. a Typical spoke-wheel vascular pattern in the early 
arterial phase 13 s post SonoVue (arrow). b Three seconds 
later the lesion is completely filled with contrast and appears 
hyperechoic to normal liver. c In the delayed phase the lesion 
is isoechoic to normal liver with the exception of a small 
hypoechoic central scar (arrow)

Fig. 18.11a,b. Focal fatty sparing near the gallbladder in a patient with pharyngeal carcinoma. a Unenhanced US shows a 
round hypoechoic lesion suggestive of a metastasis (arrow). b Homogeneous enhancement of the lesion in the delayed phase 
post SonoVue. The lesion is iso-enhancing compared to normal liver; it has “disappeared”

tases are seen as non-enhancing defects in an other-
wise homogeneously enhancing liver in the portal 
venous and particularly in the delayed phase after 
contrast injection. Liver-specific agents are partic-
ularly useful for detecting otherwise invisible and 
often very small (<1 cm) metastases. This improves 
the sensitivity of US considerably to levels as high 

a b

c

a b
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Table 18.2. Performance of conventional US in detection of hepatic metastases (studies with true gold standard only)

Author, year N (patients) N (metastases) Sensitivity False positives Gold standard
     

Clarke et al. 1989  54 167 76% ? IOUS

Wernecke et al. 1991 75 74 53% 0% IOUS

Ohlsson et al. 1993 71 ? 50% 7% Surgical exploration 
     + follow-up
Own results 2002 35 83 70% 7% IOUS(± resection)

as 90% when using a combination of other imaging 
modalities as the standard of reference (Albrecht 
et al. 2001; Albrecht et al. 2003a; Albrecht et al. 
2003b). The detection rate of CEUS is comparable 
to that of dual phase spiral CT. Specificity is also 
improved, since benign lesions show late phase en-
hancement similar to normal liver, independent of 
their arterial behaviour, and they are thus usually 
not confused with metastases.

18.6 
Detection of “Occult” Metastases 
with Functional Imaging

In an effort to further improve the sensitivity of 
US in the detection of metastases, functional tech-
niques have been applied. One such method is the 
Doppler perfusion index (DPI), which is based on 
the fact that arterialisation of the liver’s blood sup-
ply occurs in metastatic disease at a very early stage 
before the lesions become visible on any imaging 
modality including IOUS. The cause of this is un-
clear; it is likely to be due to some mediator excreted 
by the metastases.

Spectral Doppler measurements of hepatic ar-
terial and portal venous blood flows are used for 
calculation of the DPI, i.e. ratio of hepatic arterial 
flow to total liver flow. In normal subjects the DPI 
is 0.25 (the hepatic artery contributes <25% of total 
liver blood flow), but this increases in arterialisation 
due to metastases. An excellent correlation between 
raised DPI and overt metastatic disease has been 
documented in colon and gastric cancer. In colon 
cancer patients with no overt liver malignancy, a 
raised DPI preoperatively correlated strongly with 
a shorter disease free survival and development of 
overt liver metastases within 5 years postoperatively, 
indicative of occult disease at presentation (Leen et 

al. 2000). However, some of these results have proven 
difficult to reproduce by other workers.

Hepatic transit time analysis using a US contrast 
agent has recently been described as an alternative 
to DPI measurements. It is also capable of showing 
hepatic arterialisation by shortening of the transit 
time (Albrecht et al. 1999). Transit time measure-
ments are much less operator dependent than DPI 
measurements. Whether the technique is able to de-
tect “occult” hepatic metastases remains to be seen.

References

Albrecht T, Blomley MJ, Cosgrove DO, et al (1999) Non-
invasive diagnosis of hepatic cirrhosis by transit-
time analysis of an ultrasound contrast agent. Lancet 
353:1579–1583

Albrecht T, Hoffmann CW, Schettler S, et al (2000) B-mode 
enhancement at phase-inversion US with air-based 
microbubble contrast agent: initial experience in 
humans. Radiology 216:273–278

Albrecht T, Hoffmann CW, Schmitz SA, et al (2001) Phase-
inversion sonography during the liver-specific late 
phase of contrast enhancement: improved detection 
of liver metastases. AJR Am J Roentgenol 176:1191–
1198

Albrecht T, Oldenburg A, Hohmann J, et al (2003a) Imaging 
of liver metastases with contrast-specific low-MI real-
time ultrasound and SonoVue. Eur Radiol 13(Suppl 3):
N79–86

Albrecht T, Blomley MJ, Burns PN, et al (2003b) Improved 
detection of hepatic metastases with pulse-inversion 
US during the liver-specific phase of SHU 508A: multi-
center study. Radiology 227:361–370

Bluemke DA, Paulson EK, Choti MA, et al (2000) Detection 
of hepatic lesions in candidates for surgery: comparison 
of ferumoxides-enhanced MR imaging and dual-phase 
helical CT. AJR Am J Roentgenol 175:1653–1658

Chomas J, Dayton P, May D, et al (2002) Nondestructive 
subharmonic imaging. IEEE Trans Ultrason Ferroelectr 
Freq Control 49:883–892

Clarke MP, Kane RA, Steele G Jr, et al (1989) Prospective 
comparison of preoperative imaging and intraopera-



274 T. Albrecht

tive ultrasonography in the detection of liver tumors. 
Surgery 106:849–855

Conlon R, Jacobs M, Dasgupta D, et al (2003) The value 
of intraoperative ultrasound during hepatic resection 
compared with improved preoperative magnetic reso-
nance imaging. Eur J Ultrasound 16:211–216

Edmunson H, Craig J (1987) Neoplasms of the liver. In: Schiff 
L (ed) Diseases of the liver, 8th edn. Lippincott, Phila-
delphia, p 1109

Hohmann J, Skrok J, Puls R, et al (2003) Characterization of 
focal liver lesions with contrast-enhanced low MI real 
time ultrasound and SonoVue. Rofo Fortschr Geb Ront-
genstr Neuen Bildgeb Verfahr 175:835–843

Hope Simpson D, Burns PN (1999) Pulse inversion Doppler: a 
new method for detecting nonlinear echoes from micro-
bubble contrast agents. IEEE Trans Ultrason Ferroelec 
Freq Contr 46:372–382

Hunerbein M, Rau B, Hohenberger P, et al (2001) Value of 
laparoscopic ultrasound for staging of gastrointestinal 
tumors. Chirurg 72:914–919

Ishak KG, Rabin L (1975) Benign tumors of the liver. Med 
Clin North Am 59:995–1013

Jones EC, Chezmar JL, Nelson RC, et al (1992) The frequency 
and significance of small (less than or equal to 15 mm) 
hepatic lesions detected by CT. AJR Am J Roentgenol 
158:535–539

Karhunen PJ (1986) Benign hepatic tumours and tumour like 
conditions in men. J Clin Pathol 39:183–188

Kreft B, Pauleit D, Bachmann R, et al (2001) Häufigkeit 
und Bedeutung von kleinen fokalen Leberläsionen. 
Rofo Fortschr Geb Rontgenstr Neuen Bildgeb Verfahr 
173:424–429

Leen E, Goldberg JA, Angerson WJ, et al (2000) Potential role 

of Doppler perfusion index in selection of patients with 
colorectal cancer for adjuvant chemotherapy. Lancet 
355:34–37

Ohlsson B, Tranberg KG, Lundstedt C, et al (1993) Detection 
of hepatic metastases in colorectal cancer: a prospective 
study of laboratory and imaging methods. Eur J Surg 
159:275–281

Schmidt J, Strotzer M, Fraunhofer S, et al (2000) Intraop-
erative ultrasonography versus helical computed tom-
ography and computed tomography with arterioportog-
raphy in diagnosing colorectal liver metastases: lesion-
by-lesion analysis. World J Surg 24:43–48

Schultz JF, Bell JD, Goldstein RM, et al (1999) Hepatic tumor 
imaging using iron oxide MRI: comparison with com-
puted tomography, clinical impact, and cost analysis. 
Ann Surg Oncol 6:691–698

Soyer P, Levesque M, Elias D, et al (1992) Detection of liver 
metastases from colorectal cancer: comparison of intra-
operative US and CT during arterial portography. Radi-
ology 183:541–544

Wanless IR, Albrecht S, Bilbao J, et al (1989) Multiple focal 
nodular hyperplasia of the liver associated with vascu-
lar malformations of various organs and neoplasia of 
the brain: a new syndrome. Mod Pathol 2:456–462

Ward J, Naik KS, Guthrie JA, et al (1999) Hepatic lesion detec-
tion: comparison of MR imaging after the administra-
tion of superparamagnetic iron oxide with dual-phase 
CT by using alternative-free response receiver operating 
characteristic analysis. Radiology 210:459–466

Wernecke K, Rummeny E, Bongartz G, et al (1991) Detection 
of hepatic masses in patients with carcinoma: compara-
tive sensitivities of sonography, CT, and MR imaging. 
AJR Am J Roentgenol 157:731–739



Imaging Features of Hepatic Metastases: CT and MR 275

19 Imaging Features of Hepatic Metastases: 
 CT and MR

 Christiane Kulinna and Wolfgang Schima

C. Kulinna, MD; W. Schima, MD
Department of Radiology, Medical University of Vienna, 
AKH Vienna, Waehringer Guertel 18–20, 1090 Vienna, 
Austria

CONTENTS

19.1 Introduction 275
19.2 Technical Considerations 276
19.2.1 MDCT 276
19.2.2 MR 276
19.3 Contrast Enhancement 276
19.3.1 MDCT 277
19.3.2 MR 278
19.4 Scan Protocol MDCT 282
19.5 Imaging Features at CT/MR 282
19.5.1 Presence of Liver Metastases on 
 Plain MR Images 282
19.5.2 Vascularity of Hepatic Metastases in 
 MDCT and MR 284
19.6 Pitfalls in Liver Imaging 285
19.7 Assessment of Small Liver Lesions 286
19.7.1 Clinical Approach to Small Lesions 287
19.8 Value of CT and MR 289
19.9 Assessment of Surgical Candidates 290
 References 291

19.1 
Introduction

Metastatic disease in the liver represents one of the 
most common problems in oncology. The liver pro-
vides a fertile soil for metastases, especially due to its 
dual blood supply from the systemic and splanchnic 
system. The liver is second only to regional lymph 
nodes as a site of metastatic disease (Sugarbaker 
1993; Bartolozzi et al. 2001). Metastatic disease is 
unknown, because most figures are based on au-
topsy series that reflect the end stage of a disease 
process, but between 30% and 70%, depending on 
the primary tumor of patients who die of cancer, 
have liver metastases on autopsy (Pickren et al. 
1982).

The early detection of liver metastases is of para-
mount importance in patients suffering from liver 
malignancies. In most malignancies, the presence 
of liver metastases indicates non-resectability of the 
primary tumor for oncologic reasons. In these pa-
tients, chemotherapy may be sought. On the other 
hand colorectal cancer is the prototype of malignant 
disease, in which the presence of limited metastatic 
disease does not preclude surgery. Exact knowledge 
of number, localization and size of metastases is 
crucial to determine resectability. Thus, the imag-
ing technique used to evaluate the liver must achieve 
accurate depiction and characterization of both fo-
cal and diffuse processes. Additionally, they should 
provide information on segmental and vascular 
anatomy to facilitate treatment planning (FUNKE et 
al. 2001).

Although less expensive imaging methods, such 
as sonography, are widely available, patients with 
equivocal findings at sonography are often referred 
for definitive evaluation with computed tomog-
raphy (CT) or magnetic resonance imaging (MR). 
Indications for liver CT imaging include differentia-
tion of benign liver lesions, i.e. simple cysts, hem-
angiomas, adenomas, or focal nodular hyperplasia 
(FNH) from malignant lesions, such as metastasis, 
hepatocellular carcinoma (HCC), or cholangiocarci-
noma. MR imaging is frequently used as a problem 
solving modality and many patients are referred 
for MR imaging for the evaluation of lesions con-
sidered indeterminate on other imaging modalities 
(Mueller et al. 2003).

In this chapter, current multi-detector CT 
(MDCT) and MR imaging protocols including the 
use of different liver-specific MR contrast agents 
will be discussed. The CT and MR imaging features 
of different hepatic metastases and pitfalls will be 
presented. The role of MDCT and MR in the assess-
ment of patients with extrahepatic malignancies 
prone to metastasize into the liver and in the pre-
operative evaluation of surgical candidates will be 
highlighted.
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19.2 
Technical Considerations

19.2.1 
MDCT

Helical CT is the most commonly used imaging 
modality for both detection and characterization 
of hepatic metastases. Single-row detector helical 
CT (SDCT) has a slow scanning speed (0.8–1 s per 
rotation) and acquires only one section of CT data 
with each rotation of the X-ray tube. The whole 
liver scanning using SDCT only takes 20–25 s. It is 
recognized that the liver has a dual blood supply, 
the duration of the virtual hepatic arterial phase 
equals the interval from the beginning of the con-
trast inflow into the liver from arteries to the be-
ginning of the contrast inflow from the portal vein. 
It is so short that it is impossible to cover the whole 
liver with SDCT during the real hepatic arterial 
phase (Sun and Tang 2003; Ernst et al. 1999; Guo 
et al. 2003; Llado et al. 2000; Yamasaki et al. 2002; 
Yamashita et al. 1995).

With the advent of four-row detector scanners 
in 1998 coverage of the liver within one breath-
hold of 12–14 s became feasible, thus decreasing 
the likelihood of motion artifacts during scan-
ning. Current MDCT scanners feature up to 16 
parallel rows of X-ray detectors that operate si-
multaneously at a collimation of 0.5–0.75 mm 
(Ohnesorge et al. 1999). Tube cooling has been 
improved and tube rotation time has decreased 
to 0.5 s or, with the newest generation of 16-row 
detector CT, to 0.4–0.43 s. Therefore, the upper 
abdomen from the diaphragm to the pelvis can 
be covered with submillimeter collimation within 
one breath hold. Image reformatting in any plane 
is possible without a loss of diagnostic image 
quality due to MDCT examination of the liver 
with nearly isotropic data sets. This is the pre-
requisite for the optimal assessment of very small 
liver lesions in all planes. The speed of MDCT can 
either be used to reduce the time to cover a given 
volume, or to use narrower beam collimation to 
increase the resolution of details along the z-axis 
and to reduce volume averaging.

So MDCT with 16-slice scanners needs no longer 
be restricted to special applications but is indeed 
ready for routine scanning. The reduced scan time 
with reduced motion artifacts facilitates the exami-
nations of non-cooperative patients and improves 
axial resolution which enables for high quality 3D 
visualization.

19.2.2 
MR

MR imaging is commonly used as the definitive im-
aging modality for the detection and characteriza-
tion of liver lesions. T1- and T2-weighted sequences 
still remain the basic requirement for lesion detec-
tion and characterization in liver. Key factors that 
influence the diagnostic quality of MR are relative 
T1 and T2 relaxation times of lesion and normal 
parenchyma, pulse sequences and presence of ar-
tifacts. The first two factors can be influenced by 
proper sequence selection and use of appropriate 
contrast agents. The third factor depends on the 
technical equipment and the available software 
options (BARTOLOZZI et al. 2000). The use of high 
field strength MR scanners (≥1.0 T) is preferable, 
and phased-array torso coils for signal reception 
are now standard for all vendors. This improve-
ment of hardware during the last years has made 
it possible to use breath hold sequences. The stan-
dard MR imaging protocol should always include 
unenhanced T1- and T2-weighted and contrast-
enhanced pulse sequences. Newer scanners offer 
the advantage of rapid scanning with fast/ultrafast 
spoiled T1-weighted gradient-echo (GRE) sequences 
like FLASH sequences. In liver MR imaging always 
a set of T1-weighted in-phase and opposed phase 
GRE images is acquired to assess the parenchyma 
for the presence of diffuse or focal fatty infiltration. 
For T2-weighted images the turbo-spin echo (TSE; 
synonym: fast spin echo, FSE) with fat-suppression 
are preferred. For detection of focal lesions a time-
to-echo (TE) of approximately 80–100 ms is chosen. 
In addition, a heavily T2-weighted pulse sequence 
with a TE of approximately 160–180 ms aids in dif-
ferentiation between solid (metastases, HCC, etc.) 
and non-solid lesions (hemangiomas, cysts, etc.) 
(ITO et al. 1997; SCHIMA et al. 1997). In general, the 
slice thickness should not exceed 8 mm (with mini-
mal gap). With state-of-the-art T1-weighted 3D-
GRE pulse sequences an effective slice thickness of 
2–3 mm can be achieved. The standard matrix used 
is 256×256, but with high power gradients a spatial 
resolution of 256×512 is feasible. 

19.3 
Contrast Enhancement

Using contrast agents can increase the detection and 
improve the characterization of focal liver lesions. 
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19.3.1 
MDCT

For optimal lesion detection a good contrast-to-
noise ratio is essential since detection of these le-
sions depends mainly on contrast resolution. The 
contrast depends on the CT attenuation of the fo-
cal lesion but also on the liver parenchyma. Fatty 
infiltration of the liver can result in decreased at-
tenuation of the liver and lesion can become imper-
ceptible or even appear hyperattenuating relative 
to the surrounding parenchyma. In single slice CT, 
injection of either 2 ml/kg body weight of contrast 
medium or a fixed volume of 120–150 ml of contrast 
medium (at 300 mgI/ml), corresponding to a total 
iodine load of 36–45 g per patient is necessary to 
achieve adequate liver enhancement (KOPKA et al. 
1995; Kopka et al. 1996; Silverman et al. 1995a). 
With the introduction of MDCT the total iodine 
load or the contrast volume could not be reduced, 
because maximum enhancement of liver paren-
chyma is provided by the total iodine load, largely 
independent of examination time (Engeroff et al. 
2001; Foley et al. 2000; Silverman et al. 1995a). 
However, recent studies found that higher iodine 
concentrations (400 mgI/ml) with constant total 
iodine load have a positive impact on abdominal 
enhancement during arterial phase. Recent stud-
ies demonstrated improved detection of hyper-
vascular HCC in the arterial phase with MDCT, if 
a higher contrast material concentration is used 
(Awai et al. 2002). However, the concentration has 
no influence on the enhancement during the portal 
venous phase of abdominal MDCT, which is more 
important for detection of liver metastases of most 
primary tumors (Engeroff et al. 2001).

It has become even more important to time 
scan acquisition appropriately regarding contrast 
material injection due to the shortened scan time 
of MDCT (Kulinna et al. 2001). Missing the arte-
rial phase with MDCT before maximum of arterial 
liver enhancement is reached is one of the risks of 
high-speed MDCT scanning. Thus, optimization 
of scan timing has to be demanded. To obtain op-
timal enhancement of the liver during the arterial 
phase a compact bolus of contrast material with a 
steep upslope and a high injection rate must be used 
(BADER et al. 2000). In recent years experienced au-
thors recommended at least 3–6 ml/s injection rates 
to achieve a sufficient conspicuity of hypervascular 
lesions enhanced in the arterial-dominant phase 
(Ichikawa et al. 2002; Kim et al. 1998a; Tublin et al. 
1999). At our institution an injection rate of 5–8 ml/

s is preferred in order to optimize liver tumor imag-
ing and depiction of the hepatic vasculature.

Although quadruple-phasic contrast-enhanced 
MDCT protocols have been advocated, most authors 
prefer two or maximum three different contrast-
enhanced phases, depending on the indication, i.e. 
three-phasic protocols evaluation of suspected of 
HCC (Loyer et al. 1999). Whether an unenhanced 
scan is still of value, is under discussion (Kopka et 
al. 2000; Oliver et al. 1997). No or only limited role 
of unenhanced scan were found for the evaluation of 
hypervascular or hypovascular hepatic metastases 
(Patten et al. 1993; Paulson et al. 1998; Sheafor 
et al. 1999; Sica et al. 2000). However, Oliver et 
al. (1998) found that 28% of all hepatic metastases 
were seen only on the unenhanced scan. At our in-
stitution, unenhanced scan is performed in baseline 
studies, because the differentiation between cysts 
and small hypovascular metastases and a delinea-
tion of calcifications and hemorrhage is improved 
(Fig. 19.1).

The first contrast-enhanced scan should be a he-
patic arterial phase scan. With MDCT two arterial 
phases can be performed: the early arterial phase 
starts when the contrast agent reaches the liver 
via the hepatic artery, followed by the late arterial 
phase, when there is beginning inflow of contrast-
enhanced portal vein blood.

The earlier scan shows no or minimal admixture 
of enhanced portal venous blood, which is optimal 
for CT arteriography, but provides only minimal en-
hancement of liver tumors. The late arterial phase, 
with portal venous inflow, improves the hypervas-
cular metastases detection. If a fixed delay is used, 
arterial phase images are obtained 25 s after start of 
injection of 150 ml contrast medium (300 mgI/ml) 
with a high flow rate (4–8 ml/s) for single slice and 
four-row scanners. With 16-row scanners, the delay 
can be increased to 30 s. However, the strong vari-
ability of contrast material transit time strongly 
advocates the use of automatic bolus triggering for 
individualization of delay time. If an automatic bo-
lus triggering device (Care Bolus, SmartPrep, etc.) 
is used, the scanning then should started 12–15 s af-
ter a threshold of 100 HU is reached in the aorta. In 
this late arterial phase inflow of contrast-enhanced 
blood via the portal vein can already be observed, 
but there is still excellent opacification of the hepatic 
arterial system. Enhancement of hypervascular le-
sions usually peaks in this phase, which gives the 
best conspicuity of small hypervascular metastases 
(Fig. 19.2a). It has been recommended to perform 
double arterial phase scanning in patients with sus-
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pected HCC, but for detection of metastases a single 
(late) arterial phase scan is sufficient. The portal 
venous phase (PVP) is reached when contrast en-
hancement via the portal vein becomes dominant. 
The PVP begins with a 60–70 s delay after begin-
ning of contrast injection. This is the most impor-
tant phase for detection of hypovascular metastases 
(Frederick et al. 1997; Sheafor et al. 1999; van 
Leeuwen et al. 1996). However, in this phase, many 
hypervascular metastases and the hyperattenuating 
rim around some hypovascular lesions will be isoat-
tenuating to the liver parenchyma (Fig. 19.2b).

19.3.2 
MR

The diagnostic effectiveness of the resulting MR 
examination is dependent on the type of contrast 
agent used, the way and dose in which the agent is 
administered, and the timing of scans (Bartolozzi 
et al. 2000). According to their biodistribution they 
can be categorized into three groups: 
1. Extracellular contrast agents: non-specific gado-

linium chelates
2. Reticuloendothelial system (RES) targeted agents: 

iron oxide particles 
3. Hepatobiliary agents: manganese and gadolin-

ium chelates

Fig. 19.1a,b. Detection of calcified metastases after chemo-
therapy: unenhanced scan versus contrast-enhanced scan. 
a Coronal MPR of unenhanced scan shows two calcified le-
sions in a patient with colon cancer (arrow). b On the portal-
venous phase image the two lesions can not be differentiated 
from adjacent vessels (arrow). At surgery vital metastases 
were found

Fig. 19.2a,b. Hypervascular metastases of a glucagonoma. a 
Small hypervascular lesions are well seen in arterial phase 
(arrows). b The lesions are not or faintly visible on portal 
venous phase, but another hypovascular lesion is now vis-
ible, which was not visible in arterial phase (arrow)

a b

a

b
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These agents can be classified as positive and 
negative contrast materials, based on their pre-
dominant T1 or T2 contrast effect. In general the 
extracellular and hepatobiliary agents are positive 
contrast, which means that they cause T1 shortening 
resulting in increased signal intensity of the liver. 
The negative contrast agents (RES agents) cause T2 
shortening with a decreased signal intensity of the 
liver (Harisinghani et al. 2001).

19.3.2.1 
Non-specific Gadolinium Chelates

The liver and liver-lesion enhancement patterns ob-
tained with non-specific gadolinium chelates (ex-
tracellular contrast agents) are identical and equiva-
lent to those of iodinated contrast agents currently 
used in CT. Many non-specific gadolinium chelates 
are licensed for use in body imaging at the stan-
dard dose of 0.1 mmol/kg b.w., including gadopen-
tetate dimeglumine (Schering, Berlin, Germany), 
Gd-DTPA-BMA (Amersham Health, Oslo, Norway), 
Gd-DOTA (Guerbet, Aulnay-sous-Bois, France), 
Gadoteridol (Bracco, Milan, Italy). After i.v. bolus 
injection they show a brief vascular enhancement, 
followed by a rapid distribution to the extracellular 
space and excretion by the kidneys by glomerular 
filtration. Gadolinium chelates shorten both T1 and 
T2 relaxation times. The former is used for clinical 
purposes and results in increase in signal inten-
sity of vascularized lesions on T1-weighted images. 
Dynamic T1-weighted gradient echo sequences in 
the arterial (20–30 s post injection), portal venous 
(60–80 s post injection) and equilibrium phase 
(3–5 min post injection) are used. Fat suppression 
should be added to at least one of the post gado-
linium spoiled GRE sequences.

Hypervascular metastases exhibit an early, brief 
and pronounced signal enhancement in the arterial 
phase, which fades rapidly in the later phases. These 
lesions appear hyperintense in the arterial phase, 
but other hypervascular lesions like HCC, adenoma 
and FNH may show similar pattern. Hypovascular 
metastases exhibit a delayed contrast enhancement, 
which means they appear hypointense in the arte-
rial phase. A maximal lesion-to-liver contrast is 
reached in the PVP. The equilibrium phase is still 
important, because it can be used for lesion dif-
ferentiation (i.e. hemangioma versus metastasis). 
Hemangiomas show persistent enhancement during 
the equilibrium phase, whereas most metastases ap-
pear iso- or hypointense compared to liver paren-
chyma (Fig. 19.3).

Fig. 19.3a–c. Pre-existing giant hemangioma: difficulty 
in detection of satellite metastasis. a MDCT shows a large 
hemangioma centered in the caudate lobe of the liver (ar-
row). b Follow-up MR 1 year later shows the T2-weighted 
very hyperintense hemangioma. There is an adjacent tumor 
anterior to it, which is not as bright (arrows). c Dynamic 
gadolinium-enhanced T1-weighted GRE image in the arte-
rial phase shows typical peripheral nodular enhancement of 
the hemangioma. The adjacent lesion shows distinctly dif-
ferent contrast uptake: it is hypovascular (arrows). The an-
terior ”collision tumor” was only seen in retrospect and was 
subsequently proved to be metastasis of colorectal cancer

b

a

c
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19.3.2.2 
Reticuloendothelial Agents

All reticuloendothelial agents are iron oxide-based 
contrast agents (SPIO). They are predominantly 
phagocytosed by the Kupffer cells in the liver (and 
in the spleen) and cause local field inhomogeneities, 
which result in shortened T2 relaxation times and 
decreased signal intensity of the target tissue. Thus 
they are called negative contrast agents. Currently, 
two SPIO agents (Endorem, ferumoxide, Guerbet; 
Resovist, SHU 555A, Schering) are available on the 
market. After SPIO administration, the liver paren-
chyma containing Kupffer cells shows a marked 
reduction in signal intensity on T2-weighted and 
T2*-weighted images, whereas liver metastases, con-
taining no Kupffer cells, remain unaffected. Thus, 
due to the decreased signal intensity of normal liver 
parenchyma and no signal loss of liver metastases, 
they appear hyperintense on T2-weighted images 
postcontrast compared to precontrast MR images 
(Fig. 19.4). Improved lesion resolution from sup-
pression of peritumoral edema makes these agents 
useful in preoperative evaluation of hepatic metasta-
ses from primary colorectal cancer (HAHN and SAINI 
1998). RES-agents are also useful in differentiation 
metastases from focal liver lesions with phagocytic 
elements (FNH, adenomas, well-differentiated 
HCC) that result in RES-agent uptake and show a 
decreased signal intensity in T2-weighted images. 
A drop in signal intensity >40% from pre- to post-
contrast T2-weighted images suggest a benign lesion 
(Hahn and Saini 1998). Well-differentiated HCC 

have less uptake of RES-agents compared to benign 
lesions (Reimer and Tombach 1998; Poeckler-
Schoeniger et al. 1999). Current investigations 
examine the value of dynamic T1-weighted images 
after ferumoxide administration.

19.3.2.3 
Hepatobiliary Agents

Hepatobiliary agents represent a heterogeneous 
group of paramagnetic molecules of which a frac-
tion is taken up by hepatocytes and excreted in the 
bile. These agents are designed for greater hepato-
biliary uptake and excretion than conventional MR 
contrast agents. Mangafodipir trisodium, which be-
longs to this group (Teslascan, Amersham Health), 
is not specific to hepatocytes, but it is also taken up 
by the pancreas. The liver takes up free manganese 
and it acts as an intracellular paramagnetic agent 
that cause marked shortening of the T1-relaxation 
time (Harisinghani et al. 2001). Focal non-hepato-
cellular lesions (i.e. metastases) do not enhance post 
contrast, whereas the parenchyma shows increased 
signal intensity on T1-weighted images, resulting 
in improved lesion conspicuity (Fig. 19.5) (Aicher 
et al. 1993; Bernardino et al. 1992; Slater et al. 
1996). Very rarely, metastases from neuroendocrine 
tumors may show enhancement (Wang et al. 1998). 
Well differentiated lesions of hepatocellular origin 
(FNH, adenomas, well-differentiated HCC) show 
uptake of manganese and late enhancement on T1-
weighted images (Fig. 19.6) (Rummeny et al. 1997).

Fig. 19.4a,b. Improvement of lesion 
detection with iron-oxide based con-
trast-agent (SHU 555A; Resovist). a 
Unenhanced T2-weighted image with 
only faint visible lesion (arrow). b 
Resovist-enhanced T2-weigthed image 
shows typical hyperintense appearance 
of metastases on dark background liver 
(arrow)

a b
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Liver-specific gadolinium chelates like Gd-
BOPTA (Multihance®, Bracco) and Gd-EOB-DTPA 
(Primovist, Schering) are selective hepatic agents, 
because they carry a lipophilic ligand. After injec-
tion these agents show biphasic liver enhancement 
with a rapid rise in T1 signal intensity within the 
first 5 min post injection (p.i.) like that seen with 
non-specific extracellular gadolinium agents. 

Then hepatic signal intensity continues to rise for 
20–60 min, reaching a plateau that persists for 
2 h, because of hepatobiliary uptake and reten-
tion, so static imaging is feasible. However, this 
results in increasing contrast between liver and 
non-hepatocellular tumors, but may be problem-
atic in the presence of diffuse liver disease (Simon 
et al. 2003).

Fig. 19.5a,b. Improvement of lesion detection with liver-specific agent in a patient with breast cancer. a Unenhanced T1-
weighted GRE image shows three small metastases (arrows). b Mangafodipir(Teslascan)-enhanced MR demonstrates mul-
tiple metastases throughout the liver (arrows)

Fig. 19.6a,b. Detection of small metastases: Mangafodipir-enhanced vs gadolinium-enhanced 
MR. a Gadolinium-enhanced image shows three lesions in segment III/IVa of the liver. b 
Mangafodipir-enhanced T1-weighted image shows an additional small lesion (black arrow)

a b

a b
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19.4 
Scan Protocol MDCT

For the scan protocol as it is used in our hospital, 
see Table 19.1.

19.5 
Imaging Features at CT/MR

Hepatic metastases generally presenting the his-
tologic type of the primary neoplasm. In patient’s 
setting with suspicion of metastases four questions 
are important:
1. Does the liver contains focal lesions? 
2. Number and localization of lesions
3. Characterization of lesions
4. If metastases are suspected, are they treatable by 

resection or interventional therapy?

In clinical practice these questions should be an-
swered in the context of the clinical history of the 
patient and the diagnostic modality. Many modali-

ties are available, but MDCT and MR are most reli-
able radiological modalities.

19.5.1 
Presence of Liver Metastases on Plain MR 
Images

The majority of liver metastases have a higher cel-
lular and interstitial water content of tumor tissue 
compared to normal liver parenchyma. Therefore, 
the mean T1 relaxation time of solid lesions is 
1004±234 ms vs 547±80 ms for liver parenchyma, 
which renders metastases hypointense on nonen-
hanced T1-weighted images. The mean T2 relax-
ation time of solid masses is 80±18 ms vs 51±11 ms 
for liver parenchyma, which results in moderate 
tumor hyperintensity of metastases (Goldberg et 
al. 1993). Most lesions have irregular margins and 
show inhomogeneous pattern.

Some pathologic conditions can modify the sig-
nal intensity of the metastases. Whenever liquefac-
tive necrosis or edema is present within the me-
tastases, the signal intensity further increases on 

Table 19.1. MSCT protocol for liver tumor imaging, 16-row scanner, used at the 
Department of Radiology, Medical University of Vienna. Unenhanced scan only 
used in case of HCC; delayed scan only used in case of CCC

Manufacturer Siemens Sensation 16

Detector Channels 16

Pre ADP PVP Delayed

Collimation (mm) 16×1.5 16×1.5 16×1.5 16×1.5

Feed/rotation 30 30 30 30

Rotation time (s) 0.5

KV 120

mAs 120

Matrix size 512×512

Scan direction Craniocaudal

Slice thickness (mm) 3 2a+3 2a+3 2a+3

Reconstruction interval (mm) 2 1+2 1+2 1+2

Contrast material 150 ml

Flow rate 5 ml/s

Scan delay

Bolus 
tracking
+12 s

Interscan 
delay 30 s

5 min

ADP, arterial-dominant phase; PVP, portal-venous phase.
a Thin slices (2 mm) are used for MPR.
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T2-weighted images. On the other hand, the signal 
intensity on T2-weighted images is decreased, if co-
agulation necrosis (after tumor ablation therapy), 
fibrous matrix, or calcifications are present within 
metastases. Signal intensity of T1-weighted images 
is increased when subacute intralesional hemor-
rhage with methemoglobin is present or other para-
magnetic substances like melanin (seen in metas-
tases from melanoma, multiple myeloma) appear 
within the metastases (Kelekis et al. 1996; Kokubo 
et al. 1988; Mahfouz et al. 1996). Depending on 
their histological type liver metastases may exhibit 
specific signs on unenhanced MR images: 15%–20% 
of the hepatic metastases show a central increase in 
signal intensity on T2-weighted images with a lower 
signal intensity outer ring, which is called ”target” 
sign (Wittenberg et al. 1988). It indicates a central 
hyperintense area of liquefactive necrosis, water 
content or hemorrhage. On T1-weighted images this 
feature may present as a central decrease in signal 
intensity. This finding is not seen in hemangiomas 

or cysts. Other helpful characteristics to differ ma-
lignant necrotic tumors from hemangiomas or cysts 
are irregular internal morphology, mural nodules, a 
solid tissue rim or an indistinct interface with adja-
cent liver parenchyma.

Approximately 20% of all metastases and 50% of 
colorectal metastases display a bright ”halo” surround-
ing a less intense nodule on T2-weighted images, cre-
ated by a central area of hypointense fibrosis or necro-
sis and a hyperintense rim of viable tumor cells rather 
than peritumoral edema (Simon et al. 2003). The peri-
tumoral edema may occur if the tumor causes vascular 
or biliary obstruction (Bartolozzi et al. 2001). This 
finding is usually not seen on T1-weighted images. 
Peripheral halos can also appear in HCC but have not 
been reported in benign non-inflammatory lesions.

Another characteristic feature of solid metastases 
is that they display a considerable signal intensity 
drop on heavily T2-weighted images using dual- or 
multiecho T2-weighted pulse sequences (Fig. 19.7). 
Cysts or hemangiomas show a relative signal in-

a b

c

Fig. 19.7a–c. Hemangioma or metastasis: characterization 
with MR. a MDCT in the portal-venous phase shows a typi-
cal hemangioma in a patient with colon cancer. Follow-up 
was recommended. b Follow-up portal-venous phase MDCT 
shows interval growth of a large lesion with change of con-
trast enhancement characteristics, indicative of a metasta-
sis. c T2-weighted fat-suppressed TSE MR image reveals the 
truth. There is a large moderately hyperintense metastasis 
(arrows) growing next to and compressing a small, T2-
weighted very bright hemangioma
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tensity increase with increasing TE on T2-weighted 
images. Only cystic or mucinous metastases may 
exhibit the same hyperintensity on heavily T2-
weighted images (Simon et al. 2003).

19.5.2 
Vascularity of Hepatic Metastases in MDCT 
and MR

The vascularity of hepatic metastases determines 
their behavior after i.v. injection of extracellular CT 
or MR contrast medium. In contrast to the liver 
parenchyma, hepatic metastases get their blood sup-
ply almost exclusively by the hepatic artery. Only 
small metastases with a diameter of less then 1.5 cm 
may be found to have residual portal venous blood 
supply. Contrast enhancement therefore depends on 
arterial vascularization of a lesion relative to sur-
rounding parenchyma.

In general, the ”vascularity” of metastases is 
classified according to their contrast behavior in 
the arterial-dominant phase scan. Metastases which 
are hyperdense to normal liver parenchyma in this 
phase are called ”hypervascular”. Hypervascular 
metastases are less frequently than hypovascular 
metastases in the liver and typically originate from 
renal cell carcinomas, carcinoids, pancreatic islet 
cell carcinomas, sarcomas, pheochromocytomas, 
melanomas, thyroid carcinomas, chorion carcino-

mas, and sometime breast cancer. The best phase for 
detection of hypervascular metastases is the arterial 
phase. While they receive strong contrast enhance-
ment via the hepatic artery, the liver parenchyma 
enhances only minimally in the arterial phase. 
Small hypervascular metastases usually present 
with homogeneous enhancement, whereas larger le-
sions appear heterogeneous or show a enhancing pe-
ripheral rim surrounding the necrosis. In the portal 
venous phase most hypervascular metastases show 
isodense/isointense attenuation, because the tumor 
still receive some contrast by the hepatic artery and 
the liver parenchyma also receive contrast by portal 
vein.

Most hepatic metastases are hypovascular and 
primary tumors that seed them are adenocarcino-
mas from gastrointestinal tract, lung and breast 
tumors. Metastases from squamous cell carcino-
mas (head and neck, esophagus, lung) usually show 
hypovascular metastases. Hypovascular metastases 
receive only minimal arterial and portal venous 
blood supply due to confluent dense cellularity, 
fibrosis or necrosis (Semelka and Helmberger 
2001). So detection of hypovascular metastases is 
highest, when contrast enhancement of the normal 
liver parenchyma reaches its maximum in the por-
tal venous phase and no or less arterial and venous 
blood supply in the metastases (Fig. 19.8). So portal 
venous phase shows optimal lesion to liver contrast. 
Some ”hypovascular” metastases show a target ap-
pearance with a hyperattenuating rim and hypoat-

Fig. 19.8a,b. Hypovascular metastases of metastatic adenocarcinoma. a In the arterial phase the 
small lesions throughout the liver are only faintly visible. b In the portal-venous phase scan, 
diffuse metastatic spreading in the liver is well demonstrated

a b



Imaging Features of Hepatic Metastases: CT and MR 285

tenuating center in the arterial phase and the portal 
venous phase. In the delayed phase the outer rim 
may become isodense/isointense to surrounding 
liver parenchyma, so that the lesion appears smaller 
than it is in reality. This finding can lead to prob-
lems in preoperative staging or follow-up examina-
tions after chemotherapy.

19.6 
Pitfalls in Liver Imaging

Arterial phase imaging may reveal a lot of pseudole-
sions. Most of them result from vascular variations 
or changes in the normal dual blood supply of the 
liver (Fig. 19.9) (Chen et al. 1999; Herts et al. 1993; 
Silverman et al. 1995b). Common pseudolesions 
are seen in the gallbladder fossa, near the falciform 
ligament and the porta hepatis and are either focal 
fatty infiltration or focal sparing in diffuse fatty 
infiltration of the liver. The changes in fatty infil-
tration of the liver near the falciform ligament are 
explained by the presence of systemic venous supply 
instead of portal blood supply (ITAI and SAIDA 2002). 
Presence of fat or focal fatty sparing is confirmed by 
comparison of in- and opposed-phase MR images.

Hepatic veins, which are not opacified due to 
inadequate timing of CT scan or due to delayed 
contrast transit in outflow obstruction, can be 
misinterpreted as true lesions on single images. 

However, evaluation of adjacent slices in cine mode 
should help to differentiate between true lesions of 
rounded shape and non-opacified tubular venous 
structures. Poor hepatic parenchymal enhance-
ment can limit the detection of hypovascular le-
sions, which are best seen in portal venous phase 
(Miller et al. 1998). Vascular tumors can mimic 
the appearance of aneurysms or vascular malfor-
mations. Peripheral enhancement of hemangiomas 
during arterial phase could be difficult to appre-
ciate, so nodular enhancement during additional 
portal-venous phase could be helpful. Lesion de-
tection in patients with diffuse liver disease could 
be problematic due to inhomogeneous enhance-
ment patterns of the whole liver. Portal hyperten-
sion can delay hepatic enhancement and underes-
timate parenchymal disease or mimic portal vein 
thrombosis. Peripheral arterioportal shunts could 
be sometimes seen on arterial phase and can mimic 
small lesions (KIM et al. 1998b). The key to the cor-
rect diagnosis is the presence of a feeding vessels 
seen at thin slices of arterial phase MDCT, the tri-
angular shape of arterioportal shunt and the often 
only faint enhancement. However, especially early 
arterial phase scanning can result in different phe-
nomena that are potential diagnostic pitfalls if not 
appropriately recognized. Careful analysis of unen-
hanced and portal-venous phase CT scans helps to 
avoid false diagnoses of hypervascular neoplasms. 
In equivocal cases contrast-enhanced MR with 
liver-specific agents may help to rule out malignant 
disease (Fig. 19.10).

Fig. 19.9a,b. Perfusion abnormality simulating hypervascular metastasis. a Contrast-enhanced CT shows a very hypervas-
cular area in IV segment close to the abdominal wall (arrow). There is early drainage of contrast into the liver vein. The 
IVC already shows much more enhancement than the aorta. b Topogram of CT shows a large mediastinal tumor (lymph 
nodes) obstructing the SVC (arrow), which resulted in formation of venous collaterals from the upper trunk to the IVC. 
One venous collateral pathway typically leads in the anterior abdominal wall through the liver parenchyma (IV segment) 
and into the IVC

a b
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19.7 
Assessment of Small Liver Lesions

One of the most common challenges in liver imag-
ing is the small focal lesion detected incidentally or 
during work-up of a patient with malignant disease. 
Knowledge of number, location, size and character-
ization of these small lesions is crucial to determine 
the appropriate treatment.

Jones et al. (1992) reported that in a series of more 
than 1400 patients referred for abdominal contrast-
enhanced CT, 17% of patients had 15 mm or smaller 
liver lesions. In these series, 82 % of the patients 
had a known malignancy. Overall, 51% of lesions 
were classified as benign, 22% as malignant, and in 
27% of patients the lesions could not be classified. 
In the subgroup of patients with known malignant 
tumors and single small hepatic lesions, only 5% of 
lesions were malignant. However, another 30% were 
deemed indeterminate.

In a study by SCHWARTZ et al. (1999), focal liver 
lesions 1 cm or less in diameter were found in 12.7% 
of 2900 cancer patients. Of these lesions 80.2% were 
classified as benign by follow-up, 11.6% as malig-
nant, and 8.2% as indeterminate due to incomplete 
follow-up. In both studies, by dynamic incremental 
CT with contiguous 10-mm thick sections was used, 
which rendered reliable characterization of small fo-
cal lesions very difficult (JONES et al. 1992; SCHWARTZ 
et al. 1999). In this clinical scenario, percutaneous 
biopsy is often not feasible.

Since then, more advanced imaging modalities 
have been developed to characterize these small le-
sions. However, the scope of the problem has dra-
matically increased as the number of small focal 
lesions detected by helical and MDCT and MR has 
increased substantially. In early studies with spiral 
CT scanning increased the detection rate for small 
lesion on 74%–85% (Valls et al. 2001; Ward et al. 
1999). In these series almost all the false-negative 

Fig. 19.10a–c. Arteriovenous fistula simulat-
ing hypervascular metastasis. a CT shows a 
rounded hypervascular lesion, suspicious for 
metastasis in a patient with breast cancer (ar-
row). b Gadolinium-enhanced MR shows geo-
graphical shape of lesion (arrow). c Adjacent 
MR slice demonstrate a large draining hepatic 
vein connected to the lesion, typical for a fis-
tula (arrow) 

a
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results involved lesions smaller than 15 mm in di-
ameter. In the study of Weg et al. (1998) the use of 
2.5 mm (vs 10 mm) thick collimation in dual-slice 
CT scanning increased the detection rate for metas-
tases ≤10 mm by 86%. There is no trend towards in-
creased characterization of lesions as benign or ma-
lignant at thinner collimation (Haider et al. 2002). 
In the study of Jang et al. (2002), helical CT features 
of benign small lesions were smaller size, discrete 
margins, and markedly low attenuation, whereas a 
target-enhancement was specific for metastases.

Several studies have reported MR to be more sen-
sitive and more specific than dynamic incremental 
CT and helical CT (Rummeny et al. 1992; Semelka 
et al. 1992; Semelka et al. 1997). Ferumoxide-en-
hanced MR has been shown to detect more, especially 
small, metastatic lesions than dynamic contrast CT 
(Fig. 19.11) (Vogl et al. 1996a). Small lesions, which 
are detected at a greater frequency with this tech-
nique, likely will be particularly difficult to charac-
terize exactly. Gadolinium-enhanced MR may help-

ful in characterization of these lesions, particularly 
for small hemangiomas, cysts, and biliary hamarto-
mas (Fig. 19.12). Other studies found Mangafodipir 
trisodium, Gd-DTPA or Gd-EOB-DTPA superior 
in detection and characterization of small lesions 
(Fig. 19.13) (Hamm et al. 1992; Padovani et al. 1995; 
Vogl et al. 1996b).

19.7.1 
Clinical Approach to Small Lesions

In a patient without known cancer and without 
liver cirrhosis, small lesions can be evaluated with 
serial follow-up imaging tests because nearly all 
of them will be benign (Jones et al. 1992). Small 
solitary liver lesions in patients with known cancer 
are more frequently benign than malignant, these 
lesions represents metastases in 5%–11.6% of the 
patients (Jones et al. 1992; Schwartz et al. 1999). 

Fig. 19.11a–c. Detection of liver metastases: MDCT vs MR 
with liver-specific contrast agent. a Contrast-enhanced 
MDCT demonstrates two small metastases (arrows) in a 
patient with colorectal cancer. b T2-weighted fat saturation 
TSE image shows two lesions (arrows). There is inhomoge-
neity of parenchyma in the posterior part of the right lobe, 
but no definitive lesion is seen. c Mangafodipir-enhanced 
T1-weighted GRE image shows three metastases (arrows). 
The third lesion was not seen on adjacent MDCT images 
(not shown)
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Fig. 19.12a–f. Characterization 
of focal lesions with Gd-EOB-
DTPA-enhanced MR in a patient 
with breast cancer: metastases 
or benign lesions? a Unenhanced 
CT shows only one hypodense 
lesion in V segment. b In the 
arterial phase three lesions can 
be detected. The big lesion is hy-
pervascular (white arrow), the 
hypodense lesion (black arrow) 
is non-enhanced and a third le-
sion subcapsular (white small 
arrow) shows a hyperdense 
rim. c The portal venous phase 
shows only the non-enhanced 
lesion (black arrow) and the 
small subcapsular lesion with 
nodular enhancement (white 
arrow). The large lesion, which 
was hypervascular in the arte-
rial phase, has faded. Presence 
of an FNH and a hemangioma 
was suspected, but no definitive 
diagnosis could be made by CT. 
d T2-weighted TSE MR image 
shows the big lesion to be isoin-
tense with a central scar (arrow) 
and the two other lesions as very 
bright. There are multiple other 
small, T2-weighted very bright 
lesions seen, which turned out 
to be multiple peribiliary cysts. 
e Dynamic T1-weighted image 
post Gd-EOB-DTPA in the ar-
terial phase shows the hyperin-
tense large lesion with the typi-
cal central scar of a FNH (white 
arrow). The non-enhanced le-
sion is a cyst (black arrow) and 
the typical nodular enhanced 
mass a hemangioma (small 
white arrow). f T1-weighted im-
ages post Gd-EOB-DTPA in the 
late phase shows accumulation 
of contrast agent in the hepato-
cytes of the FNH (arrow). The 
definitive diagnosis was FNH 
plus hemangioma plus cyst plus 
multiple peribiliary cysts, but no 
evidence of metastasis
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Fig. 19.13a–c. Detection of small metastases: mangafodipir-enhanced vs gadolinium-enhanced MR. a Unenhanced T1-
weighted GRE image shows an ill-defined hypointense subcapsular lesion (arrow). b On mangafodipir-enhanced T1-
weighted GRE fat saturation image the lesion is shown with better conspicuity (arrow). c The lesion is only faintly visible 
on the gadolinium-enhanced T1-weighted GRE fat saturation image (arrow)

So in patients with cancer, further evaluation with 
MR for exact determination of the etiology of such 
lesions may be pivotal for defining prognosis and 
therapy (Ward et al. 1999). A delay in diagnosis and 
treatment should particularly avoided in colorectal 
cancer patients with small lesions, who would be 
candidates for liver surgery (Fig. 19.14).

19.8 
Value of CT and MR

In times of limited resources, there has been con-
siderable debate which imaging modality offers the 
best noninvasive examination of the liver, particu-
larly concerning the detection and characterization 

Fig. 19.14a,b. Follow-up of a small solitary lesion in a patient with known colon cancer. a Baseline CT study shows a small 
solid lesion less than 1 cm in diameter (arrow). The lesion could not be characterized reliably. Follow-up in 6 months was 
recommended, but the patient was lost to follow-up. b At 3 years later, follow-up CT shows considerable growth of the previ-
ously small lesion. Biopsy revealed metastasis of colon cancer

a b
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of focal liver lesions. The parallel use of different di-
agnostic modalities is both costly and inefficient. It 
requires that the different imaging modalities would 
be placed in appropriate positions within their di-
agnostic pathway.

MDCT scan is well established and widely spread, 
and is often the first choice for a screening liver ex-
amination at many institutions. MDCT technique 
has improved small lesion detection by reducing 
respiration-related artifacts. Shortened scan time 
of MDCT enables exact multiphase scanning of the 
chest and abdomen with improved lesion character-
ization, but increases the radiation exposure on the 
other hand. Nearly isotropic voxel data acquisition 
enables comparable three-dimensional reconstruc-
tions, particularly for CT-angiography and demon-
strating lesion location as part of surgical planning. 
Today 3D reconstruction modes are easy and not 
very time consuming to perform. At least MDCT has 
the big advantage for one-stop-shopping, for imag-
ing of the liver and extrahepatic disease (both ab-
dominal and thoracic). This ensures that MDCT will 
keep an important role in staging and screening.

MR imaging is at least as sensitive as CT scan in 
detecting focal liver lesions, and in addition some 
advantages over CT.

MR is more sensitive for detecting hemangiomas 
than CT but even more important it is able to differ-
entiate them reliably from hepatic metastases, either 
by the very high signal on heavily T2-weighted im-
ages or by their characteristic enhancement pattern 
(Nelson et al. 1990; Yoon et al. 2003). With multi-
phasic scanning of MDCT typical pattern of small 
hemangiomas is well appreciated, however, atypi-
cally appearing hemangiomas are still a domain of 
MR.

Another advantage of MR vs CT is the fatty liver, 
which is not uncommon in patient with malignancy 
who have undergone chemotherapy. Focal fatty in-
filtrations can imitate focal lesions in CT and diffuse 
fatty changes severely impair the detection of focal 
lesions (Schertz et al. 1989). T1-weighted opposed 
phase imaging can readily diagnose both focal and 
diffuse changes (Dixon 1984) and helps differenti-
ating focal fat from small neoplasms or metastases. 
Blood breakdown products have a distinctive MR 
appearance allowing differentiation of hematomas 
from more simple fluid collections or necrosis in 
metastases, particularly when chronic. Kinkel et 
al. (2002) performed a meta-analysis on the value of 
US, CT, MR and FDG-PET for the detection of me-
tastases from gastrointestinal tumors. The authors 
found mean weighted sensitivities of 55% for US, 

72% for CT, 76% for MR and 90% for FDG-PET. A 
limitation of this analysis is the fact that, neuroen-
docrine tumors, biliary malignancies and sarcomas 
were not included. Another point is that no CT study 
was performed with MDCT, so this analysis is not 
exactly from the actual point of view. To our knowl-
edge there is no large study available comparing 
MR and MDCT in detection and characterization of 
focal liver lesions. Certainly, MDCT is particularly 
good at detecting extrahepatic tumor deposits and 
describing the 3D relationship of metastases to vas-
cular and other critical structures.

19.9 
Assessment of Surgical Candidates

With expanding indications for liver resection, and 
increasing safety of such therapies in appropriate 
centers, more patients are referred for evaluation 
and treatment of their primary and metastatic liver 
tumors. A total of 3%–10% of all patients with 
colorectal cancer will develop resectable liver metas-
tases (August et al. 1984; Bismuth et al. 1995; Fong 
et al. 1999; Rose et al. 1998). The natural history 
of untreated patients with liver metastases shows a 
5-year survival rate of 0%–3% (Wood et al. 1976). 
If a resection with curative intent is performed, the 
5-year survival rate can be as high as 25%–40% (van 
Ooijen and Wiggers 1992; Bradley et al. 1999; 
Doci et al. 1991; Nordlinger et al. 1996; Scheele et 
al. 1995). The majority of liver metastases are nonre-
sectable because of extrahepatic disease or extensive 
liver involvement. So extensive pre-operative assess-
ment is indicated to exclude metastatic disease at 
other sites to prevent unnecessary laparotomies in 
patients with advanced cancer. To select those pa-
tients for a curative resection of liver metastases, 
a standardized pre-operative evaluation should be 
developed for every potential patient.

The ideal preoperative imaging modality would 
combine high sensitivity and specificity, with a low 
false-positive rate about metastases detection rate 
and characterization. It should provide precise ana-
tomic information of the tumor location in relation 
to the major anatomic structures. In most oncologic 
centers, contrast-enhanced CT and/or MR are the 
mainstay of pre-operative staging in patients with 
liver tumors. However, in the retrospective study of 
Zacherl et al. (2002), contrast-enhanced helical CT 
either showed false-positive and false-negative diag-
nosis in 42% of surgical candidates. They concluded 
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that intraoperative ultrasound is mandatory in sur-
gical candidates for metastasis resection. However, 
state-of-the-art MDCT and MR read by radiologic 
specialists is likely to decrease the number of false-
negative and false-positive diagnoses. MR has 
gained an important role in preoperative evaluation 
of the liver over the past decade. MANN et al. (2001) 
compared MR with mangafodipir with spiral CT in 
preoperative assessment of liver metastases for re-
sectability, and he found MR to be more sensitive 
than contrast-enhanced spiral CT in the preopera-
tive predicting of the resectability of hepatic lesions. 
MR detected significantly more lesions than spiral 
CT (sensitivity 83% vs 61%), but intraoperative ul-
trasound detected additional subcentimeter me-
tastases. However, the extent of metastatic disease 
was under- or overestimated in only 2/20 patients 
by mangafodipir-enhanced MR (Mann et al. 2001). 
Van Etten et al. (2002) found ferumoxide enhanced 
MR technique is safe and at least as accurate as spi-
ral CTAP in preoperative assessment of colorectal 
liver metastases. Up to now no studies comparing 
MR with MDCT has been performed. In our experi-
ence the initial imaging should include a MDCT of 
the abdomen with two or three contrast phases with 
rapid bolus injection. In most circumstances, this 
imaging modality answers the clinical question, ex-
trahepatic tumors or lymph nodes, tumor’s location 
in relation to the major hepatic structures could be 
seen, and no further study is indicated.

MR imaging, enhanced with liver-specific con-
trast agents, is recommended if doubt regarding 
the intrahepatic extent or the etiology of a tumor 
remains.
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20.1 
Introduction

In malignant diseases, diagnostics of the extent of 
the primary tumour and staging of the potential 
spread of disease is of fundamental importance. 
Without this information, a sufficient stage-ad-
equate therapy is not possible. A cost- and thera-
peutically effective diagnostic and staging system 
must allow for the natural history, patterns of typi-
cal spread, and potentially therapeutic options for 
a specific disease. To utilize diagnostic methods, a 
good knowledge of their general efficacy and specific 
value in a particular disease is crucial. However, 
a significant problem in all staging examinations 
is the relatively high incidence of benign findings. 
Therefore, high diagnostic specificity is a major re-
quirement in order to rule out many sorts of benign 
findings that might influence a therapeutic decision 
in the case of misinterpretation.

Beside the lungs and lymphatic system, the liver is 
the most common site of metastatic spread in malig-
nancies. In autopsy studies, the incidence of hepatic 
metastases is up to 100% dependent on the primary 
tumour (i.e. colorectal, oesophageal, gastric carci-
noma). Even if this fact represents the final status of 
a malignancy, about half of all patients dying from 
malignant disease will have apparent hepatic metas-
tases. Nevertheless, the risk of developing hepatic 
metastases varies widely with respect to the primary 
malignancy (Table 20.1).

In the case of exclusive metastatic spread to the 
liver, the extent of the particular tumour manifesta-
tion mainly determines the long-term survival. This 
is especially true since in these cases modern surgi-
cal procedures, and increasingly minimal-invasive 
ablative techniques, can improve patient survival 
significantly (Leen 1999). Therefore, the basic ther-
apeutic decision and further therapeutic planning 
necessitates an exact identification and characteri-
zation of all hepatic lesions and exclusion of an ac-
tive extrahepatic tumour manifestation.

For adequate diagnostic and therapeutic planning, 
a basic knowledge of the biophysiologic mechanisms 
of metastatic spread, efficacy of the various diagnostic 
methods, and reasonable staging strategies according 
to the primary malignancy are mandatory.

Table 20.1. Relative risk to develop hepatic metastases in 
various tumours 

High risk Intermediate risk Low risk

Colonic cancer

Oesophageal cancer

Gastric cancer

Pancreatic cancer

Pulmonary cancer

Neuroendocrine 
tumour 
(i.e. carcinoids)

Hepatocellular and 
cholangiocellular 
cancer

Breast cancer

Skin cancer

Ovarian cancer

Sarcomatous soft 
tissue tumour

Renal cell cancer

Prostatic cancer

Cervical cancer

Testicular cancer

Thyroid cancer

Osseous cancer
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20.2 
Mechanisms of Growth and 
Spread of Metastases

In some tumour entities with direct hematogenous 
drainage to the liver the high incidence of hepatic 
metastases can be explained by the ”filter function” 
of the liver. Due to their size terminal portal venules, 
presinusoidal arterioles, and hepatic sinusoids rep-
resent a ”filter” able to trap clusters of tumour cells. 
This effect probably could further be enhanced by 
organotropic effects related to specific tumour cell 
adhesion molecules (i.e. CD44). Once in place the 
growth of tumour cells might also be stimulated and 
enhanced by hepatic humoral factors (i.e. hepatic 
growth factor) responsible for the normal hepatic 
regeneration and/or angiogenic factors released by 
the tumour itself.

The primary tumour and its local extent, the cel-
lular type and aggressiveness (tumour grading), the 
metastatic target organ, and environmental factors 
(i.e. well vascularized target organ, immuno-bio-
logical factors) determine the delay until potential 
metastases may be detected by their clinical and/or 
imaging manifestation if a diagnosis of primary ma-
lignancy is established. The latent period of meta-
static seeding (occult metastases) where only single 
or clustered cells are present hampers the detection 
of metastases in an early stage of disease.

Malignant tumours originating from the GI 
tract such as colon, rectum, stomach, pancreas, and 
lower oesophagus typically metastasise to the liver 
via the portal vein and lymphatics, while other soft 
tissue tumours such as breast cancer, lung cancer, 
etc. spread via the hematogenous or even a direct 
transperitoneal route such as peritoneal or retro-
peritoneal tumours, and ovarian neoplasms gener-
ating superficial hepatic metastases.

The mechanisms of synchronous metastases are 
understood and are related to an early release of tu-
mour cells with enough time for growth to gain im-
aging and potentially clinical relevance at the time 
of diagnosis. Recurrent or newly developed metas-
tases are a common observation even years after ef-
fective treatment or resection of a primary tumour. 
Nevertheless, the mechanisms responsible for tu-
mour cells becoming dormant but remaining viable 
to ”awake” after an unpredictable period of time is 
not yet clarified (Leen 1999; Finlay and McArdle 
1986; Leveson et al. 1985).

By definition metastases are composed of non-he-
patic tissue resembling the histology of the originat-
ing tumour to various degrees. After embedding in 

the host tissue the developing micrometastases are 
nourished on diffusion from the surrounding normal 
hepatic tissue. At this time, this stage of metastatic 
spread may only be assumed by an increased ratio of 
hepatic arterial blood flow/portal venous blood flow 
(Leen 1999). The further growth of tumour cells is 
dependent on an increased blood supply that is pro-
moted by angiogenic factors released by the tumour 
(Seto et al. 2000). In experimental animal models 
rerouting of the arterial inflow into the tumour via 
portal venules could be demonstrated. The result-
ing increased arterioportal pressure gradient leads 
to an increased arterial/portal flow ratio and might 
finally be responsible for the altered contrast behav-
iour of metastases in contrast enhanced imaging 
studies (Kan et al. 1993).

In general, the detection of metastases (at least 
at a specific size) by imaging methods is based on 
micro- and macrostructural changes that differenti-
ate tumour tissue from normal hepatic tissue. These 
changes incorporate various pathoanatomical and 
physiological variances such as increased water con-
tent of tumour cells, mucinous content, and neovas-
cularization, as well as regressive changes such as 
haemorrhage, necrosis, desmoplastic fibrosis, and 
calcification.

Planning an imaging study must take into ac-
count these tumour specific pathological properties 
in order to tailor a specific study protocol to best 
display the difference between normal and patho-
logical tissue. The use of contrast agent is the single 
most important technique in all imaging modalities 
to intensify this difference, consequently improv-
ing detection and characterisation of focal hepatic 
disease.

20.3 
Imaging Studies

The criteria that can be derived from imaging stud-
ies are size and composition of a lesion and its re-
lationship to adjacent anatomical structures. The 
lesion’s composition can be assessed regarding its 
fluid content (necrosis vs solid parts), degree of vas-
cularization, and in some aspects regarding cellu-
lar components and metabolic processes (i.e. loss of 
Kupffer cells due to replacement by malignant cells, 
increased glucose utilisation of lesion cells displayed 
by 18-FDG-PET). Since in Chaps. 1–3 the technical 
specifications and properties of the different imag-
ing modalities are discussed, and in Chaps. 18–19 



Diagnostic and Staging Work-Up 297

the different imaging findings are extensively ex-
plained, only some specific aspects of lesion di-
agnostics and follow-up according to the imaging 
method used will be discussed briefly below.

20.3.1 
Ultrasound

Modern ultrasound (US), including Doppler-, col-
our-coded sonography and tissue harmonic imag-
ing, is the most commonly used modality world-wide 
in the diagnostic work-up of the liver and abdomen. 
In most guidelines (i.e. British Columbia Medical 
Association, Guidelines and Protocols Advisory 
Committee, 3/2002; German AWMF-guideline reg-
istry Nr. 032/011 Dt. Krebsgesellschaft: Kurzgefasste 
Interdisziplinäre Leitlinien 2002, 3. Auflage 2002) 
for the work-up in malignancies, ultrasound is the 
primarily recommended method (Benson et al. 
2000). Nevertheless, examiner dependency, as well 
as restricted standardisation and sensitivity are the 
limiting factors of this technique despite the techni-
cal directives given by various national ultrasound 
societies (Neumaier et al. 2001). Moreover, due to 
superimposed rips, interpolated bowel loops, and 
obesity, the liver in particular may elude sono-
graphic examination.

Recent studies on the ultrasound staging of 
asymptomatic liver metastases in colorectal can-
cer patients revealed a high diagnostic specificity 
of 96% degraded by an insufficient low specificity 
of 46%, whereas the use of the hepatic perfusion in-
dex could increase the sensitivity by only 10%–15% 
(Glover et al. 2002).

Since US is surpassed by CT and MR even in the 
follow-up of known metastases in terms of diagnos-
tic accuracy, US can only be regarded as suitable for 
approximate rather than exact staging (Hamm 1996; 
Delorme and van Kaick 1996; Benson et al. 2000; 
Neumaier et al. 2001). Whether the clinical appli-
cation of the more advanced US techniques such as 
contrast-enhanced US or late-phase pulse inversion 
harmonic imaging (PIHI) will change this situa-
tion on a broader basis has not yet been determined 
(Hohmann et al. 2003; Yucel et al. 2002).

20.3.2 
Computed Tomography

At present, computed tomography (CT) is the most 
widely used and accepted imaging method for the 

diagnostic work-up of focal hepatic lesions and the 
abdomen. CT produces examiner independent and 
reproducible results and could therefore replace US 
for differentiated assessment of the liver.

Nevertheless, the diagnostic efficacy of CT is 
highly dependent on the technical realisation of 
the scanner (i.e. single vs multi-slice scanner) and 
the processing of a particular examination (i.e. un-
enhanced vs bi-phasic contrast-enhanced study) 
(Kahn 2000; Fenchel et al. 2002; Itoh et al. 2003). 

The bi-phasic contrast-enhanced scan during 
the arterial-dominant (15–25 s post injection) and 
the portal-venous (50–70 s post injection) perfusion 
phase after bolus-like contrast administration is 
widely accepted as standard for the optimised dis-
play of the complex vascularization of the liver and 
potential hepatic lesions. Thin-slice data acquisi-
tion by modern multi-slice scanners allows iso-
tropic multiplanar reformations with equivalent 
representations as known from MR. Moreover, CT-
arterioportography, also in comparison to modern 
MR, became less important not least due to the rela-
tively high rate of false positive findings (Vogl et 
al. 2003).

20.3.3 
Magnetic Resonance

Over the last 15 years magnetic resonance (MR) 
imaging gained increasing significance in all fields 
of diagnostic imaging. The unique feature of MR, 
depicting the proton content of tissue provides a su-
perior contrast resolution to all other imaging mo-
dalities. With special techniques, ever more func-
tional, physiological and physical information can 
be detected and differentiated together with mor-
phological information. This is possible due to new 
hard- (i.e. multi-channel/multi-array technique) 
and software developments (i.e. navigator tech-
niques compensating respiratory motion, parallel 
imaging etc.), which allow for abdominal imaging 
with a spatial resolution comparable to CT but with 
superior contrast resolution.

Based on characteristic signal behaviour a vari-
ety of lesions such as cysts or parenchymal changes 
like haemorrhage can already be diagnosed on un-
enhanced MR. Furthermore, diagnostic efficacy 
improves significantly with the use of MR contrast 
agents (Helmberger and Semelka 2001; Semelka 
and Helmberger 2001). MR contrast agents can 
be divided into non-specific, extracellular (i.e. Gd-
chelates), resembling the contrast behaviour of con-
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trast agents for CT examinations, and tissue-spe-
cific, hepatotropic contrast agents (i.e. RES-specific 
superparamagnetic iron oxide particles, hepatocyte 
specific agents) (Figs. 20.1, 20.2). 

Superparamagnetic iron oxide particles (SPIO, 
Endorem, Guerbet, France; Resovist, Schering, 
Germany) are phagocytized by the Kupffer cells of 
the liver as is known from colloidal tracer substances 
in nuclear medicine studies. Since most malignant 
lesions contain no Kupffer cells, this specific uptake 
of the SPIO particles into normal and to some degree 
into benign focal hepatic lesions provides an greatly 
increased detection and characterisation rate for 
malignant liver lesions.

Via specific transporter mechanisms, Mn-DPDP 
(Teslascan, Amersham Health, UK), Gd-BOPTA 
(MultiHance, Bracco, Italy), and Gd-EOB-DTPA 
(Primovist, Schering, Germany, proposed release in 
2004) are selectively taken into normal functioning 
hepatocytes to varying degrees, whereas an uptake 
into hepatocellular tumours is possible.

Although for this entire range of contrast me-
dia efficacy data from a large number of phase-tri-
als only exist for Gd-chelates and SPIO particles, 
comparative results are available (Helmberger 
and Semelka 2001; Rummeny and Marchal 1997; 
Helmberger et al. 2000; Seneterre et al. 1996; 
Vogl et al. 2003; Ward et al. 2003).

Fig. 20.1. Restaging in a patient with known history of colorectal cancer and rising tumour markers. The lesion in VI segment 
was already known and considered as residual, non-active metastasis after chemotherapy. While on contrast-enhanced CT 
and unenhanced MR only the known lesion could be appreciated, the Gd-chelate enhanced MR revealed the loco-regional 
recurrence (arrowhead)

Fig. 20.2. Hepatocyte-specific contrast agents such as Gd-EOB-DTPA (Primovist, Schering, Germany) may enhance the ef-
ficacy of lesion detection. Immediately after the injection of the contrast agent perfusion phenomena known from ”classic” 
Gd-chelates can be seen such as ring-like enhancement (arrowhead). Delayed imaging, during the uptake and hepatocellular 
storage phase, may reveal additional findings such as a further metastasis. [Note the contrast within the biliary ducts based 
on the biliary elimination of the contrast agent (arrowhead)]
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20.3.4 
Nuclear Medicine Studies

Morphological radiological diagnostics can be com-
plemented by nuclear medicine (NUC) studies such 
as 99mTc-, 123 I-scintigraphy or F18-fluor-deoxy-
glucose positron emission tomography (FDG-PET) 
depicting and (semi-) quantifying a variety of bio-
chemical processes in vivo. For imaging secondary 
malignant tumours of the liver, mainly receptor-
scintigraphy (i.e. octreotide-scintigraphy in metas-
tases of neuroendocrine tumours) and FDG-PET 
are used. For the latter the dramatically increased 
aerobic and anaerobic glycolysis in malignant tu-
mours builds the pathophysiological basis for the 
tracer up-take. In particular, the option of whole 
body staging makes FDG-PET increasingly popular 
(Reske and Kotzerke 2001; Balzer et al. 2003; 
Kinkel et al. 2002).

Nevertheless, the significantly inferior spatial and 
contrast resolution of NUC studies is the reason that 
in general these studies are not primarily clinically 
applied. However, the combination of a CT and a 
PET machine in a single scanner (CT-PET) might be 
sufficient to overcome these restrictions. This is be-
cause the synergistic co-registration of CT and PET 
data allows for a faster and more precise attenuation 
correction, together with a very precise anatomical 
correlation of CT and PET findings (Arulampalam 
et al. 2004; Forster et al. 2003; Osman et al. 2003).

20.4 
Strategies for Staging and Follow-Up

Beside the type of primary lesion and potential route 
of metastatic spread, local expertise, available tech-
nical equipment, workload at imaging devices, as 
well as advances in technology and imaging inter-
pretation, may all influence the strategies in pri-
mary diagnostic work-up and follow-up studies. 

In the case of hepatic metastases the diagnostic 
work-up and follow-up has to incorporate the evalu-
ation of the site of the primary lesion and the po-
tential metastatic sites. In the current environment 
of increased cost-awareness, the total extent of this 
evaluation has to be tailored according to the type of 
metastases of the respective malignancy. Therefore, 
for example, it makes no sense in a patient with a 
glioblastoma to perform hepatic or even whole body 
lesion staging since there is only a miniscule prob-
ability of extracerebral lesion manifestation, and if 

so, the (poor) prognosis will still be determined by 
the primary lesion. 

In this context, it is understandable that the com-
plex situation of a wide variety of potential primary 
tumours, unpredictable sites of metastases, and the 
patient’s individual situation with/without debili-
tation complicates the set-up of guidelines for the 
diagnostic work-up in lesion patients. To make di-
agnostics most efficient, the initial lesion stage at 
presentation, prior imaging studies, potential previ-
ous treatments, the timing of previous treatments, 
and the overall clinical situation of the individual 
patient needs to be incorporated.

20.4.1 
Rationale for Staging and Follow-Up

Study results of the 1980s and early 1990s could not 
prove that imaging made a significant contribution 
to the survival of cancer patients with hepatic me-
tastases. For example, Kjeldsen et al. (1997) evalu-
ated 597 patients after surgery for colorectal cancer 
between 1983 and 1994 with frequent (290) and no 
follow-up (307). After 5 and 10 years there was the 
same recurrence rate of 26% without any difference 
regarding the total and tumour-associated survival 
between the two groups. Wallace et al. (2001) re-
viewed 179 patients undergoing surgery for colorec-
tal metastases between 1993 and 1999. In these 179 
patients 35 CT examinations were performed, with 
only 45% correct staging results. However, the de-
sign of this study was so restricted that no real con-
clusion on the value of CT can be drawn. Probably 
on the basis of such data, the recent guidelines of 
several oncological societies are still not recom-
mending CT, MR, and PET for staging and follow-
up for hepatic metastases. These imaging modalities 
are considered only as ”helpful in patients with a 
pre-existing potentially malignant abnormality”, 
whereas it is not explained in detail how the pre-
existing potentially malignant abnormality should 
be detected.

In contrast, recent literature paints a different 
picture of the value of staging and follow-up studies. 
There is evidence that even in high risk patients fol-
low-up, including clinical examination, CEA, hepatic 
US, X-ray of the thorax, and colonoscopy, leads to 
chemotherapy for metastases at an earlier stage fol-
lowed by improved survival (de Goede et al. 1998). 
Renehan et al. (2002) reviewed five randomised 
studies with a total of 1342 patients who underwent 
an intensified follow-up (CT+CEA analysis) and 
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demonstrated a significant reduction in total mor-
tality, earlier detection of local recurrences and im-
proved total survival; however, they could not clarify 
which follow-up component, CT or CEA, was more 
important. Indirect evidence that earlier detection 
of (potentially smaller) hepatic metastases improves 
survival is supported by the study of Bramhall 
et al. (2003) on 202 patients with colorectal cancer 
metastases where patients with metastases less than 
5 cm in diameter had a significantly prolonged sur-
vival compared to patients with lesions greater than 
5 cm. Similar data were also presented in a smaller 
patient group by Irie et al. (1999).

Therefore, present clinical reality appears to be 
changing and, according to the recent literature, 
clinical practice is obviously often not following 
guidelines. The progress in imaging is paralleled 
by the fact that over the last 10-15 years therapeutic 
options have improved significantly. Thus, a large 
armamentarium for the treatment of hepatic tu-
mours has been developed, including sophisticated 
surgical techniques (i.e. atypical or multi-segmental 
resection), tailored chemotherapies, local ablative 
techniques such as radiofrequency ablation (RFA) 
and laser induced thermotherapy (LITT), transcu-
taneous (stereotactic) radiotherapy and percuta-
neous brachytherapy like after loading techniques 
or selective intraarterial radiotherapy (SIRT) with 
Yttrium-90 micro particles (Meyers et al. 2003). 
Even more aggressive surgical approaches as pre-
sented by Gazelle et al. (2003) and co-workers and 
other groups have resulted in better survival with an 
increased cost-effectiveness emphasising the need 
for a comprehensive pre-operative diagnostic work-
up (Fusai and Davidson 2003a). 

This wide variety of therapeutic options increas-
ingly embedded in multi-disciplinary and modal 
therapeutic concepts necessitates a differentiated 
diagnostic work-up to customise individual thera-
peutic pathways (Fig. 20.3).

20.4.2 
Tasks in Hepatic Diagnostics and Staging, Docu-
mentation of Findings

In general, imaging of the liver for metastases is an 
integral component of a whole body staging process. 
The findings of this staging are usually described 
according to the TNM classification (T, primary tu-
mour; N, regional lymph nodes; M, distant metas-
tasis) by the UICC, whereas the TNM classification 
incorporates only a rough estimate of the metastatic 

presence (i.e. not present; present; undetermined) 
(Sobin 2003a; Sobin 2003b). 

If the absence of extrahepatic tumour manifesta-
tion is established the decision on the further thera-
peutic management (i.e. typical or atypical segmen-
tal resection, local ablative therapy or chemotherapy) 
necessitates organ specific information such as:
1. Exact tumour size and number of tumours
2. Segmental allocation
3. Vascularization and relation to hepatic vascula-

ture
4. Potential vascular invasion
5. Lymph nodes in the hepatic hilum
6. Extent beyond the hepatic capsule

Even if there is no general agreement among vari-
ous surgical centres on the absolute number and 
size of hepatic metastases that might make a patient 
eligible for surgery, this information will contribute 
significantly to the decision as to whether the patient 
is a surgical or non-surgical candidate according to 
the centre-specific guidelines, if an alternative min-
imally invasive treatment such as radiofrequency, 
laser, local radiation beam ablation, or if chemo-
therapy is offered. After tumour removal/destruc-
tion, follow-up has to check for tumour recurrence 
and potential new metastatic spread. Therefore, fol-
low-up studies are in principal not different from 
imaging in primary staging.

If the tumour extent renders a surgical or mini-
mally invasive ablative therapy impracticable, base-
line imaging is of fundamental importance to assess 
the time dependent efficacy of neoadjuvant/adjuvant 

Fig. 20.3. Comprehensive stage dependent staging and fol-
low-up regimen incorporating the extent of the primary tu-
mour and potential metastases
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chemo-, endocrine, or antibody therapy. In compar-
ison to imaging after removal of a tumour, imag-
ing addressing the potential change of a tumour or 
several tumour manifestations is more complex. To 
describe tumour response to a therapy, a standard-
ised report system according to the WHO or RECIST 
criteria should be used (Tables 20.2–20.4).

20.4.3 
Procedures in the Staging of 
Hepatic Metastases

Staging in terms of a diagnostic strategy stands for 
the purposeful and foresighted planning and accom-
plishment of a specific diagnostic task taking into 
account all available clinical information and the 
effectiveness of the available diagnostic tests. With 
respect to the clinical context an abnormal condi-
tion has to be identified, the diagnosis of a benign or 
malignant disease be established, and the decision 
has to be made as to whether a specific treatment is 
necessary and possible. If the primary malignancy 
is resectable, in most cases the patient’s further 
survival is dependent on the presence of potential 
hepatic metastases. Therefore, it is important that 
potential metastases are verified as early as possible 
and characterised precisely (Fusai and Davidson 
2003a; Fusai and Davidson 2003b; Balzer et al. 
2003; Gazelle et al. 2003). 

In general, it seems easier to reveal extensive dis-
ease excluding surgical treatment than to confirm 
limited malignant disease still suitable for resection.

Consequently, every imaging test revealing a 
number, size and/or localisation of hepatic metas-
tases that excludes a potential resection might be 
sufficient. Nevertheless, the imaging test must also 
enable an assessment of response to other treatment 
options during follow-up (Fig. 20.4). 

Since sensitivity and specificity of percutaneous 
ultrasound is inferior in comparison to CT and MR, 
ultrasound for staging is only sufficient if extensive 
tumour spread or newly developed metastases are 
detected but exact characterisation for a surgical 
treatment is not needed.

CT and MR can provide a more comprehensive 
staging of the whole abdomen, including the liver. 
Nevertheless, in non-invasive staging of the liver the 
same dilemma exists between CT and MR in com-
parison to ultrasound because of the superior diag-
nostic efficacy of state-of-the-art contrast-enhanced 
MR over contrast-enhanced CT. Against this back-
ground, the critical scenario is when CT reveals no 
or a limited number of metastases in general suit-
able for resection, while the presence of one or more 
additional metastases would affect the decision be-
tween surgical and non-surgical treatment. In this 
context, the most sensitive methods of evaluation 
might be contrast-enhanced MR and increasingly 
FDG-PET. Therefore, one could think that in future 
(under the changing conditions of disease related 
management, pathways, and increased cost pres-
sure) a combination of an orientating ultrasound 
study and a CT-PET study could be sufficient for 
comprehensive staging (Fig. 20.5).

Nevertheless, it seems astonishing that in most 
current guidelines of professional medical socie-

Table 20.2. Response criteria in target and non-target lesions according to the WHO and RECIST criteria (percentage in 
parentheses)

Response Target lesions Non-target lesions

Complete response 
(CR)

Disappearance of all target lesions Disappearance of all non-target lesions and 
normalisation of tumour marker level

Partial response (PR) At least a 50% (30%) decrease in the sum of the 
longest diameter (LD) of target lesions, taking as 
reference the baseline sum LD

Persistence of one or more non-target 
lesion(s) or/and tumour marker level above 
the normal limits

Progressive disease 
(PD)

At least a 25% (20%) increase in the sum of the 
LD of target lesions, taking as reference the 
smallest sum LD recorded since the treatment 
started or the appearance of one or more new 
lesions

Appearance of one or more new lesions and/
or unequivocal progression of existing non-
target lesions

Stable disease (SD) Neither sufficient shrinkage to qualify for PR nor 
sufficient increase to qualify for PD, taking as 
reference the smallest sum LD since the treatment 
started

No change in appearance of non-target 
lesions and of tumour marker level
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Table 20.3. Comparison of WHO and RECIST (response evaluation criteria in solid tumours) criteria for describing 
tumour response. [Adapted from Gehan and Tefft (2000)]

Characteristics/criteria WHO RECIST

Baseline (before 
any treatment, or 
unknown prior staging)

Measurability of lesions

1. Measurable: bi-dimensional [product of longest 
diameter (LD) and greatest perpendicular diam-
eter]

2. Non-measurable/evaluable (i.e. lymphangitic 
pulmonary metastases, abdominal masses, perito-
neal carcinosis)

1. Measurable: uni-dimensional (longest 
diameter only, size with conventional tech-
niques >20 mm; spiral CT >10 mm)

2. Non-measurable (evaluable is not recom-
mended): all other lesions, including small 
lesions

Objective response 1. Measurable disease (change in sum of products 
of LDs and greatest perpendicular diameters, no 
maximum number of lesions specified)
CR: disappearance of all known disease, confirmed 
at ≥4 weeks
PR: >50% decrease from baseline, confirmed at 
≥4 weeks
PD: >25% increase of one or more lesions, or 
appearance of new lesions
NC: neither PR or PD criteria met

2. Non-measurable disease 
CR: disappearance of all known disease, confirmed 
at ≥4 weeks
PR: estimated decrease of ≥50%, confirmed at 
≥4 weeks
PD: estimated increase of ≥25% in existent lesions 
or appearance of new lesions
NC: neither PR or PD criteria met
Non-PD: persistence of one or more non-target 
lesions and/or tumour markers above normal 
limits

1. Target lesions (change in sum of LDs, 
maximum of five per organ up to ten in total

CR: disappearance of all target lesions, con-
firmed at ≥4 weeks
PR: >30% decrease from baseline, confirmed 
at 4 weeks
PD: >20% increase over smallest sum 
observed, or appearance of new lesions
SD: neither PR or PD criteria met 

2. Non-target lesions 
CR: disappearance of all target lesions and 
normalisation of tumour markers, confirmed 
at ≥4 weeks

PD: unequivocal progression of non-target 
lesions, or appearance of new lesions
Non-PD: persistence of one or more non-
target lesions and/or tumour markers above 
normal limits

Overall response 1. Best response recorded in measurable disease

2. NC in non-measurable lesions will reduce a CR 
in measurable lesions to an overall PR
3. NC in non-measurable lesions will not reduce a 
PR in measurable lesions

1. Best response recorded in measurable 
disease from treatment start to disease pro-
gression or recurrence
2. Non-PD in non-target lesion(s) will reduce 
a CR in target lesion(s) to an overall PR
3. Non-PD in non-target lesion(s) will not 
reduce a PR in target lesion(s)

Duration of response 1. CR
From: date CR criteria first met
To: date PD first noted
2. Overall response
From: date of treatment start
To: date PD first noted

3. In patients who only achieve a PR, only the 
period of overall response should be recorded

1. Overall CR
From: date CR criteria first met
To: date recurrent disease first noted
2. Overall response
From: date CR or PR criteria first met 
(whichever status came first)
To: date recurrent disease or PD first noted
3. SD
From: date of treatment start
To: date PD first noted

Note:
Measurable disease Presence of at least one measurable lesion. In case of a solitary lesion, its neoplastic nature 

should be confirmed by cytology/histology

Measurable lesions Lesions that can be accurately measured in at least one dimension with longest diameter >20 mm 
using conventional techniques (only in lung and bones) or >10 mm with spiral CT scan

Non-measurable lesions All other lesions, including small lesions (longest diameter <20 mm with conventional tech-
niques (only in lung and bones) or <10 mm with spiral CT scan), i.e. bone lesions, leptomenin-
geal disease, ascites, pleural/pericardial effusion, inflammatory breast disease, lymphangitis 
cutis/pulmonis, cystic lesions, and also abdominal masses that are not confirmed and followed 
by imaging techniques
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ties, MR would be considered only an optional diag-
nostic adjunct in the above drafted scenario, while 
PET and contrast-enhanced ultrasound are not even 
mentioned.

20.5 
Conclusion

The wide variety of differentials and the finding-
related, complex therapeutic pathways still make 
diagnostics of focal liver lesions a challenge. An 
optimised, tailored, surgical, interventional, or 
non-surgical therapy necessitates exact staging and 
follow-up. In general, this is possible with current 

cross-sectional imaging techniques. For this pur-
pose, ultrasound due to its ubiquitous availability, 
and CT due to its well accepted diagnostic reliabil-
ity are mostly used. MR with and without tissue-
specific contrast agents allows a further increase in 
diagnostic efficacy, whereas further studies have to 
prove to what extent PET (and more advanced CT-
PET) will influence staging for hepatic metastases 
and, if so, how this will translate in future staging 
and follow-up strategies.

In general, a robust, stratified diagnostic pro-
cedure accounting for diagnostic and economic 
efficacy of the respective diagnostic modality will 
significantly contribute to the efficient therapeutic 
management of patients with malignant hepatic tu-
mours.

Fig. 20.4. Stage and staging-dependent therapeutic pathway 
in hepatic metastases

Fig. 20.5. Work-up for potential local resection of hepatic 
metastases (arrowheads) in a patient with known history 
of colorectal cancer. FDG-PET revealed an extraluminal 
recurrence plus a distant para-aortic lymph node metasta-
sis (arrows), changing the prior planned therapy regimen 
significantly

Table 20.4. Assessment of ”best overall response” (recorded 
from the start of the therapy until progression/recurrence 
of disease incorporating measurable imaging and clinical 
data)

Target 
lesions

Non-target 
lesions

New lesions Overall 
response

CR CR No  → CR

CR Incomplete 
response/SD

No  → PR

PR Non-PD No  → PR

SD Non-PD No  → SD

PD Any Yes or no  → PD

Any PD Yes or no  → PD

Any Any Yes  → PD
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21.1 
Introduction

Image-guided radiofrequency (RF) ablation is a 
minimally invasive procedure that has emerged 
as the most powerful percutaneous technique for 
tumor destruction and is nowadays established as 
the primary ablative modality at most institutions 
(Goldberg 2002; Lencioni et al. 2003; Shibata 
et al. 2002). In fact, recent improvements in RF 
technology have permitted the creation of in vivo 
spherical ablation zones exceeding 5 cm in diam-
eter with a single probe insertion, thus substan-
tially increasing the potential of the technique in 
clinical application (Berber et al. 2004; Lencioni 
et al. 2004a). A thorough understanding of the ba-
sic principles, mechanisms of energy deposition, 
modulation of tissue physiologic characteristics to 
increase tumor destruction, and technical clues in 
clinical application is essential for optimal use of 
RF ablation.

21.2 
Radiofrequency: How it Works

21.2.1 
Basic Principles

The goal of RF ablation is to induce thermal injury 
to the tissue through electromagnetic energy de-
position. The term RF ablation applies to coagula-
tion induced by all electromagnetic energy sources 
with frequencies less than 900 kHz, although most 
devices function in the range of 375–500 kHz. The 
term RF refers not to the emitted wave but rather 
to the alternating electric current that oscillates in 
this frequency range. In monopolar RF ablation, the 
patient is part of a closed-loop circuit that includes 
an RF generator, an electrode needle, and a large dis-
persive electrode (ground pads). An alternating elec-
tric field is created within the tissue of the patient. 
Because of the relatively high electrical resistance 
of tissue in comparison with the metal electrodes, 
there is marked agitation of the ions present in the 
target tissue that surrounds the electrode, since the 
tissue ions attempt to follow the changes in direc-
tion of the alternating electric current. The agitation 
results in frictional heat around the electrode. The 
discrepancy between the small surface area of the 
needle electrode and the large area of the ground 
pads causes the generated heat to be focused and 
concentrated around the needle electrode (Gazelle 
et al. 2000; Rhim et al. 2001).

The thermal damage caused by RF heating is de-
pendent on both the tissue temperature achieved 
and the duration of heating. Heating of tissue at 
50–55°C for 4–6 min produces irreversible cellular 
damage. At temperatures between 60°C and 100°C 
near immediate protein coagulation is induced, 
with irreversible damage to mitochondrial and cy-
tosolic enzymes as well as nucleic acid-histone pro-
tein complexes (Goldberg et al. 2000a). Cells expe-
riencing this extent of thermal damage most often, 
but not always, undergo coagulative necrosis over 
the course of several days. In fact, the zone of co-
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agulation, while predominantly comprising coagu-
lative necrosis, often lacks the classic well-defined 
histologic appearance of coagulative necrosis in the 
acute postablation period or even within some zones 
of adequately ablated tissue for many months after 
ablation. Indeed, in many cases, specialized stains 
are required to confirm that cellular death has been 
achieved after thermal ablation (Goldberg et al. 
2000a).

For this reason and because many tumors un-
dergo central necrosis without ablation therapy, the 
term “coagulation” is preferred over the use of “ne-
crosis” alone, because it denotes that the ablation in-
tervention is actively leading to tumor destruction. 
The more generalized term “coagulation” is pre-
ferred over the term “coagulative necrosis” because 
the latter term has a well-defined meaning in the pa-
thology literature, including the absence of visible 
nuclei within the dead cells (Goldberg et al. 2003).

In a recent study, explanted livers of cirrhotic pa-
tients who had RF ablation of their hepatocellular 
carcinomas were examined. A detailed histopatho-
logic analysis showed that, unlike classic tissue 
necrosis, the treated lesions all showed “thermal 
fixation,” with preserved tissue architecture and 
microscopic cellular detail. The cellular staining 
characteristics faded with time, but the treated tis-
sue became brittle, resisted tissue breakdown, and 
generated a minimal wound healing response. At 
the periphery of the lesion, the fibrous septa of the 
cirrhotic liver and vascular structures appeared to 
demarcate or limit progression of the ablation front. 
A narrow hypocellular fibrous boundary with a fo-
cal “foreign body” giant cell-type reaction devel-
oped around the edge of the ablation zone (Coad et 
al. 2003).

At 110°C, tissue vaporizes and carbonizes. 
These processes usually retard optimal ablation 
due to a resultant decrease in energy transmission 
(Goldberg et al. 1996). For adequate destruction of 
tumor tissue, the entire target volume must be sub-
jected to cytotoxic temperatures. Thus, an essential 
objective of ablative therapy is achievement and 
maintenance of a 50–100°C temperature through-
out the entire target volume for at least 4–6 min. 
However, the relatively slow thermal conduction 
from the electrode surface through the tissues may 
increase the duration of application to 10–30 min. 
On the other hand, the tissue temperature should 
not be increased over these values to avoid carbon-
ization around the tip of the electrode due to exces-
sive heating (Gazelle et al. 2000; Goldberg et al. 
1996; Rhim et al. 2001).

21.2.2 
Mechanisms of Energy Deposition

In the early experiences with RF treatment, a major 
limitation of the technique was the small volume of 
ablation created by conventional monopolar elec-
trodes. These devices were capable of producing 
cylindrical ablation zones not greater than 1.6 cm 
in the short axis (Goldberg et al. 1995). Therefore, 
multiple electrode insertions were necessary to treat 
all but the smallest lesions. Subsequently, several 
strategies for increasing the ablation zone achieved 
with RF treatment have been used.

Heat efficacy is defined as the difference between 
the amount of heat produced and the amount of heat 
lost. Therefore, effective ablation can be achieved by 
optimizing heat production and minimizing heat 
loss within the area to be ablated. The relationship 
between these factors has been characterized as the 
“bio-heat equation.” The “bio-heat” equation gov-
erning RF-induced heat transfer through tissue has 
been previously described by Pennes (1948), with 
this equation simplified to a first approximation by 
Goldberg et al. (2000b) as follows:

Coagulation = 
energy deposited × local tissue interactions – heat lost

Heat production is correlated with the intensity 
and duration of the RF energy deposited. On the 
other hand, heat conduction or diffusion is usually 
explained as a factor of heat loss in regard to the 
electrode tip. Heat is lost mainly through convec-
tion by means of blood circulation (Patterson et 
al. 1998).

Therefore, most investigators devoted their atten-
tion to strategies that increase the energy deposited 
into the tissues and several corporations have man-
ufactured new RF ablation devices based on tech-
nologic advances that increase heating efficacy. To 
accomplish this increase, the RF output of all com-
mercially available generators has been increased to 
150–200 W, which may potentially increase the in-
tensity of the RF current deposited at the tissue.

Major progress was achieved with the introduc-
tion of modified electrode needles, including in-
ternally cooled electrodes and multitined expand-
able electrodes with multiple retractable prongs 
on the tip (Berber et al. 2004; Lencioni et al. 
1998; Lencioni et al. 2001; Lencioni et al. 2004b; 
Solbiati et al. 1997). These techniques enabled a 
substantial and reproducible enlargement of the ab-
lation zone produced with a single needle insertion, 
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and prompted the start of clinical application of RF 
ablation (Fig. 21.1).

Internally cooled electrodes (Radionics, Tyco 
Healthcare Group, Burlington, MA) consist of dual-
lumen electrodes with an exposed active tip of vari-
able length. Internal cooling is obtained by con-
tinuous perfusion with chilled saline and is aimed 
at preventing overheating of tissues nearest to the 
electrode to minimize carbonization and gas forma-
tion around the tip. The tip contains a thermocouple 
for recording the temperature of the adjacent tissue. 
To increase the size of the ablation, the company 
placed three of the cooled electrodes in a parallel 
triangular cluster with a common hub. This device 
produces a significantly larger ablation than does 
a single cooled electrode (Goldberg et al. 1998a). 
Pulsing of RF energy (i.e. alternation of very high 
RF current for several seconds followed by minimal 
RF deposition for a defined period) has also been 
described as a method that allows overall increased 
current deposition (Goldberg et al. 1999).

Multitined expandable electrodes have an ac-
tive surface which can be substantially expanded by 
prongs deployed from the tip. The number of prongs 
and the length of their deployment varies according 
to the device and to the desired volume of ablation. 
The commercially available devices were developed 
to monitor the ablation process so that high-tem-
perature coagulation may occur without exceeding 
a 110°C maximum temperature threshold. One de-
vice (RITA Medical Systems, Mountain View, CA) 
relies on direct temperature measurement. This 
kind of electrode, in fact, is made by an insulated 
outer cannula that houses nine curved electrodes of 
various lengths, which deploy out from the trocar 
tip. Five of the electrodes are hollow and contain 
thermocouples in their tips that are used to measure 
the tissue temperature. Probe-tip temperatures, tis-
sue impedance, and wattage are displayed on the RF 
generator and are graphically recorded by dedicated 
software. Maximum power output of the RF genera-
tor, amount of electrode array deployment from the 
trocar, and duration of the effective time of the abla-
tion (time at target temperature) depend on the de-
sired volume of ablation. In fact, the generator runs 
by an automated program and maintains the target 
temperature throughout the procedure. At the end 
of the procedure, the coagulation of the needle track 
can be done after retraction of the hooks with the 
aim of preventing any tumor cell dissemination 
(Lencioni et al. 2001; Lencioni et al. 2004a).

Another manufacturer (Boston Scientific, Natick, 
MA) produces an RF ablation device that relies on 

Fig. 21.1a–d. Current RF equipment: a RF generator Model 
1500 X, with a maximum output of 200 W and b Model 
90 StarBurst XL multitined expandable electrode with 
nine prongs (RITA Medical Systems, Mountain View, CA). 
c Expandable electrodes for 2.0-4.0-cm ablation Zones 
(Boston Scientific, Natick, MA). d single or cluster internally 
Cool-tip RF electrodes (Radionics, Tyco Healthcare Group, 

b

a

electrical measurement of tissue impedance rather 
than on tissue temperature. The electrode is made 
by an insulated 14-gauge outer needle that houses 
ten retractable curved electrodes. The electrodes are 
manufactured in different lengths. In application, 
the tip of the needle is advanced to the target tissue 
and the curved electrodes are deployed to full ex-
tension. The generator is switched on and energy is 
administered until a rapid rise in impedance occurs. 
The impedance of the tissue increases as the tissue 
desiccates. It is assumed that an ablation is success-
ful if the device impedes out (Rhim et al. 2001).

In addition to the previously described devices, 
several other designs for RF electrodes were recently 
developed and some of them are currently under-
going clinical investigations. These include bipolar 
devices with two active electrode applicators placed 
in proximity to achieve contiguous coagulation and 

d

c
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perfusion electrodes that have small apertures at 
the tip of the prongs that allow fluids (i.e. normal 
or hypertonic saline) to be infused into the tissue 
during the ablation procedure (Fig. 21.2) (Burdio et 
al. 2003; Kettenbach et al. 2003; Miao et al. 2001; 
Mulier et al. 2003).

lesion to be treated. This has led some investiga-
tors to study modifications of the underlying tumor 
characteristics in an attempt to improve RF thermal 
ablation. These modifications can be divided, on 
the basis of the bio-heat equation, as (a) strategies 
that permit an increase in the overall deposition of 
energy through an alteration in tissue electrical con-
ductivity, (b) strategies that improve heat retention 
within the tissue, and (c) strategies that decrease 
the tolerance of tumor tissue to heat (Goldberg et 
al. 2000b).

For a given RF current, power deposition is 
strongly dependent on local electrical conductivity. 
Intratumoral injection of saline solution prior to or 
during the application of RF current alters tissue 
conductivity and thereby allows greater deposition of 
RF current and increased tissue heating and coagu-
lation (Goldberg et al. 2001a; Livraghi et al. 1997). 
Experimental findings demonstrated that ablative 
temperatures can be generated farther from an RF 
electrode by increasing tissue electrical conductiv-
ity with NaCl solution injection. However, because 
both volume and concentration of saline solution 
influence tissue heating and the coagulation diam-
eter in a nonlinear fashion, optimal parameters for 
injection of saline solution must be determined for 
each type of RF apparatus used and for the different 
types of tumors and tissues to be treated. In an ex-
perimental study performed in a controlled system 
of agar phantoms (Lobo et al. 2004), excessive in-
crease of tissue electrical conductivity obtained with 
very high saline concentrations decreased the extent 
of heating. Increased electrical conductivity, in fact, 
has competing effects on RF ablation: it enables in-
creased energy deposition and greater heating, but 
it also increases the energy required to heat a given 
volume of tissue. If this amount of energy cannot be 
delivered, that is, it is beyond the maximum genera-
tor output, then less actual heating, and thus less 
coagulation, is achieved (Lobo et al. 2004). A major 
concern for the clinical application of percutaneous 
injection strategies is the possibility of determining 
a nonuniform alteration of tissue electrical conduc-
tivity because of the difficulty of achieving uniform 
fluid diffusion and distribution. Irregularly shaped 
areas of coagulation have been observed with RF 
performed during simultaneous saline injection 
(Livraghi et al. 1997). Also, saline-enhanced abla-
tion may potentially lead to distortions of the abla-
tion zone shape because of the spread of fluid outside 
the target, along paths of least resistance (Ahmed et 
al. 2002; Boehm et al. 2002). Goldberg et al. (2001a) 
have observed this phenomenon in tissue samples in 

Fig. 21.2. The RITA model 100 (Starburst 
Xli) has five electrodes with infusion sites 
for hypertonic saline at the end. They 
alternate with four metal prongs with 
thermocouples at their tip to monitor the 
tissue temperature. Two subtypes exist to 
create RF lesions of up to 5 cm or 7 cm

21.3 
The Bio-heat Equation: How to Increase Tumor 
Destruction

Despite technologic advances and electrode modi-
fications that have effectively increased RF energy 
deposition and tissue heating, inadequate coagula-
tion can represent a clinical problem in some cir-
cumstances. Specifically, there are multiple and 
often tissue specific limitations which may cause 
heterogeneity of heat deposition throughout a given 
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which large volumes of saline (25 ml) were injected. 
These results suggested that infusion of very small 
volumes of fluid could increase the ablation volume 
without risks of undesired leakage.

Perfusion-mediated tissue cooling reduces the 
extent of coagulation produced by thermal ablation 
(Goldberg et al. 1998b). Modeling of the bio-heat 
equation shows that for a given tissue and power 
deposition, the effects of tissue blood flow predomi-
nate. RF-induced coagulation is also more limited 
and variable in vivo than ex vivo. Coagulation in 
vivo is often shaped by vasculature in the vicinity 
of the ablation. Experiments in which hepatic per-
fusion is altered by mechanical or pharmacologic 
means during RF ablation of normal liver tissue 
and tumors show that blood flow is largely respon-
sible for this reduction in observed coagulation 
(Goldberg et al. 1998c; Rossi et al. 2000). Several 
strategies for reducing blood flow during ablation 
therapy have been proposed. Total portal inflow oc-
clusion (Pringle maneuver) has been used at open 
laparotomy and at laparoscopy. Angiographic bal-
loon occlusion of the hepatic artery can be used but 
proved useful for hypervascularized tumors only 
(Rossi et al. 2000). de Baere et al. (2002) published 
promising results showing that temporary hepatic 
vein or portal branch occlusion during RF ablation 
can facilitate the treatment of large tumors (>3.5 cm 
in maximum diameter) or tumors in contact with 
the walls of large vessels. However, RF ablation per-
formed during vascular occlusion can increase the 
risks associated with the treatment. In one study, 
portal vein thrombosis was significantly more fre-
quent after RF ablation performed during a Pringle 
maneuver in patients with liver cirrhosis (de Baere 
et al. 2003). Pharmacologic modulation of blood 
flow and antiangiogenesis therapy are theoretically 
possible but should currently be considered experi-
mental (Goldberg et al. 1998c).

As far as decreasing tissue resistance to heat, based 
upon the well-documented relationship between the 
effects of some chemotherapeutic agents and hyper-
thermia, recent studies began to explore the poten-
tiation of effects that can be achieved with a combi-
nation of chemotherapy and RF ablation (Goldberg 
et al. 2001b; Goldberg et al. 2002). These advances 
have already raised substantial clinical interest be-
cause preliminary results from a randomized study 
using combined RF/liposomal doxorubicin therapy 
in patients with primary and secondary liver tumors 
demonstrated significant increases in tumor necro-
sis compared with RF ablation alone (Goldberg et 
al. 2002). Ahmed et al. (2003) provided insight into 

the factors that can potentially improve the outcome 
of this combination therapy. Validation in tumor 
models of larger size and different histological types 
will be a necessary next step to confirm the utility 
of this combination therapy before its adoption in a 
wider clinical setting. Further research exploring all 
of the factors that influence intratumoral liposome 
delivery, including liposome size, charge, circula-
tion time, and composition, is ongoing. Other com-
bination therapies, such as combined treatment of 
RF ablation and acid acetic injection, are currently 
under investigation (Lee et al. 2004).

21.4 
Technical Clues for Clinical Application

21.4.1 
Imaging

Imaging is used in five separate and distinct ways 
in RF ablation: planning, targeting, monitoring, 
controlling, and assessing treatment response 
(Goldberg et al. 2003). Imaging techniques, includ-
ing ultrasound (US), CT, MR imaging, and more 
recently positron emission tomography (PET), are 
used to help determine whether patients are suitable 
candidates for RF ablation. Pre-treatment imaging 
planning must define tumor size and shape, num-
ber, and location within the liver relative to blood 
and biliary vessels, as well as critical structures (i.e. 
gallbladder, gastrointestinal tract) that might be at 
risk for injury during the ablation (Goldberg et al. 
2003). Targeting refers to the placement of the RF 
electrode into the tumor, which can be achieved by 
using US, CT, or MR imaging. The guidance system 
is chosen largely on the basis of operator preference 
and local availability of dedicated equipment such 
as CT fluoroscopy or open MR systems. Monitoring 
is the term used to describe the process with which 
ablation effects are viewed during the procedure. 
Important aspects to be monitored include how well 
the tumor is being covered and whether any adjacent 
normal structures are being affected at the same 
time (Goldberg et al. 2003). While the transient 
hyperechoic zone that is seen on US within and sur-
rounding a tumor during and immediately after RF 
ablation can be used as a rough guide to the extent 
of tumor destruction, MR is currently the only imag-
ing modality with validated techniques for real-time 
temperature monitoring (Quesson et al. 2000). The 
term “controlling” is used to describe the intrapro-
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cedural tools and techniques that are used to control 
the treatment. To control an image-guided ablation 
procedure, the operator can utilize the image-based 
information obtained during monitoring or auto-
mated systems that terminates the ablation at a criti-
cal point in the procedure (Goldberg et al. 2003). 
Finally, imaging is used to assess the outcome of the 
procedure. Contrast-enhanced US performed after 
the end of the procedure may allow an initial evalua-
tion of treatment effects. Contrast-enhanced CT and 
MR imaging are recognized as the standard modali-
ties to assess treatment outcome, although promis-
ing initial results have been reported by using PET 
after RF ablation of liver metastases (Donckier et 
al. 2003). CT and MR images obtained after treat-
ment show successful ablation as a non-enhancing 
area surrounded by an enhancing rim. The enhanc-
ing rim appears a relatively concentric, symmetric, 
and uniform process in an area with smooth inner 
margins. This is a transient finding that represents 
a benign physiologic response to thermal injury 
(initially, reactive hyperemia; subsequently, fibro-
sis and giant cell reaction) (Goldberg et al. 2000a). 
Benign periablational enhancement needs to be dif-
ferentiated from irregular peripheral enhancement 
due to residual tumor that occurs at the treatment 
margin. In contrast to benign periablational en-
hancement, residual unablated tumor often grows in 
scattered, nodular, or eccentric patterns (Goldberg 
et al. 2003). Later follow-up imaging studies should 
be aimed at detecting the recurrence of the treated 
lesion (i.e. local tumor progression), the develop-
ment of new hepatic lesions, or the emergence of 
extrahepatic metastases.

21.4.2 
Anesthesiology Care

Patient candidates to RF ablation can have a me-
dium-to-high anesthesiology risk. Most of them, in 
fact, have been rejected for surgery for associated 
diseases involving the cardiovascular system. There 
is no consensus on the best anesthesiology care for 
RF ablation. Local anesthesia does not produce ad-
equate pain relief. Some centers use general anesthe-
sia and endotracheal intubation. Others, including 
our own, prefer to perform liver RF under conscious 
sedation. The association of an hypnotic drug with 
an ultrashort half-life analgesic drug allows a mild 
sedation of the patient, who can cooperate with the 
operator and bear the pain induced by treatment. One 
possible protocol consists of administering a bolus 

of ketorolac (0.5-0.8 mg/kg) followed by infusion of 
propofol (1-2 mg/kg/h) and remifentanil (0.1 µg/kg/
min). However, drug posology has to be modulated 
in relation to the individual patient compliance and 
to the different phases of the procedure. The infusion 
of the hypnotic drug can be varied between 0.5 and 
2 mg/kg/h to achieve a patient sedation that preserves 
the ability to do easy actions. The infusion of remifen-
tanil can be varied between 0.05 and 0.15 µg/kg/min 
to obtain an optimal analgesia. Attention has to given 
to avoiding bolus administration of remifentanil, as 
this may cause respiratory depression. The procedure 
is performed under standard cardiac, pressure, and 
oxygen monitoring. A careful post-treatment proto-
col is to be recommended following RF ablation. The 
patient is kept under close medical observation and 
re-scanned with US 1–2 h after treatment to detect any 
bleeding. An overnight hospital stay is scheduled. In 
most of the cases, patients may be discharged the day 
after the procedure.

21.4.3 
Ablation Protocols

An important factor that affects the success of RF 
ablation is the ability to ablate all viable tumor tis-
sue and an adequate tumor-free margin. The most 
important difference between surgical resection and 
RF ablation of hepatic tumors is the surgeon’s in-
sistence on a 1-cm-wide tumor-free zone along the 
resection margin. To achieve rates of local tumor 
recurrence with RF ablation that are comparable to 
those obtained with hepatic resection, physicians 
should produce a 360°, 1-cm-thick tumor-free mar-
gin around each tumor (Cady et al. 1998). This cuff 
is necessary to ensure that all microscopic inva-
sions around the periphery of a tumor have been 
eradicated. Thus, the target diameter of an ablation 
must be ideally 2 cm larger than the diameter of the 
tumor that undergoes treatment (Fig. 21.3) (Dodd 
et al. 2000; Patterson et al. 1998). Eradication of a 
tumor can therefore be achieved with a single abla-
tion if the diameter of the tumor is 2 cm less than the 
diameter of tissue ablated. Currently, the maximum 
diameter of the in vivo ablation sphere produced 
by RF is 5.5–5.6 cm (Berber et al. 2004). Therefore 
the tumor to be treated should not exceed 3.5 cm 
in longest axis to obtain a safety margin of 1 cm all 
around the lesion.

Despite technological advances and all the efforts 
made to obtain larger zones of ablation, moderate 
to high rates of local tumor recurrence have been 
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reported, especially in larger tumors (Livraghi et 
al. 2000; Solbiati et al. 1997). A possible reason 
for failures in the treatment of large tumors is the 
inability to determine the optimal number of abla-
tions and the exact location of electrode placement 
needed to completely destroy tumors larger than 
the size of a single ablation zone. Thus, appropri-
ate protocols to determine the correct number of RF 
ablations have been devised (Chen et al. 2004; Dodd 
et al. 2000). In one model, developed for treatment 
of tumors larger than 3.5 cm in diameter, the regu-
lar prism and the regular polyhedron were used to 
generate mathematical models for determining the 
correct preoperative protocol. Number of ablations 
ranged from 4 to 12 for spherical tumors with diam-
eters respectively of 4.0–4.3 cm and 5.7–6.5 cm. In 
some cases, however, fewer electrodes were placed 
than were calculated mathematically because of the 
particular characteristics of the tumors (Chen et 
al. 2004). In this study, local recurrence rate did not 
exceed 24% in a series of 121 tumors with a mean 
diameter of 4.7±0.9 cm (range 3.6–7.0 cm) (Chen et 
al. 2004).

In addition to size, tumor location is one of the 
important factors that influence the likely outcome 
of therapy. Treatment of lesions adjacent to the gall-
bladder or to the hepatic hilum is at risk of thermal 
injury of the biliary tract. Nevertheless, in experi-
enced hands, RF ablation of tumors adjacent to the 
gallbladder was shown to be feasible although asso-
ciated in most cases with self-limited iatrogenic cho-
lecystitis (Chopra et al. 2003). In contrast, treatment 
of lesions located in the vicinity of hepatic vessels is 
possible, since flowing blood usually “refrigerates” 
the vascular wall, protecting it from thermal injury: 
in these cases, however, the risk of incomplete ab-
lation of the neoplastic tissue adjacent to the vessel 
may increase because of the heat loss caused by the 
vessel itself. Lesions located along the surface of the 
liver can be considered for RF ablation, although 
their treatment requires experienced hands and 
may be associated with a higher risk of complica-
tions. Percutaneous treatment of superficial lesions 
that are adjacent to any part of the gastrointestinal 
tract must be avoided because of the risk of thermal 
injury of the gastric or bowel wall (Buscarini and 

Fig. 21.3a–d. Schematic model of an RF ablation protocol. a,b A 360°, 1-cm-thick tumor-free margin around 
each tumor must be achieved for successful ablation. Thus, the target diameter (D*) of an ablation must 
be ideally 2 cm larger than the diameter (D) of the tumor that undergoes treatment. c,d The multitined 
electrode needle is placed in the tumor and deployed gradually to encompass the tumor itself and 1 cm 
of tissue all around it

a

b

c d



314 R. Lencioni et al.

Buscarini 2004; Livraghi et al. 2003). The co-
lon appears to be at greater risk than the stomach 
or small bowel for thermally mediated perforation 
(Rhim et al. 2004). Gastric complications are rare, 
likely owing to the relatively greater wall thickness 
of the stomach or the rarity of surgical adhesions 
along the gastrohepatic ligament. The mobility of the 
small bowel may also provide the bowel with greater 
protection compared with the relatively fixed colon. 
The potential risk of thermal damage to adjacent 
structures should be weighed against benefits on a 
case-by-case basis. A laparoscopy approach can also 
be considered in such instances, as the bowel may be 
lifted away from the tumor (Rhim et al. 2004).
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22.1 
Introduction

Radio-frequency ablation (RFA) is now widely prac-
tised with thousands of treatments being performed 
in hundreds of centres annually. Ablation efficacy 
is improved by accurate on line monitoring. The 
production of necrosis is dependant on multiple dif-
ferent factors, some technical, some physiological. 
Therefore necrosis is not predictable and monitor-
ing is very important. This chapter will apprise you 
of the different CT and MR techniques currently 
used to guide and monitor ablation, the appearances 
of successful and unsuccessful ablation on follow-up 
and describe some new developments which have 
not yet reached clinical practice.

22.2 
Image Guidance

22.2.1 
Lesion Visualisation

Any guidance technique requires the accurate de-
piction of the lesion to be targeted and of the de-
vice to be deployed. Wherever possible ultrasound 
(US) guidance is preferred as the quickest, easiest, 
real-time, interactive technique. However, not all 
patients are good US subjects particularly the obese 
and even in patients who are good subjects not all 
tumours are US visible. Approximately 10%–15% of 
colorectal metastases are occult on trans-abdominal 
US. In part this is anatomical, i.e. the dome of the 
liver is often obscured by overlying lung, a prob-
lem that is exacerbated in the sedated patient when 
the liver moves up into the chest. Ribs may obscure 
superficial lesions. Hepato-steatosis can make US 
assessment difficult yet: it is common to be referred 
patients who have already received chemotherapy, 
a proportion of whom will have developed a fatty 
liver. Computed tomography (CT) and magnetic res-
onance (MR) visualisation of colorectal metastases 
have already been dealt with in detail elsewhere in 
this volume. Both are superior to US. 

22.2.2 
Device Compatibility: CT

Needle compatibility and visualisation are both 
easy on CT. Volumetric acquisitions and multi-pla-
nar reformats aid appreciation of the needle po-
sition relative to the whole tumour volume in 3D 
(Antoch et al. 2002). This is particularly valuable 
for steep oblique, long trajectory needle placement 
(Fig. 22.1). CT will also show each of the multiple 
tines/prongs of the expandable electrodes, which 
can be difficult on US, i.e. there have been reports 
of a tine being advanced inadvertently into small 
bowel and this misplacement was not appreciated 



318 A.R. Gilliams

Fig. 22.1a–i. Female patient with three colorectal me-
tastases. Two tumours had been treated at a previous 
session 1 month earlier. a Axial contrast enhanced 
CT showing the active colorectal metastasis with rim 
enhancement (black arrow) lying anteromedial to an 
ablated metastasis. b Coronal reformat of the same tu-
mour (black arrow). The dashed arrow indicates one of 
the previously ablated metastases. c Sagittal reformat 
shows the metastasis (black arrow) anteriorly with the 
two old ablation zones posteriorly. d Sagittal reformat 
of the electrode positioned posterior to the untreated 
tumour. e Sagittal reformat shows the electrode in the 
region of the untreated tumour. f Coronal reformat of 
the same. g Coronal reformat from CT scans performed 
during the treatment, after the ablation is thought to 
be complete but whilst the patient is still under general 
anaesthesia so that further ablation can be performed 
if necessary. This scan shows a large area of necrosis 
with no residual tumour. Note gas bubbles in the ab-
lated zone. A total of 5% dextrose has been instilled 
around the liver to protect lung and diaphragm (ar-
row). h Sagittal reformat of (g). The electrode can be 
seen pulled back out of the liver to avoid artefact across 
the ablation zone. i Sagittal reformat from CT scans ob-
tained 1 day post ablation showing complete ablation
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on US. CT fluoroscopy facilitates needle insertion 
and positioning. Technological refinements include 
the introduction of a flexible shaft electrode (RITA 
Medical Systems) to overcome the problem of scan-
ning long electrodes within a narrow gantry and the 
introduction of large (<83 cm) gantry interventional 
CT scanners (Siemens, Erlangen, Germany).

22.2.3 
Device Compatibility: MR

Laser fibres and applicators are MR compatible 
whereas in the early days of RF ablation, the elec-
trodes were not MR compatible and were read-
ily deflected within even low field systems. The 
first MR compatible RF device was a straight, sa-
line perfusion electrode produced by Berchtold, 
(Tuttlingen, Germany); latterly other RF manufac-
turers (Valleylab, Boulder, Colorado, USA and RITA 
Medical Systems, California, USA) have produced 
MR compatible electrodes (Fig. 22.2) (Huppert et 
al. 2000; Kelekis et al. 2003; Kettenbach et al. 
2003). These electrodes are less sharp and more flex-
ible than their CT equivalent. 

Electronic noise produced by generators inter-
feres with the MR image acquisition and can signifi-
cantly degrade image quality. Simultaneous RF abla-
tion and image acquisition is not possible. Different 
methods of noise reduction have been explored but 
the easiest technique has been a simple switching 
circuit that permits alternating MR acquisition and 
ablation (Oshiro et al. 2002; Zhang et al. 1998).

The open configuration of interventional MR 
scanners, required to allow access to the patient, 
are only feasible at low field strengths i.e. 0.2 or 0.5 
T (Fig. 22.3). Plans to develop higher field strength 
(1.0 T) open MR systems have not yet been realised. 
As with all MR systems there is a trade-off between 
time, contrast and spatial resolution. Achieving all 
three, as required in intervention, has been difficult 
at low field strengths. For needle/electrode visuali-
sation the optimal situation is a small but accurate 
magnetic susceptibility artefact. The artefact will 
depend on the material used, the relationship of the 
needle to the main magnetic field, the relationship of 
the needle to the phase-encoding direction and the 
MR sequence. The operator can manipulate the vari-
ous parameters to get more or less artefact, i.e. more 
artefacts may be better for needle visualisation dur-
ing insertion but fewer artefacts is preferred during 
temperature monitoring. Needle artefact is reduced 

when the needle is parallel to the main magnetic field, 
i.e. a needle inserted vertically for treatment of a left 
lobe liver lesion will be harder to see in the C shaped 
open system where the main magnetic field is ver-
tical. An oblique needle insertion may be better in 
this situation. Apparent needle width will be thinner 
and the tip more accurately localised if the needle is 
inserted parallel to the phase encoding direction, i.e. 
perpendicular to the read out direction (Hwang et 
al. 1999). For needle visualisation T2-weighted fast 
spin echo (FSE) sequences are preferable to steady 
state precession sequences (FISP or PSIF) (Aschoff 
et al. 2001). Alternatively T1-weighted gradient echo 
sequences are often adequate for needle insertion. 

Fig. 22.3. Clinical set up in the interventional MR suite 
– open 0.2-T MR (Siemens, Erlangen, Germany)

Fig. 22.2. Sagittal localising scan showing a single 17-G 
MR compatible Cool Tip RF electrode (Valleylab, Boulder, 
Colorado, USA) inserted into the left lobe of the liver. The 
electrode is seen as a thin low signal intensity line (black 
arrow). The tip lies in the proximal part of the metastasis 
(white arrow)
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Some MR systems provide real-time interactive 
multi-planar imaging during needle insertion and 
3D navigator tools have been developed to facilitate 
this. Images refresh every 5–7 s permitting a stut-
tering needle advance. Liver specific contrast agents 
are useful to improve the poor inherent tissue con-
trast of low field systems. A T1 shortening agent that 
will increase normal liver signal is preferable. The 
loss of signal in normal liver parenchyma produced 
by super paramagnetic iron oxide particle contrast 
agents may make needle depiction harder.

22.3 
Imaging Monitoring

The final volume of necrosis is the result of a delicate 
interplay of multiple independent variables i.e. elec-
trode shape at deployment, current density, current 
pathways, applied power, tumour type and location, 
tissue perfusion which in turn varies with cardiac 
output and more. The main cause for ”failure” is in-
complete or inadequate ablation. Treatment without 
monitoring is likely to result in incomplete ablation 
in all but the smallest lesions i.e. <1 cm. Much effort 
has gone into improving monitoring. Ideally abla-
tion monitoring would provide immediate feedback 
in 3D of the volume of tissue successfully treated. 
Monitoring can be divided into two types those that 
monitor temperature and extrapolate the volume of 
successful ablation and those that look at changes 
in tissue T1, T2 or contrast enhancement on either 
CT or MR.

22.4 
Temperature Measurement

The induction of necrosis is both time and tem-
perature dependent i.e. cell death requires a longer 
period of modestly elevated temperature but oc-
curs within 1 min at temperatures over 80oC. Spot 
temperature measurements can be gathered from 
thermo-sensors at the tip of the electrodes either 
during treatment, at the end of treatment or after a 
cool-down period. Recent innovations include the 
incorporation of a thermo-sensor that is deployed 
perpendicular to the electrode shaft and can be re-
petitively deployed in different areas as required. 
US have been used to measure temperature but most 
clinical research has centred on MR monitoring 

(Varghese et al. 2002). There are several differ-
ent methods available including diffusion imaging, 
proton frequency shift (also termed proton reso-
nance frequency), changes in T1 and spectroscopy. 
Diffusion requires a stationary area of interest and 
therefore has no utility in liver ablation. 

22.5 
Proton Frequency Shift

It has been experimentally determined that tem-
perature causes the proton frequency to shift by 0.01 
ppm/oC in water. Based on this, temperature maps 
can be created by observing the phase difference 
produced by the temperature induced frequency 
shift in gradient-echo sequences. Proton frequency 
shift (PFS) shows good temperature sensitivity, and 
importantly both linearity and near independence 
of tissue type. PFS is both field strength and TE 
dependent, therefore it is said to be the preferred 
technique at higher field strengths i.e. ≥1 T. Working 
at 0.5 T the temperature uncertainty has been esti-
mated to be ±2.7oC ex vivo and ±4.3oC in animal 
experiments (Botnar et al. 2001). Echo shifted gra-
dient echo sequences have successfully been imple-
mented ex-vivo at 0.2 T (Chung et al. 1999). 

22.6 
T1 Thermometry

Changes in T1 in response to temperature are more 
complex. Exchange processes between mobile bulk 
water and relatively immobilised water in membranes 
is thought to play an important role. T1 changes are 
linear within a small temperature range (45 –65oC) 
but both T1 and the temperature-induced changes 
vary between tissues. Increasing temperature causes 
a progressive loss of signal on T1-weighted images. 
This loss of signal reflects both a permanent and a 
transient change in tissue. During ablation vapori-
sation of tissue water results in gas bubbles, readily 
depicted on US and CT (Fig. 22.1). Gas will alter 
T1 signal, as will small amounts of haemorrhage, 
dehydration, charring and protein denaturation, all 
of which occur during ablation.

Changes in T1 are easier to visualise and are more 
readily implemented at low field strength compared 
to PFS. Other groups have used changes in T1-
weighted at high field (1.5 T) (Vogl et al. 1995). Two 
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2D flash sequences were used with image subtrac-
tion from baseline and updates at 30-s intervals. 
The information provided was used to direct the 
length of treatment and was then supplemented by 
contrast enhanced imaging at the end of the abla-
tion. Precision in vivo is of the order of 3oC in 13 s 
for a voxel 1.5×1.5×7 mm at 1.5 T (Germain et al. 
2001). As high field systems have limited patient ac-
cess, needle placement was performed in CT prior 
to transfer to the MR unit. Comparisons of the vol-
ume of low signal intensity on T1 with histopathol-
ogy show that the maximum distribution of reduced 
signal on T1 during treatment tends to overestimate 
the area of necrosis but that the distribution of T1 
signal after cool down is more accurate (Bremer et 
al. 2002). Nevertheless loss of signal on T1 during 
treatment can be used as an approximate guide to 
ablation.

Both proton-frequency shift (PFS) MR and T1-
weighted changes require a subtraction technique 
that in turn requires accurate image registration 
without tissue deformation. This is hard to achieve 
in the liver ablation patient. One attempt at co-reg-
istration showed a 13% increase in error between the 
top and bottom of the liver due to liver motion, ro-
tation and deformation in different phases of respi-
ration (Wilson et al. 1998). An attempt to estimate 
the impact of respiration showed that PFS had an ac-
curacy of ±3.5oC in ex vivo models with simulated 
respiration (Heisterkamp et al. 1999). There have 
been few comparisons of T1 temperature sensitivity 
and PFS but one comparison in porcine paraverte-
bral muscle and liver at 0.5 T showed PFS to be su-
perior. PFS depicted 9/12 liver lesions as compared 
to T1, which only showed 3/12 (Steiner et al. 1998). 

22.7 
Parenchymal Changes at MR

Ablated tumour is seen as low signal on T2, re-
sidual tumour is high signal and vice versa on T1 

(Fig. 22.4a, b). There have been a number of papers 
that have compared different MR sequences with 
histopathology in animal experiments, mostly in 
normal tissue. Within the actual ablated region 
two zones can be identified, a dominant, central 
zone and a thin, peripheral penumbra. On T2-
weighted sequences the central zone is of low sig-
nal and the penumbra of high signal, the reverse is 
true on T1 weighted images. Pathological correla-
tion shows that the area of ablation encompasses 
the central zone and some but not the entire 
peripheral zone. Therefore measurement of the 
central zone will underestimate and measurement 
of the whole zone will overestimate. The degree 
of error is small, i.e. the mean overestimate was 
1.17 mm and the mean underestimate was 0.85 
mm in one paper and in another the overestimate 
was not more than 2 mm with a correlation co-ef-
ficient of 0.9 (Breen et al. 2003). The development 
of low signal intensity within the ablated zone on 
STIR imaging can be monitored during ablation 
(Fig. 22.4c-f).

We have compared STIR and T1-weighted im-
ages obtained at low field 18 h post-ablation with 
contrast enhanced CT in 14 tumours in 11 patients 
(Gillams et al. 2001). The rationale is that con-
trast enhanced CT has been verified with patho-
logical specimens and shown to have 1–2 mm 
accuracy. In addition the opportunity to obtain 
histological data in a patient population is not 
common. Our results were similar, namely that 
the actual cell death zone lay beyond the central 
MR zone but was slightly less than the diameter 
of both zones (Fig. 22.5). The differences between 
CT and MR were small (Table 22.1). For all work at 
low field there is a constant pressure to chose be-
tween spatial, temporal and contrast resolution. 
One solution to this problem is to prolong the im-
age acquisition times up to 2 min. This requires 
a period of hyperventilation followed by suspen-
sion of respiration in the anaesthetised, paralysed 
and ventilated patient.

Table 22.1 Mean differences between low-field (0.2 T) open MR sequences and contrast enhanced CT

  STIR (whole 
lesion)

STIR (central low 
signal only)

T1 (whole lesion) T1 (central high 
signal only)

Maximum diameter 
(cm)

-0.3 
(p=0.13)

1.0 
(p=0.00)

–0.1 0.76
(p=0.052)

Cross-sectional area 
(cm2)

-2.6
(p=0.15)

10
(p=0.001)

–0.9 9.4
(p=0.031)
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Fig. 22.4. a Axial T1-weighted image showing the ablation zone has high signal intensity posteriorly (arrow) and active 
residual tumour as low signal intensity anteriorly (dashed arrow). b Same level axial STIR image shows the ablation zone 
as low signal intensity (black arrow) and the residual tumour as high signal (white arrow). Sequential axial STIR images 
at 0.2 T performed during treatment in another patient. c High signal intensity colorectal metastasis in V segment (black 
arrow). The high signal intensity over the surface of the liver and in the chest wall is local anaesthetic. d The low intensity 
line (black arrow) represents the MR needle carrying the bare tip laser fibre. There is mild loss of signal around the needle 
tip (white arrow) consistent with heating. e-f Progressive loss of signal develops centrally during treatment (black arrows). 
There is also increased signal around the heated zone presumably oedema. The signal void lying anteriorly (white arrow) 
within the ablation zone may be gas

a b

c d

e f
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22.8 
Parenchymal Changes at CT

Areas of necrosis are seen as absent contrast en-
hancement. This has been verified post ablation 
by comparing imaging with pathological speci-
mens obtained at resection (Goldberg et al. 2000; 
Scudamore et al. 1999). During ablation interpreta-
tion of the CT image is complicated by focal gas, mild 
hyperattenuation in the ablation zone from small 
amounts of haemorrhage and hyperperfusion injury 
superimposed on focal ablated tumours, ablation 
tracts and potentially residual tumour (Figs. 22.1, 
22.6) (Limanond et al. 2003). Nevertheless contrast 
enhanced CT scans performed during the ablation, 
whilst the patient is still under anaesthesia, provide 
useful information as to the completeness of treat-
ment. Multi-planar reformats are invaluable in as-
sessing the whole tumour volume in 3D (Fig. 22.1). 
If residual tumour is seen or an inadequate margin 
identified then it is possible to perform further ab-
lation during the same treatment session. This im-
proves complete ablation rates, reduces the number 
of hospital visits and overall is more economic.

Ideally the tumour and the ablation zone would be 
co-registered so that complete ablation and the rela-
tionship of the margin of the ablation zone to the tu-

mour could be appreciated in 3D. In CT the number 
of scans performed during a treatment is limited by 
total contrast dosage and by reduced tissue contrast 
on later scans due to the persistence of i.v. contrast 
in normal parenchyma from earlier injections. As 
gadolinium behaves like iodine, the same technique 

Fig. 22.6. Contrast enhanced CT scans performed during 
ablation. A triple electrode lies within the area of ablation 
surrounded by an area of hyper-perfusion

Fig. 22.5a–c. Correlation between contrast enhanced CT and 
low field MR imaging 24 h post ablation. a Contrast enhanced 
CT during the portal venous phase shows three overlapping 
spheres of necrosis. b Axial T1-weighted image shows two 
zones of signal intensity: a central high signal area (black 
arrow) and a thin rim of low signal (white arrow). c Axial 
STIR image at the same level showing a smaller central zone 
of low signal (white arrow) and a rim of high signal intensity 
(black arrow). Measurement analysis shows that at 24 h the 
T1-weighted image correlates best with the CT scan

a
b

c
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can be applied at high field MR (Vogl et al. 1995). 
It has not been possible to achieve the necessary 
temporal and spatial resolution to perform dynamic 
gadolinium enhanced imaging at low field. 

22.9  
Parenchymal Changes at US

A transient hyperechoic zone is seen at US within 
and surrounding a tumor during and immediately 
after ablation. However, this finding can be used 
only as a rough guide to the extent of tumor destruc-
tion. Contrast-enhanced US performed after the end 
of the procedure may allow an initial evaluation of 
treatment effect. Residual viable tumor can be easily 
identified in hypervascular lesions, such as hepa-
tocellular carcinoma (HCC), as it stands out in the 
arterial phase against the unenhanced ablated area. 
However, interpretation of contrast-enhanced US 
findings is more difficult in hypovascular lesions. 

22.10 
New Developments

Gadolinium encapsulated liposomes are under de-
velopment (Fossheim et al. 2000). The idea is to 
develop liposomes that undergo gel to liquid phase 
transition at a particular temperature i.e. they would 
behave as an on-off messenger, switched on when a 
particular temperature has been reached. Different 
liposomes would be sensitive to different tempera-
tures so a specific liposome would be specific to 
an application either ablation or hyperthermia. 
Other contrast agents in development are necrosis 
avid agents (Ni et al. 2002). These are injected i.v. 
and taken up within areas of necrosis over a period 
of several hours and then persist for a few days. 
Correlation with histopathology shows that these 
agents can provide same day assessment but not 
same-session of treatment efficacy.

Fig. 22.7a–c. Successful ablation. a CT scans of a solitary me-
tastasis immediately prior to treatment. b CT scans 1 day 
post treatment showing complete ablation with a margin of 
normal liver. c CT scans 2 years later showing that the ab-
lation is slowly reducing in size with no evidence of active 
tumour

cc
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22.11 
Post-ablation Appearances and Follow-Up at 
Contrast Enhanced CT

Immediately after ablation it is common to see a hy-
per-attenuating area around the ablation (Fig. 22.6). 
This is caused by a several factors including an in-
crease in hepatic arterial perfusion as a response to 
ischaemic injury. This increase has been quantified 
using CT in a group of 32 patients who underwent 
laser ablation (Gillams and Lees 1999). There was 
a mean 3.3-fold increase immediately adjacent to 
the ablated area. Other components of the hypervas-
cular rim, which presumably develop after a delay, 
include an inflammatory response and granulation 
tissue (Goldberg et al. 2000). Tsuda et al. (2001) 
studied the temporal changes on CT in 22 HCC in 
20 patients post-RFA. The hypervascular rim was 
seen in 89% of 20 treated tumours at 1 month, 56% 
between 1 and 3 months and 22% between 3 and 
6 months. Some authors have found it difficult to 
differentiate this zone of hyperperfusion from re-

sidual hypervascular tumour. In general a thin rim 
is usually reactive but a nodular or an irregular thick 
rim indicates active tumour (Nghiem et al. 2002). 
The necrotic zone shows absent enhancement which 
if necessary can be confirmed by measuring attenu-
ation values (Berber et al. 2000).

Over time the completely ablated zone will be-
come better defined, more homogeneous and start to 
reduce in size (Fig. 22.7). The rate of liver regenera-
tion varies with the age of the patient and the under-
lying pathology. More rapid regeneration is seen in 
cirrhosis than in patients with normal background 
parenchyma. Eventually some lesions will shrink to 
a linear scar or disappear completely.

22.12 
Recognising Recurrence

Despite the appearance of complete ablation on 
scans performed immediately after treatment, it is 

Fig. 22.8a–c. CT demonstration of recurrence. 
a Two metastases from breast carcinoma (black 
arrows) prior to treatment. b Post ablation, the 
treatment of the lesion next to the cava appears 
complete (black arrow). Note un-opacified cava 
anteriorly (white arrow). c On follow-up there is 
nodular recurrence at the periphery of the abla-
tion (black arrows)

a b
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possible for some microscopic cells to persist and 
eventually some of these will enlarge and present 
as recurrence (Figs. 22.8, 22.9). Recurrence is most 
common adjacent to vessels, >3 mm in diameter. This 
is because flowing blood can cool the surrounding 
tissue and protect tumour cells and because vessels 
can act as a conduit carrying the radio-frequency 
current away from the treatment zone. Tissue per-
fusion mediated cooling, not to be confused with 
cooling from nearby blood vessels, can also protect 
tumour. Tissue perfusion mediated cooling occurs 
at the interface between normal liver and tumour 
and can result in the ablation zone mapping the 
original tumour size and shape. As there are often 
small amounts of tumour in the normal appearing 
liver adjacent to metastases these are protected and 
can present as edge recurrence. The most common 
appearance of recurrence is a small nodule of hypo- 
or hyper-vascular tumour at the periphery of the ab-
lated zone. Recurrence has been divided into three 
types: a circumferential halo, i.e. active tumour on 

all edges of the ablation zone, nodular recurrence, 
i.e. nodules at the periphery or recurrence associ-
ated with an overall increase in the ablation zone 
(Chopra et al. 2001). Only a proportion of patients 
develop the latter type of recurrence. Very occasion-
ally it is possible to see tumour recurrence as filling 
in of the ablation zone without an increase in lesion 
size, a halo or a nodule.

Standard oncologic assessment of treatment 
(RECIST criteria) uses lesion size. This cannot be 
applied to ablation as ideally there is an initial in-
crease in lesion size on imaging and then a slow 
reduction in size as healing occurs. Dromain et al. 
(2002) measured the decrease in size in successfully 
treated tumours over time. The mean decrease was 
15% (range 10%–30%) at 6 months and 35% (15%–
90%) at 12 months. As healing results in shrinkage 
of most of the lesion but small areas of recurrence 
will produce focal areas of enlargement it is possi-
ble to have recurrence without an overall increase 
in tumour size. Vilana et al. (2003) have suggested 

Fig. 22.9a–c. This patient had undergone RF ablation for recurrence on a resection margin. a Follow-up 
scans show absent enhancement inferiorly. b More cranial slices show subtle increased attenuation (black 
arrow) in the medial portion of the ablation, to the left of the surgical sutures, immediately inferior to the 
heart. c PET confirms increased activity in this area (white arrow). The photopaenic area correlates with 
the ablation zone. This recurrence was confirmed histologically

a

b c
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that measurement of viable tumour is used instead 
as the whole ablation zone. The detection of early 
recurrence is best achieved by careful comparison of 
CT scans performed immediately or soon after abla-
tion and on follow-up. Even then interpretation can 
be difficult and correlation with tumour markers 
or the use of PET (Fig. 22.9) or even biopsy may be 
necessary in equivocal cases (Anderson et al. 2003; 
Fossheim et al. 2000). An alternative approach is to 
repeat imaging at a reduced follow-up interval.

22.13 
Timing of Recurrence

Most centres perform contrast-enhanced studies at 3-
month intervals in patients with colorectal metastases. 
The follow-up interval should be tailored to the under-
lying primary tumour and the biological behaviour, i.e. 
most of our patients with breast metastases have follow-
up scans at 4- 6-month intervals and most patients with 
more indolent neuro-endocrine metastases have scans 
at 6- to 12-month intervals. 

Different papers have reported different time-
scales for the detection of recurrence. Mean time 
to recurrence in one series of patients with hepato-
cellular carcinoma treated with a range of ablation 
techniques was 4 months (Catalano et al. 2001). In 
our experience using thermal ablation techniques 
the median time to recurrence is 8 months but in 
some slow growing tumours or patients who re-
spond to chemotherapy recurrence may be delayed 
until as late as 20 months. Other authors have also 
seen examples of late recurrence up to 14 months 
post treatment (Chopra et al. 2001).

22.14 
CT vs MR for Detection of Recurrence 

Dromain et al. (2002) compared the performance 
of CT and MR in the detection of recurrence in a 
group of 31 patients. CT and MR were performed at 
2, 4 and 6 months post ablation. MR detected local 
recurrence in 8/9 patients at 2 months as compared 
with CT that was positive in 4 of 9. This difference 
did not reach significance. They found the optimal 
sequence for the detection of recurrence was the T2-
weighted sequence where active tumour is seen as 
high signal intensity. All areas of recurrence could 
be seen at 4 months on both techniques. Therefore 

although MR is probably slightly better than CT the 
difference is marginal and time limited. For most 
patients good quality, fine collimation, uni- or bi-
phasic multi-detector CT with assessment of inter-
val change will be adequate. If MR is used then either 
dynamic gadolinium enhanced images at high field 
or T2-weighted sequences are effective in showing 
recurrence. Liver specific contrast agent MR is pre-
ferred in patients with altered perfusion (i.e. post 
chemotherapy) or hepato-steatosis particularly if 
this is patchy. 

22.15 
Conclusion

Although the development of interventional MR has 
been challenging, many of the problems, i.e. mate-
rial compatibility issues, have now been overcome. 
More predictable ablation would reduce the need 
for monitoring but this is unlikely to be realised 
in the foreseeable future. Therefore monitoring will 
remain an important part of ablation treatment. 3D 
image registration must become a routine for both 
CT and MR. Some of the more innovative devel-
opments described in this article should reach the 
clinical arena in the next few years.
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23.1 
Introduction

Hepatocellular carcinoma (HCC) is the fifth most 
common cancer, and its incidence is increasing 
worldwide because of the dissemination of hepa-
titis B and C virus infection (Llovet et al. 2003). 
Patients with cirrhosis are at the highest risk of de-
veloping HCC. Currently, HCC is the leading cause 
of death among cirrhotic patients. Screening can 
lead to diagnosis at an early stage, when the tumor 
may be curable by resection, liver transplantation, 
or percutaneous ablation (Bruix and Llovet 2002; 
Bruix et al. 2001).

Resection is currently indicated among patients 
with single asymptomatic HCC and extremely well-
preserved liver function, who have neither clinically 
significant portal hypertension nor abnormal bili-
rubin (Bruix and Llovet 2002; Llovet et al. 2003). 
However, less than 5% of cirrhotic patients with 
HCC fit these criteria (Llovet et al. 1999). Liver 
transplantation benefits patients who have decom-
pensated cirrhosis and one tumor smaller than 5 cm 
or up to three nodules smaller than 3 cm, but donor 
shortage greatly limits its applicability (Bruix and 

Llovet 2002; Llovet et al. 2003). This difficulty 
might be overcome by living donation; this, how-
ever, is still at an early stage of clinical application.

As a result, image-guided techniques for per-
cutaneous tumor ablation play a major role in the 
therapeutic management of HCC. While percuta-
neous ethanol injection (PEI) is a well-established 
technique for percutaneous treatment, several 
newer methods of tumor destruction have been de-
veloped and clinically tested over the past few years 
(Lencioni et al. 2004a). Among these methods, ra-
diofrequency (RF) ablation constitutes the most ex-
tensively studied alternative to PEI (Galandi and 
Antes 2004).

23.2 
General Eligibility Criteria

A careful clinical, laboratory, and imaging assess-
ment has to be performed on each individual patient 
by a multidisciplinary team to evaluate eligibility 
for percutaneous ablation (Lencioni et al. 2001). 
Patients classified as stage 0 (very early stage) or 
stage A (early stage) according to the Barcelona-
Clinic Liver Cancer staging classification for treat-
ment schedule may qualify for percutaneous abla-
tion if surgical resection and liver transplantation 
are not suitable options (Llovet et al. 2003). Patients 
are required to have either a single tumor smaller 
than 5 cm or as many as three nodules smaller than 
3 cm each in the absence of vascular involvement 
and extrahepatic spread, a performance status test 
of 0, and liver cirrhosis in Child-Pugh class A or B.

Imaging techniques, including ultrasound plus 
spiral computed tomography (CT) or dynamic mag-
netic resonance (MR) imaging, are used to help de-
termine whether patients are suitable candidates 
for percutaneous treatment. Pre-treatment imaging 
planning must carefully define size, shape, and loca-
tion of each lesion. Percutaneous ablation is best in-
dicated for expanding, nodular-type tumors smaller 
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than 3–5 cm. Lesions located along the surface of the 
liver can be considered for percutaneous ablation, al-
though their treatment requires adequate expertise 
and may be associated with a higher risk of compli-
cations. Thermal ablation of superficial lesions that 
are adjacent to any part of the gastrointestinal tract 
must be avoided because of the risk of thermal injury 
of the gastric or bowel wall (Rhim et al. 2004). The 
colon appears to be at greater risk than the stomach 
or small bowel for thermally mediated perforation. 
Gastric complications are rare, likely owing to the 
relatively greater wall thickness of the stomach or 
the rarity of surgical adhesions along the gastrohe-
patic ligament. The mobility of the small bowel may 
also provide the bowel with greater protection com-
pared with the relatively fixed colon. Treatment of 
lesions adjacent to the gallbladder or to the hepatic 
hilum is at risk of thermal injury of the biliary tract. 
In experienced hands, RF ablation of tumors located 
in the vicinity of the gallbladder was shown to be 
feasible, although associated in most cases with self-
limited iatrogenic cholecystitis (Chopra et al. 2003). 
In contrast, thermal ablation of lesions adjacent to 
hepatic vessels is possible, since flowing blood usu-
ally protects the vascular wall from thermal injury: 
in these cases, however, the risk of incomplete treat-
ment of the neoplastic tissue close to the vessel may 
increase because of the heat loss. The potential risk 
of thermal damage to critical structures should be 
weighed against benefits on a case-by-case basis.

A careful assessment of the coagulation status 
is mandatory before percutaneous ablation. A pro-
thrombin time ratio (normal time/patient’s time) 
greater than 50% as well as a platelet count higher 
than 50,000/µl are required to keep the risk of bleed-
ing at an acceptably low level.

23.3 
Percutaneous Ethanol Injection

PEI is a well-established technique for tumor abla-
tion (Bartolozzi and Lencioni 1996). It induces 
tumor necrosis as a result of cellular dehydration, 
protein denaturation, and chemical occlusion of 
tumor vessels. It is best administered by using ul-
trasound guidance because ultrasound allows for 
continuous real-time monitoring of the injection. 
This is crucial to realize the pattern of tumor perfu-
sion and to avoid excessive ethanol leakage outside 
the lesion. Fine noncutting needles, with either a 
single end hole or multiple side holes, are commonly 

used for PEI. PEI is usually performed under local 
anesthesia and does not require routine patient hos-
pitalization. The treatment schedule includes four 
to six sessions performed once or twice weekly. The 
number of treatment sessions, as well as the amount 
of injected ethanol per session, may vary greatly ac-
cording to the size of the lesion, the pattern of tumor 
perfusion, and the compliance of the patient.

Several studies have shown that PEI is an effective 
treatment for small, nodular-type HCC. HCC nod-
ules have a soft consistency and are surrounded by a 
firm cirrhotic liver. Consequently, injected ethanol 
diffuses within them easily and selectively, lead-
ing to complete tumor necrosis in about 70% of the 
cases (Shiina et al. 1991). Although there have not 
been any prospective randomized trials comparing 
PEI and best supportive care or PEI and surgical 
resection, several series have provided indirect evi-
dence that PEI improves the natural history of HCC: 
the long-term outcome of patients with early-stage 
tumors who were treated with PEI was shown to be 
similar to that of patients who had undergone resec-
tion, with 5-year survival rates ranging from 32% to 
52% (Table 23.1) (Castells et al. 1993; Lencioni et 
al. 1995; Lencioni et al. 1997; Livraghi et al. 1995; 
Shiina et al. 1993). In a recent prospective compara-
tive study, the 1-, 3-, and 5-year survival rates were 
almost identical between two cohorts of patients 
who received surgical resection (97%, 84%, and 
61%, respectively) or PEI (100%, 82%, and 59%, re-
spectively) (Yamamoto et al. 2001).

Despite PEI being a low-risk procedure, severe 
complications have been reported. In a multicenter 
survey including 1,066 patients (8,118 PEI sessions), 
one death (0.1%) and 34 complications (3.2%), in-
cluding seven cases of tumor seeding (0.7%), were 
reported (Di Stasi et al. 1997). The major limitation 
of PEI, besides the uncertainty of tumor ablation and 
the long treatment times, is the high local recurrence 
rate, which may reach 33% in lesions smaller than 
3 cm and 43% in lesions exceeding 3 cm (Khan et al. 
2000; Koda et al. 2000). The injected ethanol does 
not always achieve complete tumor necrosis because 
of its inhomogeneous distribution within the lesion, 
especially in the presence of intratumoral septa, 
and the limited effect on extracapsular cancerous 
spread. Also, PEI is unable to create a safety margin 
of ablation in the liver parenchyma surrounding the 
nodule, and therefore may not destroy tiny satellite 
nodules that, even in small tumors, may be located 
in close proximity to the main lesion (Okusaka et 
al. 2002).
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23.4 
Radiofrequency Ablation

Early clinical experiences with RF ablation were 
conducted in the framework of feasibility stud-
ies (Curley et al. 1999; Rossi et al. 1998). These 
investigations had merit in showing the efficacy 
and the safety of the procedure. However, the data 
were heterogeneous and unsystematically presented 
(Galandi and Antes 2004). Moreover, RF treat-
ment was not compared to any established treatment 
for HCC. The European Association for the Study 
of the Liver has recommended comparing newer 
methods of tumor destruction, such as RF ablation, 
with the well-established and accepted PEI method 
through randomized trials (Bruix et al. 2001). In 
fact, methodological research has given convincing 
evidence that less rigorous study designs are likely 
to produce biased results and to exaggerate the esti-
mated effect of a new therapy (Galandi and Antes 
2004).

One randomized study compared RF ablation 
versus PEI for the treatment of early-stage HCC 
(Lencioni et al. 2003). In this trial, 104 patients with 
144 HCC lesions were randomly assigned to receive 
RF ablation or PEI. No statistically significant dif-
ferences between RF ablation and PEI groups were 
observed with respect to baseline characteristics, 
except for patients’ age and albumin concentra-
tion. At the time of the analysis, the mean follow-up 
was 22 months. The overall survival rates at 1 and 

2 years were 100% and 98%, respectively, in the RF 
group, and 96% and 88%, respectively, in the PEI 
group. Despite the tendency to favor RF ablation, the 
observed difference did not reach statistical signifi-
cance (hazard ratio, 0.20; 95% confidence interval, 
0.02–1.69; p=0.138). However, 1- and 2-year recur-
rence-free survival rates were clearly higher in RF-
treated patients than in PEI-treated patients (86% 
and 64%, respectively, in the RF ablation group ver-
sus 77% and 43%, respectively, in the PEI group; haz-
ard ratio, 0.48; 95% confidence interval, 0.27–0.85; 
p=0.012) (Fig. 23.1). RF treatment was confirmed 
as an independent prognostic factor for local recur-
rence-free survival by multivariate analysis.

This trial suggested that RF ablation can achieve 
higher recurrence-free survival rates than PEI, 
thereby confirming findings in two previous com-
parative studies, in which higher complete tumor 
response rates were observed in tumors treated with 
RF ablation with respect to those submitted to PEI 
(Ikeda et al. 2001; Livraghi et al. 1999). However, 
likely because of the short follow-up period and 
the limited sample size, no difference with respect 
to overall survival was found. Recently, a prospec-
tive intention-to-treat clinical trial reported the 
long-term survival outcomes of RF ablation-treated 
patients (Lencioni et al. 2004b). In this study, 206 
patients with early-stage HCC who were not candi-
dates for resection or transplantation were enrolled. 
RF ablation was considered as the first-line nonsur-
gical treatment and was actually performed in 187 

Table 23.1 Survival outcomes of patients with early-stage hepatocellular carci-
noma receiving percutaneous ablation

Treatment No. Patients Survival Rates (%) 

                1-yr 3-yr 5-yr

Percutaneous ethanol injection
 Castells et al. (1993)  30  83 55 N/A
 Shiina et al. (1993)  98  85 62 52
 Lencioni et al. (1995) 105   96 68 32
 Livraghi et al. (1995)
    Child class A, single HCC 293    98 79 47
    Child class B, single HCC 149    93 63 29

Radiofrequency ablation
 Lencioni et al. (2004b)
    Child class A 144 100 76 51
    Child class A, single HCC 116 100 89 61
    Child class B   43  89 46 31

Microwave coagulation
 Shiina et al. (2002) 122  90 68 N/A

N/A=not available. HCC=hepatocellular carcinoma.
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(91%) of 206 patients. Nineteen (9%) of 206 patients 
had to be excluded from RF treatment because of the 
unfavorable location of the tumor. Non-compliant 
patients were treated with either PEI or segmental 
transcatheter arterial chemoembolization. The over-
all survival rates in the intention-to-treat analysis 
including all the 206 patients enrolled in the study 
(67% at 3 years and 41% at 5 years) were not sig-
nificantly different from those achieved in the 187 
compliant patients who received RF ablation (71% 
at 3 years and 48% at 5 years; p=0.5094) (Fig. 23.2). 
In patients who underwent RF ablation, survival de-
pended on the severity of the underlying cirrhosis 
and the tumor multiplicity. Patients in Child class 
A had 3- and 5-year survival rates of 76%, and 51%, 
respectively. These figures were significantly higher 
than those obtained in Child class B patients (46% 
at 3 years and 31% at 5 years; p=0.0006) (Table 23.1) 
(Fig. 23.3). Patients with a solitary HCC had 3- and 
5-year survival rates of 75% and 50%, respectively, 
while those with multiple tumors had 3- and 5-
year survival rates of 51% and 34%, respectively. 
Such a difference was also statistically significant 
(p=0.0133). Of interest, a subgroup of 116 patients in 
Child class A who had a solitary HCC showed 3- and 
5-year survival rates of 89% and 61%, respectively 
(Table 23.1).

In this series, recurrence of the tumor treated by 
RF ablation occurred in 10 of 187 patients. Despite 
the absence of viable neoplastic tissue on post-treat-
ment spiral CT images, residual microscopic nests of 
tumor or small undetected satellite nodules led to a 

local tumor progression. The actuarial 5-year local 
tumor progression rate was 10% (Fig. 23.4). However, 
new HCC tumors developed in 93 patients during 
the follow-up. The rate of recurrence with new tu-
mors reached 81% at 5 years (Fig. 23.4). Such a high 
rate of new tumors is the expression of the inherent 
multicentric nature of HCC in cirrhosis and does not 
seem to represent a drawback of RF ablation, being 
found in cirrhotic HCC patients treated with either 
percutaneous therapies or surgical resection.

Fig. 23.1. Probability of local recurrence-free survival of 
HCC patients treated by PEI (n=50) or RF thermal ablation 
(n=52). The difference between the groups was statistically 
significant (p=0.0016). The number of patients in follow-
up at 6, 12, 18, 24, and 30 months was 46, 37, 24, 16, and 5, 
respectively, for the PEI group; and 49, 46, 33, 24, and 10, 
respectively, for the RF group

Fig. 23.2. Survival outcomes of patients with liver cirrhosis 
and early-stage HCC in whom RF ablation was used as the 
sole first-line anticancer treatment. The difference between 
the survival curve obtained in intention-to-treat analysis 
(dotted line) and the survival curve of compliant patients 
(continuous line) is not statistically significant (p=0.5094). 
(Courtesy of Lencioni et al. 2004b)

Fig. 23.3. Survival of early-stage HCC patients treated with 
RF ablation according to the severity of the underlying cir-
rhosis. Patients in Child class A (n=144) (continuous line) 
showed significantly better survival (p=0.0006) than those 
in Child class B (n=43) (dotted line). (Courtesy of Lencioni 
et al. 2004b)
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The data on long-term outcome of RF ablation 
must be compared with those obtained in patients 
with early-stage tumors who received other poten-
tially curative treatments. Liver transplantation 
was shown to be the only treatment option that 
consistently provided 5-year survival rates in the 
range of 71–75% (Bismuth et al. 1999; Jonas et al. 
2001; Llovet et al. 1999; Mazzaferro et al. 1996). 
Surgical resection of early-stage HCC resulted in 5-
year survival rates in the range of 41–51% (Fong et 
al. 1999; Jonas et al. 2001; Llovet et al. 1999; Wayne 
et al. 2002). Resection achieved substantially higher 
survival rates only when patients with a solitary tu-
mor and extremely well preserved liver function, 
who had neither clinically significant portal hy-
pertension nor abnormal bilirubin, were selected 
(Llovet et al. 1999). In large series, PEI achieved 
5-year survival rates ranging from 32% to 52%. In a 
multicenter study, survival of 293 patients with Child 
class A cirrhosis and a solitary tumor smaller than 
5 cm who received PEI was 47% at 5 years (Livraghi 
et al. 1995). Comparison of results obtained with RF 
ablation with those achieved in the past by using 
PEI, however, may be biased by the ability to better 
select patients with early-stage tumors owing to the 
improvement in imaging techniques.

In most of the reported series, RF ablation was 
associated with acceptable morbidity. In a multi-
center survey in which 2,320 patients with 3,554 
lesions were included, six deaths (mortality rate, 
0.3%) were noted, including two caused by multi-
organ failure following intestinal perforation; one 
case each of septic shock following Staphylococcus 
aureus-caused peritonitis, massive hemorrhage fol-
lowing tumor rupture, liver failure following steno-
sis of right bile duct; and one case of sudden death 
of unknown cause 3 days after the procedure. Fifty 
(2.2%) patients had additional major complications. 
Tumor seeding, in particular, occurred in only 
12 (0.5%) of 2,320 patients (Livraghi et al. 2003). 
However, lesions with subcapsular location or an in-
vasive tumoral pattern, as shown by a poor differen-
tiation degree, may be at risk for such a complication 
(Llovet et al. 2001).

Recently, following advances in RF technology, RF 
ablation has also been used to treat patients with in-
termediate stage tumors. However, results obtained 
by RF ablation alone were not entirely satisfactory. 
Livraghi et al. (2000) treated 114 patients with 126 
HCC lesions greater than 3 cm in diameter. Complete 
necrosis (on imaging) was attained in only 60 le-
sions (47.6%), nearly complete (90–99%) necrosis in 
40 lesions (31.7%), and partial (50–89%) necrosis in 

the remaining 26 lesions (20.6%). Therefore, there 
is currently a focus on a multimodality strategy in 
attempts to ensure a more effective percutaneous 
ablation of large HCC tumors.

Of interest, recent studies have proved the influ-
ence of perfusion-mediated tissue cooling on the 
area of thermal necrosis achievable with RF treat-
ment. Goldberg et al. (1998) applied RF in vivo to 
normal porcine liver without and with balloon oc-
clusion of the portal vein, celiac artery, or hepatic ar-
tery, and to ex vivo calf liver: RF application during 
vascular occlusion produced larger areas of coagu-
lation necrosis than RF with unaltered blood flow. 
Lees et al. (2000) showed that hypotensive anesthe-
sia improved the effectiveness of liver RF ablation in 
a human study. Assuming that the volume of ther-
mal necrosis produced by RF treatment is strongly 
dependent on blood flow, and considering that in 
HCC blood flow is mainly sustained by the hepatic 
artery, we performed a multicenter clinical trial 
aimed at investigating whether interruption of the 
tumor arterial blood supply by means of occlusion 
of either the hepatic artery with a balloon catheter 
or the feeding arteries with gelatin sponge particles 
could increase the extent of RF-induced coagulation 
necrosis (Rossi et al. 2000). A series of 62 consecu-
tive patients with a single, large HCC ranging from 
3.5 to 8.5 cm in diameter (mean 4.7 cm) accompa-
nying cirrhosis underwent RF ablation after occlu-
sion of the tumor arterial supply. The RF energy was 
delivered by using an expandable electrode needle 
at the time of balloon catheter occlusion of the he-
patic artery (n=40), at the time of occlusion of the 

Fig. 23.4. Tumor recurrence in patients with early-stage 
HCC who received RF ablation. Rates of recurrence within 
the treated tumor (dotted line) were 4% at 1 year, 10% at 
3 years, and 10% at 5 years. Rates of recurrence with new 
tumors (continuous line) were 14% at 1 year, 49% at 3 years, 
and 81% at 5 years. (Courtesy of Lencioni et al. 2004b)
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HCC feeding arteries with gelatin sponge particles 
(n=13), or 2–5 days thereafter (n=9). Two patients 
underwent liver resection after the thermal abla-
tion; the remaining 60 patients were followed up for 
a mean of 12.1 months (range 3–26 months). During 
the follow-up, 49 (82%) of the 60 treated HCC nod-
ules showed a stable complete response, while the 
remaining 11 (18%) nodules showed local progres-
sion. Histopathologic analysis of one autopsy and 
of the two surgical specimens revealed more than 
90% necrosis in one specimen and 100% necrosis in 
two. No fatal or major complications related to the 
treatment occurred, despite the more aggressive RF 
treatment protocol.

Results of this study provide evidence that areas of 
coagulative necrosis that are much larger than those 
previously reported can be created if RF thermal ab-
lation is performed in HCC nodules after occlusion 
of their arterial supply. The results achieved with 
this technique were confirmed by two recent stud-
ies. Yamasaki et al. (2002) compared the coagula-
tion diameters obtained with balloon-occluded RF 
and standard RF in 31 patients with 42 HCC lesions 
measuring less than 4 cm in the greatest dimension. 
There were no significant differences in the abla-
tion conditions such as the frequency of a fully ex-
panded electrode, the number of needle insertions, 
application cycles, or treatment times between the 
two groups. However, the greatest dimension of the 
area coagulated by balloon-occluded RFA was sig-
nificantly larger than that coagulated by standard 
RFA. Yamakado et al. (2002) evaluated the local 
therapeutic efficacy of RF ablation after transarte-
rial chemoembolization in 64 patients with 108 le-
sions. Sixty-five lesions were small (3 cm or less), 
32 were intermediate in size (3.1–5 cm), and 11 were 
large (5.1–12 cm). Complete necrosis was achieved 
in all lesions, and there were no local recurrences in 
small and intermediate-sized lesions during a mean 
follow-up of 12.5 months.

Despite these encouraging preliminary results, 
there are no reports showing that RF ablation, per-
formed alone or in combination with intra-arterial 
procedures, results in improved survival in patients 
with intermediate stage HCC. A randomized trial 
comparing an optimized RF technology with che-
moembolization would be needed to establish the 
potential role of the technique in this patient popu-
lation.

23.5 
Other Methods of Percutaneous Ablation

Other methods of percutaneous ablation have 
been clinically tested over the past few years. One 
group compared percutaneous acetic acid injec-
tion and PEI (Ohnishi et al. 1998). Sixty patients 
with one to four HCC lesions smaller than 3 cm 
were entered into a randomized trial. All origi-
nal tumors were treated successfully by either 
therapy. However, 8% of 38 tumors treated with 
percutaneous acetic acid injection and 37% of 35 
tumors treated with PEI developed a local recur-
rence (p<0.001) during the follow-up. The 1- and 
2-year survival rates were 100% and 92% in the 
percutaneous acetic acid injection group and 83% 
and 63% in the PEI group (p=0.0017). A mul-
tivariate analysis of prognostic factors revealed 
that treatment was an independent predictor of 
survival. The authors concluded that percutane-
ous acetic acid injection was superior to PEI in the 
treatment of small HCC. However, the results of 
acetic acid injection were not established in large 
series of patients.

Other investigators investigated the usefulness 
of percutaneous microwave coagulation therapy 
(MCT). A 3-year survival of 68% was reported in 
a retrospective analysis of 122 patients with early-
stage HCC who received MCT (Shiina et al. 2002). 
Another study compared MCT and PEI in a retro-
spective analysis of 90 patients with small HCC 
(Seki et al. 1999). The overall 5-year survival rates 
for patients with well-differentiated HCC treated 
with MCT and PEI were not significantly differ-
ent. However, among the patients with moderately 
or poorly differentiated HCC, overall survival 
with MCT was significantly better than with PEI 
(p=0.03). The authors concluded that MCT may be 
superior to PEI for the local control of moderately 
or poorly differentiated small HCC. Other authors 
compared the effectiveness of MCT with that of RF 
ablation in a randomized trial (Shibata et al. 2002). 
The data were analyzed with respect to lesions and 
not to patients. Although no statistically significant 
differences were observed with respect to the effi-
cacy of the two procedures, a tendency to favor RF 
ablation was recognized with respect to local recur-
rences and complication rates (Galandi and Antes 
2004).
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23.6 
Conclusion

From the early studies with PEI to the latest reports 
on RF ablation, percutaneous techniques have been 
refined and their clinical efficacy better defined. 
While PEI is a valuable and accepted treatment for 
nonsurgical patients with early-stage HCC, RF ab-
lation seems to achieve more effective local control 
of disease. Appropriate experience and optimized 
techniques are needed in RF ablation to keep com-
plications at an acceptably low rate. Further ran-
domized trials will be needed to fully establish the 
clinical role of RF ablation with respect to other 
percutaneous treatments and to devise an unbiased 
therapeutic strategy.
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24.1 
Introduction

The liver is the most common site of metastatic 
disease. Hepatic metastases most commonly occur 
from colorectal cancer and, less frequently, from 
neuroendocrine tumours, gastrointestinal sarcoma, 
ocular melanoma, and others. Complete evaluation 
of the extent of metastatic disease, both within and 
outside the liver, is important before considering 
treatment options.

Approximately 25% of patients with liver metas-
tases from colorectal cancer have no other site of 
metastasis and can be treated with regional therapies 
directed towards their liver tumours. Hepatic resec-
tion results in survival rates ranging from 55%–80% 
at 1 year and 25%–50% at 5 years (Nagorney et al. 
1989). However, because of advanced disease, unfa-
vourable location of the metastases, or poor physical 

condition, fewer than 20% of patients are eligible for 
hepatic resection (Foster 1978; Adson et al. 1984; 
Cobourn et al. 1987; Fong et al. 1995; Nordlinger et 
al. 1987; Steele et al. 1991). In general, only patients 
with fewer than four or five metastases, limited to one 
lobe and with no evidence of extrahepatic disease, are 
eligible for surgery. Without resection, patients with 
hepatic metastases from colorectal carcinoma have 
a median survival of less than 1 year (Baden and 
Andersen 1975; Bengtsson et al. 1981; Wood et al. 
1976). Recently developed minimally invasive tech-
niques for local ablation of hepatic metastases may 
provide reasonable alternatives for patients who are 
not candidates for surgery. Such techniques include 
cryotherapy, thermal ablation, microwave therapy 
and intra-arterial chemoembolization.

24.2 
Cryotherapy

Cryotherapy is the oldest of the local thermal ab-
lation techniques. The application of cryotherapy 
was first suggested by Copper (1963). Since then, 
there have been multiple clinical reports detailing 
its use for the treatment of primary and secondary 
hepatic tumours (McPhee and Kane 1997; Haddad 
et al. 1998). Subfreezing temperatures are delivered 
through penetrating cryoprobes in which a cryogen 
is circulated. Thermally conducted material allows 
cooling of the probe tip while the shaft and delivery 
hoses are insulated. Irreversible destruction of tis-
sue occurs at temperatures below –20°C to –30°C. 
Direct freezing, denaturation of cellular proteins, 
cell membrane rupture, cell dehydration, and is-
chaemic hypoxia cause cell death. Cryolesions as 
large as 6–8 cm in diameter can be created safely.

The cost of a cryoablation unit ranges from £80,000 
to £110,000. The cryoprobes are typically 2–10 mm 
in diameter and cost approximately £800 for single 
use. Because of the size of the probes, cryotherapy is 
often used at open or laparoscopic surgery, although 
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smaller probes are now becoming available which 
may enable percutaneous cryotherapy to be carried 
out routinely in the future.

Generally, treatment is limited to those with 
four or fewer metastases, although patients with 
slow-growing neuroendocrine tumours may have a 
slightly higher number of lesions and still be can-
didates for cryoablation. Contraindications include 
the presence of extrahepatic metastatic disease 
and inability to undergo general anaesthesia and 
laparotomy. 

At present, cryoablation is primarily an open 
surgical technique, with fewer than 10% of patients 
treated laparoscopically. Ultrasound (US) is the 
most frequently used method of guiding the proce-
dure. Depending on tumour size, one or two probes 
are placed centrally within the lesion with the tips 
of the probes touching the deep edge of the tu-
mour. The cryogenic material (–196°C) is circulated 
through the probes. The ice wall is visualised as an 
echogenic, expanding, hemispherical rim. Freezing 
is continued until the cryolesion extends through 
the tumour and into the adjacent normal tissue, 
with a goal of achieving a 5–10 mm ablation margin. 
This first freeze takes 5–15 min and is followed by a 
spontaneous thaw and a second freeze to reach and 
slightly exceed the original cryoablation margin. 
After the second freeze the cryoprobe is heated and 
removed and the track is packed for hemostasis.

Patients are followed up with computed tomogra-
phy (CT) performed immediately before discharge, 
at 6 and 12 months after ablation, and yearly there-
after. The thermal injury caused by cryoablation ap-
pears on CT images as an avascular, low-attenuation 
lesion that slowly decreases in size over time. FDG-
PET performed three weeks following ablation is not 
only able to assess the efficacy of treatment, but it 
may also have a future role in follow-up of patients 
treated with cryosurgery as it can detect recurrent 
disease earlier than CT (Langenhoff et al. 2002).

24.2.1 
Patient Outcome

The reported survival rates are 90% at 1 year, 40% 
at 3 years and 20% at 5 years, with a mean overall 
survival of 38 months (Dodd et al. 2000).

Major complications occur in fewer than 20% 
of patients, the most common being intraperito-
neal haemorrhage. No tumour seeding has been re-
ported. Tumour recurrence at the cryotherapy site 
has been observed in 13% of patients (McPhee and 

Kane 1997). Minor complications, such as fever, leu-
kocytosis and transient elevation of liver function 
tests are seen in the majority of patients. However, 
when compared with radiofrequency (RF) ablation 
therapy, although similar rates of treatment success 
and complications have been obtained, local recur-
rence occurred more frequently with cryoablation 
(Adam et al. 2002).

24.3 
Percutaneous Injection of Ethanol

Percutaneous ethanol injection (PEI) is effective in 
the treatment of hepatocellular carcinoma (HCC), 
and long-term survival rates of PEI-treated patients 
with HCC are similar to those of patients treated 
surgically (Livraghi et al. 1995).

PEI is more effective in the treatment of HCC 
than in that of liver metastases. This is because 
most hepatocellular carcinomas occur in the set-
ting of cirrhosis. In this situation the tumour is 
”soft”, whereas the surrounding liver parenchyma is 
”hard”. This promotes the distribution of ethanol or 
heat within the tumour, particularly when the HCC 
is encapsulated. Patients with liver metastases typi-
cally have normal (soft) underlying hepatic paren-
chyma, whereas the metastasis is ”hard”, a situation 
which promotes the egress of ethanol from the le-
sion into the normal liver. Metastases also tend to be 
more infiltrative than HCC.

24.4 
Radiofrequency Ablation

Radiofrequency (RF) ablation uses radiofrequency 
energy to produce local heat in tissues. Needle-like 
electrodes are placed percutaneously directly into 
the tumour, with the use of ultrasound, computed 
tomography or magnetic resonance imaging guid-
ance. The RF electrode typically is comprised of a 
metal shaft, which is insulated except for an exposed 
conductive tip that is in direct electrical contact 
with the targeted tissue volume. The RF generator 
supplies RF power to the tissue through the elec-
trode. It is connected both to the shaft(s) of the RF 
electrode and to the reference electrode, usually a 
large conductive pad in contact with the patient’s 
skin in an area of relatively good electrical thermal 
conductivity (such as the thigh). The RF generator 
produces RF voltage between the active electrode 
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and the reference electrode, thereby establishing an 
electric field within the patient’s body between the 
two electrodes. At the low RF frequencies used for 
this procedure (less than 1 MHz), the electric field 
pattern is governed essentially by electrostatic equa-
tions and oscillates with the alternating RF current, 
which causes movement of ions in the tissue in pro-
portion to the field intensity. The mechanism of tis-
sue heating for RF ablation is frictional, or resistive, 
energy loss caused by the motion of the ionic current 
(Organ 1976; Cosman et al. 1984). All RF genera-
tors are operated at 460 kHz at a power setting of 
50–200 W. The cost of the generators ranges from 
£8,000–£25,000. The needle electrodes cost £300–
£1000 and are not reusable. There are now several 
different types of RF ablation systems available.

Many of these machines differ in generator power, 
needle size and configuration. There are also differ-
ences in the methods for monitoring of energy dep-
osition and for maximising the volume of tumour 
coagulated.

Two systems (RITA Medical Systems, Inc. 
Mountain View, CA, and RadioTherapeutics Corp. 
Mountain View, CA) use coaxially deployed inner 
tines, which expand into the tumour after the outer 
needle is in place. The degree of deployment of the 
inner tines can be adjusted according to tumour 
size. The RITA system uses continuous monitor-
ing of temperature to guide ablation, whereas the 
RadioTherapeutics machine uses monitoring of im-
pedance. A third system (Radionics, Inc. Burlington, 
MA) has probes with either single needle or triple 
parallel needles; this system utilises perfusion of 
cold saline within the needle probe(s) to cool the 
electrode tip (Fig. 24.1). This minimises charring 

around the needle tip thus preventing a rise in im-
pedance and enabling the creation of a larger area 
of coagulation. The Berchtold system (Berchtold 
Medizinelektronik, Tuttlingen, Germany) is differ-
ent from the above three in that (a) it can be used 
as a monopolar or a bipolar system and (b) it uses 
continuous infusion of saline from the needle tip 
into the tumour.

24.4.1 
Patient Selection and Technique

Most investigators are limiting treatment with RF 
ablation to patients with four or fewer, 5-cm or 
smaller, primary or secondary malignant hepatic 
tumours, with no evidence of extrahepatic disease. 
However, patients with a small number of pulmo-
nary metastases are sometimes treated, as such me-
tastases do not usually have a significant impact on 
survival. RF ablation is also being used in combi-
nation with hepatic resection in the treatment of 
patients who would not be candidates for resection 
alone (Pawlik et al. 2003). In some centres there is 
a waiting period for patients prior to transplanta-
tion; RF ablation is being applied to control tumour 
growth during this time. In addition, RF ablation 
is sometimes used as a test of time prior to hepatic 
resection in patients who are fit for surgery and in 
whom cross-sectional imaging reveals between one 
to five metastases. As new lesions can develop fairly 
quickly, some centres are now delaying surgery to 
see if this occurs. In such cases the old lesions are 
treated with RF ablation during the period of wait-
ing (Livraghi et al. 2003a).

In some patients with a large volume of tumour 
in the liver, not suitable for potentially curative sur-
gery or treatment with radiofrequency, RF ablation 
is increasingly being requested by the oncologists 
to reduce tumour bulk in the hope that this will 
increase the effectiveness of chemotherapy. The ef-
fectiveness of RF for this purpose requires further 
investigation.

RF ablation is a good method of palliation in pa-
tients who have severe pain caused by distension of 
the liver capsule by large tumours. In such cases, co-
agulation of the tumour often provides rapid relief 
of pain (Fig. 24.2).

Ideal tumours for RF ablation are smaller than 
3 cm in diameter, completely surrounded by hepatic 
parenchyma, 1 cm or more deep to the liver capsule, 
and 2 cm or more away from large hepatic or portal 
veins. Subcapsular liver tumours can be ablated, but 

Fig. 24.1. This patient has a cooled tip single electrode 
(Radionics) sited in a left lobe metastasis, under CT guid-
ance
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their treatment is usually associated with greater pro-
cedural and post-procedural pain. Tumours adjacent 
to large blood vessels are more difficult to ablate com-
pletely because the blood flow in the vessels causes 
cooling of the adjacent tumour, and it has been shown 
that vessels as small as 3 mm adjacent to a tumour 
can result in incomplete tumour coagulation. (Lu et 
al. 2003). Temporary occlusion of the hepatic arterial 
supply to the tumour, of the portal vein and of the he-
patic veins have all been used with good effect to de-
crease this cooling effect and allow tumours adjacent 
to large blood vessels to be ablated (Figs. 24.3, 24.4) 
(de Baere et al. 2002; Rossi et al. 2000; Yamasaki 
et al. 2002). Ablation of tumours adjacent to the large 
portal triads causes increased pain and poses the 
risk of damage to the associated bile duct. It is gen-
erally recognised that treating lesions close to the 
gallbladder, stomach, diaphragm or colon can be as-
sociated with increased risk of diaphragmatic injury, 
bowel perforation and peritonitis. Contraindications 
to treatment include sepsis, severe debilitation, and 
uncorrectable coagulopathies. The presence of an en-
terobiliary fistula or prior sphincterotomy increases 
the risk of biliary sepsis after the procedure, as does 
the presence of intrahepatic biliary dilatation. 

Percutaneous RF ablation is usually carried out 
with the use of conscious sedation alone and can be 
performed on an outpatient basis. However, many 
operators prefer to keep the patients in hospital 
overnight, partly in order to treat any discomfort 
and partly because of the small risk of haemorrhage 
accompanying the procedure.

For patients who cannot tolerate sedation or in 
whom multiple tumour lesions are to be treated 
during a single session general anaesthesia is ad-
vocated. Before the procedure, adequate hydration 
is ensured; this is believed to reduce the incidence 
of the post-embolization syndrome. Antibiotics are 
not routinely given but in some patients at high risk 
of infection they should be administered prophy-
lactically. These high-risk groups include patients 
with diabetes, immunosuppression, biliary-enteric 
anastomoses, ascites and biliary duct dilatation (de 
Baere et al. 2003; Livraghi et al. 2003b).

Fig. 24.2. a CT image of a large colorectal metastasis in the left lobe of the liver, which was causing local discomfort. b 
CT performed 2 weeks following RF ablation of the left lobe tumour shows reduction in size of the mass, with evidence of 
necrosis

Fig. 24.3. Fluoroscopic image of an occlusion balloon in-
flated in hepatic vein adjacent to a metastasis to reduce cool-
ing from blood flow during RF ablation with a triple, cooled 
electrode (Radionics)

a b
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ablation requires exact placement of the electrode 
tip in relation to the tumour. A single ablation treat-
ment raises local tissue temperatures to 60–100°C 
and produces an approximate 2–5 cm spherical or 
oval area of coagulation.

Monitoring of thermal ablation is usually carried 
out by measuring parameters such as temperature 

Detailed study of the imaging investigations and 
careful planning of the procedure are needed. Blood 
samples should be taken to test the renal function 
and coagulation status.

When using RF ablation, the operator aims to 
destroy the tumour and a 5–10 mm circumferential 
cuff of adjacent normal hepatic parenchyma. Each 

Fig. 24.4. a CT image of a colorectal metastasis adjacent to 
the middle hepatic vein. b Under CT guidance, a needle 
is inserted into the metastasis to enable a coil to be sited 
within the tumour. c The coil is now demonstrated within 
the tumour. d Under fluoroscopic guidance a triple, cooled 
electrode (Radionics) is introduced into the tumour, using 
the coil as the target. An occlusion balloon is inflated in the 
adjacent hepatic artery to reduce cooling from blood flow. e 
A subsequent CT shows an area of coagulation produced by 
the RF ablation

a

c

b

d e
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and impedance. The use of imaging for this purpose 
has not shown to be very reliable. On ultrasound le-
sions become more echogenic because of microbub-
bles produced during the ablation. However, the size 
of the echogenic lesion does not correspond closely 
with the area of coagulation. On CT, air may be pro-
duced due to vaporisation of tissue. However, the 
process of coagulation takes some hours to become 
complete and immediate CT is not a reliable guide. 
In theory, MR thermometry provides an accurate 
method of monitoring thermal ablation. However, 
few operators rely on this method to guide treat-
ment.

Tumours smaller than 2 cm in diameter can be 
treated with one or two ablations. Larger tumours 
usually require several overlapping ablations for 
complete coagulation. However, depending on the 
patient’s tolerance these may be administered in 
more than a single session of treatment. Each abla-
tion usually lasts 12–15 min. Usually, two or three 
ablations are carried out during the same session 
when local anaesthesia is used. 

The size of the coagulated area produced in a 
single ablation session can be increased by the use 
of multiple electrodes or of a ”cluster” probe (Xu et 
al. 2004). This may have up to nine separate elec-
trode tips, which are deployed within the lesion. 
One system uses a cooled tip electrode, where cold 
saline is used to prevent overheating of the elec-
trode tip, and thus prevent local charring which 
would otherwise limit the energy deposition into 
the tumour. Another development is of saline-en-
hancement during RF ablation (Kettenbach et al. 
2003; Livraghi et al. 1997). In this technique, sa-
line is continuously perfused through a specially 
designed electrode into the tumour tissue during 
the radiofrequency ablation. The rationale is that 
saline in the lesion increases conductivity of current 
away from the needle tip, enabling a larger volume 
of tissue coagulation. Neoadjuvant chemotherapy 
in combination with radiofrequency ablation may 
also result in larger areas of coagulation; intrave-
nous liposomal doxorubicin has been shown to re-
sult in increased coagulation diameter in an animal 
model (Goldberg et al. 2002). Chemoembolization 
in conjunction with radiofrequency ablation has 
also been used to achieve increased tumour necro-
sis (Kitamoto et al. 2003). Chemoembolization, 
proposed by Kato et al. (1981), is a technique that 
combines intra-arterial infusion of chemothera-
peutic agents with arterial embolization of the vas-
cular supply to the neoplasm. The vascular occlu-
sion prolongs the transit time through the tumour 

vascular bed, theoretically increasing the contact 
time between the infusate and the neoplastic cells 
to increase tumour cell kill and programmed cell 
death. 

In most patients, thermal ablation of hepatic me-
tastases is guided by US or CT (Pedro et al. 2002; 
Sica et al. 2002; Skjoldbye et al. 2002). However, 
some tumours are very poorly visible on either US 
or unenhanced CT. Furthermore, they may appear 
only transiently on CT images following enhance-
ment with intravenous contrast medium, only to 
disappear on images obtained a few minutes later. 
Such lesions are difficult to treat with thermal ab-
lation as accurate positioning of radiofrequency 
electrodes cannot always be accomplished during 
the short period during which they are visible on 
CT following i.v. contrast medium enhancement. 
It is much easier to perform the procedure under 
CT guidance when the tumour is visible on unen-
hanced images, as this allows sufficient time for 
accurate placement of the RF electrode. However, 
even when the tumour is easily visible, thermal 
ablation under CT guidance can be very difficult 
when a steeply oblique approach has to be used, 
for example when treating lesions located imme-
diately below the dome of the diaphragm. For such 
tumours, ultrasound guidance is preferable, pro-
vided that the tumour is reasonably well seen on ul-
trasound images. Poor visualisation on ultrasound 
or CT images is a formidable obstacle to percutane-
ous thermal ablation. Ultrasound contrast media 
are very helpful in visualising hepatic tumours but 
some masses, especially relatively avascular ones 
such as colorectal metastases, are not always seen 
clearly. Livraghi (2001) recommend transcatheter 
segmental chemoembolization for hepatocellular 
carcinomas not recognisable on US examination. 
However, this approach would be unhelpful in 
colorectal metastases, in which chemoembolization 
has not been shown to be of benefit. MR-compatible 
RF electrodes have been developed (Kettenbach 
et al. 2003). However, magnetic resonance (MR) is 
cumbersome and time-consuming as a method of 
guidance in thermal ablation procedures. We have 
developed a technique that facilitates RF ablation 
of tumours poorly visualised on ultrasound or un-
enhanced CT (Adam et al. 2004). This involves in-
serting a small metallic coil into the tumour during 
the short period of visualisation on enhanced CT 
images. This can be accomplished by placing a nee-
dle in the vicinity of the tumour using anatomical 
landmarks prior to intravenous injection of con-
trast medium. The position of the needle is then 
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adjusted appropriately during contrast enhance-
ment and a microcoil is advanced into the centre 
of the tumour via the needle. This enables the radi-
ofrequency electrode to be guide into position us-
ing f luoroscopic guidance, usually in combination 
with ultrasound guidance. This technique allows 
accurate placement of RF electrodes irrespective of 
the degree of visibility of tumours on ultrasound 
or unenhanced CT images. Provided the mass is 
visible, if only transiently, on enhanced CT, it can 
be accessed under f luoroscopic guidance following 
placement of the metallic coil (Fig. 24.4).

If a tumour is visible on MR but cannot be visual-
ised on ultrasound or CT images it may be possible 
to use MR to place an MR-compatible metallic coil, 
which can be used subsequently to guide the pro-
cedure under fluoroscopic guidance as described 
above.

24.4.2 
Complications

Complications are unusual. The main ones are in-
traperitoneal haemorrhage, liver abscess, intestinal 
perforation and seeding along the tumour tract. Two 
recent series reported rates of major complications 
of 2.2% and 5.7%, with mortality of 0.3% and 1.4% 
(de Baere et al. 2003; Livraghi et al. 2003b). These 
compare favourably to perioperative mortality of 
4.4%–10% following hepatic resection for colorec-
tal liver metastases.

Complications are more likely (a) where the 
tumour is superficial (within 1 cm of the liver 
capsule) or close to hilar structures, (b) with pro-
longed ablation time and (c) when several lesions 
are treated during the same session. Perforation of 
a viscus is more likely in patients with advanced 
cirrhosis and/or poor performance status, when 
the tumour is adjacent to the gastrointestinal tract 
and when there has been previous right upper 
quadrant surgery or chronic cholecystitis, due to 
the increased development of adhesions in this lat-
ter group. 

A number of techniques have been used to mini-
mise the risk of injury to adjacent structures. These 
include infusion of intrathoracic or subphrenic sa-
line which has been described to limit diaphrag-
matic injury for tumours high in the hepatic dome 
(Kapoor and Hunter 2003; Shibata et al. 2002a). 
Tumours adjacent to the gastrointestinal tract have 
been treated with RF ablation after percutaneous 
interposition of a balloon between the mass and the 

gastrointestinal tract, in order to prevent perforation 
(Yamakado et al. 2003). Percutaneous drainage of 
ascites and percutaneous drainage of a dilated bil-
iary tree minimise the risk of haemorrhage and in-
fection. Evidence from one case series suggests that 
RF ablation of tumours adjacent to the gallbladder 
can be performed safely and effectively; iatrogenic 
cholecystitis occurs frequently but it resolves spon-
taneously (Chopra et al. 2003). As described above, 
antibiotics should be given to patients at increased 
risk of infection. ”Hot” withdrawal of the needle may 
reduce tumour seeding and haemorrhage. When a 
percutaneous approach is contraindicated, it may 
be possible to carry out RF during laparoscopic or 
open surgery.

There is often some pain after the procedure, 
but this usually settles within 24 h. Approximately 
10%–20% of patients have a 1–3ºC rise in tempera-
ture, as a response to tumour necrosis; this mild py-
rexia usually begins the day after the procedure and 
can last up to 1 week. However, prolonged, marked 
pyrexia should always raise the suspicion of infec-
tion and merits further investigation.

24.4.3  
Assessment of Treatment Effectiveness

CT and ultrasound cannot demonstrate the re-
sult of the procedure at the time of treatment. 
Contrast-enhanced ultrasound has been shown in 
animal models to be useful in guiding and moni-
toring ablation, and has been used in patients with 
hepatocellular carcinoma where it appears effec-
tive in guiding and monitoring therapy (Liu et 
al. 2001; Meloni et al. 2001; Vilana et al. 2003). 
However, CT is more sensitive than contrast-en-
hanced ultrasound in assessing the response to 
ablative therapy (Meloni et al. 2001; Vilana et 
al. 2003). MR has the potential of measuring tem-
perature and providing ”online” monitoring, but 
this capability is limited by several other practical 
considerations, including the difficulty of using 
RF in an MR machine.

In practice, patients are followed up with con-
trast-enhanced CT or MR carried out the day after 
the procedure or later. Remaining viable tumour ap-
pears as an enhancing area, which can be targeted at 
a subsequent session of treatment.

As with cryoablation, FDP-PET may be used to 
assess the efficacy of treatment and in the follow-up 
of patients who have been treated with RF ablation 
(Langenhoff et al. 2002).
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24.4.4  
Patient Outcome

In the United Kingdom, the National Institute for 
Clinical Excellence (2003) has recently appraised 
the use of radiofrequency ablation in the treatment 
of hepatic tumours; it has made recommendations 
for RF ablation in hepatocellular carcinoma and is 
currently working on guidelines for RF ablation in 
the treatment of colorectal hepatic metastases. The 
results of several clinical series, which have used dif-
ferent methods of radiofrequency ablation appear 
promising, with a 52%–67% complete ablation rate 
at 1 year and survival rates of 96%, 64% and 40% 
at 1, 3 and 5 years, respectively (Livraghi et al. 
1997; Rossi et al. 1996, 1998; Solbiati et al. 1997a, 
1997b, 2001). More recently, Oshowo et al. (2003) 
have compared RF ablation and resection for the 
treatment of solitary colorectal hepatic metastases 
in an uncontrolled study. They found comparable 
median survival and 3-year survival for resection 
(41 months and 55.4%) and RF ablation (37 months 
and 52.6%). Approximately 39% of lesions develop 
local recurrence following treatment (Solbiati et 
al. 2001). The frequency and time to local recur-
rence are related to the size of the lesion. In a recent 
series of 117 patients survival was not found to be 
influenced by the number of metastases at the time 
of initial therapy (Solbiati et al. 2001). This dif-
fers from the results of some surgical series, which 
reported that tumour recurrence and/or survival 
were negatively influence by the number of metas-
tases resected (Cady et al. 1970; Ekberg et al. 1987; 
Gayowski et al. 1994). However, authors of larger 
and/or more recent reports have failed to confirm 
this correlation and have suggested that – in the 
range of the analyses (generally one to eight metas-
tases removed) – survival following surgical resec-
tion is not correlated with the number of metastases 
removed (Adson et al. 1984; Butler et al. 1986; 
Fong et al. 1997; Fortner et al. 1984; Hughes et al. 
1986; Iwatsuki et al. 1986; Nordlinger et al. 1987; 
Petrelli et al. 1991; Rosen et al. 1992; Scheele et 
al. 1991). These findings suggest that the decision 
to treat should be guided more by the likelihood 
of achieving tumour control than the number of 
lesions present.

RF ablation also appears to be a safe and effec-
tive technique for the treatment of patients with 
systemic symptoms from neuroendocrine metas-
tases, although an effect on survival has not been 
established in this clinical setting (Henn et al. 
2003).

24.5 
Laser Ablation

Laser light can be converted into heat thus lead-
ing to tissue coagulation. The use of laser for 
thermal ablation was described by Bown (1983). 
Subsequently, experimental studies showed that a 
reproducible thermal injury can be produced with 
neodymium yttrium aluminium garnet (Nd:YAG) 
laser (Matthewson et al. 1987). The use of laser to 
treat patients with hepatic metastases was described 
by Steger et al. (1989). 

From a single, bare 400 µm laser fibre, light at 
optical or near-infrared wavelengths scatters within 
tissue and is converted into heat. Light energy of 
2.0–2.5 W produces a focal volume of coagulation 2 
cm in diameter. Two methods have been developed 
for producing larger volumes of necrosis: the first 
uses multiple bare fibres arrayed at 2-cm spacing 
throughout a target lesion (Steger et al. 1989). The 
second uses cooled-tip fibres that can deposit up 
to 30 W over a surface area, thus diminishing local 
overheating (Nolsoe et al. 1993). Portable solid-state 
lasers are now available with outputs up to 30 W. 

24.5.1 
Patient Selection and Technique

The indications and contraindications for laser ab-
lation, and the main complications and methods of 
follow-up are the same as for radiofrequency abla-
tion and microwave coagulation. The procedures 
are usually guided with CT or ultrasound although 
MR is sometimes used as well. By inserting up to 
eight fibres simultaneously it is possible to achieve 
confluent necrosis of 6–7 cm in diameter. The ulti-
mate burn size is governed by the tumour vascular-
ity and by the vasodilatory response of surrounding 
normal liver parenchyma.

24.5.2 
Patient Outcome

The survival data for patients undergoing laser abla-
tion of hepatic metastases is similar to that following 
radiofrequency ablation. Gillams and Lees (2000) 
have reported a median survival rate of 27 months 
and a 5-year survival rate of 26%, and more recently 
Vogl et al. (2002) have published a study of 603 pa-
tients with colorectal metastases, with median sur-
vival of 3.5 years and 5-year survival of 37%. In a 
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further large series of 2132 laser ablations performed 
in 899 patients the rate of major complications was 
1.8% and mortality was 0.1% (Vogl et al. 2004). 
Survival of patients with colorectal metastases is 
governed by technical success in ablating the tu-
mour and a 5- to 10-mm margin of normal liver 
around the tumour and by the biologic behaviour 
of the neoplasms.

24.6 
Microwave Coagulation

In microwave coagulation therapy, molecular di-
poles are vibrated and rotated, resulting in thermal 
coagulation of the target tissue. The basic mecha-
nism of heat generation in living tissue consists of 
rotation of water molecules. The rotation follows 
the alternating electric field component of the ultra-
high-speed (2450 MHz) microwaves (Murakami et 
al. 1995). Microwaves emitted from the distal seg-
ment of the percutaneous probe cause thermal co-
agulation of the adjacent tissues. The equipment for 
microwave ablation consists of a microwave genera-
tor and reusable needle electrodes. The electrodes 
are 25 cm long, 18-gauge monopolar units that are 
placed through 14-gauge access needles. Each needle 
electrode costs approximately £300 and the genera-
tor costs approximately £30,000.

24.6.1 
Patient Selection and Technique

The technique, patient selection and main com-
plications are similar to those for radiofrequency 
and laser ablation. The procedure is usually guided 
with ultrasound or CT. Microwave treatment pro-
duces coagulation within 60 s at a power setting of 
60 W. However, the area of coagulation is smaller 
than that achieved after laser or radiofrequency 
and it is necessary to repeat the treatments several 
times a week in order to achieve a sufficiently large 
area of tumour necrosis. As with RF ablation, oc-
clusion of segmental hepatic blood f low has been 
used with microwave ablation in the treatment of 
hepatocellular carcinoma to increase the size of 
the ablative lesion (Ishida et al. 2002). The use of 
multiple antennae is another technique, which has 
been described to achieve an increased volume of 
tumour necrosis (Wright et al. 2003; Xu et al. 
2004). 

24.6.2 
Patient Outcome

Dong et al. (2003) report a 5-year survival of 56.7% 
in 234 patients with hepatocellular carcinoma 
treated with microwave ablation therapy. Shibata 
et al. (2002b) compared RF and microwave ablation 
in the treatment of small hepatocellular carcino-
mas and found no difference in therapeutic effect 
or complication rates between the two techniques, 
although RF ablation was completed with fewer ses-
sions. There is less evidence for the therapeutic ef-
fect of microwave ablation in patients with colorec-
tal liver metastases. In one series of 74 patients with 
colorectal liver metastases a 5-year survival rate of 
29% was achieved, with no major complications ob-
served (Liang et al. 2003). At present, there is, how-
ever no substantial series of patients with hepatic 
metastases treated with microwave coagulation.

24.7 
Conclusion

When attempting to evaluate the benefits of inter-
ventional radiological treatments for hepatic metas-
tases, the questions that must be asked are:

1. Can they reliably ablate liver metastases?
2. Can they improve survival?
3. Are they safe?

Interpreting the results of methods of ablation is 
more difficult than assessing the outcome of hepatic 
resection (Primrose 2002). 

Cryotherapy and radiofrequency treatment 
can ablate metastases in 50%–90% of cases and 
are relatively safe compared to hepatic resection. 
With respect to overall survival, there has been no 
randomised comparison to show that either cryo-
therapy or radiofrequency treatment alter long-
term survival compared with chemotherapy alone. 
However, this may be related to the fact that most 
patients being referred for ablation are considered 
unsuitable for hepatic resection. The ideal patient 
for ablative therapy would be one who, several years 
after a curative colonic resection for an early-stage 
well-differentiated cancer develops a small metas-
tasis in the middle of a lobe of the liver (Primrose 
2002). Such a patient is, however, also ideally suited 
to surgical treatment and for such a patient the long-
term results of surgery are good. Interventional 
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therapy tends to be used in patients who are other-
wise considered to be beyond the scope of conven-
tional surgical treatment. It is possible that ablative 
therapy would achieve similar results to surgery if 
only similar patients were referred for this method 
of treatment.

At present, partial hepatic resection remains the 
method against which all interventional radiologi-
cal methods of treatment have to be compared. It 
is important that prospective randomised trials 
comparing surgery with cryotherapy and radiofre-
quency treatment are carried out in order to deter-
mine the precise role of these modalities in patients 
with hepatic metastases.
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25.1 
Introduction

The liver plays a central role in the human metabo-
lism and thus represents one of the organ systems 
most often affected, especially by tumor diseases. In 
the following the basics and data will be presented 
for treatment aspects of both secondary and pri-
mary liver tumors.

Two thirds of patients with colorectal carcinoma 
(CRC) have liver metastases by the time of death 
(Vogl et al. 2004). For CRC hepatic metastases, 
survival is determined by the number and extent of 
metastases. In untreated patients with liver metas-
tases of CRC the median survival time is from 4.5 
to 15 months (Vogl et al. 2004). Only 5%–10% of all 
patients with liver metastases of CRC are suitable 
for resection (Nordlinger et al. 1996; Petrelli et 
al. 1985; Hughes et al. 1988). After resection, the 5-
year survival time improves from 16% to 40%. Only 
20%–30% of patients undergoing liver resection 
will remain free from tumor recurrence (Vogl et al. 
2004).

Up to now the liver resection of solitary lesions 
has been the only potential curative treatment 
(Scheele et al. 1996). However, the high rate of in-
trahepatic relapses and a possible potentiating of 
the intrahepatic growth in metastases as part of the 
tumor stimulation process by released tumor cells 
is considered problematic. In modern oncology sys-
temic treatment, options like chemotherapy and 
immunotherapy are increasingly supplemented by 
regional treatment options such as surgery and ra-
diotherapy, and interventional oncological options 
such as thermal ablation and locoregional chemo-
therapy (Lorenz et al. 2000; Rossi et al. 1996).

Hepatocellular carcinoma (HCC) is one of the 
most common malignant neoplasms. In the case of 
hepatocellular carcinoma (HCC), when the tumor is 
at an appropriate stage, liver resection or hemihe-
patic resection or liver transplantation is the essen-
tial curative treatment (Bismuth et al. 1993; Fong 
et al. 1997; Maksan et al. 2000). In patients with a 
single small HCC and well-preserved liver function 
surgical resection provides 5-year survival ranging 
from 47.1%–60.5% (Bismuth et al. 1993; Fong et al. 
1997; Maksan et al. 2000). However, most HCCs are 
unresectable because of underlying poor liver func-
tion or tumor multifocality. For small, unresectable 
HCC nodules the transplantation is effective with 
83% remaining free of recurrence at 4 years with a 
6% peri-operative mortality. If there are contraindi-
cations, transarterial chemoembolization is used as 
a palliative therapeutic strategy (Lorenz et al. 1996). 
Interstitial procedures such as MR-guided laser-in-
duced thermotherapy or radiofrequency ablation 
show a high rate of controlling the site of the tumor.

Within the last decade thermal ablations have 
been developed and clinically improved. Different 
technologies have been evaluated like magnetic 
resonance-guided laser-induced thermotherapy 
(MR-guided LITT), radiofrequency ablation (RF), 
microwave and cryotherapy. For this reason, there 
has been great interest in further developments of 
interstitial procedures such as laser coagulation or 
radiofrequency ablation over the last few years.
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Laser-induced interstitial thermotherapy (LITT) 
is a minimally invasive locoregional form of treat-
ment, the coagulative effects of which lead to tumor 
destruction in solid organs (Weiss 1994; Yoon and 
Tanabe 1999; Vogl et al. 2000a, 2000b, 2000c, 2002, 
2003, 2004; Wang et al. 2000; Weiss et al. 1986). Due 
to the comparatively high penetrative depth of the 
photons and the possibility of problem-free radia-
tion transmission by fiber-optic waveguides, nearly 
infra-red lasers (NIR) are used for LITT.

LITT provides a photothermal tumor destruction 
technique, permitting solid tumor configurations 
inside parenchymatous organs to be destroyed. The 
expansion of the tissue-destroying effect is dependent 
on the choice of radiation capacity and radiation time. 
This means that the parameters must be pre-selected 
in such a way that all tumor cells, if possible, are ex-
posed to the coagulative effect. Besides, there must 
also be a safety margin of at least 5–10 mm in width. 

In order to do justice to the coagulation of a 3D 
tumor geometry, it must be possible to heat an ap-
proximately spherical volume of tissue at the same 
time. For this reason application systems of defined 
space radiation characteristics have been developed, 
the distal ends of which are prepared in such a way 
that the result is an even circumference of radiation.

In the following we will present the experimental 
and clinical data for the MR-guided laser-induced 
thermotherapy of malignant liver tumors, focusing 
on liver metastases and HCC.

25.2 
Technique of Laser-Induced Thermometry 
(LITT)

Between June 1993 and May 2003 LITT was per-
formed in 1421 patients (741 male, 680 female, mean 
age 59.5 years, range 24 to 89 years) with a total of 
3122 liver metastases and 83 HCC. We included pa-
tients with different primary tumors like colorectal 
liver metastases, liver metastases from breast cancer, 
hepatocellular carcinomas, liver metastases from 
pancreatic cancer and a variety of other tumors. 

A laser application was defined as a laser treat-
ment at one certain position. If the laser applicator 
was pulled back and another laser treatment was 
performed to enlarge the coagulative necrosis a sec-
ond laser application was performed (Table 25.1) 
(Ramsey and Wu 1995).

We also included patients with recurrent liver 
metastases after partial liver resection, patients with 

Table 25.1. Documentation of the application data for the 
total patient material including all patients with malig-
nant liver lesions. The number of applicators represents the 
number of applicators per patient. The number of applica-
tions indicates how many LITT treatments were performed 
per patient (an LITT treatment with one laser applicator at 
one certain location is one laser application). If the laser 
fiber is pulled back in order to enlarge the volume of coagu-
lative necrosis a second laser application will be performed. 
One LITT session is the LITT treatment performed on one 
day with between one and seven laser applicators simultane-
ously. One LITT round includes all LITT sessions which are 
necessary to get all visible metastases treated. If new metas-
tases are detected by MR during follow-up control studies 
3 months after initial LITT treatment or later, these lesion 
will be treated again by LITT. This was counted as a second 
LITT session

Parameter Mean Median Minimum Maximum

Age 59.5 60.0 28.4 88.7

Applicators 6.8 5 1 34

Applications 11.4 9 1 56

Metastases 2.8 2 1 21

LITT session 2.4 2 1 13

LITT round 1.5 1 1 9

Applicator per 
metastasis

2.5 2 1 9

Session per 
metastasis

1.05 1 1 3

Energy per 
metastasis

104 KJ 82.9 KJ 5.9 KJ 502.4 KJ

metastases in both liver lobes, patients with locally 
non-resectable lesions, and patients who had gen-
eral contraindications for surgery or who refused 
surgical resection. The distribution for the differ-
ent indications varied for different primary tumors 
(Fig. 25.1).

25.2.1 
Laser Equipment and Application Set

Laser coagulation is accomplished using a 
Neodymium-YAG laser light with a wavelength of 
1064 nm (MediLas 5060, MediLas 5100, Dornier 
Germering, Germany), delivered through optic fi-
bers terminated by a specially developed diffusor. 
In the beginning a diffusor tip with a glass dome 
of 0.9 mm in diameter, which was mounted at the 
end of a silica fiber (diameter 400 µm) was used. 
Since the year 2000 a flexible diffuser tip has been 
used with a diameter of 1.0 mm, which makes the 
laser applications much easier due to the fact that 
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the risk of damage to the diffuser tip has dropped 
to almost zero. The active length of the diffusor tip 
ranges between 20 and 40 mm in length. The laser 
power is adjusted to 12 Watts per cm active length 
of the laser applicator.

The laser application kit (SOMATEX company, 
Berlin, Germany) consists of a cannulation needle, a 
sheath system, and a protective catheter which pre-
vents direct contact of the laser applicator with the 
treated tissues and allows cooling of the tip of the la-
ser applicator. The closed end of the protective cath-
eter enables complete removal of the applicator even 
in the unlikely event of damage to the fiber during 
treatment. This simplifies the procedure and makes 
it safer for the patient. 

The laser itself is installed outside of the MR 
examination room, and the light is transmitted 
through an optical fiber. All patients are examined 
using an MR imaging protocol including gradient 
recalled echo (GRE) T1-weighted plain and contrast-
enhanced GD-DTPA 0.1 mmol/kg body weight (b.w). 
T2- and T1-weighted images are obtained for local-
izing the target lesion and planning the interven-
tional procedure. The scanners are a conventional 
1.5-T system (Siemens, Erlangen, Germany) and a 
0.5-T system (Escint).

25.2.2 
Imaging During Therapy

After informing the patients about potential com-
plications, benefits, and disadvantages of LITT, 
consent is obtained. The metastases are localized 
on ultrasound or computed tomographic scans and 
the injection site is infiltrated with 20 ml of 1% lido-
caine (Sato et al. 2000). Under CT guidance the laser 
application system is inserted using the Seldinger 

technique. After the patient is positioned on the MR 
table, the laser catheter is inserted into the protec-
tive catheter. MR sequences are performed in three 
perpendicular orientations before and during LITT 
(Fig. 25.2).

MR sequences are performed every 30 s to assess 
the progress in heating the lesion and the surround-
ing tissue. Heating is revealed as signal loss in the 
T1-weighted GRE images as a result of the heat-in-
duced increase of the T1 relaxation time. Depending 
on the geometry and intensity of the signal loss and 
the speed of heat distribution the position of the la-
ser fibers, the laser power and the cooling rate are 
readjusted. Treatment is stopped after total coagu-
lation of the lesion, and a safety margin from 5 to 
15 mm surrounding the lesion can be visualized in 
MR images.

After switching off the laser, T1-weighted con-
trast-enhanced GRE-2D images are obtained for 
verifying the induced necrosis. After the proce-
dure the puncture channel is sealed with fibrin 
glue. Follow-up examinations using plain and 
contrast-enhanced sequences are performed after 
24–48 h, and every 3 months following the LITT 
procedure. Quantitative and qualitative parame-
ters, including size, morphology, signal behavior, 
and contrast enhancement are evaluated for de-
ciding whether treatment can be considered suc-
cessful, or whether subsequent treatment sessions 
are required.

Laser-induced effects are evaluated by compar-
ing images of lesions and surrounding liver paren-
chyma obtained before and after laser treatment 
with each other, and with those obtained at follow 
up examinations. Tumor volume and volume of co-
agulative necrosis are calculated using 3D MR im-
ages and measurements of the maximum diameter 
in three planes. 

Fig. 25.1. Documentation of the 
distribution of the indications for 
LITT treatment for all patients 
(all), patients with colorectal 
liver metastases (colorec.), liver 
metastases from breast cancer 
(breast), hepatocellular carci-
noma (HCC), and patients with 
liver metastases from pancreatic 
cancer (pancr.)
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Fig. 25.2a–j. A 40-year-old patient with liver metastases of a colorectal cancer. 
a Transverse non-contrast T1-weighted GE image (TR/TE = 110/5) obtained 
3 weeks before laser treatment shows a liver metastasis (arrows) in segments 
VII/VIII with a maximum diameter of 2.5 cm. b Transverse contrast-enhanced 
T1-weighted GE image (TR/TE = 110/5) 3 weeks before LITT treatment shows 
contrast enhancement in the periphery of the metastasis (arrows). c CT image 
obtained at the day of treatment shows an obvious progression of the lesion (ar-
rows) in segments VII/VIII with a maximum diameter of 4.5 cm compared to 
pre-treatment images (Figs. 25.8a, 25.8b). Note the placement of five laser fibers 
(arrowheads) in the peripheral zone of the metastases. d Transverse non-contrast 
image immediately before starting the LITT treatment shows the metastases (ar-
rows) and the positioned laser fibers (arrowheads). e Coronal non-contrast T1-
weighted GE image shows the access to the metastases from caudal to cranial. For 
better visualization of the application systems a magnetite marker (arrows) was 
placed in the protective catheter. The course of two application systems is shown 
on this image. f Transverse non-contrast T1-weighted image obtained 26 min 
after starting the laser treatment demonstrates an obvious signal decrease of the 
lesion and the surrounding tissue (arrows) due to the increase of tissue tempera-
ture (compare Fig. 25.8d). The temperature in the center of the lesion is around 
110°C, in the peripheral zone the temperature is around 60–70°C. g Transverse 
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25.3 
Clinical Data

All treatments can be performed under local an-
esthesia and are well tolerated by the patients. All 
patients treated between June 1993 and September 
1998 (n=278) were hospitalized for 24–48 h after the 
intervention. All patients treated between October 
1998 and now (n=613) have been treated strictly on 
an outpatient basis.

Evaluation of the MR thermometry data during 
MR-guided laser-induced thermotherapy demon-
strates that metastatic tissue is very sensitive to heat, 
showing earlier and more widespread temperature 
distribution of the delivered thermal energy than 
does surrounding liver parenchyma. The area of 
obviously decreased signal intensity during LITT 
treatment is identical with the area classified as 
coagulative necrosis on MR images 24 h after laser 
treatment. In the minority of cases the size of the 
coagulative necrosis obtained 24 h after LITT treat-
ment is larger compared to MR thermometry im-
ages. The difference is 17% in maximum.

The mean number of treated metastases per pa-
tient is three (Fig. 25.3). The evaluation of the ap-
plication details is presented in Table 25.1. The 
localization of the metastases with respect to the 
different liver segments shows a quite homogenous 
distribution of the metastases in the different liver 
segments taking into account the different volumes 
of the liver segments (Fig. 25.4).

The mean number of inserted laser applicators 
for the treatment of one metastasis with a reliable 
safety margin with respect to the size of the metas-
tases is shown in Fig. 25.5.

non-contrast T2-weighted image obtained 24 h after laser 
treatment shows the induced coagulation area (arrows) with 
some inflammatory changes and edema in the surrounding 
area (arrow heads). h Transverse noncontrast T1-weighted 
GE image 24 hours after LITT demonstrates the typical pat-
tern of a coagulation area after LITT with hyperintense pat-
tern (arrows) in the peripheral zone probably due to some 
slight hemorrhagic diffusion into the lesion. Corresponding 
to the hyperintense signal on the T2-weighted image (see 
Fig. 25.8g) the lesion is surrounded by a hypointense rim 
(arrow head) due to edema and inflammatory changes. i 
Transverse contrast-enhanced T1-weighted image 24 hours 
after laser treatment shows the induced coagulation area 
(arrows). j Sagittal contrast-enhanced T1-weighted GRE ob-
tained 24 hours after LITT demonstrates the extension of 
the necrosis (arrows), which exceeds the initial tumor size 
by a factor of 4

Fig. 25.3. The graph shows the total number of treated me-
tastases per patient, including recurrent metastases during 
follow-up examinations

Fig. 25.4. The graph shows the distribution of the treated me-
tastases with respect to the different liver segments

Fig. 25.5. The graph show the number of laser applicators 
which were inserted for the treatment of one single metas-
tasis with respect to the size of the metastases. PA=power 
laser applicator
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The approach to the lesion depends on the lo-
calization of the lesion (Fig. 25.6). Transpleural ap-
proaches are avoided in all cases. The most common 
approach to lesions located in liver segments 7 and 
8 is the angulated lateral approach. The most com-
mon approach for lesions located in liver segments 
2 and 3 is an approach from ventral. An approach is 
classified as dorsal, lateral or ventral if the angula-
tion of the puncture direction is more than 15° from 
the scan plane. A transpleural approach is avoided 
in all cases, therefore the approach to most of the 
lesions in liver segments 7 or 8 is a lateral angulated 
approach (Fig. 25.7).

The mean energy for metastases with a diameter 
of 2 cm or smaller is 48 KJ, for metastases between 
3 and 4 cm the mean energy is 140 KJ. The mean 
values of the applied energy are statistically sig-
nificantly higher in liver metastases from colorectal 
carcinoma versus liver metastases from breast car-
cinoma and hepatocellular carcinoma (Fig. 25.8).

The volume of the induced coagulative necrosis 
24 h after LITT treatment exceeds the volume of 
the initial tumor significantly (p<0.001). During 
follow-up examinations the volume of the induced 
necrosis is getting smaller again due to resorption 
and shrinking of the lesion. In the 3-month control 
the volume of the coagulative necrosis is already 
roughly half of the initial volume of the necrosis, but 
still larger than the initial tumor volume.

Evaluation of the MR thermometry data during 
MR-guided laser-induced thermotherapy demon-
strates that metastatic tissue is very sensitive to heat, 

showing earlier and more widespread temperature 
distribution of the delivered thermal energy than 
does surrounding liver parenchyma. Online MR-
thermometric changes correlates exactly with the 
findings from contrast-enhanced T1-weighted se-
quences obtained after therapy. The mean volume 

Fig. 25.6. The diagram presents the different approach to 
the lesion with respect to the different liver segments. An 
approach was classified as dorsal, lateral or ventral if the 
angulation of the puncture direction was more than 15° from 
the scan plane. A transpleural approach was avoided in all 
cases. Therefore the approach to most of the lesions in liver 
segments VII or VIII was a lateral angulated approach

Fig. 25.7. The graph shows the distribution of the liver metas-
tases with respect to the localization of the lesion. A localiza-
tion was classified as easy if the lesion was sufficiently sur-
rounded by normal liver parenchyma without relationship 
to any of the other listed structures. A lesion was classified 
as paracaval if there was a contact to the vena cava inferior. 
Other important relationships were the liver capsule, the 
gall bladder, the bowel and the central portal vein structures 
(including the central bile ducts). A lesion was classified as 
subcardial, if the lesion was located in liver segment II and 
the distance between the lesion and the pericardium was less 
than 8 mm

Fig. 25.8. The graph shows the applied energy per metasta-
sis for colorectal cancer liver metastases, liver metastases 
from breast cancer and hepatocellular tumors for lesions 2 
cm or less in diameter, lesions between 2 and 3 cm, lesions 
between 3 and 4 cm and lesions larger than 4 cm in diameter. 
Values are expressed as mean plus/minus standard error of 
mean, which is the measurement of how much the value of 
the mean may vary from sample to sample taken from the 
same distribution. It is the standard deviation of the distri-
bution of all possible means, if samples of the same size are 
repeatedly taken
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of necrosis 24 h after LITT treatment is 60 ml (range: 
3 ml to 460 ml). After 3 months the mean volume of 
necrosis is 40 ml (range: 2 to 230 ml) due to shrink-
ing of the lesion. The number of treated metastases 
and laser applicators is shown in Table 25.2. Plain 
and contrast-enhanced MR is performed in all cases 
for verifying the obtained necrosis.

treatment in two patients and treated with intra-
venous antibiotics. No seeding of metastases was 
found in our patients.

25.3.2 
Local Tumor Control Rate and Survival Data

The local tumor control rate was determined using 
plain and contrast-enhanced MR images obtained 3 
and 6 months after LITT treatment. Reflecting the 
development of the laser application systems and the 
increased experience of the physicians, the patients 
were divided into two groups for evaluation of the 
local tumor control rate. In group 1 (treated from 
June 1993 to September 1996, n=58 patients) the lo-
cal tumor control rate was 70.4% in the 3-month 
follow-up. In group 2 (n=119), treated from October 
1996 to September 1997 the local tumor control rate 
after 3 months was 79.4%. In group 3 (treated be-
tween October 1997 and May 2001, n=335) the local 
tumor control rate after 3 months was 97.6%. The 
contrast-enhanced MR control study 6 months af-
ter the laser treatment demonstrated a local tumor 
control rate of 45.1% in group 1, 64% in group 2 and 
98.5% in group 3. This shows that MR-guided LITT 
results in definitive tumor destruction even in long-
term follow-up. During the further follow-up period 
of up to 6 years after the laser treatment, plain and 
contrast-enhanced MR revealed no local recurrence 
later than 6 months after initial treatment. In the late 
follow-up period MR documented only scar tissue 
without any pathologic contrast enhancement.

Survival curves were evaluated using the Kaplan-
Meier method (Kaplan and Meier 1958). The mean 
cumulative survival rate of patients with colorectal 
liver metastases was 3.8 years (95% confidence in-
terval 3.4–4.1 years) (Fig. 25.9). The 1-year survival 
rate was 93%, the 2-year survival rate was 73%, the 
3 year survival rate was 50%, and the 5-year sur-
vival was 28%. Maximum survival was 83.4 months. 
Patients with 1 or 2 initial metastases (mean survival 
4.0 years, 95% confidence interval: 3.6–4.5 years) 
showed a superior survival than patients with 3 or 
4 initial metastases (mean survival 2.8 years, 95% 
confidence interval: 2.6–3.3 years) (Fig. 25.10). 
However, the differences were not statistically sig-
nificant when assessed with the log rank test, the 
Tarone-Ware test and the Breslow test for equal-
ity of survival distribution (log rank test p=0.13, 
Tarone-Ware p=0.14, Breslow test p=0.17). Patients 
with metachronous metastases showed superior 
survival compared with patients who had synchro-

Table 25.2. Distribution of the metastases and laser appli-
cations in patients with colorectal liver metastases

 Mean Median Mini-
mum

Maxi-
mum

Number of metastases 3.2 2.0 1 21

Number of laser appli-
cators per metastasis

2.28 - 1 6

Number of laser appli-
cators per patient

7.6 6 1 34

Treatment session per 
patient

2.7 2 1 13

25.3.1 
Side Effects and Complications

All patients tolerated the intervention well under 
local anesthesia. Clinically relevant complications 
such as bleeding, infection, or pleural effusion were 
observed at the following rates (based on the number 
of treatment sessions): pleural effusion, 1.1%; intra-
abdominal bleeding, 0.1%; liver abscess, 0.4%; 30-
day mortality, 0.1%; pneumothorax, 0.1%; injury to 
bile duct, 0.1%; and bronchial-biliary fistula, 0.07%. 
The overall complication rate was 1.5%. However, 
except for the two patients who died within 30 days 
after the procedure, complications were not severe 
and could be treated either by drainage or puncture 
(pleural effusion, abscess) or percutaneous bile duct 
reconstruction by placing a stent. One patient died 4 
weeks after treatment. This patient developed leak-
age in the jejunum following LITT of a liver metas-
tasis in segment IVa. The patient underwent surgery 
but succumbed to peritonitis and acute respiratory 
distress syndrome. The death was considered possi-
bly LITT-related, most likely due to stress ulceration 
of the jejunum. A second, 72-year-old patient died 
within 30 days after laser treatment, probably due to 
sepsis. Unfortunately this could not be proven as no 
autopsy was performed. One case of intra-abdomi-
nal bleeding was self-limiting and no treatment was 
necessary.

Imaging during LITT revealed a small, nonsymp-
tomatic subcapsular hematoma in 1.9% of patients. 
Local infection at the puncture site was seen after 
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nous metastases (metastases developed more than 6 
months after detection of primary tumor) (p=0.11). 
In our patient collective we found a nearly equal dis-
tribution of synchronous and metachronous liver 
metastases. There were no statistically significant 
differences with regard to gender or size of treated 
metastases (p>0.05). 

In the evaluation according to the primary lymph 
node stage it can be seen that patients with a N0 or N1 
primary lymph node stages have superior survival 
compared to N2 and N3 patients. The mean survival 
in patients with N0 and N1 lymph node stage was 
4.1 years (95% confidence interval: 3.6–4.6 years). 
The mean survival in patients with N2 and N3 lymph 
node stage was 3.5 years (95% confidence interval: 
2.7–3.3 years) (Fig. 25.11).

25.4 
Discussion

Liver metastases are the most common tumors in 
Europe and the United States and are twenty times 
more common in Africa, Japan and Eastern coun-
tries. The liver is the most common site of metas-
tasis. Colorectal cancer is the third leading cause of 
death in Western communities, outnumbered only 
by lung and breast cancer. At the time of death, ap-
proximately two-thirds of patients with colorectal 
cancer have liver metastases (Stangl et al. 1994). 
Survival in metastatic liver disease depends on the 
extent of liver involvement and the presence of meta-
static tumors. In several studies, liver metastases 
from colon carcinoma which were confined to one 
lobe and involved an area of less than 25% of the liver 
caused death in 6 months when untreated (Kemeny 
and Atiq 1999). When 25%–75% of the liver was 
involved, survival was 5.5 months; and when more 
than 75% of the liver was involved, death occurred 
in 3.4 months.

Therapeutic alternatives in the treatment of 
liver metastases include surgery, local ablation as 
LITT, radiofrequency (RF) ablation, cryotherapy 
(Charnley et al. 1989; Finlay et al. 2000; Hewitt 
et al. 1998; Seifert et al. 2000; Shapiro et al. 
1998), microwave ablation and ethanol injection 
(Bartolozzi and Lencioni 1996; Amin et al. 1993; 
De Cobelli et al. 1994; Livraghi et al. 1990, 1993, 
1995; Shiina et al. 1990; Sironi et al. 1991) or onco-
logic strategies such as systemic or locoregional che-

Fig. 25.9. Survival data of all patients (n=512) treated 
with LITT for colorectal liver metastases (n=1556)

Fig. 25.10. Comparison of survival of patients with 
respect to the number of initial metastases (1, black 
line, group 1: 1 or 2 metastases; 3, dark grey line, 3 
or 4 metastases; 2, grey line, group 2: more than 4 
metastases)

Fig. 25.11. Comparison of survival of patients with 
respect to the initial staging of lymph nodes (1, black 
line, group 1: N0 and N1 stage; 2, grey line, group 2: 
N2 or N3 stage)

1

2
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motherapy (Kemeny 1995; Giacchetti et al. 1990; 
Kawai et al. 1997; Kemeny et al. 1999; Lorenz et al. 
2000). As a high number of tumors grow in damaged 
liver parenchyma with reduced hepatic functions, it 
is important for all methods which damage tumor 
cells to preserve functional reserve capacity, delay-
ing terminal organ failure for as long as possible.

Therefore many local ablation techniques were 
developed in order to improve the survival of the 
patients (Vogl et al. 2004). Nowadays, the most 
common technique is RF ablation. Radiofrequency 
waves (RF waves) have been used since the 1960s for 
treating intracerebral tumors, controlled stereotac-
tically. For some years RF treatment has also been 
used for treating soft tissue, focusing on the treat-
ment of malignant liver tumors. As with LITT a co-
agulation necrosis is caused through a local temper-
ature increase. Wavelengths between 300–500 kHz 
are introduced into the tissue through mono- or bi-
polar antennae systems resulting in the target area 
heating up to temperatures of 90°C, caused by high 
tissue resistance. In previous studies monopolar 
systems were used almost exclusively. The necessity 
for an external second electrode on patients makes 
an uncontrolled energy flow outside the required 
target zone possible in theory, as burns cannot be 
safely ruled out. Bipolar application systems inte-
grate both poles in one applicator. Cooling the tip 
of the applicator in RF treatment was introduced to 
increase the size of the induced necrosis up to 5 cm 
in diameter. 

Rossi et al. (1996) treated 11 patients with 13 me-
tastases using mono- and bipolar systems and the 
multi-applicator technique. Despite the fact that the 
tumors were under 3.5 cm in size, one year after the 
operation only one patient was tumor-free and the 
relapse rate was around 55%. The findings for the 
39 patients with HCC were better, as a relapse rate 
of only 10% and mean survival times of 44 months 
have been calculated (Rossi et al. 1996).

Solbiati et al. (1997) published a study of 29 
patients with 44 liver metastases (size 1.3–5 cm) 
of colorectal, stomach, breast, and pancreatic car-
cinomas. Among them there were 20 patients with 
solitary lesions. The operation took place using 
cooled systems, and a complete tumor ablation was 
achieved in 91% of cases. At the 3- and 6-month 
check-up 66% of the treated lesions were still inac-
tive. A survival rate of 100%, 94% and 86% after 6, 
12, and 18 months was documented (Solbiati et al. 
1997). Livraghi et al. (1997) tried an approach us-
ing conventional systems and simultaneous irriga-
tion with NaCl solution in 14 patients with 24 liver 

metastases (1.2 to 4.5 cm in size) but only 52% of the 
lesions were inactive after 6 months.

Livraghi et al. (1999) presented a direct com-
parison of RF therapy (42 patients, 52 lesions) with 
percutaneous alcohol injection (PAI) (44 patients 
with 60 tumors) in treating hepatocellular carcino-
mas (Livraghi et al. 1999). This was the first direct 
comparison of these two different treatments in 
similarly structured patient populations. In all, 80% 
of tumors were removed completely using PAI and 
90% using RF (no statistical significance). The main 
advantage of RF therapy proved to be the smaller 
number of treatment sessions (1.2 versus 4.8). On 
the other hand a higher complication rate (2% se-
rious, 8% less serious complications versus 0% for 
PAI) was documented (Douillard et al. 2000b). 
Side effects with regard to punctures are relevant 
here, i.e. pneumothorax or hemothorax (2%), injury 
of the bile ducts and the gall bladder, intraperitoneal 
bleeding (8%) and also pleural effusions. Depending 
on the procedure some cases had to be upgraded 
from local to general anesthesia due to severe pain 
during the energy application.

Our data in a large population of 891 patients with 
liver metastases from different primary tumors, 
mainly colorectal carcinomas show a very high lo-
cal control rate (over 97% in 3- and 6-month control 
studies) and a very low local recurrence rate. LITT 
treatment can be performed easily under local an-
esthesia on an outpatient basis in metastases up to 
5 cm in diameter with a 1 cm safety margin, which 
is very important for a low recurrence rate. Multiple 
applications can be performed simultaneously. 

The wide range of the values of the energy which 
was applied to the metastases indicates that there is 
a high variance in heat distribution. Sometimes a 
couple of minutes are enough to treat a metastasis 
with a reliable safety margin and sometimes appli-
cations times of 30 min and more are necessary to 
get same necrosis in another metastasis of the same 
size. Therefore reliable nearly online monitoring of 
treatment is absolutely necessary in order to avoid 
over- or undertreatment of the metastases. Due to 
the fact that laser ablation is fully compatible with 
MR, which is the most reliable method for thermom-
etry, MR is very well suited for monitoring thermal 
ablation like LITT.

The survival rates achieved, which represent the 
most relevant success criterion for a treatment, are 
slightly superior in patients with metastases from a 
colorectal carcinoma or a carcinoma of the breast to 
those in surgically resected patients. It must be con-
sidered, however, that a surgical resection was not or 
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was no longer an option among most of the patients 
being treated due to metastatic relapse after surgical 
resection or a bilobate pattern of infestation. In spite 
of this it was possible to achieve survival rates com-
parable to surgical resection among these patients, 
who are actually in a group with a worse prognosis. 
Compared with the extensively published historic 
survival data after surgical metastatic resection, 
LITT offers a very good further treatment option 
(Lorenz and Waldeyer 1997; Mariette and 
Fagniez 1992; Harrison et al. 1997). Due to the 
survival data and local tumor control rates achieved 
so far, in our opinion randomized studies compar-
ing LITT with chemotherapy solely in the case of pa-
tients who fulfill the inclusion criteria for LITT are 
no longer ethically tenable.

In the modern oncological concept of treatment 
the internationally defined terms of clinical benefit, 
performance status and quality of life are of the ut-
most importance. That applies predominantly to pa-
tients suffering from local and generally advanced 
tumors that are no longer curative. Above all, how-
ever, intensive chemotherapy, systemic or regional, 
with marked toxic side effects severely affects the 
quality of life in the majority of cases. Looking at it 
from this background all the more attention must 
be paid to the treatment concepts described here, 
because minimally invasive techniques are applied 
which adversely affect patients less and shorter-
term.

Consequently the prerequisites are given to inte-
grate these new procedures into oncological treat-
ment programs which have been carried out up to 
now. LITT, which has been used for the past 8 years 
in the clinical routine, can play a great part in mod-
ern oncological treatment concepts.

At this time, liver resection is considered to rep-
resent the only potentially curative strategy in the 
treatment of colorectal liver metastases (Cady and 
Stone 1991; Dodd et al. 2000; Jenkins et al. 1997). 
About 40% of the surgically treated patients sur-
vive for 3 years and 25% of them are alive at 5 years 
(Bartolozzi and Lencioni 1996; Ardalan et 
al. 1991; Douillard et al. 2000a, 2000b; Finlay 
et al. 2000). Repeated liver resections can be per-
formed and can still achieve a 3-year survival rate 
of 30%. Clinical conditions, the presence of lesions 
in a central location, lesions in both hepatic lobes, 
or poor clinical status preclude surgical treatment. 
In an analysis of a population of 1568 patients with 
metastases confined to the liver which were surgi-
cally resected, there was a 5-year survival rate of 
28% and a 5-year disease-free survival rate of 15% 

(Bartolozzi and Lencioni 1996). Nordlinger et 
al. (1996) demonstrated that factors associated with 
increased risk of recurrence and death were related 
to the primary tumor, metastases, and the surgical 
procedure itself. By contrast there was no correla-
tion with the location of the metastases or the extent 
of liver resection (Doci et al. 1991; Hohenberger 
et al. 1988).

Liver resection can therefore be offered only to 
a small number of patients with a good chance of 
success. There is a demand for additional treatments 
to improve the success of resection and to diminish 
the incidence of recurrence after surgery, particu-
larly in patients for whom surgery is not an option. 
Alternative methods include oncologic strategies, 
such as systemic or locoregional chemotherapy, and 
interventional techniques, including percutaneous 
alcohol injection, transarterial chemoembolization, 
microwave ablation, and percutaneous laser treat-
ment (Lin et al. 1997).

Until now, most patients with unresectable liver 
metastases from colorectal carcinoma have received 
either systemic or locoregional chemotherapy. The 
reported mean and median survival rates in these 
patients are between 12.7 and 18.7 months (Fong 
and Blumgart 1998). In contrast, for patients with 
unresectable liver metastases who fulfill the inclu-
sion criteria mentioned above (maximum of five 
liver metastases, each one measuring less than 5 cm 
in diameter), MR-guided LITT offers a mean sur-
vival of 41.8 months, which is clearly superior to 
systemic and locoregional chemotherapy. The re-
sults of laser treatment of liver metastases support 
the surgical assumption that for improved survival 
liver metastases should be removed or destroyed 
whenever possible. This results are supported by a 
study performed on patients with initially unresect-
able liver metastases from colorectal cancer treated 
with a three-drug chemotherapy regimen followed 
by surgery of liver metastases whenever possible 
(Lorenz and Muller 2000; Fong et al. 1997). Due 
to the strongly superior survival of patients who are 
candidates for LITT treatment compared to sys-
temic or locoregional chemotherapy, we think that 
a randomized study of LITT versus chemotherapy 
alone is ethically unacceptable, as so far no study 
has been able to demonstrate a similar mean sur-
vival for patients with colorectal liver metastases 
who received chemotherapy alone even in a highly 
selected patient group.

The clinical success of MR-guided LITT depends 
on many factors. First, optimal positioning of one 
or more laser application systems in the lesion must 
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be ensured, as determined in three dimensions. The 
real advantage of MR over CT and ultrasound lies in 
the heat-sensitivity of the MR sequence and the pos-
sibility of visualizing and quantifying the degree of 
induced necrosis of the malignant and surrounding 
parenchymal structures. It allows rapid acquisition 
of temperature maps, permitting nearly real-time 
documentation of LITT effects. Monitoring of these 
effects during ongoing therapy is advantageous for 
a number of reasons. The technique can be used to 
assure that the entire lesion has been treated, and 
if there is residual tissue within the lesion that has 
not been treated, the applicator can be re-positioned 
under MR guidance during the same treatment ses-
sion. This technique allows safe destruction of me-
tastases and well controlled coagulation of a safety 
margin surrounding the lesion.

Monitoring also minimizes destruction of healthy 
tissues, thus enhancing the safety of the procedure, 
particularly in the vicinity of vital structures such as 
large vessels or the central bile ducts in the liver. MR 
provides unparalleled topographic accuracy, due to 
its excellent soft-tissue contrast and high spatial 
resolution. This allows early detection of complica-
tions.

Several factors may influence the size and mor-
phology of the areas of induced necrosis, including 
tumor geometry and adjacent structures such as ar-
teries, portal and hepatic veins, and the biliary tree. 
The relationship of the tumor to the liver capsule is an 
essential factor in planning treatment of the lesion. 

The major advantage of MR-guided LITT is that 
it can easily be performed under local anesthesia 
in outpatients with a low complication rate. Long-
term studies yielded a local tumor control rate that 
depended largely on the technique used and the 
experience of the interventional group performing 
the procedure. In our series, the local tumor control 
rate after MR-guided laser-induced thermotherapy 
was 99.2%, including power laser and multiapplica-
tor techniques. One imaging system serves in the 
planning, targeting, monitoring and control of the 
disease.

Additionally, the factor of a lower degree of ther-
apeutically induced liver regeneration with a lower 
factor of possible tumor stimulation has to be dis-
cussed.

In summary, MR-guided LITT is a safe and effec-
tive treatment modality for oligonodal colorectal liver 
metastases. Our data show that MR-guided LITT al-
lows a local tumor control rate of 97% and more after 
3 months and 98% after 6 months, even in nonsurgi-
cal candidates. Although the intention of LITT was 

originally a palliative one, its favorable survival rates 
compared to those obtained with surgical resection 
of liver metastases, based on analyses of large surgi-
cal series with a clearly lower complication rate, are 
most encouraging (Adson 1987; Adson et al. 1984; 
Amin et al. 1993; Ardalan et al. 1991; Ballantyne 
and Quin 1993; Bartolozzi and Lencioni 1996; 
Bismuth et al. 1993; Butler et al. 1986). These data 
form the basis for an extension of the indication to 
surgical candidates if there are no more than five me-
tastases with a maximum diameter of 5 cm.
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26.1 
Introduction

Treatment concepts for liver metastases are deter-
mined by the biology of the disease and, in the case 
of the disease being confined to the liver, by the 
number and topographic location of the metastases. 
Colorectal liver metastases are the most frequent 
indication for the use of regional treatment concepts 
for the liver. Liver metastases from other primary 
tumors, such as the breast, neuroendocrine tumors 
(carcinoids), ocular melanoma, renal cell cancer, 
and sarcoma, have also been removed by treatment 
approaches confined to the liver with curative in-
tent.

The opinion that resection of liver metastases is 
not indicated, which unfortunately is still part of 
many medical and oncological approaches, should 
be seen as dated in the light of the results from both 
the established and new strategies, which using mul-
timodal treatment offer long-term survival or cure 
even in advanced cases.

Based on single and multi-institutional reports 
in the literature, surgical resection has been the 
standard procedure recommended in the various 
national guidelines (Hermanek 2000; Baker et al. 
1997). Recent developments in interventional radiol-
ogy have shown that the local controlled destruction 
of liver metastases, mainly of colorectal origin, by 
radiofrequency (RF) or laser (LITT) induced ther-
mal ablation, may yield results comparable to those 
for liver surgery (Lencioni et al. 1994; Vogl et al. 
2000). Systemic or regional neoadjuvant chemother-
apy and regional adjuvant chemotherapy seem to 
improve the surgical oncological long-term results 
(Adam 2003; Giacchetti et al. 1999; Kemeny et al. 
2003; Link et al. 1999a). The benefit of adding these 
modalities to the thermal ablative procedures is cur-
rently being examined.

Surgery and interventional treatment approaches 
are competitive on the one hand, but could be ad-
ditive and open up therapeutic perspectives on 
the other (Germer et al. 1999; Link et al. 2000a). 
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Therefore, each individual patient with metasta-
ses confined to the liver should be considered and 
treated on an interdisciplinary basis. This report 
on the current concepts in the treatment of hepatic 
metastases from surgical and interdisciplinary on-
cological viewpoints provides data to enable the 
optimal single or multiple treatment modality to be 
chosen for an individual patient with metastases to 
the liver.

26.2 
Biology of Colorectal and Other 
Liver Metastases

More than 50% of patients with colon or rectal pri-
mary tumors develop synchronous or metachro-
nous metastases to the liver, in 25% of patients 
colorectal liver metastases are confined to the liver 
(“isolated”) and roughly 25% of patients with iso-
lated liver metastases are resectable using conven-
tional criteria (Ballantyne and Quinn 1993). In 
the case of gastrointestinal cancers, liver metasta-
ses develop via the portal pathway by tumor cell 
shedding via the hepatic-pulmonary-peripheral 
arterial cascade, which has a surprisingly low ef-
ficiency, especially in cirrhotic patients (Eder and 
Weiss 1991; Weiss and Ward 1991; Gervaz et 
al. 2003). Depending on interactions of the target 
organ and shed tumor cell(s), metastases might 
be confined to the liver, which is more likely in 
colorectal than other GI cancers (Eder and Weiss 
1991). Solitary to multiple metastatic growth con-
fined to the liver is also observable in ocular mela-
noma, breast cancer, neuroendocrine tumors, renal 
cell cancers and sarcomas (Link 1998; Hughes and 
Sugarbaker 1987; Elias et al. 2003a; Leyvraz et 
al. 1997). The biologically relevant confinement of 
metastases to the liver is indirectly proven by the 
fact that 5- and 10-year survival is possible af-
ter resection of these metastases. Liver metastases 
usually expand locally in the liver segments, can 
metastasize within the liver, and might be the focus 
for extrahepatic hematogenous spread (Eder and 
Weiss 1991; Scheele 1989; Scheele 2001; Weiss et 
al. 1985). The doubling time (growth rate) of overt 
liver metastases in patients with colorectal cancer 
was estimated to be 155+34 days, that of occult 
liver metastases 86+12 days, and the correspond-
ing ages calculated to be 3.7+0.9 and 2.3+0.4 years, 
respectively (Finlay et al. 1988). In the sponta-
neous course of colorectal liver metastases origi-

nally confined to the liver, local expansion leads to 
hepatic dysfunction and death in 25% of patients 
presenting with hepatic disease (Taylor 1962). In 
the case of neuroendocrine tumors, not only local 
expansion but also severe endocrine dysfunctions 
(e.g. carcinoid syndrome or hypoglycemia) limit 
the quality and duration of patients’ lives (Elias et 
al. 2003a; Kockerling et al. 1991). Thus, the spon-
taneous course is determined by intrahepatic tu-
mor load expansion and eventually by extrahepatic 
tumor spread to the lungs and other (rare) organ 
sites. Without specific treatment, the median sur-
vival time of 104 (historical) patients with isolated 
colorectal liver metastases registered in Surgical 
Department I, University of Ulm, was 11.7 months 
(range 2 days–57 months), and the survival rates 
after 1, 2, and 3 years were 49%, 17%, and 5%, 
respectively (Table 26.1). In 47 patients who also 
had extrahepatic metastases, the median survival 
time was 6.6 months (Vogel 2000). According to a 
number of reports in the literature, the median sur-
vival times in the spontaneous course vary between 
4.8 and 24 months and depend on the number and 
dissemination type of metastases (Hughes and 
Sugarbaker 1987). Most interesting is the data of 
historical patients, whose metastases would have 
been resectable; their median survival times were 
also limited to the range of 6–16 months, and 5-
year survivors are extremely rare sporadic cases 
(Hughes et al. 1988; Scheele et al. 1990). In a 
subset of the Ulm historical patients with isolated 
untreated liver metastases, the median time to 
extrahepatic disease progression was 3.5 months 
after diagnosis (Vogel 2000). The various biologi-
cal factors contributing to the spontaneous course 
and metastatic cascade have been the basis for the 
European, Japanese (JCCR 2003), and UICC (TNM 
2003) classification systems (Table 26.2) (Gennari 
et al. 1986a).

Knowledge about the biology and spontaneous 
course of colorectal and other liver metastases is 
the basis for various treatment strategies, which 
from our point of view should be stage adapted. The 
treatment modalities available are surgical resec-
tion, thermoablation, radiotherapy, radionuclide 
therapy, systemic and regional intra-arterial infu-
sion chemotherapy, and chemoembolization. The 
currently most effective and widely applied methods 
worldwide are surgery, systemic and, less frequently, 
regional chemotherapy; also of increasing impor-
tance is thermal ablation. The methods and results 
of these modalities, used either alone or in combina-
tion, are reported below.
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26.3 
Treatment of Resectable Isolated Liver 
Metastases

26.3.1 
Surgical Resection: Indications, Methods and 
Results of Colorectal Liver Metastases and 
Other Primary Tumors

The indications for the different tumor types are 
given above, and are based on long-term survival 
and cures being possible by surgical removal of the 

liver metastases. The principles are the achievement 
of an R-O resection and the retention of sufficient 
function of the remaining liver parenchyma for the 
perioperative and postoperative course. The deci-
sion to resect is influenced by established disease-
specific prognostic factors (e.g. the number and 
volume/diameter of metastases, their distribution 
within the liver segments, sectors, or lobes), the 
topographic location (distance to main branches 
of the bile duct, portal vein and hepatic vein sys-
tems), the prospective function of the remaining 
liver parenchyma, and the surgical technique/ex-
perience (Scheele 2001; Geoghegan and Scheele 
1999; Hughes et al. 1988; Nordlinger et al. 1992). 
Some limits may be overcome by downstaging me-
tastasis, by adding thermal cryotherapeutic or RF 
ablation to surgery, by preoperative portal embo-
lization to increase the remaining normal liver pa-
renchyma, or even by split time resection (Seifert 
and Junginger 1994; Seifert and Morris 1998; 
Azoulay et al. 2001; Bismuth et al. 1996; Elias et 
al. 2003b; Gansauge et al. 1993; Link et al. 1999a; 
Link et al. 2001). Age should not be a general con-
traindication, if there are, as in all patients planned 
for resection, no general risk factors for surgery and 
anesthesia (Fig. 26.1a–c).

The resection is performed after pre- (contrast 
enhanced MRT-, CT-, or PET-CT scans, X-rays or CT 
scans of the lungs) and intraoperative (ultrasound 
and bimanual palpation, extrahepatic disease?) 

Table 26.1. Colorectal liver metastases: treatment. Course of isolated colorectal liver metastases (1979–2002, Department 
of Surgery I, Ulm, Germany). FA, folinic acid; HAI, hepatic artery infusion; i.a., intra-arterial; i.v. intravenous (systemic); 
MFFM, mitoxantrone + 5-FU + FA + mitomycin C; n.d., no data; 5-FUDR, 5-fluorodeoxyuridine; 5-FU, 5-fluorouracil

Patients CR+PRa Survival rates (%) Median survival 
(months)

1 y 2 y 3 y 4 y 5 y

a) Spontaneous 104 -  49 17  5 - <1 11.7
b) Resection and adjuvant therapy (all)  34 -  94 80 n.d.
 5-FUDR i.a.+i.v.  14 - 100 86 60
 5-FU+FA i.a.  20 -  90 75 >60
c) Palliative therapy
 5-FUDR i.a.+i.v 114 41–46% - - - - - 21
 FU+FA i.a.  24 45% - - - - - 18
 MFFM  63 54% - 54 29 10 - 24
 HAI in patients with:
 – Chemosensitivity  13 77% - - - - - 32
 – Chemoresistance  11 9% - - - - - 17
d) HAI downstaging +  Resection  12b - - - - - ≤39

a CR+PR: response with complete or partial tumor remission (WHO criteria)
b 12/87 primarily nonresectable patients (14%) treated with protocols 5-FU+FA (24 patients) and MFFM (63 patients)

Table 26.2. Staging according to Gennari et al. (1986b)

H1 Liver involvement <25%
H2 Liver involvement >25% ≤50%
H3 Liver involvement >50%
S Solitary metastasis 
M Multiple metastases 
B Bilateral metastases 
I Infiltration of the surrounding tissue 
F Liver dysfunction 
Stages:  
I H1s 
II H1m, b or H2s 
III H2m, b or H3s, m, b 
IV A. “Minimal” intra-abdominal extrahepatic 
  metastases, first proven by laparotomy
 B. Extrahepatic metastases 
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staging with the patient in the 30° elevated position, 
under low central venous and end expiratory pres-
sures, and, if necessary, with intermittent clamping. 
Up to 75% of the normal liver may be resected, and 
determination of cholinesterase and the indocya-
nine excretion test (ICN) may help for estimation of 
the preoperative liver function. For dissection of the 
parenchyma, various devices, such as ultrasonic de-
struction (Cusa, Tyco), a water jet (Erbe), microsuc-
tion/thermal coagulation (PMOD, Prof. Ji, Nantong, 
China, personal communication), or an argon-
plasma beamer (Erbe), are used. The destroyed liver 
tissue usually is sucked away during the dissection 
with the instruments. Alternatively, at defined lo-
cations, clamping and stapling (Tyco) may also be 
applied. In the case of major resections (lobectomy/
sectorectomy), the main supplying artery/portal 
vein branch(es) and draining hepatic vein(s) should 
be ligated as the first step for resection. Total vas-
cular clamping or ex situ resections are extremely 
specialized techniques increasing the technical pos-
sibilities of resection, but also the risk of no proven 
benefit (Geoghegan and Scheele 1999; Oldhafer 
et al. 2001). On the remaining cut surface, blood and 
bile fluid control is achieved by ligations and argon 
plasma coagulation or (more expensive) hemostyp-
tic products (Fig. 26.1d–f).

Usually, the patient is extubated and monitored 
for 1–3 days at the intensive care unit. Using these 
techniques, the resection as a rule can be planned 
and performed anatomically, possibly normal liver 
parenchyma, and with minimized blood loss. Thus, 
liver resection today can be performed safely with 
low morbidity and mortality (Scheele 2001; Rau 
et al. 2001). Laparoscopic liver resection is evolving 
for selected indications (Gigot et al. 2002). Only in 
selected cases with functionally active metastases 
from biologically slowly growing endocrine tumors 
may there be an extraordinary indication for organ 
replacement. If liver resection is performed with 
strict indications and by teams with expertise, post-
operative morbidity is lower than 35% and mortality 
below 5%. This treatment quality has been sustained 
for more than 2 decades (Tables 26.3, 26.4).

The 5-year survival rates after resection of iso-
lated colorectal liver metastases have been 23–61%, 
and depend on selection, expertise, resectional sta-
tus (R0 vs R1, 2), and, eventually the use of postoper-
ative adjuvant (regional + systemic) chemotherapy, 
as alluded to later. Surgical cure is possible, since 
89% of the patients tumor free at 5 years after re-
section remained disease free over the subsequent 
5 years (Leslie et al.1995). Ten-year survival rates 

of 16–21% are reported at median survival times of 
18–34 months (Blumgart and Fong 1995). Cures 
by resection are not limited to solitary metastases, 
although the 5-year survival rates in solitary (36%) 
are higher than in multiple (26%) colorectal liver me-
tastases (Ballantyne and Quinn 1993). Survival 
of 5 years and longer after resection is also possible 
in other types of liver metastases, but reports in the 
literature are less frequent and the percentage of 
long-term survivors is lower. The median hospital 
stay in modern series has been 14 days (Laurent et 
al. 2003).

Not all patients judged as resectable preopera-
tively will be resectable at the intraoperative ex-
amination. Prognostic factors accepted widely as 
contraindications are extrahepatic metastases, 
>4 metastases, and, most important, incomplete 
resectability (R1, 2) (Hughes et al. 1988; ISTO-
Informationszentrum für Standards in der 
Onkologie 2004; Nordlinger et al. 1996). Positive 
factors influencing the decision for resection are 
sizes <8 cm and a possible safety margin >1 cm 
(Hughes et al. 1988; ISTO-Informationszentrum 
für Standards in der Onkologie 2004). These 
are guidelines for the pre- and intraoperative deci-
sion of whether to resect or not to resect. According 
to their independent risk factors for mortality/over-
all survival (age >60 years, primary tumor >T3, 
N-positive, liver metastases number >4, diameter 
>5 cm, margin <1 cm, interval >2 years; 1,568 re-
sected patients analyzed), the French Association 
de Chirurgie defined, according to the presence of 
these factors, groups with low (0–2 positive factors, 
2-year survival rate 79%), medium (three to four 
positive factors, 2 years 60%), and high risk (five to 
seven positive factors, 2 years 44%) (Nordlinger et 
al. 1996). Many other retrospective series have de-
fined prognostic factors at liver resection, frequently 
with variations in results (Scheele 2001; Ercolani 
et al. 2002; Hughes et al. 1988; Kato et al. 2003; 
Mala et al. 2002; Nordlinger et al. 1996). A new 
aspect is the infiltrative morphology of liver me-
tastases, which may be classified into various types 
in the preoperative CT scan; molecular prognostic 
factors relevant to the spontaneous course after re-
section have not yet been identified (Yamaguchi et 
al. 2002a; Yamaguchi et al. 2002b; Saw et al. 2002). 
A PET scan can contribute to a better preoperative 
patient selection for curative surgery in up to 40% 
of patients classified as resectable by conventional 
imaging (CT scan/ultrasound), and intraoperative 
ultrasound may change the surgical plans for 18% 
of patients (Conlon et al. 2003; Desai et al. 2003). 
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In spite of the prognostic estimation, the decision 
to resect can also be made on an individual basis 
regarding the potentials of additive treatment pos-
sibilities such as intraoperative ablative therapy and 
postoperative modern “adjuvant” and palliative 
chemotherapy with reduced tumor load. The most 

important prognostic factor in various treatment 
strategies, surgery being the dominant procedure, 
is the histologically confirmed tumor free resection 
margin (R0) (Scheele 2001; Giacchetti et al. 1999; 
Scheele et al. 1996). In a single institution series, 
34% of the 376 R0 resected patients lived disease free 

Fig. 26.1a–f. Surgical resection of a liver metastasis with satellite in segment VI using the Cusa technique. a Resectable 
liver metastasis. b Process of resection using the Cusa technique. c Cusa operating system. d Resected liver segment. e 
Intraoperative verification of safety margin. f After resection, coagulated liver tissue

a b

c d

e f
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after 5 years, while the longest survival time in the 
R1 and 2 resected group (65 patients) was 56 months. 
Moreover, the median survival time in this group 
was 14 months, and these findings were confirmed 
by a literature review (Table 26.5) (Scheele 2001).

The median survival times in R0 and R1,2 re-
sected patients were 41 months vs 20 months, and 
the 5-year survival rates 34% vs 0.8%. The group re-
porting 5-year survivors in noncuratively resected 
patients, however, had a different definition for “cu-
rative” (tumor free margin >1 cm). The proportion 
of R1/2 resected patients was 14% (355/2,164). This 
proportion should be reduced, if possible, by a better 
preoperative evaluation, which is difficult. In one of 
the few prospective diagnostic/surgical studies in-
volving 150 patients preoperatively judged as resect-
able (GITSG 6584), the Gastrointestinal Tumor Study 
Group found that 46% of these patients were R0 re-
sected, with a median survival time of 35.5 months, 
12% had an R2 resection with a median survival time 
of 20.8 months, and 42% were nonresectable with a 
median survival time of 16.5 months. Extrahepatic 
disease, a criterion for nonresectability, was found 
intraoperatively in 12% of the patients (Benotti 
and Steele 1992). One of the extrahepatic tumor 
locations was the portal lymph nodes. The benefit 

of a routine portal lymph node dissection is under 
debate, and has been regarded as negative or posi-
tive in principle, negative in the case of macroscopic 
lymph node metastases, but potentially positive in 
the case of microscopic involvement. Patients with 
lymph node metastases near the hilum/along the 
pedicle may benefit, while patients with metastatic 
lymph nodes at the celiac trunk may not benefit, 
from LN dissection (Jaeck 2003; Beckurts et al. 
1997; Elias et al. 1996; Ercolani et al. 2004; Kato 
et al. 2003).

As pointed out, R0 resection is the most impor-
tant aim of resection. If a complete tumor removal 
is obtainable, the patients may benefit from a com-
bination of hepatic and extrahepatic resections 
(Scheele 2001; Bismuth et al. 1996; Elias et al. 
2003b; Scheele et al.1996). This has been demon-
strated by several authors in the case of simultane-
ous liver and lung metastases, with median survival 

Table 26.4. Colorectal liver metastases surgery: 5-year sur-
vival rates after resection

Author Year Patients 5-y survival

Foster and Lundy 1981 1981  231 23%
Fortner et al. 1984 1984   65 40%
Cady and McDermott 1985 1984   23 40%
August et al. 1985  1984   33 35%
Adson et al. 1984  1984  141 25%
Butler et al. 1986  1986   62 34%
Iwatsuki et al. 1986 1986   60 45%
Hughes and Sugarbaker  1987  859 33%
 1987
1981–1987   23–45%
   
Doci et al. 1991 1991  100 30%
van Oijen et al. 1992  1992  118 35%
Nordlinger et al. 1992 1992 1818 26%
Sugihara et al. 1993 1993  109 48%
Lehnert et al. 1995  1991  182 24%
Scheele et al. 1996 1996 1766 39%
Wang et al. 1996 1996   54 26%
Nakamura et al. 1997 1997   66 50%
Ohlsson et al. 1998 1998  111 25%
Jourdan et al. 1999 1999   70 27%
Harmon et al. 1999  110 46%
Kemeny et al. 1999 1999   74 61%
1991–1999   24–61%
   
Mala et al. 2002 2002  137 25%
Ercolani et al. 2002  2002  245 34%
Liu et al. 2002  2002   72 32%
Kato et al. 2003  2003  585 39%
Topal et al. 2003 2003  105 37%
Laurent 2003  311 36%
Elias et al. 2003b 2003  265 34%
Adam et al. 2003 2003  615 41%
2000–2003   25–41%

Table 26.3. Colorectal liver metastases surgery: complica-
tion rates after resection

Author Year Patients Morbid- Mortal-
   ity ity

Foster and Lundy  1981  231 - 6%
 1981
Bengmark et al. 1982 1982   39 20% 5%
Fortner et al. 1984 1984   65 27% 9%
Cady et al. 1985 1984   23 - 0%
August et al. 1985 1984   33 27% 0%
Petrelli et al. 1985 1985   36 - 14%
Gennari et al. 1986 1986   48 15% 2%
Butler et al. 1986 1986   62 26% 10%
1981–1986   15–27% 0–14%
    
Steele et al. 1991 1991   69 13% 3%
van Oijen et al. 1992 1992  118 35% 8%
Doci et al. 1995 1995  208 35% 2%
Scheele et al. 1996 1996 1766 16% 5%
Billingslay 1998  400 26% 3%
Jourdan et al. 1999 1999   70 37% 6%
Harmon et al. 1999 1999  110 34% 4%
1991–1999   13–37% 2–8%
    
Belghiti et al. 2000 2000  747 - 4%
Mala et al. 2002 2002  137 27% 1.4%
Liu et al. 2002 2002   72 19% 4%
Laurent et al. 2003 2003  311 30% 3%
2000–2003   19–30% 1–4%
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times ranging between 16 and 30 months and occa-
sional cures (Bismuth et al. 1996; Elias et al. 2003b; 
Gough et al. 1994; Lehnert et al. 1999; Murata et 
al. 1998; Robinson et al. 1999). Compared to a group 
with isolated colorectal liver metastases, patients 
with additionally resected extrahepatic disease had 
a 5-year survival rate of 20% (111 patients) vs 34% 
(265 patients) (Elias et al. 2003b).

26.3.2 
Patterns of Recurrence: Intrahepatic Relapses, 
Prevention and Re-resections

Patients may have intra- or extrahepatic microme-
tastases at the time of resection, and the surgical 
procedure could lead to hepatic venous tumor cell 
shedding (Vlems et al. 2003; Schimanski et al. 
2003). The removal of a macroscopic tumor might 
also accelerate growth of any tumor tissue left in 
place after hepatectomy (Tanaka et al. 2003). The 
majority of the resected patients develop intrahe-
patic relapses and/or distant metastases.

The analysis of relapse patterns after resection of 
colorectal liver metastases showed that at the time of 
recurrence the liver is the relapse site in 21–35% of 
all resected patients in the case of relapse, and may 
be the only site in 28–29% of the relapsed patients 
(Blumgart and Fong 1995; Hughes et al. 1986; van 
Ooijen et al. 1992). In the long-term course, how-
ever, relapses have been confined to the liver in only 
16% of relapsed patients (Hughes and Sugarbaker 
1987). The intrahepatic recurrence rate in a large 
Japanese series of 585 resected patients was 41% 
(Kato et al. 2003). In a series of 105 patients, Topal 
et al. (2003) observed that at 2 years, the intra- and 
extrahepatic recurrence rates may be similar (58% 
vs 59%); after 2 years, the hepatic relapse rate re-

mains constant, while the extrahepatic progression 
continues to develop. These data provide the basis 
for the indication to re-resect, and to apply regional 
+ systemic adjuvant chemotherapy. Re-resections 
may be indicated in 8–10% of resected patients, and 
the results of re-resection reported from experi-
enced groups are similar to those of the first resec-
tion in terms of morbidity and oncological results 
(Table 26.4) (Rougier and Neoptolemos 1997). 
The 5-year survival rates range between 16% and 
44% and median survival times between 17 and 
44 months. Even three or more consecutive hepa-
tectomies may be justified (Table 26.6) (Adam et al. 
2003; Imamura et al. 2003).

Table 26.5. Colorectal liver metastases surgery: re-resection of intrahepatic relapses

Author Year Patients 5-y survival Median survival (months)

Nordlinger et al. 1992 1992 144 16% -
Gouillat et al. 1993 1993  13 30% 17
Vaillant et al. 1993 1993  18 30% -
Elias et al. 1993 1993  28 - -
Scheele et al. 1994 1994  57 44% 44
Seifert and Junginger 1994 1994  20 - 38
Lamadé et al. 1994 1994  23 24% 24
Fernandez-T et al. 1995 1994 170 26% 30
Herfarth et al. 1995 1995  24 24% 32
Adam et al. 1997 1997  64 41% -
1992–1997   16–44% 17–44

Table 26.6. Relapse patterns after resection of isolated 
colorectal liver metastases

Overall relapse rates Initial Initial plus late

Liver isolated 28% 16%
Lung isolated 14%  7%
Others 20% 13%
Combined localization  8% 43%
Disease free 30% 30%

26.3.3 
Resection of Noncolorectal Liver Metastases

Due to their biologic properties, a variety of other 
liver metastases may be resected with the prospect 
of the patient living 5 years or longer, and of being 
relieved of symptoms, i.e., due to hormonal secre-
tion of neuroendocrine metastases. Selected isolated 
liver metastases from breast cancer, sarcoma, renal 
cell cancer and Wilms’ tumors, melanoma, other GI 
cancers, melanoma, and, most frequently, endocrine 
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tumors may benefit from resection. In well differ-
entiated metastatic endocrine tumors, a maximal 
surgical reduction of the tumor load is indicated 
and beneficial even in palliative treatment concepts 
(Elias et al. 2003a). The reported 5-year survivors/
survival rates are shown in Table 26.7. Overall the 5-
year survival rates after resection of liver metastases 
not of colorectal origin (noncolorectal liver metas-
tases) may approach 30% (Table 26.7) (Yedibela et 
al. 2004).

asone (to effectively reduce regional toxicity) and 
systemic chemotherapy: a patient group with adju-
vant intra-arterial 5-FUDR/dexa + systemic 5-FU 
+ folinic acid was compared with a group receiving 
systemic 5-FU + folinic acid adjuvant chemotherapy 
only. The 2-year survival rates differed significantly, 
with 86% in the first and 72% in the second group, 
respectively (p=0.03), at high median survival times 
of 72 vs 59 months, and 5-year survival rates of 61% 
vs 49% (Kemeny et al. 1999). A Japanese group con-
firmed these results in principle (Tono et al. 2000). 
Both groups were able to reduce the intrahepatic 
relapse rates significantly from 40% to 10% and 
from 80% to 33% (Kemeny et al. 1999; Tono et al. 
2000). In an intergroup trial intrahepatic adjuvant 
5-FUDR increased intrahepatic and overall progres-
sion free survival vs surgical controls (Kemeny et al. 
2002; Kemeny et al. 2003). None of these achieve-
ments was reached in a German ALM multicenter 
trial comparing resection only with a continuous 
intra-arterial infusion of 5-FU + folinic acid via 
hepatic arterial ports (5 days, 6 cycles, 6 months). 
This trial had several weak points, such as the fact 
that nearly 20% of the patients did not receive the 
allotted adjuvant treatment, and protocol treatment 
was completed in only 34/87 patients, mainly due 
to technical problems. In the subgroup “as treated” 
the median survival times were 44.8 months vs 
39.7 months and intrahepatic progression free times 
44.8 months vs 23.3 months (Lorenz et al. 1998). 
Although severe systemic toxicities occurred in 63% 
of the treated patients, it should be noted that with 
continuous infusion of 5-FU the hepatic extraction 
rate is high, resulting in less effective systemic drug 
levels (Table 26.1) (Wagner et al. 1986).

At the Department of Surgery I, University of 
Ulm, patients received either adjuvant hepatic ar-
terial infusion with continuous i.a. + i.v. 5-FUDR 
(14 patients) or a subsequent approach with folinic 
acid (10-min infusion) followed by 5-FU (2-h in-
fusion) days 1–5, 4-week intermission, six cycles 
(20 patients). The second approach had the theo-
retical advantage of providing a high regional and 
sufficient systemic concentration × time (c×t) inter-
action (Link et al. 1993). The 2-year survival rates 
were 86% in the first group, and 75% in the second 
group, and the survival curves divided after 3 years 
with an advantage for hepatic artery infusion (HAI) 
with 5-FU+FA (Table 26.1). The median survival 
time in the FUDR group was 60 months, and for the 
5-FU+FA group it has not been reached. There was a 
significant disadvantage for 5-FUDR in terms of re-
gional toxicity with sclerosing cholangitis in 24–26% 

Table 26.7. Noncolorectal liver metastases surgery: 5-year 
survival rates after resection

Cancer location Patients 5-year survival

Endocrine tumorsa 203 70–73%
Breastb 105 9–19%
Stomachc  21 4 pts.
Wilms’ tumora  20 6 pts.
Leiomyosarcomaa  16 2 pts.
Melanomaa  13 1 pt.
Renal cell cancerd  11 3 pts.
Pancreasa   8 1 pt.
Adrenal cancera   4 2 pts.
Esophagusa   3 1 pt.
aElias et al. (2003a)
bLink (1998)
cOchiai et al. (1994)
dHughes and Sugarbaker (1987)

26.3.4 
Adjuvant Therapy

Postoperative adjuvant chemotherapy may be effec-
tive according to phase III trials involving either 
regional intra-arterial or intra-arterial + systemic 
chemotherapy in resected colorectal liver metasta-
ses, although, due to conflicting results, this therapy 
has not yet been recommended for routine use (ISTO 
Informationszentrum für Standards in der 
Onkologie 2004) (Table 26.8). Patt et al. (1987) 
(MDA/Texas) were the first to report a larger series 
of patients with resected colorectal liver metastases 
and postoperative hepatic artery infusion with mito-
mycin C and 5-fluodeoxyuridine (FUDR). This pro-
tocol was effective in R0 and R1 resected patients, 
but of significant regional toxicity to the liver and 
duodenum (Patt et al. 1987). The most recent phase 
III trial of an interdisciplinary monoinstitutional ex-
pert group at the Memorial Sloan-Kettering Cancer 
Center significantly improved the intrahepatic re-
lapse and 2-year survival rates using a combination 
of hepatic artery infusion with 5-FUDR + dexameth-
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and duodenal ulcers (Link et al. 1993). Adjuvant he-
patic artery infusion with 5-FU alone had no sur-
vival benefit in a large case control series, although 
this treatment was effective in nonresected patients 
(Kato et al. 2003).

If adjuvant therapy is considered, HAI with 5-
FU+FA according to the Ulm/ART protocol or HAI 
with 5-FUDR+5-FU/folinic acid or CPT 11 i.v. with 
strict adherence to the infusion times, dose modifi-
cations and supportive therapies could be treatment 
options (Kemeny et al. 2003; Link et al. 1993). Due 
to the hepatotoxicity (sclerosing cholangitis) of HAI 
with 5-FUDR, this adjuvant treatment could reduce 
the patient’s quality of life, induce life-threatening 
biliary cirrhosis, and increase the risk in (the rare) 
cases where (re-)resection is indicated (Hodgson 
1986; Hohn et al. 1988; Onaitis et al. 2003).

To date, there has not been a positive trial con-
firming the benefit of systemic adjuvant chemo-
therapy although this treatment has been applied by 
oncologists in more than 50% of cases (O’Connell 
and Adson 1985; Langer et al. 2002; Portier et al. 
2002).

Adjuvant intraportal infusion after resection 
of colorectal liver metastases has not been effec-
tive, like palliative intraportal infusion (Tsujitani 
and Watanabe 1991; Sigurdson et al. 1987). 
Prophylactic intraportal infusion has been tested 
in several adjuvant trials after curative primary co-
lon and rectal cancer resection. Although hepatic 
progression was reduced in some of the trials, this 
could not be translated into a definite survival ben-
efit (Link et al. 1986). In view of the proven benefit 
of systemic chemotherapy in reducing progression 
and improving survival, systemic adjuvant chemo-
therapy is the method of choice in reducing the fre-
quency of hepatic and extrahepatic metastasis (Link 
et al. 1996a). As a new approach, adjuvant hepatic 
arterial infusion with 5-FU might reduce hepatic 
progression and improve survival significantly 

after curative resection of stage III colon cancer 
(Sadahiro et al. 2004).

New adjuvant trials involving optimal regional 
+ systemic treatment protocols are mandatory, and 
one of the improvements may be the combination of 
intra-arterial infusion of 5-FUDR + dexamethasone 
and systemic chemotherapy with CPT 11 (Table 26.8) 
(Kemeny et al. 2003).

26.3.5 
Neoadjuvant Therapy

In view of the fact that modern systemic protocols 
like FOLFOX or FOLFIRI are able to downstage 
nonresectable liver metastases in a similar way to 
that reported with hepatic arterial infusion trials, 
the a priori pre-treatment of resectable metasta-
ses (neoadjuvant) has been the objective of recent 
phase II and III trials. Wein et al. treated 20 patients 
with resectable colorectal liver metastases within a 
monoinstitutional phase II trial at the University 
of Erlangen-Nuernberg with weekly systemic high-
dose 5-FU + folinic acid and oxaliplatin (modified 
FOLFOX). All patients responded to therapy (CR 
10%, PR 90%), and the curative resectability rate 
was 80%, the 2-year cancer related survival rate was 
72% in all patients, and 80% in the 16 patients re-
sected for cure (Wein et al. 2003). An EORTC phase 
III trial comparing neoadjuvant FOLFOX to surgery 
only is still recruiting. In a retrospective study, neo-
adjuvant chemotherapy with FOLFOX, FOLFIRI or 
hepatic artery infusion with 5-FU+FA+CDDP com-
pared to surgery only in advanced (>5, bilobar) prin-
cipally resectable colorectal liver metastases had an 
independent positive prognostic impact on survival 
and reduced the extent of surgery (Tanaka et al. 
2003). Neoadjuvant chemotherapy seems to extin-
guish free disseminated tumor cells (Vlems et al. 
2003).

Table 26.8. Colorectal liver metastases surgery: adjuvant treatment after resection

Author Year Patients Treatment rHep 2-y survival 5-y survival Median survival 
       (months)

M. Kemeny (ECOG, SWOG) 2002  30 HAI+i.v. CT 50%c ~65% ~55% 64
   45 Observation 69% ~55% ~40% 49
N. Kemeny (MSKCC) 1999  74 HAI+i.v. CT 10%a  86%b  61% 72
   82 i.v. CT 40%  72%  49% 59
M. Lorenz (ALM) 1998 113 HAI 33% ~61% ? 35
  113 Observation 37% ~60% ? 41
K. H. Link 2003  21 HAI 5-FU+FA 20%  75% >60%? Not reached
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26.4 
Treatment of Nonresectable Isolated Liver 
Metastases

26.4.1 
Systemic Chemotherapy, Downstaging and 
Resection

The majority of patients with colorectal and other 
liver metastases are not candidates for resection due 
to extensive intrahepatic nonresectable disease or 
simultaneous extrahepatic spread. Palliative liver 
resection may be indicated in hormonally active en-
docrine liver metastases, but not in colorectal can-
cer, since R2 resection of colorectal liver metastases 
results in median survival times between 15 and 
23 months (Benotti and Steele 1992; Steele et 
al. 1991). In these patients palliative chemotherapy 
is indicated, especially since the chemotherapeutic 
results have improved dramatically during the last 
decade (Table 26.9).

There is no doubt that chemotherapy improves 
survival time and quality compared to supportive 
treatment, which was frequent practice in the 5-FU 
i.v. monotherapy era (Allen-Mersh 1994; Jonker 
et al. 1999; Rougier et al. 1992; Scheithauer et 
al. 1993; The Nordic Gastrointestinal Tumor 
Adjuvant Therapy Group 1992). In the 1980s 
and early 1990s, 5-FU monotherapy in patients 
with hepatic and extrahepatic metastasis was im-
proved by modulation with folinic acid to signifi-
cantly higher response rates (22–23%), and, mar-
ginally, median survival times of 11–11.5 months 
(Advanced Colorectal Cancer Meta-Analysis 
Project 1992; Meta-analysis Group In Cancer 
1998). In patients with nonresectable metastases 
confined to the liver, the median survival times of 
11.3–12.7 months were similar to the whole group 
with metastatic colorectal cancer, and therefore defi-
nitely lower than 35–46 months in the patients with 
the option for surgical cure by resection, and 5-year 

survival under systemic chemotherapy was sporadic 
(Scheele 2001; Thirion et al. 1999). The effective-
ness of modern protocols combining the modulated 
fluoropyrimidine treatment with either oxaliplatin 
(e.g. FOLFOX) or CPT 11 (FOLFIRI) increased dra-
matically to response rates of 34–67% and median 
survival times of 15–19 months (Table 26.9). A major 
achievement of these modern protocols from a surgi-
cal oncological point of view is the fact that respond-
ing “downstaged” metastases could be resected with 
the option for cure (Bismuth et al. 1996; Giacchetti 
et al. 1999). Bismuth et al. (1996) were the first to re-
port the possibility of resecting metastases respond-
ing to FOLFOX in 13% of a large group of patients 
who were considered primarily nonresectable with 
hepatic + extrahepatic metastases, with a 5-year 
survival rate of 33%. Giacchetti et al. (1999) reana-
lyzed the subset of 151 nonresectable patients with 
isolated nonresectable liver metastases who were 
treated with a chronomodulated FOLFOX regime 
and, eventually, resected at Hôpital Paul Brousse, 
Villejuif, France. Of the 151 patients receiving pal-
liative chronomodulated 5-FU+FA+oxaliplatin, 59% 
responded, the median survival time was 24 months, 
and the 5-year survival rate was 28%. More than 
50% (77/151) of the patients were operated on, and 
38% (58/151) had a complete resection of their liver 
metastases, resulting in a complete resection rate of 
75% in the operated subgroup (58/77). The 5-year 
survival rates were 50% in the operated group (me-
dian survival time 48 months), 58% in the R0-re-
sected patients, and <5% in the non-operated group 
(median survival time 15.5 months). Downstaging 
and secondary resection of primarily nonresectable 
disease is also possible with FOLFIRI (Adam 2003). 
These new developments in systemic chemotherapy 
underline the importance of treating patients with 
active protocols involving effective chemotherapy 
and aggressive surgery within interdisciplinary pro-
grams (Table 26.10) (Adam et al. 2001; Bismuth et 
al. 1996; Giacchetti et al. 1999).

Table 26.9. Systemic chemotherapy in metastasized colorectal cancer. 5-FU, 5-fluorouracil; FA, folinic acid; c.i., continuous 
infusion; Oxa, oxaliplatin; CPT11, irinotecan

Treatment protocol Response rate Median survival time 
  (months)

5-FU (Advanced Colorectal Cancer Meta-analysis Project 1997) 11% 11
5-FU+FA (Advanced Colorectal Cancer Meta-analysis Project 1997) 23% 11.5
5-FU+FA c.i. (Meta-analysis Group in Cancer 1998) 22% ”Better”
5-FU+FA+Oxa (Giacchetti et al. 2000) 34–67% 15–19
5-FU+FA+CPT11 (Douillard et al. 2000; Saltz et al. 2000) 39–49% 15–17
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26.4.2 
Regional Chemotherapy, Downstaging and 
Resection

During the fluoropyrimidine monotherapy period, 
many surgical and medical oncologists have fa-
vored regional intra-arterial chemotherapy in pa-
tients with isolated nonresectable liver metastases, 
since response rates were significantly higher than 
in systemic chemotherapy (Christoforidis et al. 
2002; Link et al. 1999b; Meta-analysis Group In 
Cancer 1996). Regional chemotherapeutic pro-
tocols traditionally have induced higher response 
rates, and a significant number of long-term sur-
vivors without surgical resection (Fujimoto et al. 
1985; Link et al. 1999b). In a meta-analysis of phase 
III trials comparing regional vs systemic fluoropy-
rimidine therapy, the response rates were 41% vs 
14% (p<10–10) and median survival times 15 months 
vs 10 months (p<0.0009). In view of the modern sys-
temic combination protocols, regional chemother-
apy seems to have lost importance, although phase 
III data comparing intra-arterial (+systemic) vs sys-
temic chemotherapy are not available yet. Due to the 
high response rates, resection after downstaging has 
been reported longstanding by various groups using 
hepatic artery infusion protocols based on 5-FU.

Although expert teams at specialized centers can 
safely and effectively apply 5-FUDR, this hepatic arte-
rial treatment via infusion pumps has shown no ad-
vantage in comparison to 5-FU + folinic acid i.a. or 
i.v. in a German multicenter trial in terms of survival, 
and may be associated with potentially lethal hepato-
toxicity, which increases the risk for resection after 
downstaging (Lorenz and Muller 2000; Kemeny 
et al. 1994; Kemeny et al. 1999; Hohn et al. 1988; 
Hodgson 1986; Patt et al. 1987). With regard to the 
5-FUDR induced hepatotoxicity, we had stopped this 
treatment protocol in favor of 5-FU + folinic acid, and 
developed this new protocol by translational in vitro 

research on chemosensitivity of tumor cells from indi-
vidual colorectal liver metastatic biopsies (Table 26.1) 
(Link et al. 1993; Link et al. 1998). The response rate 
to the Ulm protocol of mitoxantrone + 5-FU + folinic 
acid + mitomycin C (MFFM) was 54%, and the median 
survival time 24 months (Link et al. 2001). If the Ulm 
chemotherapeutic protocol was tailored according to 
the individual cell culture and PCR test based chemo-
sensitivity of a patient, the response rates and median 
survival times in the chemosensitive patients (CR+PR 
77%, median survival 32 months) were significantly 
higher than in the potentially resistant group (CR+PR 
9%, median survival 17 months). The predictability 
of response was improved by adding a test for quanti-
tative expression of thymidylate synthase (TS) using 
a reverse transcriptase PCR, developed by P.V. and K. 
Danenberg, to the cell culture assay (Link et al. 1986; 
Link et al. 1994; Link et al. 1996b; Link et al. 2000b; 
Kornmann et al. 1997). Testing for chemosensitiv-
ity, proven to be effective in regional chemotherapy, 
might increase the response (=downstaging) and 
thereupon the probability of receiving a potentially 
curative resection in combination with effective che-
motherapy (Fig. 26.2).

In Fig. 26.2, a case with split time resection and 
sensitivity directed hepatic arterial chemotherapy 
during the interval between the two resections is 
shown. We were also able to downstage and resect 
patients with nonresectable liver metastases (Link 
et al. 1999a). In the MFFM group, 9/63 patients 
(12%) could be resected after downstaging, and this 
subgroup had a median survival time of 39 months 
after the start of chemotherapy, and 22.8 months 
after resection. Even in patients with nonresectable 
primary tumors and disseminated nonresectable 
liver metastases, downstaging and resection of the 
rectal cancer by radiotherapy combined with sys-
temic chemotherapy, and subsequent liver resection 
after response to hepatic artery infusion, may offer 
a chance for cure (Kornmann and Link 2002). The 

Table 26.10. Colorectal liver metastases surgery: neoadjuvant treatment of nonresectable isolated liver metastases, down-
staging and resection

 Resectable Resection  Survival 
  rate (months)

HAI
  Ulm 1997/1999 (Formentini et al. 1997; Link et al. 1999; Link et al. 2001) 11/74 15% <81
  Ulm 2001 (Formentini et al. 1997; Link et al. 1999; Link et al. 2001) 9/63 14% 39.2
  Literature (Hodgson et al. 1986; Helias et al. 1995; Marno et al. 1996; 44/383 5–25% 14–60
     Fujita et al. 1998; Lorenz et al. 1997; Wadler et al. 1989) 
i.v. CT
  Bismuth (Bismuth et al. 1996) 53/330 16% 5-y survival 40%
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modern Ulm protocols induced no sclerosing chol-
angitis (Table 26.1). Regional chemotherapeutic pro-
tocols can be improved by adding oxaliplatin or CPT 
11 to a standard protocol or adding systemic (i.v.) 
drugs like CPT 11 to the intra-arterial (i.e., 5-FUDR) 
protocol; these strategies might increase intrahe-
patic response and the “adjuvant” effect against oc-
cult extrahepatic disease, preventing the imminent 
extrahepatic progression (Kemeny et al. 2001; Kern 
et al. 2001; Kornmann et al. 2000; van Riel et al. 
2002). Systemic CPT-11 might be more effective than 
5-FU+FA, since lung metastases have a different TS 
expression (Kemeny et al. 2003).

26.4.3 
Thermoablation

Thermoablation is more effective than systemic or 
regional chemotherapy to achieve complete tumor 
destruction and long-term survival in selected non-

resectable patients. Lencioni et al. (1998) was one 
of the first in Europe to report the feasibility and 
effectiveness of cooled-tip RF ablation of colorectal 
metastasis (Lencioni et al. 1998).

If the limits of this procedure are respected (i.e., 
diameter ≤5 cm, number ≤5), high rates of complete 
destruction, 2-year survival rates of 70–80%, and 
median survival times of 27–37 months are obtain-
able with RF ablation or LITT (Vogl et al. 2000). 
These results were obtained in nonresectable liver 
metastases, intrahepatic relapses, and resectable 
metastases. The thermoablative treatment of resect-
able colorectal liver metastases (and metastases from 
other primary tumors) is not (yet) recommended in 
guidelines as standard, but is supposed to avoid un-
necessary surgery in nearly 50% of patients who, e.g., 
are prone to developing extrahepatic progression, 
and it is claimed to be as effective as resection, with 
median survival times of 25 months in resected vs 
27 months in RF-treated patient groups (Livraghi 
et al. 2003; Shibata et al. 2000). Comparative stud-

a b

c

Fig. 26.2a–c. Split time resection of a patient with primarily 
nonresectable colorectal liver metastases, due to extended 
liver replacement. a Before resection of the right lobe. b After 
resection before HAI. c After second resection (left lobe re-
sected)
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ies in solitary colorectal liver metastases indicate, 
with median survival times/3-year survival rates of 
41 months/55% (surgery) vs 37 months/53% (RF), 
that radiofrequency ablation is less invasive and the 
outcome comparable to resection at lower morbid-
ity (Oshowo et al. 2003). If technically possible and 
indicated, interventional thermoablative treatment 
is indicated in nonresectable patients and patients 
with intrahepatic relapses ( Lencioni et al. 1994; 
Vogl et al. 2000; Vogl et al. 2004). LITT or RF is 
also applied in resectable liver metastases, but data 
from phase III trials supporting this concept with 
a high level of evidence are pending (Livraghi et 
al. 2003; Oshowo et al. 2003; Shibata et al. 2000; 
Vogl et al. 2000; Vogl et al. 2004). At least in large, 
complex lesions, RF ablation should not replace re-
section as the primary treatment in resectable tu-
mors (Bleicher et al. 2003). Regarding the limits 
of each procedure – surgery and RF ablation – both 
methods could be complementary with the aim of 
completely removing/destroying all viable tumor 
(Evrard et al. 2004).

26.4.4 
Combination of Procedures

The benefit of combining chemotherapy with sur-
gery has been demonstrated by reports from Hôpital 
Paul Brousse and others involving systemic chemo-
therapy, and numerous groups applying regional 
chemotherapy (Adam 2003;Maruo and Kosaka 
1994; Adam et al. 2001; Bismuth et al. 1996; Elias 
et al. 1995; Fowler et al. 1992; Giacchetti et al. 
1999; Kemeny et al. 1999; Link et al. 2000a; Patt 
et al. 1987). Physical principles might also be ef-
fectively added to resection. The intraoperative ad-
dition of cryotherapy to resection + postoperative 
hepatic artery infusion or preoperative + postopera-
tive chemotherapy in nonresectable liver metasta-
ses has been put forward by various groups (Link 
2000; Rivoire et al. 2002; Shen et al. 2002; Yan et 
al. 2003). In the Australian report from the group 
of Morris, out of 172 patients with primarily unre-
sectable liver metastases, 85% were tumor free after 
resection, and the 5-year survival rate was 15% (Yan 
et al. 2003). Additive cryotherapy to nonresectable 
metastases, split time resection, preoperative portal 
vein embolization and postoperative chemotherapy, 
in addition to preoperative chemotherapy, have been 
the oncologic tools used at Centre Hepato Biliare 
Paul Brousse, Paris, to achieve complete intrahe-
patic disease control in patients who could not be 

cured by anatomical standard resection (Adam 
2003). The combination of resection with intraop-
erative RF ablation is feasible and effective. The cure 
rate is higher than with either method alone, and 
the morbidity of resection is reduced (Evrard et al. 
2004; Pawlik et al. 2003).

Portal vein embolization and split time resection 
increase the remnant liver volume and thus help to 
avoid postinterventional liver dysfunction (Fig. 26.3) 
(Azoulay et al. 2001; Hemming et al. 2003).

Most recent approaches add resection, intraop-
erative RF ablation, and postinterventional chemo-
therapy to the treatment of advanced or systemically 
pre-treated colorectal liver metastases with the aim 
of locally controlling the disease as long as possible 
with multimodal multiple interventions. Regional 
chemotherapy added to RF ablation, with or with-
out resection, was studied as one of the various 
possible combinations. Extrahepatic progression 
and regional 5-FUD-related toxicity were the major 
problems of this procedure (Scaife et al. 2003). If 
5-FU+FA (ART Protocol) or combinations with 5-
FU+FA are used, regional toxicity compared to 5-
FUDR according to our data is reduced, and 5-FU+FA 
has potentially active systemic levels (AUCs), so that 
this therapy can also be safely used for combination 
treatments (Fig. 26.3) (Link et al. 1993).

26.5 
Stage Adapted Individualized Treatment 
Concept

Surgery, ablation, and chemotherapy of liver metas-
tases and their combinations have evolved dramati-
cally during recent years, offering the chance for 
unexpected cures in patients traditionally consid-
ered unresectable and thus prone to die of meta-
static disease. The eminent new treatment perspec-
tives and exciting results in stage adapted resection 
and multimodal therapy of colorectal and other liver 
metastases are highly stimulating and should defi-
nitely convince those hesitating to treat (isolated) 
colorectal liver metastases by observation or “soft” 
chemotherapy. Nowadays there is a multiplicity of 
treatment methods to offer patients with metastases 
confined to the liver the chance for cure or long-
term survival. Most experience has been gained 
with colorectal liver metastases. In this indication 
either single or multimodal treatment approaches 
are possible on the one hand, but the multiplicity of 
treatment possibilities might confuse on the other. 



376 K. H. Link et al.

The optimal procedure(s) can be offered by quali-
fied expert teams on an individual basis. Treatment 
efforts should be stage and risk adapted, and of the 
therapeutic modalities a variety of combinations are 
possible. Regarding the potentials of these combina-
tions, an algorithm could be designed for a clear 
treatment strategy which should offer patients the 
best perspective and convince referring colleagues, 
since skepticism against resection/ablation of liver 
metastases is still widespread. To provide a solid 
basis for algorithms or individual procedures, the 
methods available for the treatment of liver metas-
tases have been outlined in this review.

26.5.1 
Resection and Local Ablative Therapies

Surgery is the established method for cure and re-
cent results have shown that the scope for resec-
tion has increased. Thermal ablation results during 
the rapid development of this method indicate that 

RF/LITT, in limited indications, may come close to 
surgical resection.

Even in the 1990s skeptical opinions arguing 
against resection were published although many 
surgeons at this time had reported cures at low 
surgical morbidity/mortality, and it had become 
clear that surgery of liver metastases by far is su-
perior to observation of the rapid spontaneous 
course or systemic chemotherapy (Ballantyne 
and Quinn1993; Bozzetti et al. 1993; Finlay et 
al. 1988; Hughes et al. 1988; Hunt et al. 1990). 
Long-term survivors with resectable metastases 
in the (nonresected) spontaneous course or under 
systemic chemotherapy are only sporadic, and only 
with regional chemotherapy applied as a single 
treatment modality has long-term survival been 
reported (Hughes et al. 1988; Fjimoto et al. 1985; 
Link et al. 2001). Surgery is the established treat-
ment offering cure, and thermoablation is evolv-
ing in specialized units as a treatment alternative 
but not as a substitute. The 5-year survival rates 
of surgical resection in patients with liver metasta-

Fig. 26.3a–c. Downstaging and resection of multiple metas-
tases. a Before resection. b After downstaging. c Resected 
metastases and coagulated liver tissue

a b

c
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ses of colorectal origin between 1981 and 1987 were 
23–45%, and from 1991 to present 24–50%, and 
morbidity/mortality was 13–37%/0–14% (Table  
26.3, 26.4). In the 1990s, radiofrequency (RF) and 
laser induced (LITT) thermoablative procedures 
were introduced in addition to the “old” cryo-
therapy with potentials similar to surgery at a sig-
nificantly lower morbidity/mortality of 7.6%/0.2% 
(Vogl et al. 2000). Optimistic authors from single 
institutions have proposed that the interventional 
(hyperthermic) procedures might be adequate or 
even superior to surgery, i.e., in patients with up to 
five metastases less than 5 cm in diameter (Vogl et 
al. 2000). These individual opinions are certainly 
stimulating the therapeutic revolution for the ben-
efit of patients with resectable liver metastases, 
who, unfortunately, even today are recommended 
resection by their family practitioners in less than 
50% of cases with clear indications. In general, re-
garding the excellent control rates of thermoabla-
tion with complete tumor destruction in, i.e., 60%, 
median survival times of 27–37 months, and 5-year 
survival rates of potentially 33%, this method is an 
excellent alternative for those who are not qualified 
for or refuse open surgery (Table 26.11) (Livraghi 
et al. 2003).

The optimism that RF/LITT could fully replace 
surgery should be put into the perspective of the re-
sults obtained by open surgery (and adjuvant ther-
apy) in patients who often have similar inclusion 
criteria set as limits for, i.e., LITT (≤5 metastases, 
≤5 cm in diameter), or who are not qualified for RF/
LITT. In addition, open surgery offers exact stag-
ing and controlled R0 resection for all intrahepatic, 
and, if indicated, extrahepatic disease. In patients 
deemed to have isolated resectable liver metastases 
by preoperative staging, only 46% at surgery were 
resectable for cure (median survival 35.5 months), 
12% had extrahepatic disease, and, including these 
patients, 42% were nonresectable (median survival 
16.5 months) (Benotti and Steele 1992; Steele et 
al. 1991). Interventional therapy thus has the risk of 
treating understaged patients who could have had 
more metastases removed by open surgery for cure 
(R0) or whose qualification for multimodal therapy 
would be defined by the open procedure. Although 
LITT or RF is applied in resectable liver metastases, 
this indication must be confirmed in phase III tri-
als comparing resection vs thermoablation, trained 
on a broad base, and the indications/methods in-
corporated into up to date guidelines (Livraghi et 
al. 2003; Shibata et al. 2000; Vogl et al. 2000). So 

far the data for resection are superior with regard to 
long-term experience and survival data.

Complete (R0) resection (or destruction) at the 
initial treatment is of the utmost importance so that 
the chance of cure is not missed. The average 5-year 
survival rates and median survival times of more 
than 2,100 pathologically confirmed R0 resected 
patients reported in the literature from multiple in-
stitutions are 34% (range 30–48%) and 41 months 
(35–46 months), and the 5-, 10-, and 20-year sur-
vival rates in a single series involving 376 patients 
with nearly complete follow-up are 39%, 26%, and 
21%, respectively (Scheele 2001; Scheele et al. 
1996). Outstanding results were reported from the 
interdisciplinary team from the Hepatic Unit at 
MSKCC/New York with a median survival time of 
72.2 months and 2/5-year survival rates of 86%/61% 
(Kemeny et al. 1999). Although potential candidates 
for thermoablation, re-resection in carefully selected 
patients offers results similar to the first resection, 
with median survival times ranging between 17 and 
44 months (Table 26.5).

The fate of patients with noncurative resections 
(R1/2) is limited to sporadic 5-year survivors (0.8%), 
and an average median survival time of 20 months 
(15–23 months), which can also be obtained by sys-
temic or regional chemotherapy or interventional 
treatment. Thus, the crucial point for selecting the 
patient for one or other of the single treatment mo-
dalities is the exact preoperative staging and deter-
mination of curative resectability and the desires/
risk factors of the patient. The art is to select patients 
according to (individual) prognostic and risk fac-
tors, to resect completely (R0), at lowest morbidity 
and blood transfusion, as these factors, R1/2 and 
morbidity are independent negative prognostic fac-
tors in multivariate analysis, and may have a nega-
tive prognostic impact on the surgical oncological 
results (Scheele 2001; Kooby et al. 2003; Laurent 
et al. 2003).

The indication for surgical resection regard-
ing prognostic factors of metastasis is given when 
all metastases are R0 resectable at margins >1 cm. 
Contraindications are positive nodes in the hepa-
toduodenal ligament or extrahepatic disease, ex-
cept for resectable lung metastases or resectable 
local relapses (ISTO-Informationszentrum für 
Standards in der Onkologie 2004). Resectable 
patients with colorectal liver metastases (and resect-
able intrahepatic isolated recurrences) should be re-
sected, or, alternatively, receive RF/LITT therapy. 
However, new developments clearly show that both 
methods can be complementary for the benefit of 
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increasing the perspective for cure (Evrard et al. 
2004). Patients with additional resectable lung me-
tastases should also be resected, first in the liver, and 
then in the lungs, since at liver resection extrahe-
patic intra-abdominal disease precluding resection 
has been identified (Rougier and Neoptolemos 
1997).

Additional indications for resection/ablation are 
isolated liver metastases of breast cancer, renal cell 
cancer and Wilms’ tumors, sarcoma, melanoma 
(mostly of ocular origin), and, rarely, other GI can-
cers; neuroendocrine liver metastases are a frequent 
indication for curative resection or cytoreductive 
surgery in combination with the primary tumor lo-
cation and extrahepatic metastases.

26.5.2 
Chemotherapy and Combination of Therapies

Chemotherapy improves survival time and offers 
the chance for cure when combined with resection 
in downstaged patients.

While the limited success of systemic chemo-
therapy with 5-FU or its modulations, with median 
survival times of 11.3–12.7 months in patients with 
colorectal metastases confined to the liver and some 
benefit vs observation, did not seem to warrant 
suggesting this treatment to all qualified patients, 
the highly stimulating results of recent years have 
started a new era with encouraging perspectives 
for previously noncurable patients (The Nordic 
Gastrointestinal Tumor Adjuvant Therapy 
Group 1992; Scheithauer et al. 1993; Thirion et 
al. 1999). The new combination protocols (devel-
oped in France with drugs designed in Japan) com-
bining either oxaliplatin (i.e., “FOLFOX”) or CPT 11 
(i.e., “FOLFIRI”) with 5-FU + folinic acid have led 
to consistently high remission rates of 34–67%, and 
median survival rates of 15–19 months, which were 
significantly better than with 5-FU+FA alone. Since 
the diameter of metastases or their topographic lo-
cation with respect to vital intrahepatic structures 
is frequently a contraindication for curative resec-
tion, a response might lead to downstaging, turn-
ing the metastases resectable. As the doubling time 
of occult metastases is reported to be 86+12 days 
and lung metastases seem to show a different re-
sponse to chemotherapy than liver metastases due 
to a different TS expression, the fact that during 
chemotherapy and the response in the liver there 
is no development of extrahepatic disease, which 
is most frequently expected in the lungs, facilitates 

the decision to resect a previously nonresectable 
downstaged patient (Kemeny et al. 2001; Kemeny 
et al. 2003). This procedure has been successfully 
practiced by several groups who have used regional 
chemotherapy for treatment of isolated nonresect-
able liver metastases, since response rates to hepatic 
artery infusion have been significantly superior 
to i.v. chemotherapy, at least during the 5-FU+FA 
monotherapy era (Maruo and Kosaka 1994; Elias 
et al. 1995, Link et al. 1999a; Link et al. 1999b; 
Meta-Analysis Group in Cancer 1996). Within 
an own phase II trial using MFFM, the response 
rate of isolated colorectal liver metastases to he-
patic artery infusion was 54%, the median survival 
time 24 months, and in the 14% of downstaged and 
resected patients 39 months, respectively (Link et 
al. 2001). The principle of resecting downstaged pa-
tients whose disease remains confined to the origi-
nal tumor site(s) has gained widespread accep-
tance in the medical oncological community, since 
the groups at the “Centre de Chronotherapie” and 
“Centre Hepato-Biliaire” at Hôpital Paul Brousse, 
Villejuif, France, reported similar achievements 
with the new protocol of chronomodulated 5-FU + 
folinic acid combined with oxaliplatin (Bismuth et 
al. 1996; Giacchetti et al. 1999). Previously non-
resectable patients with colorectal metastases to 
the liver + extrahepatic sites had a 5-year survival 
rate of 33% after successful downstaging and ag-
gressive surgery (Adam et al. 2001; Bismuth et al. 
1996). In these patients who had the disease con-
fined to the liver, 51% could be operated on with a 
5-year survival rate of 50% and a median survival 
time of 48 months; in the whole group of 151 pa-
tients the response rate was 59%, the median sur-
vival time 24 months, and the 5-year survival rate 
28% (Giacchetti et al. 1999). With respect to the 
perspectives of the 5-FU+FA monotherapy era (re-
sponse to i.v. therapy 21%, median survival times 
11.3–12.7 months, hardly any 5-year survivors), 
these achievements are excellent and convincing. 
Currently the response rates to standard systemic 
or regional intra-arterial protocols at 34–67% and 
>50%, respectively, are comparable. The response 
to intra-arterial chemotherapy, according to our 
own experience, may be significantly increased to 
77% if drugs active in vitro against the individual 
metastatic tumor cells were used for therapy (Link 
et al. 2000b). This might increase the rate of down-
staging and secondary resection. The effects of 
oxaliplatin and CPT 11 in hepatic arterial chemo-
therapy protocols are currently under evaluation. 
Patients with nonresectable colorectal liver metas-
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tases should receive systemic, or in selected cases, 
regional chemotherapy with the modern protocols 
that both might offer long-term survival, if resec-
tion is performed after downstaging. Therefore, 
the treatment indication and response evaluation 
are an interdisciplinary task that should involve 
oncologically experienced surgeons to discuss the 
possibility of secondary resection after successful 
downstaging.

The combination of treatment methods in the 
palliative and curative situation are feasible if com-
plete removal or destruction of metastatic tumor tis-
sue is achievable.

Surgical-oncological treatments must be indi-
vidualized and flexible. The possibilities of treat-
ment modality combinations provide potential for a 
variety of trials. As pointed out by various authors, 
resection/ablation of colorectal and other types of 
liver metastases can be completely achieved by ap-
plying various resection strategies, with the addi-
tion of intraoperative RF ablation or cryotherapy of 
metastases not amenable to resection or cryotherapy 
of nonsecure resection margins (Adam et al. 2001; 
Azoulay et al. 2001; Evrard et al. 2004; Link et 
al. 2000a; Yan et al. 2003). The techniques are com-
plementary and depend on the size and topography 
of the lesions to be treated. To avoid hepatic failure 
split time resection or preoperative portal emboliza-
tion of the liver lobe/sector to be resected are possi-
ble and effective. RF ablation, such as resection, may 
be combined with postinterventional “adjuvant” 
chemotherapy. Stereotactic irradiation, interstitial 
brachytherapy, and regional intra-arterial radionu-
clide therapy are evolving treatment techniques that 
might compete with the more established surgical 
and ablative techniques. Percutaneous radiotherapy 
has no proven benefit (Witte et al. 2001).

The benefit of neoadjuvant chemotherapy in prin-
ciple is not proven; modern adjuvant chemotherapy 
after resection (of colorectal liver metastases) may 
improve survival.

Although chemotherapy has been proven to 
downstage nonresectable metastases to secondary 
resectability, preoperative systemic chemotherapy 
in all resectable metastases has no evidence of level 
I proven benefit. In a single institution phase II neo-
adjuvant trial, Wein et al. (2003) treated patients 
planned for resection with 2–3 cycles modified 
FOLFOX. As a result, all patients responded, and the 
resectability at 80% was relatively high. The 2-year 
survival rate (“cancer related”) of 80% was similar 
to the 2-year survival rates achieved by regional + 
systemic chemotherapy in the trial of the MSKCC 
team (86% overall survival) or in our own observa-
tion trials (77–83%). While the benefit of adjuvant 
chemotherapy according to the trials with modern 
protocols (5-FUDR i.a. + 5-FU+FA i.v. or 5-FU+FA 
according to the ART protocol) is evident, but, ac-
cording to other multicentric and historical control 
trials, concerning overall survival, not unanimously 
acceptable, the true benefit of neoadjuvant therapy 
in principle is open and being studied in an ongo-
ing EORTC trial (Lorenz et al. 1998; Onaitis et al. 
2003). Since by far not all patients will be resectable, 
neoadjuvant therapy could be an overtreatment 
compared to adjuvant therapy, where only the re-
sected patients receive therapy.

Regional chemotherapy combined with systemic 
chemotherapy reduces hepatic progression and may 
improve 2-year survival significantly according to 
phase III trials (Kemeny et al. 1999). Neoadjuvant 
chemotherapy may improve survival and extent of 
surgery according to phase II and historical control 
trials (Tanaka et al. 2003; Wein et al. 2003).

The best “treatment” for colorectal liver metasta-
ses is their prevention by effective systemic adjuvant 
primary tumor therapy.

Based on the understanding of the pathogenesis 
of colorectal liver metastasis via portal dissemina-
tion, intraportal chemotherapy after primary tu-
mor resection was tested in several phase III trials. 
Neither a reduction of hepatic progression nor a 
survival benefit could be unanimously observed, so 

Table 26.11. Colorectal liver metastases surgery: thermoablative treatment

Author Year Patients 2-y survival 5-y survival Median survival (months)

RF – radiofrequency ablation
Gillams and Lees 2000 2000 69 - - 27
Solbiati et al. 2001 2001 117 69% - 36
Siperstein et al. 2002 2002 110 79% - -

LITT – laser induced thermotherapy
Vogl 2000 360 ~70% ~33% 37
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that intraportal chemotherapy is not recommended 
for routine use (Link et al. 1996a). Systemic effective 
adjuvant chemotherapy, however, has reduced sys-
temic progression, including liver metastasis, and 
is recommended for routine use in UICC III colon, 
and UICC II+III rectal cancers. In the FOGT1 trial 
for adjuvant chemotherapy the hepatic progression 
rates in patients treated either with 5-FU + levami-
sole or 5-FU + folinic acid + levamisole in an initial 
evaluation were 15% vs 12% respectively (Staib et al. 
2001). Interestingly, hepatic arterial chemotherapy 
after primary colon cancer resection may reduce he-
patic progression and improve survival, so that this 
modality deserves to be studied in large scale trials 
(Table 26.12) (Sadahiro et al. 2004).

26.6 
Stage Dependent Treatment Strategies

The principal aim is to remove all liver metastases 
with a safety margin >1 cm or, at least as a secure 
R0 resection. If possible this should be performed 
surgically, eventually with additional intraoperative 
thermal ablation, i.e., RF ablation. Positive lymph 
nodes, if located ventral to the hepatoduodenal liga-
ment, are not a strict contraindication, but a location 
at the celiac trunk or the common hepatic artery. If 
the patient requests adjuvant therapy after resection 
of colorectal liver metastases, either hepatic artery 
infusion with 5-FUDR + additional systemic chemo-
therapy with 5-FU + folinic acid with strict adher-
ence to the dose modification scheme according to 
the Kemeny protocol may be chosen (via pump) or, 
alternatively HAI with 5-FU+FA via a port accord-
ing to the ART protocol with strict adherence to the 
infusion times may be the method of choice. In the 
case of an isolated intrahepatic relapse, re-resec-
tion or, alternatively, RF ablation are recommend-
able. Nonresectable liver metastases can be treated 
by thermal ablation if possible or by systemic che-
motherapy. If the patient is explored for resection 
and turns out to be nonresectable, a hepatic artery 
port may be implanted and infusion chemotherapy 
conducted either according to the Ulm protocol 

(MFFM, possibly modified according to individ-
ual chemosensitivity) or the MSKCC protocol (5-
FUDR+Dexa, Kemeny). In case the patient responds 
and the metastases turn out to be resectable (with 
no extrahepatic disease), treatment as outlined un-
der “resectable” should be performed. Resectable 
liver and lung metastases may be resected, first liver, 
then lung. Nonresectable hepatic and extrahepatic 
disease should receive primary systemic chemo-
therapy; in the case of a good response, combined 
resections may be considered individually and inter-
disciplinarily. The decisions and methods for treat-
ing colorectal liver metastases are multifarious and 
the new perspectives of the “aggressive” therapy are 
exciting. The best outcome for the patient can only 
be achieved by true interdisciplinary management, 
involving surgery, medical oncology, interventional 
radiology, radiotherapy, and pathology (Fig. 26.4).

Table 26.12. Recommendations. 5-FU, 5-fluorouracil; FA, 
folinic acid; c.i., continuous infusion; Oxa, oxaliplatin; 
CPT11, irinotecan; RF, radiofrequency; LITT, laser-induced 
thermotherapy; CT, intravenous chemotherapy; HAI, hepatic 
artery infusion; MFFM, mitoxantrone + 5-FU + FA + mito-
mycin C; PVI, portal venous infusion

1. After primary tumor resection (UICC III)
 • Adjuvant systemic CT (5-FU+FA (e.g. FOGT1 arm b)
 • PVI or HAI experimental

2. Resectable “limited” disease
 • Resection
 • Additional or alternative RF/LITT ablation
 • “Adjuvant” HAI with 5-FU+FA 
  (or 5-FUDR i.a. +5-FU+FA i.v.)

3. Nonresectable disease
 • Systemic CT (5-FU c.i.+FA+CPT11 or Oxa)
 • HAI MFFM or individualized 
  (primary or second line treatment)
 • Split time resection

4. Response of nonresectable disease after i.v. CT/HAI
 • Resection
 • Additional or alternative RF/LITT
 • “Adjuvant” HAI with MFFM or individualized

5. Decision for therapy:• Multidisciplinary + patient’s 
 preference!
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27.1 
Introduction

After approximately 10 years of clinical experience, 
radiofrequency ablation has become an established 
therapeutic option for the treatment of primary or 
metastatic hepatic malignancies. Whether performed 
as an open surgical procedure or by percutaneous 
methods, radiofrequency ablation offers minimally 
invasive therapy of malignant tumors without the 
15%–30% morbidity associated with open surgical 
resection (Fong et al. 1995; Molmenti et al. 1999; 
Steele et al. 1991). Nevertheless, even minimally 
invasive therapies have associated risks and poten-
tial complications. In the case of radiofrequency 
ablation of the liver, potential complications derive 
from two broad categories: (a) direct physical injury 
as a result of placement of the electrode into the 
liver and (b) thermal-induced injury of the liver or 
related structures as a result of treatment (Fig. 27.1) 
(Rhim et al. 2003). In addition, preexisting condi-
tions such as prior abdominal surgery or impaired 
liver function can also adversely affect the outcome 
of ablative therapy. However, other complications 
associated with thermal ablation of the liver require 
treatment and intervention beyond the skill of the 
interventional radiologist. Thermal injuries of the 

skin, for example, can develop from improper place-
ment or insufficient surface area of grounding pads 
and should be managed by a dermatologist or sur-
geon who specializes in burn injuries (Goldberg 
et al. 2000; Steinke et al. 2003; Yamagami et al. 
2002). Metabolic derangement such as electrolyte 
imbalances, liver failure or hepatorenal syndrome 
can develop following treatment of primary or meta-
static liver tumors (Keltner et al. 2001; Shankar 
et al. 2002; Verhoeven et al. 2002).

Treatment of these conditions requires consulta-
tion from medical specialists in hepatology and ne-
phrology.

In many cases, complications are minor and do 
not result in adverse sequelae or prolonged hospital-
ization. Major complications, on the other hand, can 
be life threatening and therefore often require ad-
ditional, unplanned or prolonged therapy and hos-

Fig. 27.1 Axial CT image of the liver demonstrating radio-
frequency electrode within lesion in VII segment (black ar-
row)
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pitalization (Burke et al. 2003). The management of 
some radiofrequency induced major complications, 
such as hepatic failure or bowel perforation are be-
yond the expertise and skill of the interventional ra-
diologist. However, several procedure-related major 
complications can be safely and effectively treated 
by percutaneous means. Therefore, recognition and 
experience with interventional management of ra-
diofrequency related complications are essential in 
order to provide optimum patient care. This chapter 
will discuss the percutaneous management of com-
plications associated with image-guided radiofre-
quency ablation of hepatic malignancies.

27.2 
Complications

Major complication rates for image-guided percu-
taneous radiofrequency ablation range from 2.2-
9.6% (Buscarini and Buscarini 2004; Livraghi 
and Meloni 2002; de Baere et al. 2003; Rhim et 
al. 2003). While these rates compare favorably with 
to surgical resection, radiofrequency-induced com-
plications can have a significant impact on patient 
care. Major complications that require additional 
interventional management include hepatic abscess, 
biliary-related complications such as bilomas, bili-
ary strictures and fistulas, bleeding complications 
and complications involving the lung and the pleu-
ral space. Other complications such as skin burns, 
metabolic dysfunction and pain require medical 
management for resolution.

27.2.1 
Hepatobiliary Complications

The liver and bile ducts are prone to procedure re-
lated complications due to direct injury by place-
ment of the radiofrequency electrode and by the cre-
ation of devitalized hepatic tissue. Hepatic abscesses 
and bilomas derive from both mechanisms and must 
be suspected in any patient who develops significant 
pain or clinical signs of septicemia (i.e. tachycardia, 
fever, leukocytosis) beyond the first 2–4 weeks of the 
procedure. Adherence to strict sterile technique is 
essential in order to minimize the potentially life-
threatening complication of overwhelming septice-
mia. Prophylactic intravenous antibiotics may fur-
ther minimize the risk of post-procedure infections, 
though this practice remains controversial.

When an abscess is suspected, cross-sectional im-
aging with computed tomography imaging is neces-
sary to localize and define the extent of disease.

Intralesional air that is generated within the lesion 
during treatment should resolve within 1 month of the 
treatment (Lim et al. 2001). Therefore, any fluid, air, 
or air-fluid levels within the treated lesion beyond the 
normal expectation should be regarded with clinical 
suspicion, especially accompanied by clinical signs 
and symptoms of infection (Fig. 27.2) (Titton et al. 
2003). Hepatic abscesses develop in up to 3% patients 
who undergo radiofrequency ablation for hepatic tu-
mors (de Baere et al. 2000). Patients with preexist-
ing biliary-enteric anastomoses may be more prone 
to develop postablation abscesses. Retrograde enteric 
flow into the biliary tree, altered lymphatic periportal 
drainage and vascular resection may all limit the ef-
fectiveness natural mechanisms to control spread of 
infectious organisms (Shibata et al. 2003). Patients 
with preexisting bile duct biliary stones or strictures 
may also be predisposed to hepatic abscess formation 
(Zagoria et al. 2002). Biliary strictures and obstruc-
tion have been described following radiofrequency 
treatment and centrally located lesions may result in 
clinically significant biliary complications (Mulier 
et al. 2002; Rhim et al. 2003). Treatment of hepatic 
abscesses or bilomas involves the combination of per-
cutaneous drainage and intravenous antibiotics.

Drainage catheters of sufficient size (i.e. 8–14 F) to 
effectively drain purulent material can be placed us-
ing computed tomography, ultrasound or a combina-
tion ultrasound and fluoroscopic guidance (Fig. 27.3). 
Drainage catheters should be flushed on a daily basis 

Fig. 27.2. Axial CT scan of the liver that demonstrates a low 
attenuation fluid collection 1 month following radiofre-
quency ablation (black arrows)
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in order to ensure patency and to prevent encrusta-
tion of debris at the catheter tip. A sudden drop in the 
daily output may indication tube malposition, kink-
ing or clogging, all of which require tube replace-
ment or repositioning in order to restore drainage. 
Alternatively, persistently high output may be due 
to communication with the bile ducts in the setting 
of central obstruction (Figs. 27.4, 27.5) (Titton et al. 
2003). In such cases, a combination of percutaneous 
and endoscopic drainage may be necessary to achieve 
complete resolution (Curley et al. 2004; Shankar et 
al. 2003; Shibata et al. 2003; Stippel et al. 2003).

27.2.2 
Thoracic Complications 

Thoracic complications can result from treatment 
of subcapsular lesions situated high in the hepatic 
dome. Treatment of hepatic dome lesions is techni-
cally challenging and potentially risky due to several 
factors, including the proximity of the diaphragm 
and lung, long trajectory from the skin to the lesion 
and difficulty in localizing lesions with imaging, 
especially when using ultrasound guidance. In order 
to overcome these limitations, several authors have 
described various techniques, which aid in detect-
ing and isolating domes lesions in order to avoid 
potentially fatal complications (Curley et al. 2004; 
Shankar et al. 2003; Shibata et al. 2003; Stippel 
et al. 2003). Transpleural or transthoracic treatment 
of hepatic dome lesions can result in hemothorax, 
pleural effusions or pneumothorax (Fig. 27.6). 
Small, non-expanding pneumothoraces seldom lead 
to adverse clinical consequences and therefore can 
be treated conservatively. This is true as long as oxy-
genation is unaffected and the patient remains he-
modynamically stable. On the other hand, patients 
who have severe or chronic underlying pulmonary 
disease often cannot tolerate even minor changes in 
respiratory dynamics. In this subgroup of patients, 
evacuation of the pleural air with needle aspiration 
or catheter drainage is necessary in order to restore 
normal respiration. Similarly, symptomatic pleural 
effusions and/or hemothoraces can be treated with 
thoracentesis using with small bore catheters or 
with thoracostomy.

Fig. 27.3. Axial CT scan of the liver following percutaneous 
drainage of hepatic abscess, which developed following ra-
diofrequency ablation (arrow) 

Fig. 27.4. Axial CT scan of the liver demonstrates large bi-
loma, which developed following radiofrequency ablation 
for hepatocellular carcinoma (arrow)

Fig. 27.5 Axial CT scan of the liver demonstrating drainage 
catheter within the biloma (arrow)
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27.2.3 
Bleeding Complications

Bleeding complications arise as a result of needle 
puncture across the hepatic capsule (Fig. 27.7). 
Radiofrequency electrodes range in size from 14–15 
gauge. Each puncture across the capsule creates the 
potential for bleeding. In addition, patients with he-
patocellular carcinoma frequently have an underly-
ing coagulopathy due to cirrhosis and compromised 
hepatic function. As a result, coagulation factors 
synthesized by the liver can be chronically low, caus-
ing prolongation of the prothrombin time and an in-
crease in the international normalized ratio (INR). 
Added to this is the frequent finding in cirrhotic 
patients of hypersplenism and thrombocytopenia, 
which can lead to chronically low levels of circulat-
ing platelets. While no standardized algorithm ex-
ists for managing patients with coagulopathy, every 
effort should be made to correct a bleeding diathesis 
whenever possible. Intramuscular injections of vi-
tamin K and infusions of fresh frozen plasma are 
indicated to correct a prolonged prothrombin time. 
A threshold platelet count of greater than 50,000/
cm3 is recommended prior to puncture across the 
hepatic capsule.

Procedure related bleeding can occur in several 
locations: (a) subcapsular, (b) intrahepatic, (c) intra-
peritoneal (Buscarini and Buscarini 2004; Curley 
et al. 2004; de Baere et al. 2003; Mulier et al. 2002; 
Rhim et al. 2003; Wood et al. 2000; Zagoria et al. 
2002). Subcapsular and intrahepatic hematomas are 
usually self limiting and seldom require percutane-
ous intervention. Transfusions are indicated when 
sufficiently large subcapsular hematomas lower the 
hematocrit value to levels where the patient may ex-
perience hypotension. In the acute setting, drainage 
of large subcapsular hematomas may remove a natu-
ral tamponading mechanism that controls further 
bleeding and therefore drainage of fresh hematomas 
is not recommended. However, chronic hematomas 
cause pain due to capsular irritation or if they are 
suspected of becoming superinfected, and then im-
age-guided percutaneous drainage is indicated. 
Drainage with a 10–14 F catheter is usually sufficient 
for complete evacuation of liquefied hematomas. 

In contrast to subcapsular hematomas, intra-
peritoneal bleeding can rapidly evolve into an 
emergency situation; therefore, close hemodynamic 
monitoring by the anesthetist or the interventional 
nurse is essential to detect for signs of intraperito-
neal hemorrhage. Clinically suspected acute hemor-
rhage can be confirmed by the detection of new high 

Fig. 27.6. Axial CT scan of the liver during radiofrequency 
ablation demonstrates a small pneumothorax that devel-
oped following placement of the radiofrequency electrode 
(arrow). The patient remained asymptomatic during the 
treatment and no treatment was necessary. In patients with 
underlying pulmonary disease, even small pneumothoraces 
can be symptomatic and may require thoracentesis or tho-
racostomy

Fig. 27.7. Axial CT scan of the liver immediately following 
treatment, which demonstrates new fluid adjacent to the 
liver edge (long black arrow). The small black arrows point 
to the thermal lesion in the treated liver
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density by computed tomography or by the devel-
opment of complex fluid by ultrasound (Fig. 27.8). 
Immediately life-threatening intraperitoneal hem-
orrhage requires volume resuscitation and prompt 
control of the bleeding source. This subgroup of pa-
tients can be evaluated with angiography to identify 
and control the source of bleeding with emboliza-
tion. Slower intraperitoneal bleeding can be man-
aged more conservatively by following serial hema-
tocrit levels, correcting any existing coagulopathies 
and by transfusions. Delayed bleeding complica-
tions from pseudoaneurysms of the hepatic arteries, 
have been described following treatment of colorec-
tal metastases. These were successfully treated with 
coil embolization (Bilchik et al. 2001). Transient 
thrombosis of the portal vein has been described as 
a consequence of radiofrequency ablation but this 
does not require interventional management (Ng et 
al. 2003; Zheng et al. 2003).

27.3 
Conclusion

Of the potential complications associated with ra-
diofrequency ablation of hepatic tumors, few re-

Fig. 27.8. Axial CT scan of the liver obtained 24 h after ra-
diofrequency treatment. The black arrow points to new high 
density fluid adjacent to the liver, consistent with acute hem-
orrhage

quire interventional management for resolution. As 
described above, these include hepatic abscesses, 
complications related to the biliary tree or collec-
tions, which develop in the pleura space. In almost 
all cases, resolution can be safely and effectively 
achieved with simple catheter drainage or other 
minimally invasive techniques.
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