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Foreword

Percutaneous image-guided non-invasive treatment of tumors is now widely regarded 

as one of the major advances achieved during the past decade in interventional 

 radiology and in medicine.

Over the past years radiologists all over the world have been deeply involved in 

technological and animal research which has resulted in powerful new clinical tools 

for tumor ablation.

These include mainly thermal ablative techniques such as laser-induced thermo-

therapy, radiofrequency and microwave ablation, but also chemoembolization as well 

as selective internal irradiation therapy.

This volume is one of the most comprehensive books offering a complete overview 

of our current knowledge in percutaneous tumor ablation. It covers not only all tech-

nical aspects of the sophisticated new modalities now available, but also a variety of 

specifi c clinical indications for each of these techniques within the framework of a 

global approach to the oncological patient. 

The very well readable text is completed by numerous superb illustrations.

This book should help radiologists not only to improve their skills in percutaneous 

image-guided ablation techniques, but also to fully assume their role as a key member 

of the multidisciplinary team that takes responsibility for designing the global treat-

ment strategy and management of oncological patients. 

I would like to thank and congratulate most sincerely the editors and authors for 

preparing this very attractive volume on a highly topical, important though rapidly 

evolving topic.

This book will be of great interest both to interventional radiologists and to oncolo-

gists. I am confi dent that it will meet with the same success among readers as the 

previous volumes published in this series.

Leuven   Albert L. Baert
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Preface

Technological and oncological advances have provided new methods for the mini-

mally invasive treatment of malignant tumors. A great deal of enthusiasm has devel-

oped recently in the use of local oncological treatment options such as thermal ablative 

therapies and locoregional chemotherapy. The present book features the clinical and 

practical aspects of thermal ablation as well as the latest advances and applications 

of this emerging, ground-breaking technology. The editors and authors extensively 

cover the principles and techniques for the safe usage of local oncological treatment 

options. Current concepts on the management of hepatic tumors and lung malignan-

cies are presented. The book further stresses applications on primary and secondary 

bone tumors, primary breast cancer, renal tumors and head and neck cancer. All the 

technical aspects of locoregional therapies are extensively discussed. Practical guide-

lines and an evaluation of the results so far obtained are presented. Special focus is 

also put on the different monitoring technologies such as ultrasound guidance, CT 

and MRI.

In summary, we have tried to provide a state-of-the-art textbook on the current 

theoretical and clinical aspects of thermal ablative therapies in order to establish a 

safe and viable treatment modality for our patients.

Frankfurt  Thomas J. Vogl

Munich  Thomas K. Helmberger

Frankfurt  Martin G. Mack

Munich  Maximilian F. Reiser 
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Basic Principles in Oncology 1
Thomas J. Vogl

1.2
Interventional Therapies

“Tumor ablation” is defi ned as the direct application 
of thermal or chemical therapies to a specifi c focal 
tumor (tumors) in order to achieve either eradica-
tion or substantial tumor destruction. The term 
“direct” is combined with tumor ablation to distin-
guish these therapies from others that are applied 
orally or via an intravascular or a peripheral venous 
route. The area of intravascular tumor therapy, like 
locoregional chemotherapy or chemoemboliza-
tion, becomes increasingly important due to newer 
combined strategies combining thermoablation 
and locoregional chemotherapy. The expression of 
image guidance should be added to the term “ther-
mal ablation” because most of these therapies are 
performed using a host of imaging modalities, such 
as fl uoroscopy, ultrasound, computed tomography 
(CT), or magnetic resonance imaging (MRI). From 
a theoretical point nearly all ablation techniques 
available can be used with more than one modality. 
The term “minimal invasive procedures” refers to 
all therapeutic procedures that are less invasive than 
open conventional surgery. Most of the surgeons 
refer to these procedures. The term “percutaneous 
therapies” should only be used when appropriate. 

In general, tumor ablation can be divided into 
two main categories. The fi rst one is chemical abla-
tion, the second one is thermal ablation. Addition-
ally, other interventional oncological therapeutic 
approaches have to be defi ned, such as the percu-
taneous delivery of radioactive seeds and the trans-
catheter delivery of chemotherapy and chemoembo-
lization. 

“Chemical ablation” is classifi ed based on the 
used agent, such as ethanol, or acetic acid. By defi ni-
tion, chemical ablation induces coagulation necrosis 
and tumor ablation. Ethanol ablation is also called 
“percutaneous ethanol instillation” (PEI), “percu-

C O N T E N T S

1.1 General 3
1.2 Interventional Therapies 3

1.1
General

The evolving fi eld of interventional oncology can 
only be considered as a small integrative part in the 
complex area of oncology. The new fi eld of interven-
tional oncology needs a standardization of the pro-
cedures, the terminology, and criteria to facilitate 
the effective communication of ideas and appropri-
ate comparison between treatments and new inte-
grative technology. In principle, ablative therapy is 
a part of locoregional oncological therapy and is 
defi ned either as chemical ablation using ethanol 
or acetic acid, or thermotherapies such as radio-
frequency, laser, microwave, and cryoablation. All 
these new evolving therapies have to be exactly  eval-
uated and an adequate terminology has to be used 
to defi ne imaging fi ndings and pathology. All the 
different technologies and evaluated therapies have 
to be compared, and the results have to be analyzed 
in order to improve the patient outcome.
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taneous alcohol instillation” (PAI), and others. For 
all chemical ablations the parameters have to be 
defi ned, for example the route (intravenous, intra-
arterial, or interstitial), the substances that are 
injected, the delivery vehicle (size and type of needle 
or catheter), and the rate of delivery (rapid injection 
or a defi ned rate of infusion). 

In the category “thermal ablation” all energy 
sources that destroy a tumor with thermal energy 
are included, either by heat [radiofrequency (RF), 
laser, etc.] or by cold (cryoablation). A thermal abla-
tion procedure is defi ned as a single intervention 
episode which consists of one or more ablations per-
formed on one or more tumors. A treatment, on the 
other hand, consists of one or more “procedures” 
or “sessions”. The energy is normally applied via 
“applicators”. While for RF the applicators are “elec-
trodes”, for microwave they are “antennas”, and for 
laser applicators they are “fi bers”. For cryoablation 
“cryoprobes” are used to freeze tissue during cryo-
ablation. 

In RF ablation coagulation is achieved with 
induction from all electromagnetic energy sources 
less than 900 kHz. Most of the currently available 
devices function in their range between 375 and 
500 kHz and are either monopolar or bipolar sys-
tems. Many electrode variations are currently avail-
able, which will be described in more detail in the 
technical and clinical parts of the book (multi-tined, 
expandable electrodes, internally cooled electrodes, 
and perfusion electrodes). For each RF application 
the algorithm used should be differentiated (ramped 
energy deposition or impedance regulated and the 
model number of the generator). Other parameters 
are the use of monopolar/bipolar systems, the dura-
tion of ablation and the amount of energy applied 
(in current and/or watts). Additional adjuvant thera-
pies are used such as the concomitant percutaneous 
instillation of sodium chloride solutions to alter the 
electrical and thermal conductivity during ablation. 
Hence, the specifi c details of the adjuvant used (such 
as drug concentration, rate of administration, route, 
and timing) should be clearly defi ned.

“Laser ablation” is currently the defi ned term 
for all methods of ablation using light energy. Mul-
tiple laser technology and application methods are 
currently in use, such as the superfi cial therapy 
contact/noncontact mode or transcutaneous abla-
tion.

The term “interstitial” or “direct” relates to 
the laser energy that is applied via fi bers directly 
inserted into the tissue. 

For the defi nition of the parameters of laser abla-
tion, laser source (Nd:YAG, Erbium, Holmium, etc.), 
the precise wavelength, and the device characteris-
tics have to be specifi ed. This includes the type of 
laser fi ber (fl exible/glass dome), modifi cations of the 
tip (fl exible diffuser tip, or scattering dome) with 
dimensions and materials (length of applicator and 
diameter of the optic fi ber), and the number of laser 
applicators used. The laser power reported as watts 
per cm active length, the total duration of energy 
application, the total amount of energy applied per 
tumor in the mean and range should be provided as 
well. In addition to the energy measured before the 
laser enters the fi ber, the actual energy output of the 
fi ber/dome prior to the ablation and/or the end of 
the procedure should be ideally measured for the 
applied energy. 

For electromagnetic methods for inducing tumor 
destruction with frequencies greater than or equal 
to 900 kHz, the term “microwave ablation (MW)” 
is used. Different systems are currently available. 
Those systems work at 915 MHz and 40 W. The stud-
ies showed that microwave and RF ablation zones 
are similar in pathological appearance and imaging 
characteristics. Increased length with MW is likely 
caused by the length of the radiating segment of the 
antenna. MW ablation offers many of the advan-
tages of RF ablation by possibly overcoming some 
of the limitations. It does not rely on conduction of 
electricity into tissue, and it is not limited by char-
ring. Therefore, temperatures greater than 100°C 
are readily achieved, which potentially results in a 
larger zone of ablation, faster treatment time and 
more complete tumor kill. MW ablation has a much 
broader power fi eld than RF ablation (up to 2 cm in 
diameter). This allows for larger zones of thermal 
ablation and a more uniform tumor kill. The cool-
ing effect of blood fl ow is reduced in comparison to 
other techniques, thus also enhancing the treatment 
of perivascular tissue. Other MW systems limit the 
power at 2450 MHz up to 150 W. The advantage of 
MW ablation is the proved performance near blood 
vessels combined with the ability to use multiple 
simultaneous probes. 

For the ultrasound ablation two methods are cur-
rently available – extracorporeal (transcutaneous) 
and direct (or percutaneous) via a needle-like appli-
cator. The term “high intensity focused ultrasound” 
should be reserved for describing the extracorpo-
real method. Direct ultrasound ablation means the 
replacement of an applicator via a percutaneous or 
laparoscopic insertion. 
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The destruction of tissue by the application of 
low temperature freezing is defi ned as “cryoabla-
tion”. In the past, liquid nitrogen was directly placed 
on the tissue. In the neck, chest, abdomen, pelvis, 
and extremities, cryoablation is performed using a 
closed cryoprobe that is placed on the inside of the 
tumor. Currently, two main types of systems are 
used, i.e., either gas/liquid nitrogen, or argon gas. 
The temperature measurement is either at the tip of 
the cryoprobe or on the handle. However, the tem-
perature, at which cryoablation is performed, the 
type of the cryoablation system, the gases used, the 
probe dimensions, and the number of freeze–thaw 
cycles should be specifi ed.

For all thermal ablations it is important to be 
aware of the effects of blood fl ow because all these 
methods are negatively infl uenced by the blood fl ow 
as the heat is removed before achieving complete 
tumor ablation. These cooling effects are described 
with the term “heat sink effect”. The heat sink effect 
is due to the tumor-adjacent visible (>1 mm diam-
eter) blood vessels when ablated tissues are heated. 

This results in the shape of thermal lesions altering 
away from the vessel and the diminishing overall 
lesion size due to the removal of heat or cold by the 
fl owing blood. It is an advantage that the vessels are 
protected and bleeding from large vessels is pre-
vented but it can also be a major source of incom-
plete tumor ablation. Another phenomenon is the 
term “perfusion mediated tissue cooling (or heat-
ing)” which refers to both the effects of the larger 
heat-sinking vessels and the substantial effects of 
capillary level microperfusion. This is important 
because several techniques have been developed or 
are under consideration to overcome the problem 
of a pharmacologically induced decrease in blood 
fl ow, and temporary vascular balloon occlusion of a 
specifi c vessel during ablation (intra-arterial embo-
lization and chemoembolization as well as a Prin-
gle maneuver during surgery). All procedures for 
thermal ablation are also defi ned by the expression 
“image guidance”, since thermal ablation imaging 
is used in fi ve separate and distinct ways: (1) plan-
ning, (2) ultrasound, (3) CT, (4) MRI, (5) PET.
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Rossi et al. 1990). Since then enormous development 
of percutaneous RF technology has taken place.

After the initial experience in treatment of he-
patic tumours, RF ablation (RFA) was approved as a 
tissue-sparing, minimally invasive tool for success-
ful tumour eradication resulting in satisfactory sur-
vival times in tumours of the kidneys and adrenals, 
of the lungs, bones, and soft tissue – comparable to 
surgery even considering the different selection cri-
teria.

2.1.1 
Basic Principles of Radiofrequency Ablation

2.1.1.1 
Physical Background

In general, the various types of thermoablative tech-
niques differ only by their physical method of gen-
erating heat (e.g. radiofrequency, laser, micro wave, 
focused ultrasound). The fundamental principle of 
RFA is based upon the biophysical interaction of 
high-frequency alternating current (typically 450–
500 kHz) and biological tissue in terms of resistive 
(frictional) energy loss. Therefore, the term radio-
frequency alludes to the alternating electric current 
oscillating in a high-frequency range of the alter-
nating current. Between the active and the refer-
ence electrode (or two active electrodes in bipolar 
systems) an electric fi eld is established which oscil-
lates with RF frequency. Ionic oscillatory agitation 
induced by this oscillating fi eld results in frictional 
heat followed by “coagulative” necrosis if enough 
energy is deployed, whereas the fi eld intensity deter-
mines directly the frequency of the oscillation. 

In consequence, the heat emerges into tissue in 
the immediate vicinity of the electrode (antenna). 

The heating effect of alternating radiofrequency 
(RF) in biological tissue was fi rst described by the 
French physiologist Jaques D’Arsonval (1851–1940) 
in the late nineteenth century. From that time on RF 
gained an important role in many fi elds of medical 
treatment. A wide variety of surgical RF instruments 
were developed, mostly combining tissue dissec-
tion and haemostasis by coagulation. In the early 
1990s the percutaneous use of needle like probes for 
interstitial thermal ablation of tumour tissue was 
reported for the fi rst time (McGahan et al. 1990; 

Ablative Techniques (Percutaneous) 2
Thermal Ablative Techniques

2.1 Radiofrequency Ablation 
Thomas K. Helmberger
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Further heat dispersion is a result of heat conductiv-
ity and convection effects (McGahan et al. 1990).

The generated frictional heat is directly and pro-
portionally dependent on the RF energy delivered, 
while the total thermal damage caused to the tissue 
is dependent on both the tissue temperature fi nally 
achieved and the duration of heating. An increased 
temperature of up to 42 C (i.e. hyperthermia) re-
sults in an increased susceptibility of the heated tis-
sue to chemotherapy and radiation. A temperature 
of 45 C for several hours results in irreversible cell 
damage. The latter cytotoxic effect can be drasti-
cally shortened down to a few minutes by increas-
ing the temperature up to 50 –60 C. Almost instant 
coagulation of tissue is induced at temperatures be-
tween 60 C and 100 C and is manifest as irreversible 
damage to mitochondrial and cytosolic enzymes of 
the cells and to DNA. At more than 100 –110 C, tis-
sue will vaporize and carbonize (Goldberg 2001; 
Goldberg and Gazelle 2001).

Due to the specifi c tissue resistance and the en-
ergy dispersion between the needle-like electrode 
and the dispersive ground pad there is a rapid de-
cay of energy and consequently of heat around the 
electrode, where the temperature is inversely pro-
portional to the distance from the electrode (T 1/r4; 
T = temperature, r = radius around the electrode). 
This means that destructive thermal energy can 
be deployed suffi ciently only within a volume of a 
maximum diameter of 2.2–2.4 cm around a single, 
needle-like electrode (Fig. 2.1.1). As a consequence, 
the energy is delivered quite precisely and focused 

to the volume around the electrode, making heat-
induced damage remote to the source of heat (RFA) 
rather unlikely.

Using advanced needle designs volumes of up to 5 
cm diameter can be ablated. Accepting an increased 
time for treatment needle repositioning and creat-
ing overlapping volumes may result in even larger 
volumes (Raman et al. 2000; Scott et al. 2000). 
Nevertheless, the fi nally resulting volume of abla-
tion is also considerably dependent on the intrinsic 
tissue properties such as heat conductivity and con-
vection (Fig. 2.1.2). In this regard two crucial effects 
must be mentioned: the so-called heat sink effect 
and the oven effect. The heat sink effect is caused 
by large vessels – mainly hepatic veins – near to the 
heat source resulting in heat loss. This effect can be 
used to increase the ablated volume by temporarily 
occluding these vessels (e.g. balloon occlusion of a 
hepatic vein, temporary occlusion of the portal vein, 
in Pringle’s manoeuvre) (de Baere et al. 2002; Elias 
et al. 2004). 

In hepatocellular carcinomas (HCC) within cir-
rhotic livers in particular, the “oven effect” can be 
noticed: a well-demarcated ablation, even with vol-
umes larger than expected by the needle design can 
be achieved because the heat is “trapped” within the 
(pseudo) encapsulated tumor volume.

In summary the effi cacy of the RF energy deposi-
tion is determined by the:

Amount and duration of the energy exposure 
(watts, time)
Probe design
Intrinsic tissue factors (heat connectivity and 
conversion)
Heat sink and congestion effects.

In biological tissues, it remains impossible to pre-
dict exactly the effect of a specifi c energy delivery 
since even in a given biological “system” the sys-
tem’s variables change during the process of energy 
deployment in a non-linear feed-back mechanism 
(Fig. 2.1.2). On a theoretical basis for ideal systems, 
these effects have been calculated in several ways; 
for example, by Penn’s equation or the thermal wave 
model of bio-heat transfer (Liu et al. 1999). For prac-
tical reasons the complex theoretical considerations 
can be simplifi ed by correlating tissue destruction 
(i.e. coagulation) to:

The energy delivered corrected by an (unknown) 
possibly tissue-specifi c correction factor (in clin-
ical reality this means that more energy is needed 
than expected)

�

�
�

�

�Fig. 2.1.1. The diagram illustrates the interdependency of 
temperature and radius around a single needle electrode. 
Note the rapid decay of the temperature over a distance of 
more than 1 cm from the electrode, which makes the abla-
tion process very focused
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Fig. 2.1.2. a Intrinsic tissue properties may infl uence the ablation pro-
cess as demonstrated in this examples of three different tumor types. In 
the colorectal metastasis increased power (white line, lower part of the 
diagram) was necessary only at the beginning of the ablation process to 
bring the temperature within the tumour to 100 C (fi ve coloured lines, 
upper part of the diagram) and to maintain it. Tumour impedance re-
mained the same throughout the entire process (red line, lower part of 
the diagram). b While the temperature graphs in a hepatocellular car-
cinloma (HCC) run almost parallel to those for the colorectal carcinoma 
metastasis, the power and impedance courses are completely different. 
The impedance rises with progression of the ablation while decreasing 
power is required to hold the temperature. c In contrast, in a sarcoma 
metastasis maximum power is delivered without reaching the desired 
temperature of 100 C in all areas of the tumour (coloured lines, upper 
part of the diagram). Note the spikes of the temperature graphs repre-
senting gas blebs. Repositioning of the electrode was necessary in this 
case to provide complete ablation of the entire tumour volume

Reduced energy loss resulting from tissue-spe-
cifi c cooling effects (i.e. vascular perfusion, insu-
lation effects, etc.).

In consequence, one has to keep in mind that in 
clinical practice:

The energy = defi nable [J=W×t; J=energy (joule), 
W=power (watts), t=time (s)]
The tissue interaction = variable (unpredictable)
The result = estimation

In consequence, different strategies are conceiv-
able and/or applicable to enhance the ablation pro-
cess: (1) improving heat conduction, (2) decreasing 
heat tolerance of the tumour and (3) increasing en-
ergy deposition.

�

�

�
�

Heat conduction can be improved by the injec-
tion of saline, which increases the amount of ions 
with subsequent increased fl ow of electric current 
( Goldberg and Gazelle 2001; Kettenbach et al. 
2003). The same concept of augmented amplifi cation 
is applied by injecting iron oxide microparticles into 
the target tissue (Merkle et al. 1999). Nevertheless, 
this technique – especially utilizing larger amounts 
of saline – is not yet common in clinical practice. 
Potential drawbacks include unpredictable abla-
tion zones following the spreading of the saline and 
a need for increased energy deposition. Otherwise, 
there is insuffi cient energy transfer to the increased 
number of ions.

According to the theoretical consideration of 
factors infl uencing ablation, heat loss by paren-

a b

c
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chymal perfusion is crucial. Parenchymal perfu-
sion signifi cantly affects the effi cacy of a thermal 
ablation procedure, as shown by Patterson et al.’s 
(1998) demonstration of ablation with and without 
Pringle’s manoeuvre. Thus, mechanical reduction 
of local blood fl ow may enhance the ablation pro-
cess; however, achieving this can be quite elaborate 
and can itself be a source for secondary complica-
tions. Less invasively lowering perfusion of the tu-
mour pharmacologically, embolizing the tumour’s 
vasculature, and infusing alcohol and acetic acid 
may also increase the ablation volume, although 
as yet it is too early to consider these techniques 
as suffi ciently established (Lubienski et al. 2005). 
Finally, the heat tolerance of tumour cells may be 
affected by prior chemotherapy and/or radiation 
therapy. However, the exact effects of “adjuvant” 
therapeutic regimens to enhance the ablation pro-
cesses have not yet been systematically evaluated 
(Goldberg et al. 1999).

2.1.1.2 
Monopolar Systems

In the technical setting of monopolar systems the 
patient is turned into a resistor within a closed-loop 
circuit consisting of a RF generator, a large disper-
sive electrode (grounding pads typically placed on 
the thighs of the patient), and a needle electrode 
(antenna) in series. Thus, an alternating electric fi eld 
is created within the tissue of the patient concentrat-
ing the electrical energy around the non-insulated 
tip of the needle-like electrode. Given the relatively 
high electrical resistance of tissue in comparison 
with the metal electrodes, there is marked agitation 
of the ions present in the tissue surrounding the 
needle-like electrode, concentrating the energy (Ni 
et al. 2000; Goldberg and Gazelle 2001; Brieger 
et al. 2003; Lee, Haemmerich et al. 2003; Lee, Han 
et al. 2003; Pereira et al. 2003).

2.1.1.3 
Bipolar Systems

In bipolar systems the two non-insulated electrodes 
are placed in situ in the same probe. From a physi-
cal point of view, bipolar probes seem particularly 
suitable for avoiding energy dispersion between the 
dispersive and focusing electrodes. Just recently the 
fi rst bipolar probes were approved for interstitial 

tumour ablation. Nevertheless, the same physical 
properties, i.e. the limited penetration depth of ra-
diofrequency current, apply to both bipolar and mo-
nopolar probes. Therefore, the most crucial factor 
regarding the effi cacy of RFA electrodes in terms 
of reproducible homogenous ablation volumes re-
mains the design of the active electrode tip(s). Re-
cent developments (Olympus-Celon) allow a multi-
plexed operation of several bipolar electrodes in a 
cluster-like array where a switch-box controls the 
electric current between several electrodes (Burdio 
et al. 2003; Tacke et al. 2004; Frericks et al. 2005; 
Clasen et al. 2006, 2007).

2.1.1.4 
Electrode Designs

In principle, an RF electrode consists of an insu-
lated metallic shaft and a non-insulated, active tip 
of variable length and/or design. To close the electric 
circuit of the above-described system of generator, 
electrodes and patient, the active tip is in contact 
with the target tissue.

To increase the volume of ablation modifi cations 
have been made to the probe design, e.g. extending 
the length of the antenna (cluster needle, umbrella/
inverted umbrella-like design) or internal cooling of 
the needle to avoid premature carbonization around 
the probe followed by insulation and energy decay 
(Fig. 2.1.3). At present, the available electrodes pro-
vide ablation volumes with more or less spherical 
diameters of between 2 and 5 cm.

Pereira et al. compared four different RFA systems 
in an in vivo animal model: a perfused electrode, an 
internally cooled electrode, and two different multi-
tined electrodes utilizing the vendors’ protocols 
(Pereira et al. 2004). Among the four tested and at 
that time commercially available systems, larger co-
agulation volumes could be obtained with the perfu-
sion (at present no longer available) and internally 
cooled cluster devices. More spherical volumes of 
ablation were achieved with the 12-tine and cluster 
electrodes. The cluster and nine-tine electrode pro-
duced better reproducibility, which is suggestive of 
improved predictability of the extent of coagulation 
with these systems. However, in interpreting these 
data one has to remember that the unmodifi ed ven-
dors’ protocols were used and consequently the de-
ployed power differed signifi cantly (60–250 W).

Beside the specifi c needle design, and the han-
dling and usability of the different systems, a more 
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important role regarding the proper use of a device 
might be how experienced the user is, as confi rmed 
by Poon et al. (2004b) and Lu et al. (2005). Poon and 
co-workers could prove in a prospective analysis that 
the results of percutaneous, laparoscopic and open 
RFA in terms of morbidity and effectiveness (= com-
plete ablation) increased signifi cantly during the 
learning period – independently if a single or cluster 
electrode was used (Poon et al. 2004b). Furthermore 
the same group could show that there was no signifi -
cant difference in RFA of hepatocellular carcinomas 
greater than 3 cm regarding access route (percuta-
neous, laparoscopic, open), complications, mortal-
ity, and success in comparison to tumours smaller 
than 3 cm in diameter – again independently from 
the device used (Poon et al. 2004a). These results 
were confi rmed by Lu et al. (2005) since in his work 
the most important factor infl uencing the primary 
success rate was tumour size, independently of elec-
trode design (cluster vs. multi-tined).

2.1.1.5 
RF Generators

Different vendors pursue slightly different strate-
gies in terms of generator control and therefore the 
ablation process. In the internally cooled single and 
cluster electrode system (Cool-tip, Valleylab, Tyco 
Healthcare) it are mainly algorithms that are ap-
plied, with pulsed delivery of high energy levels over 
a relatively short period of time (10–15 min) without 
feedback control. In the multi-tined system with im-
pedance control (Boston Scientifi c) and the bipolar, 
single or multi-electrode system (Olympus Celon) 
a step-wise increased or fi xed amount of energy is 

controlled by the tissue resistance rising with in-
creasing desiccation. In the second multi-tined sys-
tem (AngioDynamics RITA) the power delivery is 
controlled by temperature feedback derived from 
thermistors at the tips of the tines.

As discussed above many different factors in-
fl uence the process of RFA, which make a vendor’s 
recommendation regarding a specifi c ablation al-
gorithm only a rough estimate (Goldberg 2001). 
Therefore, an individual learning curve is necessary 
to collect enough personal experience to understand 
and to control the process of ablation suffi ciently 
and to warrant an effi cient result in terms of tumour 
control (Poon et al. 2004b).

2.1.2 
Indications and Contraindications

Radiofrequency ablation of primary and secondary 
hepatic malignancies has been in wide use for more 
then 10 years. Meanwhile, the continual improve-
ment of generators and probes has led to reproduc-
ible and satisfactory results, although the primary 
local success is often constrained by further prog-
ress of the underlying malignant disease. Therefore, 
there seems almost general agreement that RFA, es-
pecially in hepatic metastases (e.g. metastases from 
colorectal cancer), must be integrated in an inter-
disciplinary multimodality treatment concept (e.g. 
adjuvant combination with chemotherapy).

In recent years minimally invasive thermoabla-
tive therapy has been applied to almost all kinds of 
tumours in the human body. Promising initial re-

Fig. 2.1.3a–f. Various radiofrequency (RF) electrodes: a single needle design (Cool Tip, Valleylab System, Tyco), b cluster-
electrode (Cool Tip Cluster, Valleylab, Tyco); multi-tined electrodes (c LeVeen, Radiotherapeutics, Boston Scientifi c; d Star-
burst XL; e perfused Talon needle, AngioDynamics-RITA); f internally cooled, bipolar single needle electrode (Olympus 
Celon)

b c d e fa
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sults were shown for RFA in tumours of the lung, 
kidney, adrenals, lymph nodes, of the head and neck 
region, prostate, bone and soft tissue, nerves, and 
even of the breast (Neeman and Wood 2002; Wood 
et al. 2002; Lau et al. 2003; Gervais et al. 2005b). On-
going and future studies will and have to prove the 
prerequisites for successful treatment in these new 
fi elds. Nevertheless, similar basic inclusion and ex-
clusion criteria apply to almost all of these tumours 
irrespective of their pathological origin or anatomi-
cal localization (Table 2.1.1).

2.1.3 
Considerations Regarding Lesion Size and 
Localization

In terms of guidelines no defi nite recommendations 
exist yet regarding those specifi c properties that 
make a lesion suitable for RFA. Nevertheless, based 
on the electrophysiological characteristic of the RFA 
systems, the electrode design and last but not least 
on oncological considerations, special thought has 
to be given to the size and localization of a lesion in 
order to achieve complete ablation (Kuvshinoff and 
Ota 2002).

To destroy any given tumour completely the ab-
lation volume should envelope the tumour entirely 
together with a safety margin (5–10 mm) according 
to surgical rules. The pathophysiological rationale 
for the safety margin is the high likelihood of scat-
tered tumour cells (invisible to imaging) immediately 
around the tumour nodule visible by imaging. If only 
the visible tumour is treated then local recurrence 
can easily emerge from the tumour cells remaining 
around the visible tumour. Since the available elec-
trode designs allow more or less spherical ablation 
volumes with a maximum diameter of about 4–5 cm 
in a single ablation session lesions with a diameter of 
3–4 cm can be treated to achieve an adequate safety 
margin. Dodd et al. (2001) demonstrated in a com-
puter simulation that tumours of diameters between 
1 and 3 cm can be treated suffi ciently with a single ab-
lation procedure using 3- to 5-cm electrodes, whereas 
for diameters up to 4.25 cm and 6.3 cm, respectively, 
a composite ablation with 6 up to 14 spherical, over-
lapping ablations is necessary (Dodd et al. 2001). It 
is easy to understand that in most cases a composite 
ablation with more than three electrode positions is 
diffi cult to operate under clinical conditions.

This considerations are approved by the recent lit-
erature, in which local recurrence rates in primary and 
secondary liver tumours rise with lesion size after a 
single ablation, or several ablations sessions are neces-
sary to gain compete ablation (Poon et al. 2002, 2004a, 
2004b; Gervais et al. 2005a; Lencioni et al. 2005; Lu et 
al. 2005; Suh et al. 2005; Choi et al. 2007; Yamakado 
et al. 2007). According to these current references the 
cut-off lesion diameter for a primary successful RFA is 
about 3 cm with the RFA systems that are available at 
present – independent of the anatomical tumour site 
and histopathological tumour type.

Another independent predictor of a successful 
ablation is the tumour’s vicinity to major vessels 

Table 2.1.1. Inclusion and exclusion criteria for radiofre-
quency ablation (RFA) of soft-tissue tumours

Prerequisites Adequate assessment of the overall 
tumour situation

Incorporation of thermal therapy 
into a comprehensive treatment 
concept

Balance of advantages and disad-
vantages of a minimally invasive 
therapy by an interdisciplinary on-
cological team

Indications Exclusion of respectability 

Pre OP in bi-lobar hepatic tumors

Medical reasons

Number of lesions <4–5a

Lesion diameter <3.5–5 cm (HCC, 
kidney and lung tumors)a

Contraindications Progressive systemic disease

Lesions >5, diameter >5 cm

Colorectal metastases <3.5 cma

Thrombosis of portal vein (one 
branch?)

Septicemia, coagulopathy

Tumour volume >50 % organ vol-
ume

Relative
contraindications

Biliodigestive anastomosis in he-
patic tumors

Pacemaker

Vicinity to critical structuresb

aCentre dependent, no fi nal agreement. bSee below “Com-
plications”
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causing heat sink effects. Lu et al. (2003) showed 
that, in 105 tumours with a mean diameter of 2.4 cm 
treated with two different multi-tined and one clus-
ter RFA system (no difference regarding the RFA 
system used or whether it was open or percutaneous 
access!), lesions at least 3 mm from a major vessel 
presented a primarily incomplete ablation or recur-
rence only in 7%, while this was true in 48% of tu-
mours that were in the direct vicinity of major ves-
sels (Lu et al. 2003).

In consequence, both these independent predictors 
of success – lesion size and vascular proximity – have 
to be incorporated into a RFA treatment concept.

Overall, the primary success rates of RFA in liver, 
kidney, lung and bone tumours range from 70% to 
more than 95%, depending on the tumour localiza-
tion and type – assuming the above-mentioned ad-
vice has been considered.

Detailed discussion on the outcome for differ-
ent tumour and organ entities is provided in several 
chapters of this volume.

2.1.4 
Standard of RFA Procedure

2.1.4.1 
Image Guidance and Procedure Monitoring

Radiofrequency ablation can usually be performed 
as a minimally invasive, percutaneous (outpatient) 
procedure under conscious sedation. General anaes-
thesia is usually not necessary. In surgical settings, 
RFA can be performed laparoscopically or during 
open surgery. Nevertheless, there are no data sup-
porting the fact that RFA performed during open 
surgery is superior to a percutaneous approach 
(Poon et al. 2004a, 2004b).

To direct the RFA probe into the tumour, ultra-
sound (US), computed tomography (CT), and magnet-
ic resonance imaging (MRI) guidance are applicable, 
where US is probably the most widely used method for 
guidance worldwide. As yet there are no ideal imaging 
and monitoring methods for RFA (or the other ther-
mal ablative techniques) because all imaging methods 
have both advantages and disadvantages. 

Ultrasound is widely available and in many cases 
allows easy in- and off-plane access to the target and 
visualization of the probe. However, depending on 
the given individual’s anatomical and pathological 

characteristics US is not able to tag the target or to 
follow the probe in all cases. Furthermore, during 
the process of ablation the target is masked by a 
cloud of micro gas bubbles (Fig. 2.1.4). This makes it 
diffi cult to identify the probe and the target during 
RFA and to assess the success of the ablation. Recent 
data suggest that US contrast may help to overcome 
this problem – nevertheless, the fi nal role for US 
contrast media in ablation therapy is not yet clear 
(Solbiati et al. 2004). Furthermore, hybrid systems 
merging the freedom of US guidance with the supe-
rior image information of CT or MRI may overcome 
the known ultrasound obstacles (Fig. 2.1.5).

Computed tomography guidance is mostly used 
by interventional radiologists. The advantage of 
the superior display of anatomical and pathologi-
cal structures is compromised by the lack of elbow-
room within the scanner gantry, the exposure to the 

Fig. 2.1.4. a Radiofrequency ablation (RFA) of an HCC un-
der ultrasound guidance. Note the bright refl ection from the 
shaft of the electrode; the tumour presents a low echogenici-
ty. b Early during the ablation process micro gas bubbles 
emerge out of the ablation volume masking the tumour. 
Unfortunately, the volume where the gas bubbles can be ap-
preciated does not correlate very well with ablation volume

b

a
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radiation dose, and the use of contrast agent for vi-
sualization of the potential target lesion. 

In contrast to US no signifi cant changes in the 
treated tissue can be appreciated by CT. A contrast-
enhanced CT scan immediately after RFA should 
display no enhancement within the ablated volume. 
The full extent of the ablation can be identifi ed only 
12–18 h after RFA.

In comparison to US and CT, MRI is the only meth-
od that is able to display heat-related intrinsic tissue 
alterations directly and on-line. Several methods are 
available for thermal monitoring, e.g. chemical shift 
imaging and T1-weighted imaging. Nevertheless, MRI 
monitoring of thermal ablation is mostly limited to la-
ser applications because MR-compatible RFA probes 
were only recently presented and are not available for 
every system. General limitations for performing ab-
lative interventions under MRI guidance are – simi-
lar to CT – the restricted freedom of movement, the 
high technical complexity and costs.

2.1.4.2 
Energy Delivery

The control of the process of ablation itself is device-
dependent. The heat-related dehydration results in a 

progressive coagulative necrosis and a loss of con-
ductibility followed by rising tissue impedance (see 
above). Most RFA systems use the relative increase 
of impedance as a parameter for controlling the ab-
lative process, while ascending impedance down-
regulates the delivered power. At present, only one 
system is equipped with multiple thermistors at the 
tips of the antennas, thus offering on-line monitor-
ing of the temperature.

In general, the ablation process takes 10–30 min 
per needle placement to provide complete tissue 
necrosis.

2.1.5 
Complications

From a procedural and technical point of view, RFA 
has to be considered a safe and minimally inva-
sive method. The needles used are typically small 
(14–17.5 G) compared to needles used for biopsy, 
complemented by the intrinsic capability of cauter-
ization and coagulation (to avoid bleeding from the 
needle track and tumour seeding along the track 
cauterization of the track is recommended). 

Fig. 2.1.5. Hybrid sys-
tems combining the 
freedom of ultrasound 
guidance together with 
the superior image 
quality of a CT or MRI 
study (courtesy Laura 
Crocetti, University of 
Pisa, Italy) might make 
an ablation procedure 
easier and more “com-
fortable”
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Complications may occur immediately or with a 
delay after a procedure, and may be related to the 
puncture, the entire procedure or to the patient’s 
disease and individual situation (de Baere et al. 
2003).

Immediate complications can be metabolic, vas-
cular and non-vascular, while delayed complications 
are determined by complex metabolic reactions, in-
fections, biliary obstruction and tumour seeding.

2.1.5.1 
Metabolic Complications

This type of complication may represent a permanent 
risk to the procedure because of the dependency on 
underlying disease. Changes in blood pressure, sen-
sations of pain, and hormonal reactions (e.g. in RFA 
of the adrenals or in metastases of neuroendocrine 
tumours) can affect the patient’s condition during 
the procedure. Therefore, it is mandatory to know 
the patient’s medical condition before the procedure 
to be able to address any necessary additional medi-
cal support ahead of a potential complication.

In treating hormonally active tumours an en-
docrinologist should be involved. Substitution of 
corticosteroids and mineralcorticoids may be nec-
essary to minimize the risk of an adrenal crisis due 
to adrenal insuffi ciency after partial or complete 
ablation of the adrenals. In ablation of hormon-
ally active primary or secondary tumours, such as 
pheochromocytoma, aldosteronomas, insulinomas, 
or carcinoids, extensive hormone release during 
the ablation may provoke a hypertensive crisis, or 
hypoglycemia. Therefore, blood pressure monitor-
ing and blockade of alpha- and beta-receptors are 
required in pheochromocytomas and glucose infu-
sion in insulinomas (Abraham et al. 2000; Pacak 
et al. 2001). 

2.1.5.2 
Vascular Complications

The risk of bleeding depends on the patient’s coagu-
lation function and on the type and localization of 
the lesion that is targeted, the surrounding paren-
chyma, the pathway to the lesion and the inter-po-
sitioned structures. In coagulopathies special atten-
tion has to be paid to bleeding from the access route 
while positioning the probe and special measures 
should be taken to correct coagulation abnormali-

ties by additional infusion of platelets or fresh frozen 
plasma and stopping anticoagulative therapies. 

Mechanical injuries by the RF probe traversing a 
vessel and thermal injuries during sustained abla-
tion may cause arterial bleeding, pseudoaneurysm, 
arterio-venous/arterio-portalvenous fi stulae, and 
hepatic and portal vein thrombosis, with subsequent 
hepatic infarctions in extremely rare cases. These 
complications can generally be avoided by applying 
real-time imaging guidance such as ultrasound or 
CT-fl uoroscopy for placing the probe (Fig. 2.1.6).

Nevertheless, during the ablation process some 
bleeding – or probably better hemorrhagic diapede-
sis – can be appreciated, which is usually self-lim-
iting and represents haemorrhage due to thermal 
damage to the tumour’s capillaries. 

Fig. 2.1.6a,b. Multiplanar reformations from 3D CT data sets 
allow precise assessment of electrode positioning. Note the 
perfectly centred placement of the multi-tined RFA electrode 
in the coronal (a) and sagittal view (b) in a colorectal cancer 
metastasis (the hooks are not yet fully delpoyed)

a

b
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If there is suspicion of a vascular complication 
a base-line follow-up study should be performed 
within the fi rst 3 h after the procedure, which is 
absolutely mandatory in cases of intraprocedural 
bleeding and signifi cant, ongoing pain (Curley et 
al. 1999;  Mulier et al. 2002; de Baere et al. 2003; 
Chuang et al. 2005).

In suspicious cases, early angiography with inter-
ventional stand-by and stabilization of coagulation 
parameters is crucial to avoid or to minimize bleed-
ing complications.

Nevertheless, based on the principle of cauter-
ization, the coagulative potential of the thermal 
ablation procedure itself makes the bleeding of a 
treated lesion quite unusual. To avoid needle track 
bleeding it is recommended to perform “hot” probe 
repositioning and removal (i.e. needle track abla-
tion). Therefore, regarding the present literature 
bleeding in total is a rare, in most cases self-limit-
ing, complication with a frequency of no more than 
2%.

2.1.5.3 
Infection

Infectious complications are rare; however, they are 
promoted if the patient is predisposed by an under-
lying infectious process, a compromised immune 
system, as in diabetes, or especially in hepatic abla-
tion when biliary enteric communication is pres-
ent. Patients who underwent a Whipple’s procedure, 
for example, are jeopardized by colonization of the 
biliary tract by ascending infections and abscess 
formation within the ablation volume (de Baere 
et al. 2003; Elias et al. 2006; Kvitting et al. 2006). 
A delayed onset of infection or abscess formation 
is typically what makes any persistent or recurrent 
fever in the 2–3 weeks after RFA highly equivocal. 
Additionally, there seems to be an increased risk 
for infection also in patients who have had previous 
lipiodol embolization for HCC. Overall, the risk of 
infection is about 1.5% (Shibata et al. 2003; Choi 
et al. 2005). 

2.1.5.3 
Tumour Seeding

Tumour seeding by the carrying of tumour cells 
along the probe’s pathway(s) is basically an issue 
of inappropriate technique and is typically de-

tected 3–12 months after the procedure (Decker 
et al. 2003; Liu et al. 2003; Espinoza et al. 2005). 
This risk can be almost eliminated if the probe is 
properly positioned on the fi rst pass and does not 
cross the tumour primarily, otherwise tumour cells 
can be pushed out of the tumour in its periphery. 
A suffi cient safety margin around the tumour and 
removing the probe by additional ablation of the 
needle tract will further lower the risk of tumour 
cell spread. Llovet reported a tumour seeding fre-
quency of 12.5% (4 cases out of 32) while in a large 
Italian multicentre trial including more than 2000 
patients the frequency was only 0.6% (Llovet et al. 
2001; Livraghi et al. 2003). In general, multiple or 
large tumours necessitating several needle passes, 
subcapsular (hepatic), subpleural (pulmonary) loca-
tions, and poor tumour differentiation may favour 
tumour seeding. 

2.1.5.4 
Non-Target Thermal Damage

Complications related to the thermal ablation itself 
include unintentional thermal harm to non-targeted 
areas including burns at the grounding pads and in-
terference with metallic implants such as pacemaker 
wires and cardioverter defi brillators. 

If the grounding pads are too small or not equidis-
tant from the active electrode in monopolar systems 
there is an increased risk of grounding pad burns 
since then the pads can act as another electrode, 
focusing some energy. The risk of grounding pad 
burns rises with the amount of energy delivered. In 
consequence, more or larger grounding pads should 
be used if more power is applied. If the contact of the 
grounding pads to the skin surface is not suffi cient 
(e.g. by sweat or hairs under the pad) the RF power is 
not dispersed effi ciently and “spots” of high current 
fl ow may be generated, resulting in burns. Defects 
of the electrode’s insulation or metallic coaxial in-
troducers, which may act as secondary antenna by 
induction, can also create burns at the skin entry 
site (Fig. 2.1.7).

More critical are unintentional burns to anatomi-
cal structures within the vicinity (distance less than 
1 cm) of the treated lesion. A thorough planning of 
the access route and fi nal electrode placement may 
help to avoid damage of such structures, for example 
the gallbladder or the renal calices (Ogan et al. 2002; 
Yamakado et al. 2003). In clinical reality vascular 
heat sink effects, the peritoneal surfaces and the 
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motility/mobility of some organs such as the stom-
ach and small and large bowel may also have some 
protective properties. Nevertheless, there are some 
reports documenting the fatal outcome of second-
ary thermal damage to the stomach or bowel (Choi 
et al. 2001; Meloni et al. 2002; Livraghi et al. 2003; 

Rhim et al. 2003). Dislodgement by air insuffl ation 
or injection by glucose injection will protect these 
structures at risk (Fig. 2.1.8). Therefore, collateral 
damage to vital structures can be generally avoided 
if organ-specifi c anatomical peculiarities are con-
sidered. 

Fig. 2.1.7. a The metastases from a breast cancer, subcapsular located in the left liver lobe, were treated via an oblique access 
route with the skin entry point at the epigastrium (former selective internal radiation therapy i.e. SIRT caused the paren-
chymal irregularities in the right liver lobe where active metastases could no longer be appreciated). Note the gas within the 
treated lesion and gas bubbles along the electrode’s pathway. Extensive capsular anaesthesia caused the soft-tissue swelling 
between peritoneal wall and hepatic surface. b Due to an insulation defect, a grade 3 burn occurred at the skin entry point, 
about 5 cm distant from the electrode’s tip. The burn was not appreciated until the end of the procedure because the entry 
point was draped with a swab and the patient did not feel the burn due to local anaesthesia

a b

Fig. 2.1.8. a In this patient with recurrent HCC after liver transplantation, colonic adhesions to the hepatic capsule in the 
area of recurrence (arrow) were encountered. On the CT the tumour nodule can be appreciated as faint hypervascularization. 
Note three tiny clips of the liver capsule resulting from a laparoscopic capsular probe excision. b Before starting the process 
of RFA – the electrode is already in place and the tines are partially deployed – a 21-gauge needle is inserted (arrow) to 
insuffl ate room air in the space between colon and liver capsule. c After the injection of 20 ml room air, the 21-gauge needle 
is advanced into the space between colon and liver capsule (arrows), thus more air can be injected if needed. The ablation 
can easily be performed down to the capsule, because adjacent structures are insulated by the injected air

a cb
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Table 2.1.2. Complication rates in RFA of solid organs in the 
abdomen derived from two multicentre trials and a compre-
hensive meta-analysis (Mulier et al. 2002; Livraghi et al. 
2003; Rhim et al. 2003)

Type of complication Frequency (%)

Abdominal bleeding 0.5–1.6

Abdominal infection incl. abscess 0.3–1.1

Biliary tract damage incl. bilioma 0.07–1.0

Liver failure 0.07–0.8

Pulmonary complications
incl. pneumothorax

0.2–0.8

Dispersive pad skin burn 0.2–0.6

Hepatic vascular damage 0.07–0.6

Visceral damage 0.2–0.5

Cardiac complications
incl. vasovagal refl exes

0.13–0.4

Myoglobinaemia or myoglobinuria 0.2

Renal failure 0.07–0.1

Tumour seeding 0.2–0.5

Coagulopathy 0.2

Hormonal complications 0.1

2.1.5.5 
Minor Complications

Common side-effects in RFA are pain in the area 
of the puncture site, peritoneal irritation, nausea, 
vomiting, moderate fever, tiredness and headache. 
Fever, nausea, tiredness and vomiting are the main 
elements of post-ablation syndrome, which is seen in 
about two-thirds of patients and might last for sev-
eral weeks. In general supportive therapy including 
mild analgesics and non-steroidals is suffi cient in 
such cases (Ahrar et al. 2005; Rhim 2005; Konety 
2006). 

Overall the reported complication rates for RFA 
are quite low in comparison to other more or less 
minimally invasive procedures (Table 2.1.2). Accord-
ing to the SIR classifi cation of complications, major 
complications were reported by a recent Italian mul-
ticentre trial, including 3554 lesions in 2320 patients, 
to be 2.4% (Livraghi et al. 2003), paralleled by a fi g-
ure of 2.43% from a survey of 11 Korean institutions 
including 1663 lesions in 1139 patients (Rhim et al. 
2003, 2004). The total mortality in the studies was 
0.3% and 0.09%, respectively, and is similar to the 

0.5% mortality rate analysed in a meta-analysis of 
82 studies (Mulier et al. 2002). Mulier et al. (2002) 
also found that the total complication rate in percu-
taneous RFA of 7.2% is the lowest in comparison to 
laparoscopic RFA (9.5%), intraoperative RFA (9.5%), 
and combined procedures with resection and open 
RFA (31.8%).

Total minor complications rates – incorporating 
clinical fi ndings as mentioned above –range between 
4.6% and 36%, whereas some of these fi ndings must 
be considered as expected and inevitable effects 
and are therefore better classifi ed as side-effects 
( Mulier et al. 2002; Livraghi et al. 2003; Rhim et 
al. 2003, 2004).

2.1.6 
Conclusion

Over the last 10 years a wide variety of clinical ap-
plications for RFA have been developed and RFA 
has gained clinical acceptance in many centres. Re-
garding clinical and oncological prerequisites a RF 
needle can be placed in a target lesion as long as the 
target can be displayed by US, CT, or MRI. If the 
RFA is performed in an adequate manner consid-
ering safety margins complete tumour destruction 
can be expected. At present, RFA is still limited by 
the suboptimal way of monitoring the procedure 
and the maximum size of the ablation volume that 
can be achieved. At present, several studies are be-
ing conducted to identify the patients that benefi t 
most from local tumour ablation and to identify 
other adjuvant therapies, such as chemotherapies, 
that may enhance and stabilize the treatment effects 
of local tumour control. However, this goal can only 
be achieved in a multidisciplinary approach.
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causes water molecules to vibrate and rotate, result-
ing in tissue heating and subsequently cell death via 
thermal-induced protein denaturation. In fi rst pilot 
studies, MW ablation has shown immense potential 
for the treatment of primary and secondary liver 
tumors, primary and secondary lung cancer, renal 
cell carcinoma, and bone metastases.

2.2.2 
Introduction

In tumor ablation techniques, chemical substances or 
thermal energy is delivered to a targeted tissue lead-
ing to cell death and subsequent targeted destruction 
of the pathological tissue structures. The principle 
of tissue heating by application of electric energy 
was fi rst described by Jacques-Arsène d’Arsonval in 
1892. In modern tumor treatment, several differ-
ent modalities for thermal energy deposition have 
been developed, among which the most commonly 
applied techniques are: RF ablation (Goldberg and 
Gazelle 2001), laser interstitial thermotherapy 
(LITT) (Vogl et al. 2002), high-intensity focused 
ultrasound (HIFU) (Huber et al. 2001), and MW 
ablation (Shibata et al. 2002). Many other ablation 
techniques have been proposed, including ethanol 
or acetic acid injection, all of which are obsolete now 
as in clinical trials they were shown to be inferior to 
the fi rst mentioned techniques in effi ciency of tumor 
destruction. RF ablation has evolved as the most 
extensively used ablation modality with its ease of 
applicator positioning, large achievable coagula-
tion diameters, minimally invasive character, and 
its relative cost effi cacy. However, MW ablation has 
not yet been extensively studied.

MW ablation, which refers to modalities of tissue 
heating using electromagnetic energy deposition 

2.2.1 
Overview

Microwave (MW) interstitial thermoablation offers 
several advantages over the more commonly applied 
thermal ablative technique of radiofrequency (RF) 
ablation for targeted tumor destruction, such as 
higher ablation temperature, faster treatment time, 
reduced heat-sink effect, effective ablation of cystic 
lesions, a technologically easier multi-applicator 
approach, no necessity for grounding pads, and no 
risk of skin burns. The technique may be used in 
different treatment approaches, including imaging-
guided percutaneous, laparoscopic, and open surgi-
cal access. MW ablation constitutes one of the most 
recent developments in interstitial tumor ablation 
techniques; however, as yet no FDA-approved com-
mercial device is available. In MW ablation, electro-
magnetic MW irradiation applied to the tumor tissue 
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at frequencies in the gigahertz (GHz) order, pos-
sibly offers several advantages over RF ablation 
(Table 2.2.1). The potential benefi ts are: higher intra-
tumoral temperature, faster treatment times, larger 
volumes of coagulation necrosis, easier multi-appli-
cator approach, less heat-sink effect, effi cient ther-
mal ablation of cystic tumors, no necessity for the 
placement of grounding pads, and, therefore, no risk 
of skin burn. In magnetic-resonance- (MR-) guided 
treatment monitoring, the frequency of MW abla-
tion does not interfere with the receiver frequency of 
the MR scanner possibly allowing for on-line treat-
ment monitoring, which is currently not possible in 
MR-guided RF ablation. 

By means of thermal ablation devices, target tem-
peratures in excess of 48–50 C are generated within 
the pathological tissue leading to cellular death and 
coagulation necrosis. The duration of the treatment, 
the spatial distribution of the thermal energy as well 
as the maximal reachable tissue temperature vary 
among the different treatment modalities. The higher 
the temperature leading to irreversible damage to 
critical cell proteins, the shorter the necessary treat-
ment duration for secure cell death and tissue necro-
sis. The tissue thermal damage at high-temperature 
exposure may be predicted by means of biophysical 
relationships such as the Pennes bioheat equation 
(Pennes 1948), an Arrhenius analysis (Dewey 1994), 
or the Sapareto-Dewey iso-effect thermal dose rela-
tionship (Sapareto and Dewey 1984). These rela-
tionships have been tested in several in vivo systems, 
which demonstrated that within defi ned tempera-
ture ranges the thermal damage in tissue is approxi-
mately linearly dependent upon treatment time and 
exponentially dependent upon the increase in tem-
perature. The sensitivity to heat exposure among dif-
ferent tissue types is variable (Dewey 1994).

In combination with radiological imaging-guid-
ance, tissue ablation may be performed percutane-
ously as a minimally invasive treatment modality, 
reducing health-care costs and patient morbidity. 
Computed tomography (CT) and ultrasound (US) 
are widely used for positioning of applicators into 
the tumor, and for treatment monitoring. However, 
neither CT nor US can confi rm complete tumor 
ablation after energy application. In using US for 
monitoring, the production of steam bubbles by the 
heating process disturbs the image acquisition. At 
native CT scan, the coagulated tissue only shows 
slight changes (actually the density decreases 
0.4 HU per elevation of 1 C) in the imaging pat-
tern compared to the tumor tissue. In MR-guided 
ablation, a drop in signal intensity is visible in T2-
weighted imaging due to the deprivation of free 
tissue water, which, therefore, might permit a near-
real-time control of the ablation course and there-
fore allows a higher effi ciency in terms of treatment 
outcome. In the area of lower but still lethal thermal 
damage at the borders of the coagulation necrosis, 
the cells typically die within 2–7 days. Surround-
ing the contour of lethal cell damage, physiological 
changes take place due to tissue infl ammation, with 
increased blood fl ow and vascular permeability vis-
ible in MR scan and contrast-enhanced CT. For the 
avoidance of local tumor relapse, the coagulation 
zone of immediate cell death should encompass at 
least a 5- to 10-mm layer of peritumoral margin in 
addition to the complete tumor. 

In this manuscript, authors focus on the tech-
nique of MW tumor ablation, the physics of the MW 
heating, and the technique of percutaneous inter-
ventional MW ablation. The authors give a litera-
ture survey on current clinical applications as well 
as results of experimental studies. 

Table 2.2.1. Microwave ablation compared to radiofrequency ablation

Microwave ablation Radiofrequency ablation

Typical frequency ~1 GHz (915 MHz) 365–480 kHz

Physics of energy deposition Induction of oscillations in water 
molecules by propagating electro-
magnetic waves

Resistive heating by electrical alternating 
current

Generator power control No feedback used Temperature and/or impedance

Internally cooled applicators Not yet available Available

MR-compatible applicators Not yet available Available 

Multi-applicator approach Possible (amplitude, phase) Limited

Available devices No FDA-approved devices
(Vivant Medical)

FDA approved devices: e.g., ValleyLab, 
Boston Scientifi c, RITA
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2.2.3 
Physics of Microwave Heating

Microwaves belong to the electromagnetic waves 
with wavelengths in the range of 30 cm (frequency 
= 1 GHz) to 1 mm (300 GHz), meaning, therefore, 
that the microwaves have wavelengths longer than 
those of infrared light, but shorter than those of 
radio waves. The boundaries are, however, arbi-
trarily chosen and differ in various fi elds of sci-
ence and engineering. Microwaves are used in many 
areas of modern technology, especially in the fi eld of 
communication (cellular phones, wireless internet 
connections, satellite television). For medical uses 
specifi c frequencies between 915 mHz and 2.4 GHz 
have been designated so as not to interfere with com-
munications in the aviation and military frequen-
cies. Common MW ovens operate at approximately 
2.45 GHz. As the water molecule exhibits an electric 
dipole moment, the electric fi eld of the MW excites 
harmonic oscillations in the water as they try to 
align themselves with the alternating electric fi eld, 
resulting in warming. Other molecules are heated by 
convection due to the fact that macromolecules are 
not directly affected by microwaves.

The lowest resonance frequency of the water 
molecule is at 22.2 GHz. However, even at MW fre-
quencies in the range of 1–2 GHz, the electromag-
netic energy is effectively absorbed with a typical 
effi ciency factor of 50%–60%. As microwaves are 
electromagnetic waves, they may be refracted or 
refl ected at boundaries of matter. In metallic con-
ductors, signifi cant refl ection occurs at frequencies 
higher than 1 GHz, and microwaves at frequencies 
over 1 GHz can hardly be transported in electric 
cables, but lead instead to notable cable heating. 
Therefore, newly developed clinically used MW 
ablation devices work at frequencies below 1 GHz.

2.2.4 
Microwave Ablation Compared to 
Radiofrequency Ablation

Compared to RF ablation, which deposits thermal 
energy in the tissue by resistive heating using alter-
nating current at 365–480 kHz, MW ablation uses 
a different principle providing theoretically several 
advantages. The MW antenna emits electromagnetic 

radiation into the tissue without the necessity of an 
electrical current. The resulting coagulation necrosis, 
however, is similar in histopathological examination 
in both modalities (Simon et al. 2005; Wright et al. 
2005). As no electrical current is applied, carboniza-
tion, tissue boiling and steam bubbles surrounding 
the applicator do not hamper the energy deposition. 
Much higher tumor temperatures may, therefore, be 
reached as compared to RF ablation of up to tem-
peratures of 150 C. As there is an exponential depen-
dence between tissue temperature and induced cell 
death, complete coagulation of malignant tissue may 
be achieved in much shorter treatment time. As no 
electric current is passing through the patient’s body 
in MW ablation, there is no necessity for the place-
ment of grounding pads. The danger of tissue heat-
ing in unwanted areas is strongly reduced, which 
may occur in RF ablation especially at transitions 
of anatomical structures with relatively high electri-
cal resistance, such as vessel walls and the skin-to-
grounding pad transition. 

Both modalities are reported to show comparable 
ablation diameters. RF ablation typically creates 
ablation diameters of 2–4 cm depending on the abla-
tion system applied (multi-tined, internally cooled 
single or cluster) (Pereira et al. 2004). The clini-
cally used MW devices show varying sizes of coagu-
lation volume depending on their geometry: appli-
cators of straight geometry are reported to achieve 
coagulation diameters of up to 2.5 cm (Wright et 
al. 2003), whereas single loop-antenna applicators 
were reported to result in coagulation diameters 
of up to 3.5 cm (Shock et al. 2004). To increase the 
coagulation volume, multi-applicator approaches 
may be used (multi-polar RF devices, multi-appli-
cator MW). With increasing ablation power, how-
ever, the danger of tissue heating in unwanted areas 
signifi cantly increases in RF ablation, whereas this 
is not an issue in MW ablation. The pathway of the 
electrical current through the body in RF ablation 
is dependent on anatomical structures, and notable 
distortions of the spherical geometry of the ablation 
volume have been reported for RF ablation, decreas-
ing the predictability of the ablation outcome. 
Another drawback of RF ablation is the limited 
possibility of multi-applicator use in conventional 
monopolar techniques due to a shielding effect of 
the electric current among the multiple RF applica-
tors (Goldberg et al. 1995), leading to unpredict-
able coagulation geometries for arbitrary placement 
of electrodes. No interference between different 
electrodes is found in MW ablation (Wright et al. 
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2003). Three different modalities of energy disposi-
tion in a MW multi-applicator approach have been 
described (Haemmerich and Lee 2005): the coher-
ent application of energy with one generator for each 
electrode, which is the conventionally applied tech-
nique. In the incoherent approach, one generator 
switches rapidly between the multiple applicators. 
To further improve uniformity of power deposition, 
phase modulation between applicators has been pro-
posed. The last two modalities, however, have not as 
yet been suffi ciently investigated.

Vascular fl ow may cause a signifi cant reduction 
in the effectiveness of RF ablation due to cooling 
of the perivascular area, which is called the heat-
sink effect (Goldberg et al. 1998). In several recent 
publications (Deardorff et al. 2001; Wright et 
al. 2003), the opposite effect was described for MW 
ablation, where a selective tracking of the ablation 
zone along blood vessels was discovered. Up to now, 
no complete explanation has been found for this 
effect. It was suggested that the presence of a vessel 
causes a distortion or extension of the energy dis-
tribution pattern of the electromagnetic irradiation 
( Deardorff et al. 2001). The effect was also sug-
gested to possibly be caused by thermally produced 
vapor traveling though the vessel (Wright et al. 
2003). The increased performance of MW ablation 
close to vessels may reduce the local relapse rate 
close to liver veins as compared to RF ablation. How-
ever, it may carry an increased risk of complications 
associated with thrombosis of major vessels. 

2.2.5 
Available Microwave Devices

Two different devices are described in the litera-
ture in the Asian region: a Japanese MW generator 
(Microtaze; Nippon Shoji, Osaka, Japan) (Sato et 
al. 1996; Matsukawa et al. 1997; Shimada et al. 
1998; Ohmoto et al. 1999; Midorikawa et al. 2000; 
Ido et al. 2001; Shibata et al. 2002), and a Chi-
nese device (UMC-I Ultrasound-Guided Microwave 
Coagulator, Institute 207 of the Aerospace Industry 
Company, Beijing, China, and Department of Ultra-
sound of Chinese PLA General Hospital, Beijing, 
China) (Lu et al. 2001; Dong et al. 2003), both oper-
ating at 2.450 MHz emission frequency with gen-
erator power of up to 90 W and 80 W, respectively. 
Available straight needle electrodes were 1.6 mm 

in diameter (14 gauge) with a 2-cm active tip (Japa-
nese system), and 1.6 mm in diameter and a 2.7-cm 
active tip (Chinese system).

Recently, two newly developed systems were 
reported operating at 915 MHz with up to 60 W 
generator output (Vivant Medical, Mountain View, 
Calif., USA) and 2.450 MHz (Microsulis, Bath, Eng-
land) (Shock et al. 2004; Simon et al. 2005), possibly 
offering lower loss due to electromagnetic refl ection 
within the cable and improved convection profi le. 
Straight MW antennae are available that are 1.5 mm 
in diameter (14.5 gauge). Three applicators may be 
applied in a triangular confi guration with applica-
tor distances of between 1.5 and 2.5 cm. Addition-
ally, the development of an expandable 24-gauge 
(0.5-mm) circular loop antenna was reported with 
a diameter of 2.7 cm. As yet there are no approved 
devices for patient treatment commercially avail-
able within the USA or Europe.

2.2.6 
Treatment Procedure

MW ablation allows for application in different 
treatment approaches including open surgical 
access, laparoscopy, and imaging-guided percuta-
neous treatment. Increasing interest is focused on 
the indication for percutaneous treatment, as this 
may be regarded as a minimally invasive approach 
potentially offering several benefi ts such as reduced 
patient recovery time and lower overall health-care 
costs. For this reason, the typical imaging-guided 
procedure is described here in greater detail.

The indication for percutaneous interventional 
thermoablative treatment in oncology has to be 
given in an interdisciplinary assessment includ-
ing consultations for internal medicine, oncology, 
surgery, and interventional radiology. A possible 
locally curative treatment by thermoablation should 
be included in a comprehensive treatment strat-
egy for the malignant disease, potentially includ-
ing surgery, chemotherapy, and radiation therapy. 
Treatment strategies have to be discussed relying 
on medical history, physical examination, labora-
tory parameters, patient compliance, and suffi cient 
radiological assessment of the local extent and gen-
eralization of the malignant disease. Imaging guid-
ance may be performed with US or CT. Figure 2.2.1 
shows the CT-guided interventional treatment of 
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Fig. 2.2.1a–c. CT scan of a 42-year-old female patient presenting post chemotherapy with recalcitrant pain from a large 
10.7×8.0×10.0 cm pelvic metastasis (white arrowheads) to the right ovary. b CT fl uoroscopic placement of microwave applica-
tors. Two 7-min ablations performed at 45 W. c Immediate post ablation contrast-enhanced CT shows large nonenhancing 
mass with a thin enhancing rim and internal gas formation; note the large area of coagulation

a pelvic metastatic breast carcinoma in a 42-year-
old female patient. In Figure 2.2.2, the MW abla-
tion of a metastatic lesion in the right acetabulum 
of a 70-year-old male patient is described. The bone 
metastasis originated from a metastatic bladder 
carcinoma. As yet, MR-compatible devices are not 
available for MW ablation. 

In the interventional treatment, patients should 
be admitted to the ward at least 24 h before the inter-
vention in order to check for potential coagulopathy, 
and to give written informed consent. Percutaneous 
ablation is typically performed on conscious sedated 
patients, using for example 100–150 mg pethidine, 
and 2.5–5 mg midazolam, although a general anes-
thetic may be required in selected patients. After 
diagnostic imaging for localization of the tumor, 
the puncture is planned and the site of applicator 
insertion is chosen. After disinfection and sterile 
covering, skin and adjacent subcutaneous regions 

are anesthetized with 10–20 ml of 1% xylocaine 
solution. Under constant visualization by US or 
CT fl uoroscopy, the applicator is inserted into the 
tumor. Additionally, a thermocouple can be placed 
close to the probe to measure ablation temperature. 
With the electrode proven in the correct position 
within the tumor, the MW ablation procedure may 
be started, which typically lasts up to 5–10 min of 
ablation time.

2.2.7 
Experimental Studies

In several studies, the cellular damage as caused 
by MW ablation was investigated by ablate-resect 
experiments with pathological or histological corre-
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Fig. 2.2.2a–c. Microwave ablation of 3-cm metastatic le-
sion in right acetabulum in a 70-year-old male patient 
suffering from a metastatic bladder carcinoma. One 10-
min microwave ablation with a 3.5-cm active tip antenna 
was performed. Prior to ablation, the patient presented 
with persistent pain and inability to walk after radiation 
therapy. b Post ablation CT scan shows nonenhancing 
4.5 × 4.0 × 3.5 cm thermo-coagulation encompassing the en-
tire metastasis (arrowhead). c CT scan at 15-month follow-
up shows a stable area of lysis measuring 3.5 × 1.9 cm in the 
right iliac bone with surrounding sclerosis consistent with 
post ablation change. The patient remained asymptomatic 
with no local recurrence

a

b c

lation. Using the aforementioned device of 915 MHz 
MW frequency, Wright et al. (2005) performed a 
comparison study to RF ablation in an in vivo hepatic 
porcine model. Similar pathological appearance and 
imaging characteristics in CT scans were found for 
both lesions, caused by MW and by RF thermal 
energy deposition. A distinctly smaller heat-sink 
effect close to local blood vessels was detected for 
MW ablation (3.5% × 5.3 defl ection), as compared 
to RF ablation (26.2% × 27.9). The laboratory test 
results were similar between RF-ablation-only ani-
mals and MW-ablation-only animals.

Simon et al. (2005) described preliminary results 
of an ablate-resect study in patients suffering from 
hepatic or lung malignancies, which was approved 
by a local institutional review board. In a pilot liver 
study, patients with hepatic tumors underwent per-
cutaneous MW ablation (915 MHz) before surgical 
resection. The volumes and diameters of the lesions 
were measured, and microscopic sections were 
stained with standard hematoxylin-eosin (H–E) 
and nicotinamide adenine dinucleotide, reduced 
(NADH), vital histochemical staining. Three MW 
antennae were used in a triangular confi guration. 
The mean maximal coagulation necrosis diameter 

achieved by MW ablation was reported to be 5.5 cm 
(5.0–6.5 cm), and the ablation volume was 50.4 cm3 
(30.3–58.9 cm3). Again, no signifi cant heat-sink 
effect close to large hepatic vessels was found. In the 
microscopic assessment of the lesions, the H–E stain-
ing showed a coagulation necrosis with maximum 
intensity close to the active tip of the MW antenna. 
With NADH staining, the uniform absence of viable 
cells within the ablation zone was demonstrated. 
Similar results were reported in an ablate-resect 
study of lung tumors. The mean maximal ablation 
diameter was reported to be 4.0 cm (3.0–5.0 cm) in 
the lung, and the coagulation volume was 23.4 cm3 
(9.8–35.4 cm3).

Recently, a loop antenna for the 915 MHz device 
was assessed in an in vivo porcine liver model by 
Shock et al. (2004). Loop antennae were described 
in combination with an electrocautery device for 
wire deployment. The loop antenna was reported to 
create a larger ablation zone (mean ablation diam-
eter 4.3 +- 0.6 cm) as compared to a single straight 
MW antenna. However, viable tissue was found in 
the center of the loop for the single confi guration. 
Complete ablation in the center was described for an 
orthogonal confi guration of two loop antennae.
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2.2.8 
Clinical Studies

Literature on randomized clinical studies using MW 
ablation is still sparse. The largest experience in 
clinical trials with MW ablation as a modality for 
treatment of malignant diseases is reported from 
the Asian region using MW devices operating at 
2.450 MHz generator frequency.

The fi rst clinical trial on MW ablation therapy was 
published by Seki et al. (1994). In 18 patients suffer-
ing from single unresectable hepatocellular cancer 
(HCC) smaller than 2 cm, up to 4 MW ablations 
were performed for treatment. No serious compli-
cations were encountered, and no local recurrence 
was noted in follow-up over 11–22 months. Three 
patients developed new tumors in sites remote from 
the treated sites.

Murakami et al. (1995) reported in 1995 their 
experience in the treatment of nine HCC patients 
with tumors larger than 3 cm in diameter. Up to 
12 MW ablations were performed per tumor, which 
were reported to be completely ablated on imme-
diate follow-up CT scan. No major complications 
occurred; however, four of the nine patients devel-
oped recurrent tumor at the site of treatment. Lu 
et al. (2001) described in 2001 a clinical trial with 
107 treated HCC nodules in 50 patients using US-
guided percutaneous MW ablation. Tumors were 
divided into two groups, according to whether the 
tumors were larger or smaller than 2 cm in maxi-
mum diameter. Technical success was defi ned as a 
lack of enhancing masses at 1-month CT follow-up; 
98% of nodules smaller than 2 cm were technically 
ablated successfully, as were 92% of nodules larger 
than 2 cm. The 3-year survival rate was 73%. 

In 2002, Dong et al. (2003) published a study 
on MW ablation in a large cohort of 234 patients 
with 339 HCC lesions treated via MW coagulation 
therapy with up to 5-year survival rates. Percutane-
ous interventional treatment was performed with 
ultrasonographic applicator guidance. A 89.3% 
rate of technically complete ablations was reported, 
with a lack of enhancing residual tumor tissue in 
immediate follow-up CT or MR scan. In 194 nod-
ules, additional post-treatment biopsies were car-
ried out with an absence of viable tumor cells in 
180 nodules (92.8%). The 3-year survival rate was 
72.9%, the 5-year survival rate 56.7%. No clinical 
reports have been published so far for the 915-MHz 
device.
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target area, real-time monitoring of the effects of the 
treatment and subsequent evaluation of the extent of 
thermal damage. The key to achieving these objec-
tives is the imaging method used.

MR-guided laser-induced thermotherapy offers 
a number of potential treatment benefi ts. First, MR 
imaging provides unparalleled topographic accuracy 
due to its excellent soft-tissue contrast and high spa-
tial resolution. Secondly, the temperature sensitivity 
of specially designed MR sequences can be used to 
monitor the temperature elevation in the tumor and 
surrounding normal tissues. This enables the exact 
visualization of the growing coagulative necrosis. 
On-line MR imaging during LITT is essential for 
avoiding local complications due to laser treatment. 
Thirdly, recovery times, lengths of hospital stay, and 
the risk of infection and other complications can be 
reduced when compared with conventional palliative 
surgery. Finally, successful implementation of such 
minimally invasive procedures would signifi cantly 
reduce costs in comparison to surgical procedures. 
A further, indirect advantage is the psychological 
effect due to avoidance of cosmetic deformities that 
can result from major reconstructive surgery.

A big advantage of laser ablation over radiofre-
quency (RF) ablation is that it can be combined with 
MR because (laser) light is used instead of RF. To 
generate an MR image an RF pulse is used. If there 
is any RF source in the MR room there is always 
interference between the radiofrequencies from the 
RF generator and the radiofrequencies from the MR 
scanner. The result is that the MR image is com-
pletely destroyed. Even with an MR-compatible RF 
probe it is necessary to disconnect the probes for 
every MR scan and this is quite uncomfortable.

Another advantage of the laser is that multiple 
laser applicators can be used in completely differ-
ent parts of the liver simultaneously, because the 
different laser applicators do not interact. Multiple 
RF probes would interact. Therefore, two or three 

2.3.1 
Introduction

Interstitial laser-induced thermotherapy (LITT) is 
a minimally invasive technique suitable for local 
tumor destruction within solid organs, using optical 
fi bers to deliver high-energy laser radiation to the 
target lesion. Due to light absorption, temperatures 
of up to 120 C are reached within the tumor, lead-
ing to substantial thermocoagulation. MR imaging 
is used both for placement of the laser applicator 
in the tumor and for monitoring progress of ther-
mocoagulation. The thermosensitivity of certain 
MR sequences is the key to real-time monitoring, 
allowing accurate estimation of the actual extent of 
thermal damage.

Thus, laser can destroy tumor by direct heat-
ing, while greatly limiting damage to surrounding 
structures. Experimental work has shown that a 
well-defi ned area of coagulative necrosis is obtained 
around the fi ber tip, with minimal damage to sur-
rounding structures. Pilot clinical studies have 
demonstrated that this technique is practical for the 
palliation of hepatic tumors. The success of LITT 
is dependent on delivering the optical fi bers to the 
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metastases can be ablated simultaneously with the 
laser (under local anesthesia on an outpatient basis). 
With RF it is only possible to ablate one metastasis 
after another. Therefore, treatment time is signifi -
cantly shorter with laser.

2.3.2 
Technique of LITT

2.3.2.1 
Laser System and Application Set

Laser coagulation is performed using a Neodym-
ium-YAG laser (Fig. 2.3.1) (Dornier MediLas 5060 or 
Dornier MediLas 5100) with a specially developed 
fl exible laser applicator. Furthermore an application 
kit for percutaneous treatment was developed and 
optimized for our purposes.

Laser light with a wavelength of 1046 nm is trans-
mitted to tissue with a diffusing applicator. Laser 
light of this wavelength penetrates deeply into bio-
logical tissue, where photon absorption and heat 
conduction lead to hyperthermic and coagulative 
effects. The tissue destruction may be immediate or 
delayed.

The cooled power laser system (SOMATEX, Ger-
many) for MR-guided minimally invasive percuta-
neous laser-induced thermotherapy of soft-tissue 
tumors consists of an MR-compatible cannula-
tion needle (length 20 cm, diameter 1.3 mm) with 
a tetragonally beveled tip and stylet; guide-wire 
(length 100 cm); 9-French sheath with stylet; and a 
7-French double-tube thermostable (up to 400 C) 
protective catheter (length 40 cm) also with a stylet, 
which enables internal cooling with saline solu-
tion. Cooling of the surface of the laser applicator 
modifi es the radial temperature distribution so 
that the maximum temperature shifts into deeper 
tissue layers. The protective catheter prevents direct 
contact of the laser applicator with the patient and 
enables complete removal of the applicator even in 
the unlikely event of damage during treatment. This 
increases patient safety and simplifi es the procedure. 
The catheter is transparent for laser radiation and 
resistant to heat (up to 400°C). Marks on the sheath 
and the protective catheter allow exact positioning 
of both in the lesion (Fig. 2.3.2).

The system is fully compatible with MR imaging 
systems. Magnetite markers on the laser applicator 

Fig. 2.3.1. The Nd:YAG laser Dornier MediLas 5100

allow an easier visualizing and positioning proce-
dure.

The laser itself is installed outside of the exami-
nation unit. The laser light is transmitted via a 10-
m-long optical fi ber. The complete set-up used for 
LITT is shown in Figure 2.3.3.

Prior to LITT treatment all patients undergo CT 
and a contrast-enhanced MRI study at least 2 days 
prior to the intervention. After localization of the 
tumor with CT, local anesthesia is achieved with 
20–30 ml of 1% mepivacaine (Scandicain, AstraZen-
eca, Wedel, Germany). Distance to the lesion and the 
puncture angle are calculated electronically. 

After CT-guided puncture of the lesion and posi-
tioning of the laser application system, the patient is 
transferred to a conventional MR system.

First of all a magnetite marker is placed for verifi -
cation of the positioning of the laser application sys-
tems. After verifying the correct positioning of the 
laser application systems in relation to the lesion, 
the magnetite markers are removed and the laser 
applicator inserted in the laser application system. 

In most cases a 3-cm active length of the laser 
applicator is used (2 and 4 cm active lengths are also 
available). For larger lesions the multi-applicator 
technique (Fig. 2.3.4) and the pull-back technique 
are used. 

All laser applicators per metastases are used 
simultaneously in order to get synergistic effects. 
Therefore, in all patients the ablation procedure is 
performed by using T1-weighted thermal imaging 
to monitor the LITT procedures, and in all patients 
the procedure is modifi ed concerning the duration 
of ablation. Moreover, the pull-back procedure is 
calculated on the basis of the thermal imaging. The 
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The entire LITT treatment is performed using 
local anesthesia and intravenously injected analge-
sics [Pethidin 10–80 mg (Dolantin, Aventis Pharma, 
Frankfurt, Germany) and/or Piritramid 5–15 mg 
(Dipidolor, Janssen-CILAG, Neuss, Germany)] and 
sedation (2–10 mg midazolam, Hoffmann-La Roche, 
Grenzach-Wyhlen, Germany). 

After the procedure the needle track is closed with 
fi brin glue (Tissucol Duo S, Baxter, Wien, Austria).

2.3.2.2 
Follow-Up MR Imaging

Unenhanced and contrast-enhanced (0.1 mmol/
kg body weight Gd-DTPA, Magnevist, Schering, 

Fig. 2.3.3. The complete interstitial laser-induced thermo-
therapy (LITT) set-up with the laser systems outside in the 
control room

Fig. 2.3.2. a Internally cooled power laser application system with laser 
applicator. b The fl exible laser applicator

a

b

Fig. 2.3.4. The multi-applicator technique for larger lesions

pull-back procedure is used to enlarge the coagula-
tion necrosis in the longitudinal axis by pulling back 
the laser fi ber between 1 and 3 cm (depending on 
the size of the lesion, the relationship to surround-
ing structures, and the thermal imaging) within the 
protective catheter. In no case is the ablation proce-
dure performed on a time or energy basis. 

The LITT treatment is performed under MR 
guidance using a 0.5 Tesla scanner (Privilig, Escint, 
Israel) by T1-weighted GE sequences (TR/TE=140/12, 
fl ip angle=80 , matrix 128  256, 5 slices, slice thick-
ness 8 mm, interslice gap 30%, acquisition time 15 s) 
in axial slice orientation and parallel to the laser 
applicators. These two sequences are repeated every 
minute. Increasing tissue temperature results in an 
increase in the T1 relaxation time. Finally this results 
in a decrease of signal intensity (Fig. 2.3.5).

Fig. 2.3.5. The relationship between tissue temperature and 
signal intensity
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Berlin, Germany) MRI is performed in all cases in 
order to verify the necrosis obtained. The imaging 
protocol includes a T2-weighted breath-hold TSE 
sequence (TR/TE=3000/92, matrix 154  256, fl ip 
angle=150 ) in transverse slice orientation, a HASTE 
sequence (TR/TE=1000/60, matrix 178  256, fl ip 
angle=147 ), and a T1-weighted unenhanced and 
contrast-enhanced gradient (GE) sequence (FLASH 
2D, TR/TE=110/5, matrix 178  256, fl ip angle=90 ) 
in transverse and sagittal slice orientation. The fi rst 
follow-up MRI study is performed on the day after 
the LITT treatment. Further follow-up studies are 
performed every 3 months after the intervention. 
All follow-up studies are performed at a 1.5 Tesla 
scanner (Symphony Quantum, Siemens, Erlangen, 
Germany). 
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nated. Many attempts have been made to increase 
the response by administering high concentrations 
of anticancer drugs selectively to the tumor tissue. 
It is advantageous for anticancer treatment if the 
toxic effects of the cytostatics on normal tissue are 
minimized by administering the drugs only to the 
cancer tissue in such a way that the drugs do not 
reach the normal tissue. 

Throughout the last 30 years different applica-
tion forms and techniques have been established in 
the fi eld of locoregional chemotherapy. Basis for the 
development of such complex treatment modalities 
is a clear knowledge of the pharmacokinetic proper-
ties of existing antineoplastic agents allied to recent 
advances in the understanding of molecular and cell 
biology transformation. Today, different application 
forms are available; for example, intra-arterial infu-
sion sometimes in the form of chemoembolization, 
intracavitary application techniques such as intra-
pleural infusion or intraperitoneal perfusion as well 
as isolated perfusion techniques such as extremity 
perfusion or pelvic stop-fl ow perfusions. Up to now, 
only a few of these techniques have reached a level of 
standardization combined with an effi cacy superior 
to that of conventional systemic chemotherapy to be 
accepted as a standard treatment by the oncology 
community.

2.4.1 
Pharmacokinetic Principles

Pharmacokinetics can be determined as the knowl-
edge of the various processes connected to the appli-
cation of a drug such as absorption, distribution, 
metabolism and excretion. The exact knowledge of 
these processes is the basis of reaching the maximal 
effect of each drug used for anticancer treatment.

Regional chemotherapy is a form of antican-
cer therapy which has recently made striking 
advances. The rationale for regional application 
of cytotoxic agents is to increase local effi cacy on 
one hand and to reduce systemic side-effects on 
the other hand. Regional administration of anti-
cancer drugs may be recommended, if is known 
and if it is relatively localized and not dissemi-
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2.4.1.1 
Dose–Response Relationship

Since the fundamental work of Collins, it has been 
widely assumed that cytotoxic drugs have steep dose–
response curves, i.e., there can be a large increase in 
cytotoxicity with a relatively small increase in drug 
exposure (Collins and Dedrick 1982). This has two 
different implications; namely, that the attainment 
of very high drug concentrations in the target organ 
being regionally perfused will increase the degree of 
tumor cells killed, and if less drug is delivered into 
the systemic vascular compartments there will be 
reduced exposure of rapidly dividing normal cell 
populations, such as bone marrow progenitors. This 
will lead to less toxicity. 

Based on this dose–response relationship for 
cytotoxic drugs the aim of regional chemotherapy 
will be:

To increase effi cacy in the treated area by raising 
local drug concentrations.
To avoid systemic toxicity by decreasing systemic 
drug exposure.
If there is no need to prevent systemic toxic-
ity, it will be possible to use combined systemic 
and regional chemotherapy in order to reach a 
high local effi cacy and systemic drugs level high 
enough to be effective against micrometastatic 
cancer. 

2.4.1.2 
Intraperitoneal Application

The concentration differential between the peri-
toneal cavity and the systemic circulation arises 
because the rate of movement of the drug from the 
peritoneal cavity into the plasma (peritoneal clear-
ance) is generally slow relative to the total body 
clearance. The pharmacokinetics of intraperitoneal 
treatment is best understood as a three-compart-
ment model. The drug is administered directly into 
the tumor-containing cavity (1st compartment). It 
will then be absorbed into the bloodstream (2nd 
compartment) and distributed to all other tissues 
in contact with the blood circulation (3rd compart-
ment). After injection of a drug into the peritoneal 
cavity, its concentration will gradually fall as the 
drug leaks into the systemic circulation and is dis-
tributed to other tissues as well as being metabolized 
or excreted from the body. The rate at which the 
concentration falls is a function of the volume of the 
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peritoneal cavity (V), the surface of the peritoneal 
membrane through which the drug will diffuse (A), 
the permeability of the membrane (P) and the differ-
ence in free drug concentration between the cavity 
(Cpc) and the plasma (Cpl). This is defi ned quantita-
tively by the following equation (Los 2000).

dCpl

dt

PA Cp c Cpl

V

. ( . . .)
=

−

This means that the greater the clearance from 
the systemic circulation and the smaller the clear-
ance from the peritoneal cavity, the greater the con-
centration difference and the greater the advantage 
of an intraperitoneal as compared to an intravenous 
application will be. This advantage directly depends 
on the drug used for cytostatic therapy.

2.4.1.3 
Intra-arterial Application

The greatest advantage of intra-arterial infusion is 
that the drug is distributed at high concentrations in 
the regional artery supplying the tumor during the 
initial circulation after administration. When the 
drug is transported to the heart, it will be detoxi-
fi ed or excreted before recirculation by being passed 
through the liver and the kidneys. As a result, its 
blood concentrations during the next circulation 
cycle do not differ from the levels achieved after 
intravenous infusion. The advantage of intra-arte-
rial infusion should be maximized to gain a better 
response than that obtained after intravenous ther-
apy. To achieve this objective, the following criteria 
should be met:

The drug should fl ow at high concentrations 
during the initial circulation.
The drug should adhere to the tumor tissue.
It should permeate the tissue and be taken up by 
the tumor cells.
It should be inactivated or excreted almost com-
pletely in a short period of time to reduce sys-
temic toxicity.

The pharmacokinetics of intra-arterially applied 
cytostatics has been studied in detail by Stephens 
(Stephens 1983). Based on cardiovascular physi-
ology, he described an excellent model to account 
for the advantage of intra-arterial over intravenous 
applications. In this model, the intravenously applied 
dose of a drug should be 100%. If it is assumed that 
10% of the dose is distributed in the tumor and the 
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regional artery supplying the blood to the tumor, 
X% of the dose may show its biological activity when 
it passes through the tumor. In contrast, if 100% 
of the dose is given to the regional artery supply-
ing the tumor then 10 times X% of the dose should 
show biological activity against the tumor during 
the initial circulation. After the fi rst circulation, the 
drug is distributed almost equally irrespective of 
whether it is given intra-arterially or intravenously. 
High concentrations that are achieved during the 
initial circulation after intra-arterial infusion are 
decreased depending on the rate of excretion and 
detoxifi cation. Comparing different modes of appli-
cation such as bolus intravenous, continuous intra-
venous or intra-arterial, the advantage of the latter 
becomes evident (Taguchi 1979). He has demon-
strated in an animal study that bolus application 
of cytostatics into an artery lead to nearly identical 
drug concentrations as an intravenous bolus admin-
istration. Only a continuous arterial infusion can 
increase local drug exposure 4–5 times higher than 
both other infusion forms. 

2.4.1.4 
Isolated Perfusion Techniques

To exemplify the benefi t of isolated perfusion tech-
niques our group compared pharmacokinetic data 
achieved by high-dose intravenous chemotherapy 
versus isolated abdominal perfusion using a stop-
fl ow perfusion technique. Details of the techniques 
of this form of application are given later in this 
chapter. This special technique has shown prom-
ising effi cacy in patients with heavily pre-treated, 
recurrent peritoneal metastatic ovarian cancer.

Treosulfan was used in a dosage of 2.600 mg/m2 
for isolated abdominal perfusion; perfusion time 
was 30 min. In contrast, the maximum tolerated dose 
of conventional intravenous therapy was defi ned to 
8000 mg/m2 (Harstrick et al. 1996). High-dose che-
motherapy of 10.000–56.000 mg/m2 treosulfan needs 
the support of autologous peripheral blood stem cell 
transplantation (PBSC). Pharmacokinetic data dem-
onstrated a twofold higher peak plasma concentra-
tion (Cmax) after the intraabdominal application of 
2.600 mg/m2 treosulfan, compared to the intravenous 
infusion of 10.000 mg/m2 treosulfan. Additionally, 
the area under the concentration versus time curve 
(AUC) reached exactly the same values, by using only 
a quarter of the intravenous route without the need of 
PBSC support (Hilger et al. 1998) (Fig. 2.4.1).

2.4.2 
Application Techniques

2.4.2.1 
Intracavitary Application

In the early 1950s, Weissberger for the fi rst time 
treated ovarian cancer patients with nitrogen mus-
tard intraperitoneally and demonstrated an impres-
sive control of malignant ascites (Weissberger et al. 
1955). Unfortunately, this study and other early clini-
cal investigations were unable to demonstrate any 
therapeutic impact of the intraperitoneal approach 
on peritoneal tumor masses. In spite of the convinc-
ing pharmacokinetic and experimental data indi-
cating that intraperitoneal chemotherapy is more 

Fig. 2.4.1. Pharmacokinetic data of isolated 
abdominal perfusion using 2600 mg/m2 
treosulfan versus high-dose systemic che-
motherapy using 10.000 mg/m2
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effective than systemic administration of cytostatics 
in patients with cancer restricted to the peritoneal 
cavity, it was still unclear up to 1995 whether intra-
peritoneal treatment would be superior to intrave-
nous treatment in terms of survival. Alberts et al. 
(1995) presented a carefully controlled prospective 
trial showing that median survival of patients with 
minimal disease ovarian cancer (tumors <2 cm) was 
8 months longer after intraperitoneal cisplatin plus 
iv cyclophosphamide than after iv cisplatin plus iv 
cyclophosphamide. Results of this study were con-
fi rmed by a large Intergroup Study in 2001 show-
ing a survival advantage for the group of patients 
treated by intraperitoneal chemotherapy (iv pacli-
taxel/intraperitoneal carboplatin) of 28 as compared 
to 22 months (Markman et al. 2001). 

Intraperitoneal application of cytostatics is 
always combined with an increase in local drug 
exposure, but this high drug concentration can lead 
to local side-effects and complications such as pain 
or cramps induced by a chemical peritonitis or for-
mation of adhesions. These adhesions can prohibit 
a uniform diffusion of applied drug into all areas 
of the peritoneal cavity. Keeping in mind that drugs 
infused in the peritoneum invade only the fi rst cell 
layers up to a depth of 1.0–1.5 mm of the tissue 
repetitive use of intraperitoneal chemotherapy is 
defi nitely restricted. There are two completely dif-
ferent situations when intraperitoneal application 
of cytostatic drugs is worthwhile doing. In the pal-
liative setting this treatment form should be used 
to reduce mutilating ascites in patients with wide-
spread peritoneal carcinosis. With a more curative 
intent the intraperitoneal chemotherapy can be used 
to eliminate microscopic disease after cytoreduc-
tive surgery including peritonectomy procedures. 
At the end of such an operation when all or almost 
all visible tumor formations have been resected it is 
a unique and unparalleled situation that cytostatics 
have to eliminate singular tumor cells. 

2.4.2.2 
Intra-arterial Infusion

In 1950, Klopp et al. began to infuse anticancer 
drugs directly into arteries supplying the tumors to 
minimize systemic adverse reactions and to achieve 
higher concentrations of the drug in tumor tissue. 
Since then, a large variety of different application 
forms has been established for intra-arterial infu-
sion in different application areas. The easiest access 

to arteries supplying the tumor is the transient inser-
tion of catheters via percutaneous angiography with 
Seldinger technique. Using this technique, catheter-
ization of many different arteries of the body is read-
ily possible in different areas. 

A problem of such angiographic catheterization 
of different arteries supplying the tumor is that it 
will be necessary to repeat the treatment and pro-
cedure. This will lead to restrictions in the patient’s 
daily life, which was the reason for implanting cath-
eter devices that can be used repeatedly. 

Despite the advantages of such implantable 
devices with regard to secure placement and appli-
cation whilst avoiding restrictions to the patient’s 
life, such catheters have several drawbacks. More-
over, an operation is necessary. There is also the 
risk of arterial thrombosis and infections. Last but 
not least, the catheter tip may be displaced. Sev-
eral different catheter devices have been produced 
and several different implantation techniques have 
been published in recent years. This has led to an 
improvement in success rate and lower morbidity.

2.4.2.3 
Regional Perfusion Techniques

In 1958, Creech et al. used extracorporeal circu-
lation to perfuse anticancer drugs locally in organs 
which could be separated from the systemic circula-
tion. They attempted active intervention to eradicate 
all tumor cells and to decrease systemic adverse reac-
tions more completely than can be achieved by arte-
rial infusion therapy. This technique has been estab-
lished primarily for primary or recurrent tumors 
located in the pelvic area. Up to now the technique 
of isolated perfusion has been established for differ-
ent areas of the body such as the limbs, the liver, the 
thoracic region, the abdomen or the pelvis. 

2.4.2.3.1 
Stop-Flow Perfusions

Depending on the anticancer agent used and its 
dosage, a varying degree of leakage can occur, lead-
ing to a more or less pronounced systemic toxicity. 
Accepting this leakage, it will be possible to use spe-
cial balloon catheter techniques to establish such iso-
lated perfusions. Such balloon-assisted, minimally 
invasive perfusions are called “stop-fl ow” perfusions. 
This technique leads to a considerable reduction in 
side-effects and morbidity (Figs. 2.4.2–2.4.4).
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Fig. 2.4.2. Scheme of isolated abdominal perfusion

Fig. 2.4.3. Scheme of isolated pelvic perfusion

Fig. 2.4.4. Scheme of isolated thoracic perfusion

bandages are insuffl ated at both roots of the legs. 
Via these inserted catheters, an isolated circuit of 
the abdominal region can be established for 30 min 
using a specifi c pump system. 

Using the same technique and equipment an iso-
lated perfusion circuit can be established if the cath-
eter tips are placed just above the aortic bifurcation 
and iliac confl uence (Fig. 2.4.3).

By placing the bandages on both roots of the upper 
limbs and the catheters at the level of the diaphragm 
a dramatic reduction of systemic circulation can be 
achieved, which is called isolated thoracic perfusion 
(Fig. 2.4.4). Pharmacokinetic evaluations in differ-
ent mouse models have shown that using thoracic 
as well as lung perfusion techniques cytostatic drug 
concentrations of melphalan, doxorubicin, cisplatin, 
5-fl uorouracil and mitomycin are 6–10 times higher 
compared with systemic administration (Hendriks 
et al. 1999; Ng et al. 1996).

2.4.2.3.2 
Isolated Extremity Perfusion (ILP)

The technique of isolated extremity perfusion 
(ILP) was established by Creech and Krementz 
in 1958 (Creech et al. 1958). Isolation of extrem-
ity is achieved by cross-clamping major vessels, 
cannulation of artery and vein and connection to 
an extracorporeal circuit (Fig. 2.4.5). To minimize 

An abdominal perfusion can be established with 
two special balloon catheters, which are placed in 
the aorta and vena cava via an inguinal approach 
under general anesthesia (Fig. 2.4.2). The balloons 
are placed under X-ray control in such a way that 
when leveling the diaphragm they ensure complete 
occlusion of both vessels. Additionally, two Esmarch 
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leakage collateral vessels are ligated and a tourni-
quet is placed around the groin. Using this tech-
nique regional drug concentrations of 15–25 times 
higher than following systemic application can be 
achieved (Benckhuijsen et al. 1988). Many different 
drugs, cytostatics such as adriamycin or DTIC as 
well as immunotherapeutic agents such as interferon 
gamma, have been used for ILP as monotherapy or 
in combination. Due to its effi cacy and low local tox-
icity profi le melphalan is now used as the cytostatic 
agent of choice for ILP. In 1969 Stehlin modifi ed the 
technique integrating regional hyperthermia into 
the concept. Performing isolated extremity perfu-
sions under hyperthermic conditions effi cacy of this 
technique could be increased, but this was combined 
with an increase in side-effects and complications as 
well. So Wieberdinck established (Wieberdinck 
et al. 1982) a classifi cation system for acute tissue 
reactions which has widely been accepted. 

2.4.2.3.3 
Hyperthermic Peritoneal Perfusion (HIPEC)

After cytoreductive surgery is complete closed suc-
tion drains will be placed in each quadrant of the 
abdomen as well as an infl ow drain to apply the drug 
solution. These drains are connected to a specifi c 
device that allows establishment of an isolated circuit 
under heated conditions. Flow rates are a 1500 ml/

min and higher, and temperature in the abdominal 
cavity between 41.5 and 43.0 C (Fig. 2.4.6).

Two different surgical techniques are currently 
in use to establish such isolated peritoneal perfu-
sion: an open and a closed technique. When an open 
(Coliseum) technique is used, the edges of the skin 
are secured to a self-retaining retractor system and 
a plastic sheet has to be incorporated into these 
sutures to create an open space beneath. When the 
closed technique is used the abdominal cavity will 
be closed by running sutures. 

The advantage of the closed technique is the 
shorter time needed to heat up the abdominal cavity, 
whereas the advantage of the Coliseum technique is 
the absolutely homogeneous distribution of cyto-
static solution in the abdominal cavity.

2.4.3 
Clinical Indications

2.4.3.1 
Pancreas Carcinoma

Pancreatic cancer is the fi fth leading cause of 
cancer-related mortality in the Western World. In 
fact, the annual mortality rate almost approximates 

Fig. 2.4.5. Scheme of isolated extremity perfusion Fig. 2.4.6. Scheme of peritoneal perfusion
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the annual incidence rate, which refl ects the gener-
ally short survival time associated with pancreatic 
cancer, most often less than 1 year. Surgical resec-
tion is the only hope of cure for this tumor disease, 
but in only about 15% of all patients complete surgi-
cal resection is possible. Most of these patients are 
at an advanced stage with locally inoperable tumors 
or metastases, in many cases defi ned to the lymph 
nodes or the liver. Median survival rates are drop-
ping down from 17 months in the case of complete 
resection to about 4–6 months in cases of exist-
ing metastases. These data illustrate not only the 
aggressiveness of pancreatic carcinoma, but also the 
insuffi ciency of systemic chemotherapy. This opens 
the way to other modalities and application forms.

In 1999 Beger et al. published the results of a 
phase II trial of intra-arterial chemotherapy applied 
via an angiographically placed celiac axis catheter 
in 26 patients with locally advanced and inoperable 
pancreatic cancer. As cytostatics they used a com-
bination of mitoxantrone, CDDP and 5-fl uorouracil. 
Compared to historical controls patients treated with 
intra-arterial chemotherapy survived longer, with a 
median of 23 months compared to 10.5 months. 

A survival advantage of an intra-arterial approach 
for inoperable pancreatic cancer patients was docu-
mented by Aigner et al. (1998) in a small random-
ized trial. In this study mitomycin, mitoxantrone 
and CDDP were used as standard intravenous treat-
ment as well as in the experimental arm using an 
intra-arterial infusion. Here the cytostatics were 
mixed with amilomer which is a micro-embolizing 
substance. The survival advantage was 33 vs 11 weeks 
with signifi cant improvement of performance status 
in the experimental arm. A problem of this study 
was the small number of treated patients.

Similar results have been documented by 
Ly gidakis et al. (1998) in a comparative study with 
a large number of patients (n = 238). In this study, a 
very sophisticated therapy was used for intra-arte-
rial treatment consisting of a combination of immu-
notherapeutic agents (interleukin-2, interferon ) 
plus cytostatic agents (gemcitabine, carboplatin and 
mitoxantrone mixed with lipiodol). This therapy has 
been compared with best supportive care, leading to 
a statistically signifi cant survival benefi t of 16.0 vs 
6.8 months.

Other groups confi rmed the positive effect of an 
intra-arterial treatment on performance status and 
sometimes on overall survival. Treatment modali-
ties are inhomogeneous, sometimes using a con-
tinuous infusion, sometimes a micro-embolization 

and sometimes cytostatics in combination with 
immune activating drugs. These different intra-
arterial treatment strategies published in the litera-
ture are far from being standardized, so up to now 
acceptance by the oncology community is consider-
ably low for this regional approach in the treatment 
of pancreatic cancer.

Most studies published in the literature confi rm 
the effi cacy of intra-arterial therapy especially for 
patients with locally advanced disease. Due to the 
increase in local drug exposure regional chemo-
therapy should be used as part of inductive treat-
ment in locally unresectable situations. Our own 
results favor this approach reaching a resectability 
rate of 19.5% after regional induction therapy in 251 
patients (unpublished data). 

2.4.3.2 
Bronchial Carcinoma

Non small cell lung cancer (NSCLC) remains the lead-
ing cause of cancer deaths in both men and women 
in the Western World. NSCLC accounts for approxi-
mately 75% of all lung carcinomas and 35% of patients 
with NSCLC will present with stage IIIA or IIIB dis-
ease. The majority of these patients with mediastinal 
involvement are not amenable to surgical resection, 
and primary radiation therapy alone results in 5-
year actuarial survival of only 3%–7% and a median 
survival time of 6–11 months (Jeremic et al. 1996). 
Combined modality therapy is now considered the 
standard of care for those patients with unresectable 
tumors and a good performance status. 

The majority of these patients ultimately die of 
distant metastases. Recent efforts to improve their 
intermediate and long-term survival have therefore 
focused on neoadjuvant chemotherapy with or with-
out radiotherapy as an induction regimen followed 
by surgical resection. The theoretical advantages of 
the neoadjuvant approach include systemic as well 
as local effects such as:

Early control of distant micrometastatic disease 
Prevention of visible tumor seeding at surgery
An increase in resectability of malignant lesions 
technically unresectable at diagnosis
A reduction of tumor mass before defi nitive 
radiotherapy
Decreased incidence of positive margins at sur-
gery
Increased chance of using less radical surgery 
with organ preservation
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Moreover, early chemotherapy has been associ-
ated with greater effi cacy and improved drug deliv-
ery to tumor cells via the intact vascular system. 
Disadvantages of the neoadjuvant approach include 
morbidity and mortality related to the side-effects of 
induction chemotherapy and an increase in surgical 
morbidity and mortality as well as a delay in time 
to defi nitive surgery. Since local control remains a 
substantial problem in patients with unresectable 
stage III NSCLC, strategies designed to enhance local 
control are likely to enable further improvements in 
the long-term outcome of patients with this disease. 

Okada et al. (2000) demonstrated in his series of 
51 patients an advantage in survival for all NSCLC 
patients with bulky nodal involvement after induc-
tion therapy and resection. These results could be 
confi rmed by Stathopulos et al. (1999) in a larger 
trial with 359 patients, but their resectability rate 
was very low, at 6.2%. This stands in contrast to 
other studies reaching resectability rates of up to 
88% after induction chemotherapy in patients with 
NSCLC stage III-A bulky disease. 

In a pilot study published in 2002 by our group 
(Müller 2002), high effi cacy of regional chemother-
apy using isolated thoracic perfusion as the form of 
regional application inductive therapy of advanced 
NSCLC could be demonstrated. In this study a com-
bination of regional and systemic chemotherapy has 
been used leading to an acceptable toxicity profi le. 
The resectability rate in this trial of bulky stage N2 
disease was 73%. Very interesting in this study was 
the improvement in lung function parameters after 
thoracic perfusion, which opens the way to curative 
resections also in patients with reduced condition 
and impaired lung function (Fig. 2.4.7). 

2.4.3.3 
Extremity Sarcoma

There are two different tumor entities which can 
be treated by use of the isolated perfusion tech-
nique: malignant melanoma and sarcoma of the 
extremities. Both entities are diffi cult to treat by 
conventional systemic chemotherapy, especially in 
advanced disease. Response rates observed with ILP 
in patients with advanced and regional metastatic 
melanoma were higher than those associated with 
any other treatment modality. This combined with 
the fact that about a quarter of patients with histo-
logicly prooven complete remission after ILP had 
a disease-free interval of more than 10 years, pro-
moted the use of ILP. Nevertheless this technique 
did not become widely used and several major 
cancer centers did not include it in their therapeu-
tic armamentarium. Reasons for that are the use of 
a heart-lung machine, the specifi c knowledge of the 
surgeon in the fi eld of oncology as well as vascular 
surgery, the long operation time and the need for 
very close multidisciplinary cooperation.

Recently standardization of this technique was 
reached in respect to surgical technique, admin-
istered drugs, indications, and degree of hyper-
thermia. This standardization opened the way for 
multi-institutional studies to be conducted for more 
precise evaluation of effi cacy and complications.

In 1992 Lienard and co-workers added a new 
agent to the list of drugs used for ILP – tumor necro-
sis factor alpha (TNF- ). This drug is able to produce 
very fast and effective tumor necrosis. This effect is 
caused by the suppression of specifi c adhesion mol-
ecules on the surface of endothelial cells within the 

Fig. 2.4.7. Chest X-ray examination of a patient with locally inoperable bronchial carcinoma 
(adenocarcinoma) before and after two ITP as an inductive treatment
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tumor and on macrophages and leucocytes. This 
suppression of adhesion molecules such as integ-
rin V 3 will lead to apoptosis of endothelial cells 
within the tumor. This mechanism is defi ned to the 
tumor vasculature only and the normal vascular 
system is spared. The dosage of TNF-  needed to 
induce an anti-tumor effect is 10–20 times higher 
than the maximal tolerated dose, which will be about 
200 mg/m2. Administration of a dosage higher than 
that will lead to severe side-effects such as hypoten-
sion, tachycardia, coagulopathy, and thrombocyto-
penia - conditions typically associated with septic 
shock and multi-organ failure. To increase local 
drug exposure and to overcome this problem of 
severe side-effects the application of the drug into 
an isolated circuit is needed. 

As it became evident that amputation is not 
mandatory in patients with soft-tissue sarcoma, 
and that comparable survival rates can be achieved 
with adequate tumor resection, limb preservation 
became a major goal. However, when the tumor is 
large, expanding into more than one compartment, 
when it is invading major blood vessels or nerves, or 
when there is a multifocal appearance, amputation 
or mutilating surgery are still considered almost 
inevitable.

Several treatment modalities have been developed 
to facilitate limb-sparing in patients with advanced 
tumors. Neoadjuvant therapies, mainly radiation or 
combined chemo- and radiotherapy, have led to a 
signifi cant reduction in amputation rates, although 
8%–15% of patients with extremity sarcoma still 
undergo amputation.

Prior to the era of TNF-based perfusion, ILP was 
not a viable option for tumor reduction in soft-tissue 
sarcoma due to poor response rates. However, prom-
ising results following the introduction of high-dose 
TNF in ILP led to a phase II multicenter study to 
determine the effect of ILP with TNF and melphalan 
in patients with nonresectable sarcoma confi ned to 
the limb. Here the response rate was 82% with 18% 
complete responses. These excellent results have 
been confi rmed by other centers.

These results were obtained in a selected group of 
patients with very extensive disease. All were can-
didates for amputation with large tumor size and 
high-grade differentiation. In this group of patients, 
who have a grave prognosis anyway, the value of limb 
preservation is even more enhanced. Limb salvage 
can be achieved in about 85% of these patients. This 
high rate is the most valuable and proven benefi t of 
ILP with TNF in advanced sarcoma patients.

2.4.3.4 
Peritoneum

Most cancers that occur within the abdomen or 
pelvis will disseminate by three different routes: 
these are hematogenous metastases, lymphatic 
metastases and through peritoneal spaces to surfaces 
of the abdominal cavity. In a substantial number of 
patients with abdominal or pelvic malignancy surgi-
cal treatment failure is isolated to the resection site 
or to peritoneal surfaces.

In the past cancer spread to the lining of the 
abdomen and pelvis has been regarded as a termi-
nal condition. Peritoneal carcinomatosis is the most 
common terminal feature of abdominal cancers. For 
gastrointestinal surgeons and medical oncologists it 
is a vexing condition because, although the disease 
is limited to the abdominal cavity, complete surgical 
removal seems to be impossible and systemic che-
motherapy is of limited effect in this setting only. 
The only options available for these patients are lim-
ited to palliative surgery such as limited resection, 
by-pass procedures and diverting enterostomies 
plus systemic chemotherapy. These treatments have 
been recommended to help alleviate suffering, but 
no positive effect on survival could be documented. 
Recently Sadeghi and co-workers (2000) confi rmed 
in a prospective, multi-institutional study a 6-month 
survival for these patients

Due to rapid tumor progression peritoneal carci-
nosis is combined with a fast deterioration in general 
condition. This makes clinicians abandon further 
aggressive treatments. Recently, a curative approach 
appropriate for selected patients has been reported 
in the peer-reviewed literature. This treatment calls 
for the complete removal of all visible cancer from 
the abdomen and pelvis followed by intraopera-
tively given intraperitoneal chemotherapy. The aim 
of this therapeutic endeavor is to eliminate macro-
scopic tumor formation by cytoreductive surgery 
and microscopic tumor remnants by intraoperative 
chemotherapy. 

2.4.3.4.1 
Surgical Technique

Cytoreductive surgery means complete removal of 
all visible tumors in the peritoneal cavity by use 
of multivisceral resection of bulky tumor forma-
tion plus resection of infi ltrated peritoneum, called 
peritonectomy. These peritonectomy procedures are 
used in the areas of visible cancer progression in 
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an attempt to leave the patient with only micro-
scopic residual disease. Here small tumor nodes are 
removed by use of electro-evaporation techniques; 
larger tumors or confl uent infi ltrations are removed 
by segmental resection of peritoneum.

There are different peritonectomy procedures 
that are used to eliminate cancer on visceral intra-
abdominal surfaces or to strip cancer from parietal 
peritoneal surfaces. One or all of these procedures 
may be required, depending on the distribution and 
volume of peritoneal disease.

Central peritonectomy with resection of midline 
scars of previous operations and ventral hepatic 
ligaments
Greater omentectomy, including resection of the 
gastrocolic ligament and splenectomy
Peritoneal stripping of right and left hemi-dia-
phragm
Dissection of Glisson's capsule
Lesser omentectomy, including cholecystectomy 
and dissection of the hepato-duodenal ligament
Stripping of the omental bursa
Peritoneal stripping at the lateral abdominal 
wall
Peritoneal stripping of mesentery
Stripping of the pelvic walls

Bulky involvement of visceral peritoneum fre-
quently requires resection of a portion of the stom-
ach, small intestine or colorectum. In order to 
adequately perform cytoreductive surgery a spe-
cifi c preparation technique should be used, called 
lasermode electrosurgery. This technique allows 
the minimizing of blood loss, and due to a rim of 
heated necrosis cancer cells are less likely to adhere 
at resected areas.

2.4.3.4.2 
Rationale

In the past the use of intraperitoneal chemotherapy 
had shown limited success. Two major impediments 
to greater benefi ts of this application form exist. 
First of all an intracavitary instillation allows a lim-
ited penetration of drug into tumor nodules. High 
drug concentrations can be documented in the fi rst 
1.0–1.5 mm only. 

The second problem associated with intraperito-
neal chemotherapy is the nonuniform drug distri-
bution. Due to the fact that the majority of patients 
treated by drug instillation into the peritoneal cavity 
have had prior surgery, adhesions create multiple 
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barriers to the free access of fl uid. This inhomoge-
neous distribution will lead to the problem of insuf-
fi cient exposure for some areas and the problem of 
high or even extensive exposure of other areas of the 
peritoneal cavity. This “over treatment” is combined 
with side-effects and complications. 

Nevertheless intraperitoneal chemotherapy is an 
effective tool in the treatment of peritoneal carcino-
sis and combined with high response rates for micro-
scopic residual disease. For cytotoxic drugs with high 
molecular weight elimination out of the abdominal 
cavity is prolonged, leading to an increase in local 
drug exposure. This means that application of spe-
cifi c cytotoxic drugs – with high molecular weight 
– into the peritoneal cavity will lead to an extensive 
pharmacological advantage (Table 2.4.1). The use of 
this application form under specifi c conditions, here 
in the perioperative period, will overcome the prob-
lems of inhomogeneous exposure. 

The present knowledge of cell-kill kinetics with 
cytotoxic drugs indicates that, due to a larger pro-
portion of the cell growth fraction, micrometastases 
are more susceptible to chemotherapy than macro-
scopic ones. This means that cancer cells free in the 
peritoneal cavity as a result of cytoreductive surgery 
represent an ideal target for a locally intensifi ed che-
motherapeutic intervention. To intensify the effi cacy 
of cytotoxic agents a locoregional application form 
can be used under hyperthermic conditions. Hyper-
thermia is used in order to maximize the cytotoxic 
effect of drugs and to increase the amount of drug 
penetrating the tumor formations.

Table 2.4.1. Advantage of intraperitoneal versus intravenous 
application of cytostatics depending on the measured area 
under the curve (AUC)

Cytostatic Molecular 
weight

Advantage of AUC intrave-
nous vs. intraperitoneal

Irinotecan 677 1 : 18

Oxaliplatin 397 1 : 25

Cisplatin 300 1 : 20

Mitomycin 334 1 : 75

5-Fluorouracil 130 1 : 250

Doxorubicin 544 1 : 500

Mitoxantrone 445 1 : 640

Paclitaxel 854 1 : 1000
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2.4.3.4.3 
Clinical Results

A wide variety of solid tumors are able to dissemi-
nate to peritoneal surfaces. Some of these grow in 
just the abdominal cavity and lack the capacity to 
produce distant metastases. These malignancies, 
such as mucinous adenocarcinoma of the colon or 
appendix, grow at the surface of the peritoneum not 
infi ltrating deeper tissue. Due to these reasons this 
tumor type is an excellent candidates for a cytore-
ductive approach.

2.4.3.4.3.1  
Pseudomyxoma Peritonei Syndrome

Numerous phase II studies showing a high cure 
rate with epithelial malignancy of the appendix 
with peritoneal dissemination (pseudomyxoma 

peritonei syndrome) and a lack of other success-
ful treatment alternatives have led to a consensus 
regarding the management of this condition. For 
this very rare tumor disease long-lasting positive 
effects have been documented with 5-year survival 
rates of 86% (Su garbaker 2001) and 96% (Deraco 
et al. 2002).

2.4.3.4.3.2  
Recurrent Ovarian Cancer

Over the past 30 years it has become largely estab-
lished that optimal debulking surgery of metastatic 
epithelial ovarian cancer has a favorable impact on 
the survival of patients with advanced staged dis-
ease. Optimal surgery followed by platinum-based 
systemic chemotherapy is the cornerstone in the 
management of ovarian cancer. However, the major-
ity of patients have advanced disease at time of pre-
sentation, hampering an optimal effect of primary 
cytoreduction. Furthermore, a considerable number 
of patients present with residual disease after front-
line chemotherapy or relapse after complete clinical 
response.

For second-line treatment no defi nite therapy 
has yet been defi ned. The combination of secondary 
cytoreduction plus hyperthermic peritoneal perfu-
sion constitutes a feasible and effective option for 
this subset of patients. Several phase II trials have 
been published showing a positive effect of second 
cytoreductive surgery on survival of patients with 
recurrent or persistent epithelial ovarian cancer. At 
this moment the role intraoperative hyperthermic 
peritoneal perfusion is not clear and has to be deter-
mined in a prospective randomized trial.

2.4.3.4.3.3 
Gastric Cancer 
In patients with gastric cancer with peritoneal 
seeding, gastrectomy plus perioperative intraperi-
toneal chemotherapy represents a palliative treat-
ment option associated with a small likelihood of 
long-term survival. Eight different phase III studies 
reported a survival advantage when perioperative 
intraperitoneal chemotherapy is added to surgery 
in patients with primary gastric cancer. Stage III 
patients projected the greatest survival advantage.

2.4.3.4.3.4 
Mesothelioma

Although long-term survival has been less conclu-
sively demonstrated with peritoneal mesothelioma, 
the prolonged benefi t recently reported with this 
disease suggests that the routine application of an 
aggressive locoregional approach is the preferred 
strategy. The lack of any other successful strategy 
that competes with comprehensive treatment is an 
important factor in the recommendation of this 
approach as a standard of care. 

2.4.3.4.3.5 
Colorectal Cancer

Currently, recommendations for routine applica-
tion of comprehensive treatment in colorectal cancer 
with peritoneal seeding are less secure. Certainly, 
systemic chemotherapy does not provide any patient 
with a hope for cure. The combined approach when 
used in peritoneal carcinomatosis from colorectal 
cancer is supported by results from numerous phase 
II studies at different institutions. The 5-year sur-
vival rate of approximately 30% is consistent in all 
reports.

Verwaal and co-workers demonstrated in a pro-
spective randomized trial at National Cancer Insti-
tute of Amsterdam the superiority of an aggressive 
approach using a combination of cytoreductive sur-
gery plus hyperthermic peritoneal perfusion plus 
consolidation chemotherapy over a more paaliative 
approach of by-pass surgery plus chemotherapy 
(Verwaal et al. 2003). The median survival with 
combined treatment was 22.3 months and for the 
control it was 12.6 months (p = 0.032). The morbid-
ity and mortality associated with this treatment 
compares favorably with that reported for the sur-
gical management of large surgical procedures for 
gastrointestinal cancer. It may be suggested that suf-
fi cient data have accumulated to move this strategy 
from clinical research to standard of practice.
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The survival reported by numerous groups is 
comparable with that observed with other abdomi-
nopelvic malignancy such as retroperitoneal and 
visceral sarcoma and liver metastases from colorec-
tal cancer. The survival is far superior to that for 
some cancers that are routinely resected, such as 
pancreatic cancer, gallbladder cancer, and cholan-
giocarcinoma. By analogy with other standard of 
practice management plans, the effi cacy of these 
peritoneal carcinosis treatments and the morbidity 
and mortality are acceptable. 
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Malignant liver tumors have only a very poor 
prognosis. Surgical resection is considered the only 
potentially curative option. But local ablative treat-
ments, such as MR-guided or laser interstitial ther-
motherapy (LITT) (Vogl et al. 2002), microwave 
coagulation (Midorikawa et al. 2000) or radiofre-
quency ablation (Allgaier et al. 1999; Livraghi 
2003), are also more frequently used techniques and 
may replace surgical resection in the near future. 
However, only a few patients are candidates for these 
treatments. The degree of hepatic tumor manifesta-
tion is a life-threatening prognostic indicator in 
these patients (Fiorentini et al. 2000). 

Transarterial chemoembolization (TACE) of the 
liver for unresectable liver tumors, although con-
troversially discussed, is being used with increas-
ing frequency. Below, anatomical factors, technical 
realization of the chemoembolization, as well as the 
results and complications of chemoembolization are 
discussed.

2.5.2
Mechanism

While normal liver tissue receives 75% of its blood 
supply from the portal vein and 25% from the 
hepatic artery, liver tumors are almost exclusively 
supplied by the hepatic artery (Breedis and Young 
1954; Wang et al. 1994). This different blood supply 
is used for the chemoembolization of liver tumors. 
The liver parenchyma is rarely damaged by TACE 
because it obtains the majority of its blood supply 
from the portal vein, while blood supply to hepatic 
tumors originates predominantly from the hepatic 
artery (Breedis and Young 1954). Therefore, embo-
lization of the hepatic artery can lead to selective 
necrosis of the liver tumor leaving normal liver 

2.5.1
Introduction

Primary and secondary malignant hepatic tumors 
are a major health problem worldwide. While metas-
tases are common in western countries, primary 
liver cancers are frequently diagnosed in Asia and 
Africa. However, recent data suggest that the inci-
dence and mortality of hepatocellular carcinoma 
(HCC) in Western nations are on the rise (Taylor-
Robinson et al. 1997; Llovet et al. 2003). Likewise, 
the liver is the most common site for metastases. In 
25%–50% of patients with malignancies liver metas-
tases were observed at autopsy (Bernardino et al. 
1982). The most frequent primary sites are colon, 
breast, pancreas, and lung. In the case of colorectal 
metastatic disease, the liver is the only metastatic 
site in 20%–30% of patients (Sasson and  Sigurdson 
2002). 
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parenchyma virtually unaffected (Jaeger et al. 
1996). TACE is based on the synergistic effect of arte-
rial occlusion and local chemotherapy, which makes 
the tissue hypoxic and enhances the effectiveness of 
the chemotherapeutics (Kennedy et al. 1980; Pan et 
al. 1984). The dwell time for the drug is markedly 
prolonged, with measurable drug levels present in 
the tumor for as long as a month after chemoembo-
lization. The selective delivery of the chemothera-
peutic agents into the liver arteries increases the 
drug concentration in the liver tissue 10- to 100-fold 
compared to systemic application. TACE produces a 
high concentration of the chemotherapeutic agent in 
the tumor rim but lower levels in the tumor center 
and the normal liver (Daniels et al. 1988). Likewise, 
increased vascular permeability has been shown, 
with anoxic damage promoting chemotherapy pen-
etration into the tumor (Wallace et al. 1990). Up 
to 85% of the administered drug is trapped in the 
liver, minimizing systemic toxicity (Soulen 1994). 
In conclusion, TACE reduces the maximum plasma 
concentration, lengthens the half-life and increases 
the average concentration of cytostatic agents in the 
tumor compared with intravenous administration 
of cytostatics. For these reasons TACE can be con-
sidered a safe therapeutic tool for liver tumors with-
out signifi cant long-term worsening of liver function 
(Bianco et al. 1996; Caturelli et al. 2000).

2.5.2.1
Patient Selection

Chemoembolization can be used in patients with 
ether primary or metastatic malignant hepatic 
tumors who are not surgical candidates (Table 2.5.1). 
Surgery is not feasible in advanced malignant dis-
ease involving both lobes of the liver, or complicat-
ing factors such as cirrhosis or failure of systemic 
chemotherapy. Likewise, TACE should be reserved 
for those patients who have liver-dominant disease, 
because the predominant effect is local.

A response to chemoembolization can be 
expected in liver tumors, such as HCC, metastases 
from colorectal tumors, metastases from neuroen-
docrine tumors, metastases from ocular melanoma, 
and gastrointestinal sarcomas (Gates et al. 1999; 
Vogl et al. 2000, 2003; Zangos et al. 2001; Kress 
et al. 2003; Roche et al. 2003). Other tumor types 
showed only a little response after chemoemboliza-
tion. In every patient the advantages of treatment 
should be balanced against possible risks.

To ensure adequate treatment compliance the 
patients had to be in a good physical and mental 
state and must be able to undergo angiography. 
Before each treatment laboratory values such as 
white blood cell count, elementary bodies, hemo-
globin, bilirubin, creatinine, transaminases, cho-
line esterase, and coagulation should be monitored. 
There should be no medical condition that is likely 
to be life threatening within 3 months. 

Contraindications for the TACE are poor perfor-
mance status (Karnofsky status 50%), nutritional 
impairment, neoplastic ascites, high serum bilirubin 
level (> 3 mg%), poor hepatic synthesis (serum albu-
min < 2.0 mg/dl) and renal failure (serum creatinine 
> 2 mg%). There should be an adequate amount of 
residual uninvolved liver tissue. A tumor burden of 
more than 50%–75% resulting in an inadequate liver 
function is regarded as a contraindication for per-
forming TACE (Therasse et al. 1993; Gates et al. 
1999). Likewise fl orid infections or myelosuppres-
sion (white blood cell count < 2000/ml, elementary 
bodies < 100,000/ l) are classifi ed as contraindica-
tions for TACE. 

Partial or complete thrombosis of the main portal 
vein is often classifi ed as an exclusion criterion for 
the procedure. Nevertheless, portal vein thrombosis 
should not be considered an absolute contraindica-
tion to hepatic chemoembolization. Hepatic che-
moembolization can be performed in these patients 
safely in the presence of adequate collateral circula-
tion (Pentecost et al. 1993).

Table 2.5.1. Indications for liver chemoembolization

Indications

Unresectable liver tumor

Failure of systemic chemotherapy

No available effective systemic chemotherapy

Liver-dominant disease

Symptomatic liver lesions 

Adequate medical status

Contraindications

Poor performance status (Karnofsky status 75%)

Extensive liver involvement >75%

Poor hepatic synthesis (albumin <2 mg/dl)

Bilirubin > 3 mg %

Florid infections
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2.5.2.2
Imaging Technique Before and After TACE

For the documentation of tumor size, tumor location 
and tumor vascularization unenhanced and con-
trast-enhanced MR or CT images should be obtained 
before planning the TACE treatment. Thereby expo-
sure of the liver vessels should be performed for 
pre-interventional evaluation of the anatomy and 
patency of the vessels. 

Lipiodol retention in the tumor and liver paren-
chyma can be verifi ed with nonenhanced CT exami-
nations using spiral technique 24–72 h after TACE. 
An extrahepatic uptake of chemoembolization 
materials can be eliminated on these images; how-
ever, evaluation of the tumor size is often diffi cult. 
While some investigators recommend continuing 
follow-up with nonenhanced CT scans (Gates et al. 
1999), we have found that nonenhanced MR scans 
allows optimal control of the treatment response 
during the treatment cycles. Follow-up examinations 
should be performed with contrast-enhanced CT or 
MR imaging (Vogl et al. 2000; Zangos et al. 2001) 
to document remaining tumor viability and newly 
developed liver lesions. Some authors use dynamic 
CT for a quantifi cation of the hemodynamic changes 
after TACE (Tsushima et al. 1998).

Doppler sonographic monitoring can also give 
information concerning changes in the perfusion 
of a tumor following chemoembolization and, in 
conjunction with CT and clinical fi ndings, provide 
indications for further tumor embolization (Steger 
et al. 1998; Hosoki et al. 1999; Cioni et al. 2000). 

2.5.2.3
TACE Technique

TACE treatments should be performed after exclu-
sion of contraindications, and detailed information 
about the patient has been obtained, along with writ-
ten consent. All patients have to stop eating 6 h before 
the treatments. Fluids and necessary medications 
can be consumed until 2 h before the intervention. 

A premedication regime consisting of an opioid, 
an antiemetic as well as a glucocorticoid should be 
administered intravenously before the TACE treat-
ment to reduce the acute side-effects of TACE.

All angiographies should be performed using the 
digital subtraction angiography (DSA) technique. 
The resultant angiogram can be reviewed with high-
contrast resolution and without delay. During cathe-
ter and guidewire manipulation pulsed fl uoroscopy 
at 7 frames/s (FMS) should be used if available for 
radiation dose reduction. Most diagnostic and ther-
apeutic interventions are performed using nonionic 
contrast media (300 mg/ml iodine).

An angiographic survey of the abdominal vessels 
should be performed after the introduction of a 4- to 
5-French Pigtail catheter using a femoral approach 
during the fi rst TACE course. Catheters most often 
used in hepatic arterial studies from the femo-
ral approach are those with downward or reverse 
curves such as Cobra, sidewinder, or MK-2 shapes 
(Fig. 2.5.1). To document the vascular supply of the 
liver, conventionally diagnostic hepatic and mesen-
teric angiography are performed. Selective superior 
mesenteric arteriography (Fig. 2.5.2) should be per-

Fig. 2.5.1. Photograph shows 
catheters frequently used for 
chemoembolization, including 
pigtail, sidewinder, and cobra 
catheter
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formed with late-phase imaging of the portal venous 
anatomy with an injection fl ow of between 3 and 
8 ml/s to document the patency of the portal vein. 
If a catheter is placed in the celiac trunk, the angi-
ography should be performed with an injection rate 
of between 3 and 8 ml/s (Fig. 2.5.3). Afterwards the 
catheter is placed selectively in the hepatic artery and 
advanced beyond the gastroduodenal artery. If pos-
sible, the tip of the catheter is advanced further into 
segmental arteries near to the tumor. Some authors 
prefer the use of 3-Fr microcatheters for superse-
lective embolization of liver tumors. However, the 
use of microcatheters aggravates the procedure and 
increases the cost of treatment.

The techniques and agents used to treat liver 
tumors by chemoembolization are very heteroge-
neous (Tables 2.5.2, 2.5.3). To this day, there is no 
consensus on the best chemoembolization protocol. 

Chemotherapy agents should be injected before 
arterial obstruction. When attempting to increase 
the selective delivery of chemotherapy into the 
tumor, it is very common to suspend the angio-
plastic agent in lipiodol (Bruix et al. 2004). For the 
occlusion of the hepatic artery several agents can 
be used, for example metallic coils, Gelfoam, lipid 
particles (lipiodol), polyvinyl alcohol (PVA), starch 
microspheres (DMS), collagen particles, or event 
autologous blood clots (Wollner et al. 1986; Inoue 
et al. 1989; Allison and Booth 1990; Martinelli 
et al. 1994; Bruix et al. 2004). The majority of inves-

Fig. 2.5.2. Selective superior mesenteric arteriogram shows 
normal anatomical blood supply

Fig. 2.5.3. Celiac angiogram obtained before chemoemboli-
zation shows normal anatomy, including common hepatic 
artery (CHA), splenic artery (SA) and gastroduodenal artery 
(GDA). Additional multiple small hypervascular tumors 
( arrows) can be documented

tigators have explored the role of chemoemboliza-
tion with lipiodol in combination with different che-
motherapy therapies (Tellez et al. 1998). Lipiodol 
results in the obstruction of the peripheral vascular 
bed, and it is cleared more rapidly from the normal 
liver parenchyma due to the increased blood fl ow 
rate and the phagocytic action of the Kupffer cells 
(Choi et al. 1992; Tellez et al. 1998). Commonly 
used chemotherapeutic agents include 5-fl uoroura-
cil, mitomycin c, doxorubicin, and cisplatin (Tellez 
et al. 1998; Bruix et al. 2004). 

In our department we perform selective arte-
rial chemoembolization with a mixture of mito-
mycin C (maximum of 10 mg/m2, Medac, Ham-
burg, Germany) as a chemotherapeutic agent and 
a maximum of 15 ml lipiodol, an iodized oil (Guer-
bet, Sulzbach, Germany), followed by injection of 
200–450 mg microspheres (Spherex, Pharmacia and 
Upjohn, Erlangen, Germany) for additional vascu-
lar occlusion. The embolization suspension should 
be applied slowly under fl uoroscopic control until 
stasis of the blood fl ow can be observed. Devascu-
larization after embolization can be confi rmed by 
terminal angiographic study of the hepatic artery. 
Several reports have described better response rates 
for repeated TACE procedures in comparison to 
single administration (Tellez et al. 1998; Vogl et 
al. 2000;  Huppert et al. 2004). For that reason we 
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Table 2.5.2. Results of chemoembolization in hepatocellular cancer (literature review). (A, Adria Adriamycin, ADMOS  
doxorubicin+mitomycin+lipiodol, CDDP cisplatin, Collag bovine collagen, CTLS CDDP+pirarubicin, DSM degradable starch 
microspheres, Epi epirubicin, F 5-FU 5-fl uorouracil, FUDR 5-fl uorodeoxyuridine, Gel gelfoam, Lipi lipiodol, M, Mito mito-
mycin, Mo months, N/A not available, Neuroend TM neuroendocrine tumors, PVA polyvinyl alcohol, STZ streptozotocin)

References (Year) Patients Agents Survival rates

Bismuth et al. (1992) 291 Doxo/Lipiodol/ 2 years: 49% Child-Pugh A

29% Child-Pugh BGel

9% Child-Pugh C

Raoul et al. (1992) 4 Doxo N/A

7 Doxo/Lipiodol

7 Doxo/Lipiodol/Gel

Stuart et al. (1993) 52 Doxo/Lipi/Gel/Ethanol 1 year: 60%

Park et al. (1993) 87 Doxo/Lipiodol/Gel 1 year: 75%/2 years: 55%

Mondazzi et al. (1994) 84 Doxo/Lipiodol/Gel 1 year: 60% / 2-years: 31%

Colella et al. (1998) 171 K.A. 3 years: 32%

Pelletier et al. (1998) 37 CDDP/Lipi/Lecithin/Gel

1 year: 51% / 3-years: 21%Tamoxifen

Allgaier et al. (1998) 33 Mito/Lipiodol MÜ: 8 months

Savastano et al. (1999) 182 Epi/Lipiodol/Gel 1 year: 83%/ 3-years: 40%

Ueno et al. (2000) 26 ADMOS 1 year: 59%/3 years: %

70 CDDP-ADMOS 1 year: 70%/3 years: 16%

56 CTLS 1 year: 72%/3 years:30%

Lladò et al. (2000) 143 Doxo/Lipiodol 1 year: 61%/2 years: 32%

3 years: 16%

Vogl et al. (2000) 37 Adria/CDDP/Lipi/DSM Median 387 days

Gattoni et al. (2000) 62 Doxo/Lipiodol/spongostan 1 year: 78%/3 years: 40%

Lo et al. (2002) 40 CDDP/Lipi/gelatin sponge particles 1 year, 57%; 2 years, 31%; 3 years, 26%

Chen et al. (2002) 473 Epi/Lipiodol 1 year: 79.2%, 2 years: 51.8%, 3 years: 34.9%

Sumie et al.(2003) 21 Epi/Lipiodol 1 year: 76.2%, 2 years: 33.3%, 3 years: 28.6%

Huppert et al. (2004) 91 Epi/Lipiodol 1 year: 72.7% Okuda I

22.8% Okuda II and III

perform three separate courses of chemoemboliza-
tion at 4-week intervals.

2.5.2.4
Anatomical Variants and Hemodynamic 
Features of the Hepatic Artery

The classic common hepatic artery (CHA) lies in the 
hepatoduodenal ligament to the left of the common 
bile duct and anterior to the portal vein (Lee et al. 
2002). In general, the CHA divides into a right and 
left hepatic artery (Fig. 2.5.4). However, the anatomy 
of the arterial supply of the liver often shows con-
genital variations. Common variants of the hepatic 
artery are having the origin of the left hepatic artery 

from the left gastric artery (LGA; Fig. 2.5.4b) and 
having the right hepatic artery (RHA) (Figs. 2.5.4c, 
2.5.5) branching off the superior mesenteric artery 
(SMA) (Lee et al. 2002). A full understanding of 
the potential variations and the ability to achieve 
selective cannulation is required to allow complete 
treatment with chemoembolization. 

2.5.3
Complications

Knowledge of the complications of TACE treatment 
is important for correct diagnosis and appropriate 
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management. Sakamato et al. described a compli-
cation rate of 4.4%, for a total of 2300 procedures, 
which were related to the use of chemoembolic 
agents or the manipulation of a catheter or guide-
wire ( Sakamoto et al. 1998). These complications 
included acute hepatic failure, liver infarction or 
abscess, intrahepatic bilioma, multiple intrahepatic 
aneurysms, cholecystitis, splenic infarction, gastro-
intestinal mucosal lesions, pulmonary embolism or 
infarction, tumor rupture, variceal bleeding, and 
iatrogenic dissection or perforation of the celiac 
artery and its branches.

A common symptom after TACE is the so-called 
postembolization syndrome, consisting of transient 
abdominal pain, fever, abnormal fatigue, nausea, and 
emesis. These symptoms continue for some days and 
can be treated orally with antiemetics and analgesics 

Table 2.5.3. Results of chemoembolization in liver metastasis (literature review). (A, Adria Adriamycin, CDDP cisplatin, 
Collag bovine collagen, DSM degradable starch microspheres, Epi epirubicin, F, 5-FU 5-fl uorouracil, FUDR 5-fl uorodeoxy-
uridine, Gel gelfoam, M, Mito mitomycin, N/A not available, Neuroend TM neuroendocrine tumors, PVA polyvinyl alcohol, 
STZ streptozotocin)

References Agents Primary tumor Patients Survival rates 

Wollner et al. (1986) Mito/DSM Colorectal CA 15 Median 7 months

Kobayashi et al. (1987) Adria/Mito/Lipiodol Colorectal CA 7 N/A

Starkhammar et al. (1987) Mito/DSM Colorectal CA 11 N/A

Inoue et al. (1989) Adria/Mito Colorectal CA 33 Median 337 days

Taniguchi et al. (1989) A/AM/FAM Colorectal CA 20 Median 12.5 months

Lipiodol

Yamashita et al. (1989) FUDR-C8/Lipiodol Colorectal CA 13 Median 13.7 months

Meakem et al. (1992) CDDP/Adria/Mito/Collag Colorectal CA 11 N/A

Kameyama et al. (1992) CDDP/Lipiodol Colorectal CA 11 N/A

Lang and Brown (1993) Adria/Lipiodol Colorectal CA 46 Median 23 months

Feun et al. (1994) CDDP/Lipiodol Colorectal CA 6 N/A

Soulen (1994) CDDP/Adria Mito/Lipiodol Colorectal CA 30 1 year: 70%

Tellez et al. (1998) CDDP/Mito Colorectal CA 30 Median 8.6 months

Gel/Kollag

Salman et al. (2002) PVA/FU/interferon Colorectal CA 24 Median 11 months/8 months 
with extrahepatic disease

Wasser et al. (2005) Mito/DSM Colorectal CA 21 Median 13.8 months

Mavligit et al. (1988) CDDP/PVA Melanoma 30 Median 11 months

Agarwala et al. (2004) CDDP /PVA Melanoma N/A

Therasse et al. (1993) Adria/Lipiodol Neuroend. TM 23 Median 24 months

Diamandidou et al. (1998) microencapsulated CDDP Neuroend. TM 20 N/A

Falconi et al. (1999) Lipiodol FU/DCB/DSM Neuroend. TM 28 Median 35.4 months

Dominguez et al. (2000) STZ /Lipiodol/ Gelatine Neuroend. TM 15 N/A

Fiorentini et al. (2004) Mito/ CDDP/ Epi Neuroend. TM Median 22 months

Lipiodol Gel

Li et al. (2005) Breast cancer 1 year: 63 %

(Zangos et al. 2001; Vogl et al. 2003). Prophylactic 
antibiotics must not be routinely used because the 
fever is caused by tissue necrosis and is a predictor of 
treatment response (Castells et al. 1995). In the liver 
a degree of tumor infarction after TACE is probably 
unavoidable and small amounts of gas are commonly 
seen. However, long-lasting fever can be a sign of an 
abscess and consistent therapeutic treatment may be 
required in these cases (Fig. 2.5.6). A very rare compli-
cation after TACE is the rupture of the treated hepato-
cellular carcinoma (HCC) (Sakamoto et al. 1999).

Extrahepatic uptake of chemoembolization mate-
rial can be documented on noncontrast CT images 
(Fig. 2.5.7). Asymptomatic deposition of chemoem-
bolization material may be seen in the lung, stom-
ach, pancreas, duodenum, gallbladder, diaphragm, 
and the spleen (Gates et al. 1999).
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Fig. 2.5.4a–c. Common variations in hepatic arterial supply. a Conventional celiac (TC) and hepatic arterial anatomy (55%). 
b Replaced left hepatic artery (LHA) arising from the left gastric artery (LGA) (20%). c Replaced right hepatic artery (RHA) 
arises from the superior mesenteric artery (SMA) (6%)

a b c

Fig. 2.5.5. Replaced right hepatic artery (RHA) from the su-
perior mesenteric artery (AMS)

Fig. 2.5.6a,b. Nonenhanced CT scan obtained 4 weeks after chemoembolization shows extensive gas in a treated tumor due 
to abscess formation (a). This abscess was treated with drainage and intravenous antibiotics (b)

a b

Fig. 2.5.7. Nonenhanced CT scan obtained 1 day after che-
moembolization shows ethiodized oil in stomach (arrows) 
and spleen (star)
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Although gastric uptake is uncommon and 
asymptomatic, the gastric deposition of chemo-
embolization material can cause peptic ulceration 
(Hirakawa et al. 1988). For that reason these 
patients should receive prophylactic histamine2-
receptor blockers for 1 month after TACE. Even 
when the gallbladder does receive some chemoem-
bolization material, there is usually no clinically 
signifi cant complication of this procedure. Patients 
with post-TACE infarction of the gallbladder can be 
treated conservatively if they are kept under close 
observation (Kuroda et al. 1983). Unusually an 
emphysematous cholecystitis can arise from the 
chemoembolization (Takayasu et al. 1985; Gates 
et al. 1999). Some authors have reported abscess 
formation or bilioma as a result of biliary infarc-
tion (Makuuchi et al. 1985; Sakamoto et al. 2003). 
TACE can also induce bilious pleuritis as a rare com-
plication, which should be considered as an adverse 
effect of TACE in patients with a dilated hepatic duct 
(Ichikawa et al. 1997). Splenic artery refl ux of the 
chemoembolization agent can cause focal splenic 
infarction. 

In some tumors small arteriovenous shunts 
(Fig. 2.5.8) allow chemoembolization agent to pass 
into the hepatic veins and can thence cause lung or 
pleural uptake. Even though some authors reported 
acute pulmonary complications following TACE 
(Samejima et al. 1990; Chung et al. 1993; Tajima 
et al. 2002), it is unlikely that this uptake can cause 
problems. Vogl et al. showed that transpulmonary 
chemoembolization (TPCE) can be performed as a 
treatment for unresectable lung metastases with-
out major side-effects or complications (Vogl et al. 
2005).

Common laboratory aberrations resulting from 
TACE include transient elevation of lactate dehydro-
genase (LDH), bilirubin, and alkaline phosphatase 
with an accompanying drop in the hemoglobin and 
platelet counts (Tellez et al. 1998).

2.5.4
Discussion

Regional liver therapies are considerably more 
common now than they were a decade ago. Kato et 
al. described in 1981 the fi rst arterial chemoembo-
lization with a microencapsulated anticancer drug 
in different organs (Kato et al. 1981).

Nevertheless, assessing the effi cacy of TACE can 
be diffi cult because multiple factors can be used to 
measure the success. These factors include patient 
survival, tumor size reduction, generation of tumor 
necrosis, lipiodol retention, biological response, 
quality of life, and improvement of the symptoms. 
This is the challenging problem when interpreting 
the published data.

Various studies have demonstrated an improve-
ment in long-term patient survival after TACE. 
Unfortunately, most studies did not compare patients 
with TACE with untreated control subjects. As such, 
these data are inherently confounded, leaving these 
randomized trials unable to accurately assess the 
effect of TACE on survival (Ramsey et al. 2002). 

Prospective studies (Table 2.5.2) have shown that 
tumor progression in HCC is signifi cantly decreased 
in patients treated by TACE than in untreated con-
trols (Bruix et al. 2004). Camma et al. (2002) 
described, in patients with unresectable HCC, that 
chemoembolization can improve signifi cantly the 
overall 2-year survival compared with nonactive 
treatment, but the magnitude of the benefi t is rela-
tively small.

Llovet and Bruix (2003) reviewed 61 randomized 
trials to assess the evidence of the impact of medical 
treatments on survival of patients with unresectable 
HCC. Arterial embolization improved 2-year sur-

Fig. 2.5.8. Selective hepatic arteriogram shows a hypervas-
cular hepatocellular carcinoma (HCC) in the right lobe with 
transtumoral arterioportal shunting. Before starting the 
chemoembolization, embolization of these shunts is neces-
sary to prevent serious side-effects
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vival compared to control group in patients with 
HCC. Sensitivity analysis showed a signifi cant bene-
fi t of chemoembolization with cisplatin or doxorubi-
cin but none with embolization alone. Overall, treat-
ment induced objective responses in 35% of patients 
(range, 16%–61%). Tamoxifen showed no antitu-
moral effect and no survival benefi ts, and only low-
quality scale trials suggested 1-year improvement in 
survival. So the authors conclude that chemoembo-
lization improves survival of patients with unresect-
able HCC and may become the standard treatment. 
Treatment with tamoxifen does not modify the sur-
vival of patients with advanced disease (Llovet and 
Bruix 2003). 

Likewise, different authors (Table 2.5.3) described 
TACE as a feasible treatment modality for patients 
with liver metastases who have experienced failure 
with other systemic treatments (Tellez et al. 1998). 
Patt et al. (1981) published one of the fi rst studies 
suggesting a palliative role for hepatic arterial infu-
sion and arterial occlusion in patients with colorec-
tal carcinoma and metastases to the liver. The 
overall tumor response rate was 43.4% and median 
overall survival was 11 months. They observed an 
increased median survival to 15 months in those 
patients who underwent arterial occlusion hepatic 
arterial  occlusion.

While TACE of liver metastases has been inves-
tigated in numerous studies for two decades, the 
results from clinical trials do not allow defi nitive 
conclusions to be made about the role of chemo-
embolization in the treatment of colorectal cancer 
(CRC) liver metastases. The clinical value of TACE 
in liver metastases remains controversial. Neverthe-
less different authors describe promising results for 
the treatment of liver metastases. 

Tellez and colleges showed that chemoemboliza-
tion is a feasible treatment modality in patients with 
liver metastasis from CRC who have experienced 
failure with other systemic treatments. It results in 
high response rates with transient mild-to-moder-
ate toxicity. Patients who are able to undergo repeti-
tive chemoembolization procedures may receive the 
most clinical benefi t (Tellez et al. 1998). Salman 
et al. (2002) resumed that embolization of the liver 
as second-line therapy in patients with liver-pre-
dominant metastases is safe and effective. Median 
survivals are comparable to those following other 
second-line therapies.

In contrast to this, Popov et al. described that 
TACE for liver metastases from CRC performed with 
an injection of iodinated oil (lipiodol) with mitomy-

cin C (3 mg/ml) did not appear to bring any benefi t; 
furthermore, signifi cant liver toxicity compromises 
the safety of such procedures (Popov et al. 2002). Our 
results with out patient treatment of 245 patients do 
not agree with this result and prove that TACE results 
in an extremely low rate of side-effects (Zangos et 
al. 2001). A combination of TACE with local ablative 
treatment may present a potentially curative treat-
ment option for huge unresectable tumors (Vogl 
et al. 2003). Repetitive high-concentration regional 
chemotherapy by use of chemoembolization com-
bined with continuously administered 5-fl uorouracil 
(5-FU) and supplemented with granulocyte-macro-
phage colony-stimulating factor (GM-CSF) cytokine 
is an effective tool in the therapy of disseminated 
colorectal liver metastases as front-line as well as a 
second-line treatment (Muller et al. 2003).

You and colleagues (2005) evaluated the combi-
nation of systemic chemotherapy and chemoembo-
lization. Chemoembolization was performed using 
a mixture of 10 ml lipiodol, 1500 mg 5-FU and 15 mg 
leucovorin. Two weeks following chemoemboliza-
tion, patients underwent systemic chemotherapy 
with 2600 mg/m2 5-FU continuous infusion for 
24 h and received 150 mg leucovorin (intravenous 
bolus). The course of chemotherapy was repeated 
weekly for 24 weeks. The median disease-free inter-
val was 12 months and the median survival time was 
16 months. In conclusion the authors suggested that 
the results of this study are of suffi cient interest to 
justify future randomized trials (You et al. 2005).

The cost-effectiveness of TACE for the treatment 
of CRC liver metastases varies considerably accord-
ing to the anticipated survival benefi t. A survival 
benefi t of nearly 5 months for TACE treatment should 
be gained to meet the moderate cost-effectiveness 
standard of $50,000 per life year (Abramson et al. 
2000).

Promising results have been published for liver 
metastases of other different original tumors. Neu-
roendocrine tumors, particularly those of gastro-
intestinal tract origin, have a predisposition for 
metastasizing to the liver, causing parenchymal sub-
stitution and paraneoplastic syndrome (Fiorentini 
et al. 2004). TACE is thought to be an effective symp-
tomatic and antiproliferative treatment in patients 
with liver metastases of neuroendocrine tumors.

Roche et al. reported the outcome in 14 patients 
with liver metastases from endocrine tumors who 
underwent TACE performed with doxorubicin 
emulsifi ed in lipiodol and gelatin sponge particles 
as the fi rst-line nonsurgical treatment. An objective 
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Fig. 2.5.9a–c. Patient with a new colorectal liver metastasis after hemihepatectomy. Unenhanced transverse GRE T1-weighted MR 
images demonstrate a 20 35 mm target lesion (arrows) at the resection border before treatment (a). Unenhanced transverse CT 
scan obtained after the fi rst TACE course demonstrates low intratumoral lipiodol uptake (b). A massive shrinking of the treated 
lesion (arrow) could be observed on unenhanced transverse T1-weighted GRE MR scan after the third course of TACE (c)

a b c

Fig. 2.5.10a–d. Unenhanced MR images shows a colorectal metastasis in the right liver lobe (a). Angiographic imaging after 
chemoembolization showed a second lesion (arrow) and high lipiodol uptake in the treated lesions (b). After the third course 
of TACE, shrinking of the lesion could be archived (c). Contrast-enhanced MR imaging after 8 weeks shows necrosis (arrow) 
of the lesion (d). Nevertheless, residual tumor in the periphery cannot be excluded defi nitely

a b

c d
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Fig. 2.5.11a–c. Nonenhanced CT scan in a patient with liver metastases (arrows) from breast cancer shows after the fi rst 
TACE course only moderate intra-tumoral lipiodol uptake (a) The hepatic angiogram shows hypervascular tumor staining 
in the liver dome (b). Nevertheless conspicuous shrinking of the tumor (arrows) can be observed after the third course of 
TACE (c)

a b c

Fig. 2.5.12a–d. Nonenhanced MR imaging shows large HCC in the right liver lobe (a). Hepatic angiogram documents the 
hypervascularization of the tumor (b). Nonenhanced CT obtained after the fi rst TACE course documents high lipiodol reten-
tion (arrows) within the tumor (c). The tumor decreases in size after the third course of TACE treatment (arrows) (d)

a b

c d
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morphological response was noted in 12 of 14 cases. 
The 5- and 10-year survival rate from diagnosis was 
83% and 56%, respectively. The authors propose that 
long-term palliation is possible in unresectable liver 
metastases from digestive neuroendocrine tumors 
with a few sessions of TACE as fi rst-line and eventu-
ally exclusive treatment (Roche et al. 2003). 

In a retrospective study Kress et al. observed 
that patients with low (< 50%) tumor burden and 
high (> 50%) lipiodol uptake responded better than 
end-stage patients to TACE (Kress et al. 2003). An 
intact primary tumor, extensive liver disease, and 
bone metastases were associated with reduced sur-
vival in patients with islet cell carcinomas (Gupta 
et al. 2005). Fiorentini et al. (2004) conclude that 
chemoembolization will improve the clinical condi-
tion of a signifi cant percentage of patients with liver 
metastases, that future therapy of carcinoid tumors 
will be based on specifi c tumor biology, and that 
treatment will be customized for each individual 
patient combining the use of cytoreductive proce-
dures including radiofrequency ablation, laser treat-
ment, and chemoembolization.

In melanoma the liver is the most common site 
for systemic metastases. TACE can be performed in 
patients with liver metastases to improve the sur-
vival. Agarwala et al. observed that TACE produces 
a modest response rate in patients with ocular mela-
noma and liver metastases (Agarwala et al. 2004). 
Chemoembolization using 1,3-bis(2-chloroethyl)-1-
nitrosourea (BCNU) dissolved in ethiodized oil is a 
useful palliative treatment for the control of hepatic 
metastases in uveal melanoma patients. However, 
progression in extrahepatic sites after stabilization 
of hepatic metastases requires further improvement 
in the therapeutic approach to this disease (Patel 
et al. 2005). 

Liver metastases from breast cancer are associ-
ated with poor prognosis. Intravenous chemother-
apy is commonly used and can result in regression of 
tumor lesions (Li et al. 2005). Li et al. (2005) reported 
the results of TACE and systemic chemotherapy for 
patients with liver metastases from breast cancer 
and evaluated the prognostic factors. The 1-, 2- 
and 3-year survival rates for the TACE group were 
63.04%, 30.35%, and 13.01%, and those for the sys-
temic chemotherapy group were 33.88%, 11.29%, 
and 0%. These data showed that TACE treatment 
of liver metastases from breast cancer may prolong 
survival in certain patients. This approach offers 
new promise for the curative treatment of patients 
with metastatic breast cancer (Li et al. 2005).

A new indication of TACE is the treatment of 
unresectable cholangiocarcinoma. Normally, 
patients with cholangiocarcinoma carry only a 
poor prognosis, with median survival times rang-
ing from 6 to 12 months from the time of diagnosis 
(Burger et al. 2005). Burger et al. (2005) evaluated 
the value of TACE in the treatment of unresectable 
cholangiocarcinoma. Palliative therapies have been 
disappointing and have not been shown to prolong 
survival signifi cantly. The median survival for 17 
patients treated with TACE was 23 months in this 
study. Two patients with previously unresectable 
disease underwent successful resection after TACE. 
These results suggest that TACE can be an effec-
tive palliative therapy in patients with unresectable 
cholangiocarcinoma.

2.5.5
Conclusion

TACE is a well established procedure for patients 
with HCC, but in patients with liver metastases 
TACE can also be an effective palliative treatment 
option. However, the true effect of TACE on patient 
survival is unclear and needs to be assessed with 
well-designed randomized controlled trials in the 
future.
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2.6.1 
Background

The impact of surgical resection on prognosis and pa-
tient outcome in certain malignancies in the absence 
of extrahepatic disease is unchallenged. Percutane-
ous, image-guided tumor ablation has developed and 
stands today as a genuine, dedicated and widely used 
procedure for patients with otherwise non-resectable 
primary or secondary liver malignancies. Procedures 
based on thermal tissue effects (e.g., thermal abla-
tion and cryoablation) were initially developed with 
the intention of treating hepatic malignancies. Visual 
guidance by computed tomography (CT), magnetic 
resonance imaging (MRI) or ultrasound is necessary 
for all percutaneous approaches to the liver.

In the majority of cases, local ablation of non-re-
sectable primary or secondary malignancies is accom-
plished by image-guided thermal ablative techniques 
[e.g., radiofrequency ablation (RF) and laser-induced 
thermotherapy (LITT)]. However, in clinical practice, 
disadvantages of thermal ablation have been found; 
for example, a size limitation of approximately 5 cm, 
adjacent large vessels being responsible for adverse 
cooling effects, and the close proximity to the liver 
hilum. Furthermore, it is diffi cult to achieve effec-
tive local thermal ablation in tumors that have a high 
level of perfusion (typically hepatocellular carcino-
mas), because of cooling effects (Rhim 2003; Pech et 
al. 2004), even though successful treatment series in 
combination with transarterial chemoembolization 
or the instillation of ethanol (Qian et al. 2003; Sakr 
et al. 2005; Zangos et al. 2007) or in rare cases alone 
(Eichler et al. 2001), have been published.

Intraoperative radiotherapy (IORT) in a single 
high dose has been used to treat non-resectable liver 
metastases with good levels of safety and effi cacy. 
The typical doses applied range between 15 and 
30 Gy with reference to the tumor margin, accepting 
dose inhomogeneity in the target volume depending 
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on the particular irradiation technique (Nauta et 
al. 1987; Dritschilo et al. 1988; Holt et al. 1988; 
Thomas et al. 1993; Antoch et al. 2004).

However, the intraoperative approach has some 
drawbacks. First, IORT is an open procedure with 
signifi cant invasiveness and procedure-related co-
morbidity. Second, administering the radiation dose 
in the target volume is hampered by the fact that ap-
plicator placement is guided by manual palpation or 
sonographic monitoring (Dritschilo et al. 1986, 
1988). In this situation, neither adequate coverage of 
the target volume fraction nor exact sparing of adja-
cent critical tissues, such as hepatic reserve capacity, 
bile duct or intestine, can be guaranteed.

To overcome these technical limitations of IORT 
we developed a technique for high-dose-rate (HDR) 
irradiation of liver metastases using an afterload-
ing method with a 192iridium source sited using CT-
guided percutaneous applicator placement with do-
simetry using three-dimensional CT data sets.

CT-guided interstitial brachytherapy – like LITT 
and RF – is based on percutaneous image-guided 
insertion of dedicated catheters, which enables cir-
cumscribed high-dosage brachytherapy in almost 
all body regions. Single, unfractionated applica-
tions of very high radiation dosages are applied to 
the planned target volume, which encloses the vis-
ible tumor boundaries (clinical target volume) as 
well as the safety margin. Therapeutic cytotoxic ef-
fects develop and are potent over weeks and months 
(Ricke et al. 2005a). The tumor is retained by the ap-
plicators, therefore any movements by the patient or 
alterations in their position have a negligible impact 
on achieving the exact dosimetry. Indications for lo-
cal treatment are not limited by size or a location 
near to the liver hilum, gall bladder or large vessels 
(Ricke 2004; Ricke et al. 2002, 2003, 2004a, 2004b).

The indications for this treatment include large liver 
metastases from colorectal or other primary and he-
patocellular carcinomas or cholangiocarcinoma in pa-
tients who present with absolute or relative contrain-
dications for surgical resection. The treatment is given 
either as part of multimodal therapeutic management 
or, increasingly, as the sole therapy as a bridging pro-
cedure if, for any reason, systemic chemotherapy is not 
in favor at the time. It is feasible to use the technique 
to treat primary or secondary lung malignancies and 
lymph node metastases, and promising results have 
been achieved after the failure of second-line and 
third-line chemotherapy (Bergk et al. 2005; Ricke et 
al. 2004c, 2004d, 2004e, 2005b; Amthauer et al. 2006; 
Streitparth et al. 2006; Wieners et al. 2006).

2.6.2 
Basics

2.6.2.1 
Positioning of Applicators and
Treatment Planning

The placement of the applicators is performed at 
fl uoroscopy CT. After placing the patient in the ap-
propriate position, the metastasis is punctured us-
ing an 18G needle and then angiography sheaths of 
6F diameter are inserted over a stiff angiography 
guide wire. Finally, 16G brachytherapy catheters 
are placed in the sheaths. For treatment planning 
purposes, a spiral CT of the liver enhanced by in-
travenous application of iodide contrast medium is 
acquired using the breath-hold technique, and the 
data are then sent to the treatment planning unit.

The catheter’s position and tumor boundaries are 
determined from the 3D CT dataset using dedicated 
software integrated into the planning unit of the 
treatment control device.

The HDR after-loading system employs a 192iridi-
um source (10 Ci or 370 GBq). The source diameter is 
<1 mm. Dwell positions are located every 5 mm. In 
most cases, a reference dose of between 15 and 25 Gy 
is prescribed, which, by defi nition, is identical to the 
minimum dose enclosing the lesion, and is applied as 
a single dose. No maximum dose constraints are given 
inside the tumor volume. To preserve liver function 
after irradiation, we prescribe that one-third of the 
liver parenchyma must receive <5 Gy. The irradiation 
time is typically 20–40 min (Figs. 2.6.1, 2.6.4).

Fig. 2.6.1. Schematic of isodoses in CT-guided HDR brachy-
therapy of a liver lesion. Visible tumor volume, clinical tar-
get volume (tumor volume and safety margin) and 10-Gy 
isodoses are displayed (courtesy of M. Seidensticker)
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2.6.2.2 
MRI Guidance

The CT-guided insertion of catheters has some 
major drawbacks. During the intervention, only 
non-enhanced f luoroscopy can be used to deter-
mine the target, often visually correlated with 
and corrected using MRI prints. Unfortunately, 

sometimes it is necessary to reposition the cath-
eters after recording the contrast-enhanced CT 
dataset. Moreover, tumor volume is systemati-
cally underestimated in contrast-enhanced CT 
compared to MRI (Figs. 2.6.2, 2.6.3) (Pech et al. 
2006). For this reason, MRI guidance using open 
systems will become the state of the art in the 
future.

Fig. 2.6.4. Treatment planning with BrachyVision®

Fig. 2.6.2. Three-dimensional presentation of the same tu-
mor volume: CE-CT (purple), T1-weighted MRT without en-
hancement (blue)

Fig. 2.6.3. Consequence 
of systematic under-
estimation: reference 
dose is not reached at 
every point of the tu-
mor margin
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2.6.2.3 
Assessment of Hepatocyte Tolerance to
Single-Fraction HDR Irradiation in Vivo

A patient’s tolerance of liver irradiation is infl uenced 
mainly by the liver’s functional reserve capacity. To 
investigate this, 25 liver metastases were treated using 
CT-guided interstitial brachytherapy. MRI was per-
formed 1 day before and 3 days, 6, 12, and 24 weeks 
after therapy. MRI sequences included T1-weighted 
GRE enhanced by hepatocyte-targeted Gd-BOPTA. 
All MRI data sets were merged with 3D-dosimetry 
data and evaluated by two radiologists. The reviewers 
indicated the border of hyperintensity on T2-weight-
ed images (edema) or hypointensity on T1-weighted 
images (loss of hepatocyte function). A dose–volume 
histogram was produced using all of the 3D data. We 
estimated the threshold dose for either edema or loss 
of function as the D90, i.e., the dose achieved in at least 
90% of the pseudolesion volume.

Between 3 days and 6 weeks, the extent of the edema 
increased signifi cantly from the 12.9 Gy to the 9.9 Gy 
isosurface (SD 3.3 and 2.6 Gy, respectively). No signifi -
cant change was detected between 6 and 12 weeks. Af-
ter 24 weeks, the edematous tissue had shrunk signifi -
cantly to the 14.7 Gy isosurface (SD 4.2 Gy). Three days 
post brachytherapy the D90 for hepatocyte function 
loss had reached the 14.9 Gy isosurface (SD 3.9 Gy). 
At 6 weeks, the same zone had increased signifi cant-
ly to the 9.9 Gy isosurface (SD 2.3 Gy). After 12 and 
24 weeks, the volume of functional loss had decreased 
signifi cantly to the 11.9 Gy and 15.2 Gy isosurfaces, 
respectively (SD 3 and 4.1 Gy) Wochen bis zur 15.2 Gy 
Isodose (SD 4.1) (Fig. 2.6.1). The 95% interval of the 
minimally tolerated dose for hepatocytes at 6 weeks 
was 7.6–12.2 Gy; this is accounted for by variations in-
herent to the technique of CT-guided brachytherapy, 
including the heterogeneous dose rates delivered by 
the different catheters arrays employed

2.6.3 
First Results in Treatment of
Liver Malignancies of Different Etiologies

2.6.3.1 
Colorectal Liver Malignancies

Criteria to determine the duration of chemotherapy 
in colorectal carcinoma with distant metastases are 

not yet defi ned. We do not know whether continu-
ous, long-term chemotherapy until the desired re-
sult of complete remission extends overall survival 
compared to a discontinuous scheme. Furthermore, 
a successful scheme may be made less effective 
by dose-limiting toxicity or may even have to be 
stopped. Then again, it may be decided to use a less 
effective strategy with fewer side-effects for patients 
who are in poor general condition.

Systemic chemotherapy for liver metastases of a 
limited extent has uncertain results and is expen-
sive, and its toxicity has a negative impact on the 
patient’s quality of life. These factors support the 
use of well-tolerated, localized treatment when vis-
ible, non-resectable liver metastases of limited ex-
tent are fi rst diagnosed. Several minimally invasive 
approaches to liver lesions have been tested success-
fully recently, in particular RF and LITT, and have 
resulted in high local tumor control rates. CT-guid-
ed HDR brachytherapy is thought to be of additional 
value in more extensive disease, or when the tumor’s 
location is unfavorable or if the specifi c setting at the 
hospital is appropriate (Vogl et al. 2004; Mulier et 
al. 2005).

At our institution, we implemented for evalua-
tion purposes a phase III trial in unselected patients 
with unresectable liver malignancies of a colorectal 
primary after failure of second-line chemotherapy 
or where there were absolute or relative contraindi-
cations to chemotherapy (comorbidity, age, general 
condition) with promising results. Some patients 
were treated twice or more if limited intrahepatic 
progression was seen following the fi rst treatment. 
Where possible, local recurrences were also treated 
twice, although these repeated treatments were ex-
cluded from analysis. Median overall survival af-
ter the fi rst treatment after the longest follow-up 
of 3 years was 24 months (95% confi dence interval: 
20.19–28.77 months), and median progression-free 
survival was 7.8 months. The data to date indicate 
that the reference dosages should be 20–25 Gy, 
especially in the long run (Fig. 2.6.5). The cost of 
supplies are approximately 100€ per session. Care-
ful examination of the results, looking at the com-
parability of unselected patients (who have had 
other tumor-specifi c therapies following brachy-
therapy), showed that they are promising, which 
suggests that HDR brachytherapy and other local 
ablative therapies have a place in the oncologist’s 
armamentarium (Ricke et al. 2004b, 2004d, 2005a, 
2005b; Ruhl and Ricke 2006; Wieners et al. 2006) 
(Fig. 2.6.6).
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2.6.3.2 
Hepatocellular Carcinomas

Since systemic chemotherapies have not been proven 
to be benefi cial in the treatment of hepatocellular car-
cinomas (HCC) (Nowak et al. 2004), various regional 
or local tumor ablation techniques have emerged as 
the most common therapeutic alternatives.

Transarterial chemoembolization (TACE) has 
widely been proposed as the palliative treatment of 
choice. However, most data indicate a limited benefi t 
from TACE in patients with advanced liver cirrhosis 
(Llovet et al. 2003). In the past percutaneous tumor 
ablation by radiofrequency (RFA) or laser-induced 
thermo therapy (LITT) has supplemented ethanol 
injection. Any of these methods has limitations with 
respect to tumor size, perfusion and localization, as 
described above.

This prospective phase II trial included 29 consec-
utive patients with 34 unresectable intrahepatic HCC 
manifestations. The study population comprised 20 
men and 9 women; the medium age was 66 years (43–
79 years); 23 patients had liver cirrhosis grade Child 
A, and six Child B. Pre-interventional ascites was 
present in 7 patients (24%). The mean tumor diam-
eter was 4.5 cm (1.5–10.5 cm). The median minimal 
dose inside the tumor volume was 20 Gy (12–25 Gy) 
applied as a single fraction. We used 1–13 brachyther-
apy applicators per tumor. During follow-up, MRI 
was performed 3 days, 6 weeks and every 3 months 
post treatment, supplemented by clinical examina-
tions and serological liver function tests. Primary 
endpoints were local tumor control after 12 months 
as well as safety. Secondary endpoints were progres-
sion-free survival and overall survival.

Local tumor control was 93% after 12 months in 
surviving patients. A progression-free survival was 
observed in 79% of patients after 6 months and 54% 
after 12 months. Overall survival was 100% after 
6 months and 88% after 12 months (Wieners 2007) 
(Fig. 2.6.7).

2.6.3.3 
Liver Metastases of Breast Carcinomas

We prospectively analyzed 22 patients with breast 
cancer and 49 hepatic metastases. All patients were 
pretreated with systemic chemotherapy in several 
cycles. Reference doses were at minimum 12 Gy, at 
maximum 25 Gy, and median follow-up 10 months 
(range: 2–37 months). Three local recurrences (6%) 

Fig. 2.6.5. Colorectal liver metastases: local control in 
months depended on reference dose (n=199)
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Fig. 2.6.6. Colorectal liver metastases: overall survival 
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were seen during follow-up at 3, 6, and 9 months af-
ter the intervention, leading to a local tumor control 
rate of 94% after 6 months and 89% after 12 months, 
with no differences between groups.

Progression-free survival was 45% after 6 months 
and 23% after 12 months; overall survival was 95% 
after 6 months and 72% after 12 months.

2.6.4 
Extrahepatic Malignancies

2.6.4.1 
Primary and Secondary Lung Lesions

Thermal ablation of lung malignancies has been 
evaluated recently (Rose et al. 2002; Hosten et al. 
2003; Suh et al. 2003; Ahmed et al. 2004; Akeboshi 
et al. 2004; Diederich and Hosten 2004; Knappe 
and Mols 2004; Lencioni et al. 2004; Vogl et al. 
2004b, 2004c; de Baere et al. 2006; Hiraki et al. 
2006a, 2006b; Kishi et al. 2006). In this setting, only 
CT guidance seems to be valuable for the insertion of 
therapeutic tools and therapeutic monitoring.

This prospective phase I trial included 15 pa-
tients with 30 lung malignancies (28 metastases and 
2 NSCLC), with a median follow-up of 5+ months 
and a local tumor control rate of 97% (Ricke et 
al. 2005b). Median lesion diameter was 2 cm (0.6–
11 cm), and the reference dose 20 Gy for all lesions 
(Ricke 2005).

2.6.4.2 
Extrahepatic, Extrapulmonary Secondary
Malignancies

This prospective study included 19 patients of me-
dian age 66 years (49–77 years). Underlying prima-
ries comprised colorectal carcinomas in six patients, 
renal cell carcinoma in three patients, pancreatic 
carcinoma in three patients, cervical cancer in two, 
endometrial cancer in two, and NSCLC, breast can-
cer and sarcoma each in one patient. All patients had 
undergone extensive pretreatments.

The median tumor diameter was 6 cm (2–15 cm). 
Tumor locations included the hepatoduodenal liga-
ment, mesentery, adrenal gland, mesogastrium, and 
local recurrences after rectal or pancreatic cancer. 
The minimal median dose in the target volume was 
11 Gy (4–18 Gy). Median follow-up was 7 months 
(1–16). Four patients (21%) died during the fol-
low-up period. Local tumor control was 76.5% af-
ter 6 months; progression-free survival, 47% after 
6 months (Wieners 2006).

2.6.5 
Minor and Major Complications

Typical side-effects comprise moderate gastric and 
intestinal toxicity, mostly effectively prevented by 
peri-nterventionally given antiemetic drugs and 
commonly limited to the day of treatment. For seda-
tion and pain management during the intervention 
we administrate fentanyl and midazolam i.v. 

The general condition is moderately affected and 
a raised temperature for up to 1 week after the inter-
vention are frequent complications, as are a mod-
erate leukocytosis, and elevated C-reactive protein 
and liver enzymes.

In comparison with other conditions, HCC has 
signifi cant major complications strongly linked to 
the presence of cirrhosis, with a 10% rate of major 
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complications, including bleeding requiring treat-
ment and major pleural effusion and other events 
correlated with the comorbidity of these patients. 
Surprisingly, no clinically relevant radiation-in-
duced liver disease was seen, even in cases of ad-
vanced cirrhosis. A lack of liver function in the 
months after treatment was strongly correlated with 
progressive intrahepatic disease.

2.6.5.1 
In Vivo Assessment of the
Tolerable Gastric Mucosal Dose

This study included 33 consecutive patients with 
liver malignancies in segments II and/or III treated 
by CT-guided HDR brachytherapy. The prescribed 
minimal doses in the target volume ranged from 
15 to 25 Gy applied as a single fraction. All patients 
received gastric protection post treatment (panto-
prazole 40 mg/day for 3 months and Magaldrat if 
required). For further analysis, the contours of the 
gastric wall in every CT slice were defi ned employ-
ing Brachyvision® Software (Fig. 2.6.2). Dose–vol-
ume histograms were calculated for each individual 
treatment and correlated with clinical data derived 
from questionnaires assessing Common Toxicity 
Criteria (CTC). In addition, all patients presenting 
symptoms of upper gastrointestinal toxicity were 
examined endoscopically.

Summarizing all patients, the minimum dose ap-
plied to 1 ml of the gastric wall (D1 ml) ranged from 
6.3 Gy to 34.2 Gy; the median dose was 14.3 Gy. 
Toxicity was present in 18 patients (55%), nau-
sea in 16 (69%), emesis in 9 (27%), cramping in 13 
(39%), weight loss in 12 (36%), gastritis in 4 (12%), 
and ulceration in 5 patients (15%). Ulceration CTC 
Grades 2 and 1 occurred in 2 (6%) and 3 (9%) pa-
tients, respectively. None of the patients showed a 
toxicity of Grade 3 or higher. A threshold dose D1 ml 
of 11 Gy was found to lead to general gastric toxic-
ity and 15.5 Gy to statistically relevant gastric ulcer-
ation (Streitparth 2006).

2.6.6 
Coming Soon…

In recent years, over 1000 liver malignancies have 
been treated by our group, as have lung malignan-

cies, lymph node metastases, and other specifi c le-
sions. Follow-up is now for a long enough period to 
conclude reliable tumor control and survival rates, 
which will be published in the future.

It is our fi rm conviction that CT-guided HDR 
brachytherapy features incontrovertible advantag-
es, particularly when treating tumors that are large 
and close to blood vessels; indeed the exact dosim-
etry that can be achieved allows protection of even 
adjacent structures from the effects of radiation. Ac-
cordingly, sensitive regions such as the retroperito-
neal space, the mediastinal space or interloop loca-
tions are certainly accessible.

The establishment of preoperative evaluation, 
targeted treatments of metabolically active lesions 
and follow-up with MRI and PET/CT will allow the 
discontinuation of systemic therapy (Antoch et 
al. 2004; Amthauer et al. 2006). CT guidance will 
cease in favor of an MRI-based procedure.
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2.7.1 
Background

The majority of primary and secondary malignant 
hepatic tumors are not suitable for surgical resec-
tion, which makes systemic chemotherapy treat-
ments and/or local ablative therapies important 
components of intention-to-treat concepts or pal-
liation. Tumor load and type of response determine 
the effi cacy of these therapies.

Nevertheless, a considerable number of patients 
are either not or are no longer suitable for these ther-
apies even when the tumor load remains confi ned to 
the liver.

Given the fact that ionizing radiation is very 
effective in tumor control, radiation therapy of the 
liver is crucial because normal hepatic parenchyma 
is more sensitive than tumorous tissue to radiation. 
The “curative” dosage for adenocarcinoma cells 
– the most common tumor type with respect to pri-
mary and secondary hepatic malignancies – is in the 
range of 70–90 Gy. Therefore, external beam radia-
tion or interstitial brachytherapy of the liver is lim-
ited by the dilemma posed by the need for the high 
dosage necessary to destroy tumor tissue suffi ciently 
whilst simultaneously protecting the normal paren-
chyma and adjacent anatomical structures. Accord-
ing to a recent dose escalation study presented by 
Dawson et al. (2000), the risk of substantial liver 
damage is low if the radiation volume is less than 
20% of the total liver volume even in dosages of more 
than 100 Gy. However, in clinical reality commonly 
the tumor load does not allow the radiation beam to 
be limited to such volumes.

Considering these obstacles, the concept of inter-
stitial blood-fl ow-derived radiation therapy was 
developed more than 15 years ago using two main 
concepts. In iodine-131 lipiodol (Stefanovic et al. 
2001) embolization therapy, 131I-labeled iodized oil 
is suspended in lipiodol (Lipiodol Ultra Fluide, Lab-
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oratoires Guerbet, Aulnay-sous-Bois, France) and 
the entire compound is used as in “standard” tran-
sarterial chemoembolization (TACE, see Chap. 2.5). 
In contrast, in droplet emulsion embolization in 
combination with chemotherapy, as in TACE, radio-
active microparticles are used for selective internal 
radiotherapy (SIRT).

2.7.2 
Principle of Interstitial Radiation Therapy

2.7.2.1 
Radioembolization

In contrast to external beam radiation 90Y micro-
spheres represent point sources of radiation with a 
very limited radiation range of a few millimeters. 
Moreover, radioembolization in terms of SIRT com-
bines two different therapeutic principles: (1) embo-
lization by microparticles acting as the carrier of 
the radiation, resulting in microvascular occlusion, 
with (2) simultaneous brachytherapy by implanta-
tion of radioactive microparticles. Assuming an 
increased peri- and intratumoral (neo-)vasculariza-
tion the microparticles will deliver a very high dose 
of radiation rather selectively to the tumor tissue, 

with reduced radiation exposure to the surrounding 
normal tissue.

In principle, the pathophysiological substrate is 
the same as in “classic” TACE: most primary and 
secondary malignant hepatic tumors with a diame-
ter of more than 3 mm induce arterial neo-vascular-
ization, which results in an arterial-dominant blood 
supply of 80%–100%.

Technical aspects apply to both of these thera-
pies, as known from classic transarterial (chemo-) 
embolization and percutaneous catheter-directed 
brachytherapy with microembolization using a 
local-acting substance to destroy tissues.

2.7.2.2 
Physical Properties of 90Y Microparticles

Currently, there are two different 90Y preparations 
available on the market: glass and resin microspheres 
(Tables 2.7.1, 2.7.2). In both products 90Y is bound 
to a microparticle. Since these loaded microparticles 
present no pharmacological effects, rather “physico-
mechanical” ones, they are considered to be medical 
devices in terms of a therapeutic radioactive implant 
and not a drug. The glass microspheres are available 
in USA, Canada, and recently in Europe; the resin 
particles are available worldwide (Gray et al. 1989; 
Kennedy and Salem 2003; Wollner et al. 1988).

Table 2.7.1. Properties of resin and glass microspheres loaded with 90Y isotopes

Resin Glass

Trade name SIRSpheres®
(SIRTEX Medical, Sydney, Australia)

TheraSpheres®
(MDS Nordion, Ottawa, Ontario, Canada)

Size (µm) 20–60 20–30

Embolic effect Moderate Minor

Specifi c gravity (g/dl) 1.6 3.6

Activity per particle (Bq) 50 2500

Available activity (GBq) 3 3, 5, 7, 10, 15, 20 

Half-life (h) 64.2 64.2

Time to near-complete decay 
(2.5% residual activity) (days)

13 13 

Number of microspheres per 
3 GBq (70 mCi) per vial

40–80 million ~1.2–8.0 million

Material 90Y bound to resin 90Y in glass matrix

Solution used for suspension Sterile water NaCl
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90Y is generated by neutron bombardment of 
89Y in a nuclear generator. The resulting 90Y is a 
high-energy beta emitter with an average energy of 
0.9367 MeV and a maximum energy of 2.27 MeV. In 
biological tissue the average penetration of the emit-
ted beta-radiation is 2.5 mm with a maximum range 
of up to 1.1 cm whereas 1 GBq (27 mCi) of 90Y results 
in a total dose of 50 Gy/kg in tissue. 90Y has a half-
life of 64.2 hours and decays to stable zirconium-90. 
After 2 weeks the activity has decreased to 2.5% of 
the original activity.

The 90Y microparticles are suspended in sterile, 
pyrogen-free water (SIR-Spheres®, Sirtex Medical, 
Sydney, Australia) or in NaCl (Thera-Spheres®, MDS 
Nordion, Ottawa, Ontario, Canada) ready for injec-
tion. Due to the ionic properties of the resin particles, 
the vendor does not permit solution with NaCl or 
contrast media, due to potential clotting of the parti-
cles. Due to the strong binding of 90Y to resin or glass, 
no leach of 90Y is observed. Once, the 90Y activity is 
decayed the inactive particles stay inert and in place.

2.7.3 
Indications and Contraindications

In the USA, SIRT was approved for the treatment 
of unresectable primary hepatic malignancies and 
metastases from colorectal cancer together with 
intrahepatic artery chemotherapy (IHAC) using 
fl oxuridine (FUDR). Nevertheless, worldwide SIRT 
may be used in patients with hepatic malignancies 
originating from various primaries, such as neuro-
endocrine tumors, breast, colorectal, and bronchial 
cancer, where the disease appears to be limited to 
the liver and other treatment options are no longer 
available.

In general, the ideal patient for SIRT has liver-
dominant disease only (Table 2.7.3). Extrahepatic 
disease may be present, but should not deter-
mine the patient’s survival. A typical example 
of this situation is a patient with hepatic breast 
cancer metastases – a rising indication beside the 
approved indications in HCC and colorectal cancer 
metastases – where often additional bone metas-
tases are present but under clinical control by a 
bisphosphonate and hormone therapy for example. 
Nevertheless, one must always be aware that SIRT 
is a hepatic-directed treatment that does not affect 
extrahepatic disease (Fig. 2.7.1).

The decision to undertake 90Y microembolization 
should be made following the consent of an inter-
disciplinary team from interventional radiology, 
nuclear medicine, radiotherapy, medical and surgi-
cal oncology, and transplantation medicine, since a 
wide variety of conditions and parameters have to 
be considered (Table 2.7.3).

Since possible surgical resection is a defi nitive 
exclusion criterion, the basic concept of SIRT is pal-
liative. Furthermore, there is no commonly accepted 
concept making a patient eligible for SIRT and so 
other palliative therapies have to be taken into 
account. While external beam radiation is indicated 
and possible in only rare cases, fi rst- and second-line 
chemotherapy is the standard concept in treating 
hepatic metastases, while TACE is applied in hepa-
tocellular tumors. In clinical reality, many patients 
are referred or self-refer when many adjuvant thera-
pies have already been performed. In consequence, 
the team has to re-evaluate the effects of the prior 
treatments, together with potential new therapy 
options and the recent staging of disease, incorpo-
rating also the concepts of down-staging and radia-
tion or chemo sensitization.

While liver function can be altered by the tumor 
burden itself, most chemotherapies may deteriorate 

Table 2.7.2. Application details of resin and glass 90Y microspheres

SIRSpheres® TheraSpheres®

Institutional review board Supervision not required Supervision required

Approval category FDA, CE FDA, CE

Indication for use Hepatocellular carcinoma Hepatocellular carcinoma, 
colorectal metastases 

Dose dependent on tumor volume Yes No

Limiting hepatopulmonary shunt volume 20% 10%

Combination with chemotherapy Yes No
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Fig. 2.7.1. Staging before planned 90Y therapy in a patient with a history of breast cancer: CT-PET confi rms the known hepatic 
metastases but also reveals multifocal lymph node metastases resulting in systemic chemotherapy

Table 2.7.3. Considerations for the use of selective internal radiotherapy (SIRT) in hepatic malignancies

Indication Contraindication

� Tumors not suitable for surgical resection for cure (HCC, 
colorectal cancer metastases approved by the regula-
tory authorities, metastases from other primaries can 
be treated accordingly with intention-to-treat but as yet 
without suffi cient study basis)

� Tumors not suitable for local ablative therapy such as 
radiofrequency and laser ablation

� Patient not eligible for transplantation in the case of 
hepatocellular carcinoma

� No clinically dominant extrahepatic disease

� No life-expectancy-determining concomitant disease

� Life expectancy > 3 months

� Suffi cient performance status or Karnofsky score (ECOG 
PS 0–2, Karnofsky score > 60%; see Table 2.7.4)

� Angiographically suitable access to the hepatic vascula-
ture

� Disseminated, clinically dominant extrahepatic disease

� Tumor volume > 50% of liver volume

� Portal vein thrombosis

� Lung shunting > 20%

� Liver failure  ascites (bilirubin > 2.0–3.0 ng/dl, albumin 
< 3 g/dl)

� Refl ux of hepatic arterial blood to the stomach, pan-
creas or bowel in preassessment angiography and MAA 
nuclear scan which cannot be corrected by angiographic 
interventional techniques

� Previous external beam radiation therapy to the liver

� Treatment with capecitabine within the previous 
2 months, or planned treatment with capecitabine at any 
time following SIRT (increased risk of fatal liver fail-
ure!)



  2.7 Selective Internal Radiation Therapy 77

hepatic synthesis, which exposes the patient to an 
increased risk of hepatic failure in immediate com-
bination with SIRT. Therefore, it is mandatory to dis-
continue chemotherapy 2–4 weeks before a potential 
SIRT. This is especially true in cases where known 
radio-sensitizing chemotherapeutic substances, 
such as 5-fl uorouracil, gemcitabine or capecitabine, 
were utilized, which may cause fatal complications 
in concurrent application (Kulik et al. 2005, 2006; 
Lewandowski et al. 2005; Salem et al. 2005).

Besides the specifi c situation of the liver, the 
decision to use SIRT requires complete staging to 
exclude potential extrahepatic tumor spread, which 
is a contraindication to this treatment. The staging 
will incorporate whole-body CT, MRI or PET/PET-
CT. A MRI scan of the head is necessary to exclude 
occult brain metastases. In general, the interval 
between staging and fi nal treatment should not be 
longer than 6 weeks.

2.7.4 
Treatment Planning

Given the fact that the patient is considered eligible 
for SIRT in general (see above), several factors deter-
mining the eligibility for the specifi c treatment have 
to be checked:

liver function
type of tumor load
vascular anatomy and specifi c tumor supply
pulmonary shunting
dose calculation

2.7.4.1 
Liver Function

Regarding liver function, patients who are in general 
eligible for SIRT, based on the stage of their disease, 
must be considered able to tolerate the 90Y micro-
sphere embolization. This is because SIRT radiation 
may induce hepatitis, such that pre-existing liver 
function deterioration may become irreversible loss 
of liver function.

Liver function scoring systems such as Okuda 
and Child-Pugh classifi cation, together with assess-
ment of the general performance status (i.e., Kar-
nofsky score, ECOG scale; Table 2.7.4), are essential 
to assess the patient’s hepatic and general condition 

�
�
�
�
�

prior to SIRT (Lewandowski et al. 2005; Salem et 
al. 2005).

In HCC altered liver function is often determined 
by the underlying disease, such as hepatitis and cir-
rhosis, which may also settle the overall life qual-
ity and expectancy. The most reliable laboratory 
parameters for liver function are prothrombin time, 
albumin, and bilirubin, where normal values indi-
cate a signifi cantly better outcome in any therapy 
(Tateishi et al. 2005; Varela et al. 2003). Tumor 
markers such as alpha-fetoprotein – signifi cantly 
elevated in HCC in about two-thirds of cases – and 
C-reactive protein may be used mainly for follow-up 
to assess the response (Hashimoto et al. 2005).

In contrast to HCC, increased bilirubin levels 
in metastatic liver disease arise more from biliary 
obstruction in infi ltrative and end-stage disease 
than from chemotherapy toxicity (Goin et al. 2005).

2.7.4.2 
Hepatic Tumor Load

Hepatic tumor spread can be unifocal, multifocal or 
diffuse, limited to single segments, lobes or bilobar 
multisegmental. Depending on the general stage of 
disease and the patient’s overall performance, resec-
tion and even transplantation must be considered 
in HCC and sometimes in cholangiocellular car-

Table 2.7.4. Patient’s performance status according to East-
ern Cooperative Oncology Group (ECOG) and Karnofsky 
score

ECOG 
scale

Karnofsky 
score (%)

Performance status

0 100 Clinically asymptomatic, fully 
active

1 80–90 Symptomatic; fully ambulatory; 
restricted in physically strenu-
ous activity

2 60–70 Symptomatic; ambulatory; capa-
ble of self-care; > 50% of waking 
hours are spent out of bed

3 40–50 Symptomatic; limited self-care; 
spends < 50% of time in bed

4 20–30 Completely disabled; no self-care; 
bedridden
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cinoma if the tumor load and growth are limited 
and delineated. However, in most cases of primary 
and secondary hepatic malignancies resection is no 
longer possible due to the tumor’s extent and/or the 
secondary and tertiary tumor manifestations. If the 
tumor manifestation is limited by size and number 
local ablative techniques such as radiofrequency and 
laser ablation must be considered (see Chap. 2.1).

The liver’s functional capacity may be determined 
by its basic function, depending on the underlying 
disease and potentially concomitant therapies that 
might have affected its function, furthermore by the 
amount of hepatic tumor mass in relation to the total 
liver volume and the patient’s general performance 
status. Since SIRT id applied usually in multifocal, 
more or less wide spread or diffuse liver tumors 
even in selective and superselective administration 
also normal hepatic tissue will be targeted beside 
the tumor. Therefore, to preserve suffi cient func-
tional reserve after SIRT, the estimated or calculated 
hepatic tumor volume must not exceed 40%–50% of 
total liver volume. Radioembolization of such vol-
umes will substantially affect residual normal liver 
tissue, increasing the risk of jeopardizing the liver’s 
functional capacity. However, in clinical practice 
patients with such high tumor volumes are mostly 
no longer eligible for SIRT because of concomitant 
extrahepatic tumor manifestations. Thus, in our 
experience of about 100 cases, average tumor volume 
did not exceed 15% of total liver volume.

2.7.4.3 
Vascular Anatomy

In principle, SIRT is based on the general vascu-
lar accessibility of the liver and the hepatic tumor 
load. Therefore, detailed knowledge of the hepatic 
vascular anatomy and the specifi c tumor supply is 
mandatory. It is particularly necessary to identify 
the accessory right arteries and a potential middle 
hepatic artery to assess the entire supply.

Pretreatment angiography must also be used to 
evaluate the celiac and mesenteric vascular route, 
including the gastroduodenal and gastric arteries, 
and to identify potential variants and anomalies in 
order to avoid aberrant and/or incomplete embo-
lization. The latter is possible if accessory hepatic 
and/or tumor-feeding arteries are not recognized. 
In contrast, a planned SIRT must be reconsidered 
if the tumor manifestation is not detectable angio-
graphically.

Refl ux of microspheres during the delivery pro-
cess due to altered fl ow dynamics may end up in 
aberrant embolization, which always causes severe 
complications such as actinic ulcerations, bleeding, 
cholecystitis, and pancreatitis. Unfortunately, the 
treatment of these complications can be only symp-
tomatic. Therefore, aberrant particle embolization 
must be avoided, mainly by prophylactic selective 
coil embolization – a technique the interventional 
radiologist should be experienced in – of the gas-
troduodenal artery with potential variants of the 
supra- and retroduodenal arteries, potential gastric 
arteries arising from the left hepatic artery, esopha-
geal artery, accessory phrenic and falciform artery, 
and sometimes also of the cystic artery (Fig. 2.7.2). 
Balloon occlusion techniques to direct the embo-
lization into the target volume are in general not 
suitable because primarily the hypervascular fl ow 
dynamics to the tumor could be excluded. Addi-
tional negative effects might be potential vascular 
damage and “layering” of the microspheres, direct-
ing the particles into the descending part of the liver 
(Liu et al. 2005).

Based on the vascular road map the treatment 
plan must be tailored according to the specifi c vas-
cular supply of the tumor(s) and the vessel-depen-

Fig. 2.7.2. Arteriography before 90Y particle therapy presents 
no distinct tumor blushes but some vascular irregularities 
typical of neoangiogenesis
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dent fl ow dynamics. This may result in subsequent 
particle delivery into several feeding arteries arising 
from the normal and variant hepatic vasculature. 
While calculation of the total desired dose is related 
to the tumor volume – calculated or estimated from 
cross-sectional imaging – the proportion of doses 
delivered to the tumor(s) has to be related to the 
vascular supply based on the volume of the targeted 
hepatic segment(s) or lobe. Therefore, it may be nec-
essary to split the total calculated dose proportion-
ally for delivery via all the tumor-supplying vessels. 
Nevertheless, these proportions are in general esti-
mations since the tumor volume(s) calculated from 
cross-sectional data cannot be exactly correlated to 
the vascular supply volumes (for an exact correla-
tive calculation, subsequent selective angiography 
of each single hepatic artery together with intra-
arterial CT angiography to defi ne each subsegment 
and volume would be necessary). However, in clini-
cal practice the interventional radiologist will be 
able to correlate the cross-sectional with the angio-
graphic fi ndings and to estimate the respective dose 
proportions (Liu et al. 2005; Ho et al. 1996, 1997a, 
1997b).

This estimation will be supported by the results 
of the technetium-99m macroaggregated albumin 
scanning (99mTc MAA scan) necessary to assess 
potential pulmonary shunting (see below).

2.7.4.4 
Pulmonary Shunts

Radiation pneumonitis after 90Y microsphere appli-
cation is a severe complication with no substantial 
therapeutic options (Ho et al. 1996). The maximum 
tolerated dose to the lung is cumulatively 50 Gy, but 
will be much lower in patients with compromised 
pulmonary function, a common fi nding in the 
(mostly elderly) patient group eligible for SIRT.

While in HCC arterio-portal and arterio-venous 
shunting by direct tumor invasion is not uncom-
mon, in metastases shunts are rare. Since the par-
ticle size of 99mTc MAA (30–90 µm) parallels that 
of the 90Y microsphere, the distribution of the 
microspheres can be predicted by an intra-arterial 
MAA scan. After transcatheter injection of 4–5 mCi 
(148–185 MBq) 99mTc MAA into the estimated vascu-
lar territory of the tumor, intrahepatic distribution 
and potential pulmonary and also extrapulmonary 
shunting by aberrant, occult vessels can be assessed 
by a single photon emission CT (SPECT) gamma 

camera. The lung shunt fraction is calculated by the 
following equation:

Lung shunt 
fraction

 =  
total lung counts

(total lung counts + liver counts)

Depending on the type (Table 2.7.2) of micro-
sphere, a pulmonary shunt fraction of 10%–20% can 
be tolerated. Furthermore, one should be aware that 
evaluation of the shunt fraction can be infl uenced by 
several factors:

degradation of 99mTc MAA during the interval 
between angiography and the SPECT scan can be 
followed by migration of smaller MAA fragments 
via the hepatic capillary bed to the lungs
based on the production process of 99mTc MAA, 
there is a fraction of smaller MAA particles 
< 10 µm as well as a small fraction of free 99mTc 
passing to the lungs
separation of the lung, liver, and abdominal 
counts depends on the exact defi nition of the 
areas of interest, which are marked manually by 
the nuclear medicine personnel.

2.7.5 
Dosimetry and Dose Calculation

The dose calculation is based on the ratio of the 
tumor volume to the total liver volume, on the type 
of treatment (e.g., focal, lobar, whole liver), and 
whether resin or glass microspheres are used. To 
predict the distribution volume of the microspheres 
and to address the safety issues in terms of aberrant 
delivery, a pretreatment 99mTc MAA scan subsequent 
to the planning angiography is mandatory.

Depending on the differences regarding the loaded 
dose and the physical differences (Table 2.7.1) the 
dose calculation is different for resin and for glass 
90Y microspheres.

2.7.5.1 
Resin 90Y Microspheres

Resin 90Y microspheres are delivered in V-bottomed 
vials containing 3 GBq in 5 ml water for injection 
on the day of treatment. In contrast to the glass 
microspheres, which may arrive a few days prior to 

�

�

�
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the procedure, the total amount of the applied dose 
of resin 90Y microspheres is customized to the tumor 
burden and potential lung shunting.

Following the vendor’s recommendations the 
dose can be calculated by the body surface area 
method (BSA), and the empiric method. Comparing 
both calculation/estimation methods, the BSA cal-
culation incorporates tumor burden and a correla-
tion to liver mass, with liver mass increasing with 
BSA, while the empiric method is related only to the 
tumor burden. 

In the author’s own experience, comparing both 
methods the difference between the calculations 
varies less than 10%. 

2.7.5.1.1 
Body Surface Area Calculation

Aresin (GBq) = body surface area (m2) – 0.2 + 
 (% tumor involvement/100),

where

A = activity.

BSA (m2) = 0.20247 × height (m)0.725

 × weight (kg)0.425

2.7.5.1.2 
Empiric Method

In this method the dose recommendation is based 
on estimation of the tumor burden:

Tumor involvement of the liver  Aresin (GBq)
< 25% 2.0
25%–50% 2.5
50% 3.0
(> 50% no treatment)

In both methods a reduction of the total dose is 
recommended with respect to a potential lung shunt 
fraction (LSF):

LSF < 10% no reduction
LSF 10%–15% 20% reduction
LSF 15%–20% 40% reduction
LSF > 20% no treatment

2.7.5.2 
Glass 90Y Microspheres

In contrast to resin microspheres, the dose calcula-
tion for glass microspheres is defi ned by a nominal 
target dose (150 Gy/kg) and related to the liver mass 
without regard for the tumor burden, assuming a 
uniform distribution of the microspheres through-
out the liver volume. The following formula is used 
for dose calculation: 

Aglass (GBq) = D (Gy) × M (kg)/50, 

where 

A = activity (according to the calculation, the appro-
priate dose is ordered, with available doses of 3, 
5, 7, 10, 15, and 29 GBq)

D = nominal target dose (dependent on the patient’s 
performance status and the hepatic condition 
in terms of limited liver function, e.g., in cir-
rhosis and potential fractionation the nominal 
target dose will range between 80 and 150 Gy)

M = targeted liver mass [the liver volume (cm3) esti-
mated/calculated by CT can be converted to 
mass (kg) using a conversion factor of 1.03 mg/
ml]

The potential disadvantage of the glass micro-
spheres is the small amount of injectable volume 
containing the activity (i.e., 0.5 ml), with a variable 
activity of between 3 and 20 GBq that can be diluted 
for injection in 20–30 ml saline. This makes dose 
calibration easier; however, in the vast majority of 
the cases stasis or occlusion of the target vessels will 
not be reached. It remains uncertain if, at the desired 
dose escalation of 80–150 Gy, maintained oxygen-
ation will improve the response. In addition, the lack 
of a relationship to tumor burden, the relatively low 
number of microspheres in comparison to the resin 
spheres, and the higher specifi c gravity may all result 
in inadequate tumor coverage and favor superselec-
tive administrations, such as achieved by TACE. Oth-
erwise, infusion of the total amount of resin micro-
spheres is not always possible due to stasis within 
the target vessels. Additional injection may result in 
refl ux and aberrant sphere implantation.

With both types of spheres, residual activity after 
early determined delivery has to be held for apt 
decay.

In comparison to glass spheres, a limitation of 
the resin spheres may be the relatively small deliv-
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ered dose, with only a rough correlation with tumor 
burden. However, experimental work has confi rmed 
that a dosage of 100–300 Gy can be gained within the 
tumor (Kennedy et al. 2004). Even if not very real-
istic in clinical reality, a patient with only 1% tumor 
burden would get the same activity as a patient with 
24% tumor burden according to the empiric method. 
Moreover, given a distinct tumor volume the local 
radiation based on the concept of point sources of 
radiation may be much higher in glass spheres than 
in resin spheres, which may be distributed more 
homogenously throughout the targeted volume. 
Nevertheless, no studies are available that compare 
the different concepts of dose delivery to determine 
which has superiority.

2.7.6 
Procedure

2.7.6.1 
Standard of Practice and Radiation Protection

Regulatory issues relating to the handling of 90Y 
microsphere are controlled by the national regula-
tory institutions (e.g., US Nuclear Regulatory com-
mission, European atomic regulatory commission). 
By defi nition, 90Y microspheres are brachytherapy 
devices, permanently implanted by angiographic 
techniques. Dose handling and calculation are only 
allowed for authorized users such as nuclear medi-
cine physicians or radiation oncologists, who have 
to undergo training and gain experience in the han-
dling of radioactive materials, and receive specifi c 
training in the use and application of microspheres 
and specifi c microsphere delivery systems.

Written documentation for the dose calculation 
and the delivered dose is mandatory.

For dose calibration, survey, monitoring of the 
administration, and measuring residual activity, 
standard calibrators, such as a thin-window Geiger-
Müller detector and a portable ionization chamber, 
are used.

The fl oor under the angiography machine must 
be covered with a drape protecting against potential 
leakage or other contaminations to the fl oor, and 
for radioprotection an acrylic Nalgene shield and a 
Nalgene container are needed to store contaminated 
material during and after the delivery of 90Y micro-
spheres, e.g., catheters and drapes.

2.7.6.2 
Angiography and Particle Injection

Once the indication for SIRT has been established, 
and extended staging together with prior angiogra-
phy with 99mTc MAA scan has confi rmed the patient’s 
eligibility for the therapy, the angiographic proce-
dure is performed in a standard fashion. From the 
planning angiography the appropriate angiographic 
material is known and the potential coil emboliza-
tion of vessels endangered by non-target emboliza-
tion should have already been performed.

The celiac trunk and hepatic artery are usually 
catheterized by 4-F or 5-F catheters (cobra or side-
winder confi guration), while the tumor-bearing 
target vessels should be approached by 2.7- to 3-F 
coaxial micro-catheters. The advantages of a micro-
catheter system are the increased injection resis-
tance, which reduces the risk of microsphere refl ux, 
and the smaller likelihood of vascular spasms.

For both types of 90Y microspheres the manufac-
turers provide checklists to set up the administra-
tion kits. The interdisciplinary team should have 
trained for this setup in advance and in general 
will be supported during the initial procedures by a 
supervisor (Figs. 2.7.3, 2.7.4).

The infusion technique has to be adjusted to the 
target vessels, the diameter and position of the cath-
eter, and the type of microspheres used, to avoid 
back-spill of the particle suspension and secondary 
unintentional embolization of extrahepatic vascu-
lar territories.

SIRT may target a solitary or multiple lesions, a 
single or multiple segments, or one or both hepatic 
lobes (whole liver treatment). The treatment can be 
performed as a single (e.g., one lobe, whole liver) or 
sequential session for different parts of the liver, 
where the intervals between the subsequent sessions 
is 4–6 weeks. There is no difference between single 
and multiple sessions regarding safety and feasibil-
ity, although the latter have more complex logistical 
considerations and are more expensive.

Moreover, there are no data in patients with 
limited liver function supporting the concept that 
sequential application preserves residual hepatic 
function and increases life expectancy or quality.

There is limited experience of re-treatment after 
an intended complete treatment session. If re-treat-
ment is therapeutically considered, a 3-month inter-
val between the treatments would seem appropriate 
to minimize the risk of radiation damage and liver 
failure due to the recurrent radiation exposure (Liu 
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et al. 2004; Geschwind et al. 2004; Murthy et al. 
2002).

After the injection the distribution and poten-
tial aberrant deposition of the microparticles can 
be displayed by planar scintigraphy or SPECT. Both 
detection methods can be used to obtain images of 
bremsstrahlung – the typical secondary gamma ray 
emission resulting from the interaction of the high-
energy beta emission of the 90Y particles with bio-
logical tissue.

2.7.6.3 
Toxic Effects and Complications

As long as the patient selection procedure was 
appropriate and the procedure itself was performed 
carefully, the overall complication rate of 90Y mic-
roparticle administration is low (< 5%). Because of 
this low-risk profi le many American centers per-
form 90Y therapy on an outpatient basis.

Aberrant 90Y microparticle embolization will 
result in inadvertent actinic effects in inappropri-
ate vascular territories. This may lead to radia-
tion-induced gastritis and ulcerations, duodenitis, 
cholecystitis, and pancreatitis, even if prophylactic 
antacid drugs and mucosal coating are applied, as 
several authors recommend (Salem and Thurston 
2006). Nevertheless, these drugs may help to pre-
vent/reduce additional enhancement of the radia-
tion-induced infl ammation. In our experience of 
three cases of radiation-induced duodenal ulcers, the 
clinical course was signifi cantly prolonged in com-

Fig. 2.7.3. Exemplary assembly of a 90Y par-
ticle delivery system (SIRTEX®). (1, Syringe 
with pyrogenic free water for fl ushing the 
injection system; 2, syringe with pyrogenic 
free water for push injection of the 90Y 
particle suspension; 3, acrylic container 
shielding the beta-radiation; 4, acrylic vial 
containing the 90Y particle suspension; 5, 
connecting line; 6, cobra 4-F guiding cath-
eter placed in the common hepatic artery, 
the catheter is taped to the patient’s cover-
ing rag avoiding unintentional dislocations 
of the catheter while the connecting line 
is attached; 7, microcatheter placed coaxi-
ally via the cobra catheter into the central 
hepatic artery)

Fig. 2.7.4. Angiographic control via a microcatheter after 90Y 
particle therapy with reduced peripheral vascularization due 
to microparticle embolization (compare to Fig. 2.7.2). Note 
the coils within the gastroduodenal artery (arrow) to avoid 
unintentional extraterritorial embolization
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parison to “classical” ulcer disease despite intensive 
medical supportive therapy (Fig. 2.7.5) (Salem et al. 
2005; Yorke et al. 1999; Leung et al. 1995; Murthy 
et al. 2007).

Beside the above-mentioned “technical” com-
plications, typical side-effects may occur in about 
50%–70% of the patients treated with 90Y micropar-
ticles. These effects are mainly determined by the 
radiation’s impact on functional liver tissue and on 
blood components (Table 2.7.5). During the inter-
vention, transient, self-limiting epigastric burning, 
back pain, chills, shaking, fever, and nausea can be 
experienced but symptomatic therapy is adequate. 
Flu-like symptoms with moderate nocturnal fever 
and fatigue are quite common within the fi rst 
2 weeks after therapy. These symptoms are most 
likely related to tumor necrosis, with the release of 
tumor necrosis factors, pyretic agents, and C-reac-
tive proteins. In general, these symptoms are self-
limiting and need only mild or moderate adjuvant 

Fig. 2.7.5. Actinic, hemorrhagic, ulcerative gastritis (arrows) 
due to aberrant 90Y microparticle embolization via angio-
graphically unidentifi able collaterals, presumably from the 
left hepatic artery to gastric or duodenal arteries

Table 2.7.5. Grading of toxicities after 90Y microparticle administration according to the South West Oncology Group 
(grade 5 = death; uln = upper limit of norm) according to Salem and Thurston (2006)

Toxicity Grade

0 1 2 3 4

Bilirubin < uln < uln < 1.5 × uln 1.5–3.0 × uln > 3.0 × uln

Transaminase < uln < 2.5 × uln 2.6–5.0 × uln 5.1–20.0 × uln > 20.0 × uln

Alkaline phosphatase < uln < 2.5 × uln 2.6–5.0 × uln 5.1–20.0 × uln > 20.0 × uln

Ascites – Mild Moderate Severe, requires 
paracentesis

Life-threatening

Hemobilia – – – Requires stent Life-threatening

Liver failure – – – Pre-coma Hepatic coma

Encephalopathy – Mild Moderate Severe Life-threatening

Pain – Non-narcotics Oral narcotics Parenteral 
narcotics

Uncontrollable

Flu-like symptoms – Mild Moderate Severe Life-threatening

Nausea – Reasonable 
intake

Signifi cantly 
decreased

No signifi cant 
intake

Vomiting – 1 episode/24 h 2–5 episodes/24 h 6–10 episodes/24 h Parenteral support

Gastritis/ulcer No Antacidsa Vigorous medical 
management

Requires surgery Perforation or 
bleeding

Pancreatitis – – – Infl ammatory, 
confi ned

Hemorrhage or 
necrosis

Weakness None or 
no change

Subjective 
weakness

Mild objective 
weakness

Objective 
weakness

Paralysis

a Antacids or gastric coating is not able to prevent an actinic, radiation-induced ulcer; however, secondary acidic effects 
may be reduced by these drugs
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treatment in terms of analgesia and anti-infl amma-
tory drugs. If especially secondary gastrointestinal 
symptoms are related to secondary gamma ray emis-
sion caused by bremsstrahlung can be argued.

Radiation-induced liver disease (RILD) is a rare 
complication of 90Y microparticle treatment and 
is characterized by an unexplained progressive 
hepatic decompensation of variable degrees even 
several weeks after the treatment. Anicteric asci-
tes, signifi cant elevation of transaminase and bili-
rubin, and complete functional deterioration can 
be associated complications. Histological fi ndings 
from liver core biopsy samples are non-specifi c and 
do not support the concept of a manifest infl amma-
tion. Therefore, the formerly used term “radiation 
hepatitis” is a misnomer in this context (Lawrence 
et al. 1995). Predisposing factors for RILD could be 
primarily (borderline) reduced liver function and a 
reduced general performance status. High doses of 
corticosteroids may help to reduce edema-related 
symptoms in RILD, even if the pharmacological 
mechanisms in the absence of a true infl ammation 
are not well understood.

Another severe complication may be radiation-
induced pneumonitis due to aberrant pulmonary 
particle implantation via hepato-pulmonary shunts. 
Radiation pneumonitis may be suspected if non-
productive cough together with a variably dense 
infi ltration on a chest radiograph arise a few days 
after 90Y microparticle treatment. There is no treat-
ment for pneumonitis – which can take a fatal course 
– to justify a thorough pre-interventional work-up 
in order to exclude or to identify potential hepato-
pulmonary shunts (Dancey et al. 2000).

2.7.7 
Results

After early reports of radiolabeled particles in the 
1950s and 1960s, research was discontinued in the 
early 1970s because the problem of radiation leach-
ing to extrahepatic sites and the concomitant severe 
side-effects could not be resolved. In the late 1980s 
improved manufacturing techniques enabled the 
production of non-leaching particles, where 90Y is 
“entrapped” in glass or resin (i.e., TheraSpheres®, 
SIR-Spheres®) (Gray et al. 1989; Wollner et al. 
1988; Ariel 1964; Blanchard et al. 1964, 1965; 
Burton et al. 1989). Even though the development 

of the 90Y microparticles for therapeutic use may 
be used to vividly demonstrate the joint efforts of 
basic science and translational research directed by 
the driving force of clinical need, a review of the 
history of this development is far beyond the scope 
of this chapter.

Since non-leaching 90Y microparticles are avail-
able, ample study has been presented elucidating 
radiation effects, and safety and effi cacy data.

2.7.7.1 
Response and Survival

After initial phase I trials confi rming its low-risk 
profi le, there have been a substantial number of 
studies to gain insight into the response to, and the 
survival after, 90Y microparticle therapy in different 
settings (Table 2.7.6).

For HCC most data since the 1990s have been pre-
sented for glass microspheres. With a dose range of 
from 50 Gy up to more than 300 Gy, response rates 
of up to 50% could be achieved. In a few cases even 
a “bridging” to liver transplantation was possible, 
even though the transplant had not been the original 
intention. Kulik et al. (2006) reported that in 66% 
of the patients treated, this down-staging resulted 
in liver transplantation, liver resection or radiofre-
quency ablation.

Van Hazel et al. (2004) presented very promis-
ing results in patients with colorectal cancer metas-
tases treated with a combination of 90Y micropar-
ticle embolization and 5-fl uorouracil/leucovorin 
chemotherapy resulting in a median survival of 
about 30 months in 21 patients. These preliminary 
data compare quite favorably with the best achiev-
able data from most recent chemotherapy regimens 
in combination with the administration of antian-
giogenic factors. The main objective of recent stud-
ies has been to identify the best setting in which to 
apply 90Y microparticle therapy in combination with 
other established therapies (Figs. 2.7.6, 2.7.7).



  2.7 Selective Internal Radiation Therapy 85

Table 2.7.6. Studies on treatment, using glass and resin 90Y microparticle (only studies with more than 20 patients and 
comprehensible information about the interventional technique used were incorporated) (CEA, carcinoembyonic antigen; 
CRC, colorectal carcinoma; CT, Computed tomography; CTX, chemotherapy; EHP, Extrahepatic progression; g, glass; HAC, 
hepatic artery chemotherapy; HCC,  hepatocellular carcinloma; r, resin; PD, PET, positron emission tomography; PR, pro-
gression; RFA, radiofrequency ablation; SD, stable disease)

Author/year No. of patients/TU 90Y therapy Activity/dose Survival Response

HCC

Dancey et al. 
(2000)

22 HCC g med. 104 Gy 12.5 months 20%

Lau et al. 
(2001)

82 HCC g 268–332 Gy 4.5–21 months

Steel et al. 
(2004)

28 HCC 90Y vs HAC 15–150 Gy

Carr 
(2004)

65 HCC g + HAC 134 Gy 302 days (Okuda II) 
vs. 649 days (Okuda I)

38.4% (CT)

Geschwind et al. 
(2004)

80 HCC g  HAC, 
RFA …

47–270 Gy 384 days (Okuda II) 
vs 628 days (Okuda I)

Goin et al. 
(2005)

121HCC g 127 Gy 108 days (high risk), 
466 days (low risk)

Kulik et al. 
(2006)

35 HCC g Median 800 days 50%

Metastases

Gray et al. 
(1992)

29 CRC r  HAC 755–4240 MBq 70%/CEA, 
45%/CT

Andrews et al. 
(1994)

17 CRC, 
6 various mets, 
1 HCC

g 50–150 Gy 60 weeks 5 PR, 
11 SD, 
8 PD

Gray et al. 
(2001)

74 CRC HAC  r 2000–3000 MBq 72% vs 47% 
(HAC alone)

Herba and 
Thirlwell 
(2002)

33 CRC g 50–150 Gy – –

Van Hazel et al. 
(2004)

21 CRC CTX  r 1500–2500 MBq 14.1 months (Control) 
vs 29.4 months 

90% (CT)

Wong et al. 
(2003, 2004)

27 CRC g 139 Gy 20/27 (PET)

Popperl et al. 
(2005)

12 CRC, 
9 various

r 1250–2500 MBq 10/13

Stubbs et al. 
(2006)

100 CRC r + HAC 2000–3000 MBq 8.3 (EHP) to 
12.6 months 

Kennedy et al. 
(2006)

243 CRC 127 g 
116 r

36–150 Gy (glass) 
50–85 Gy (resin)

11.0 months 35% (CT) 
70% (CEA) 
90% (PET)
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2.7.8 
Conclusion

Selective internal radiation therapy with 90Y mic-
roparticles is a relatively new component of the 
armamentarium in the minimally invasive therapy 
of hepatic malignancies and has been reported sub-
stantially in the literature only since the late 1980s 
and early 1990s – similar to other minimally invasive 
methods such as radiofrequency or laser ablation. 

The potential striking benefi ts of local radiation 
dose delivery are: (1) tumoricidal effects, irrespec-
tive of tumor type, (2) much higher doses in smaller 
target volumes than with external-beam radiation, 
(3) easy adjustment to “complex” tumor distribution 
(i.e., multi focal, diffuse), and (4) a relatively low-
risk and toxicity profi le.

The key to a successful treatment with 90Y mic-
roparticle embolization is adequate patient selection, 
and thorough treatment planning, which minimize 

Fig. 2.7.6. a Multifocal hepatocellular carcinoma in a Child-Pugh A cirrhosis presented for 90Y microparticle embolization. 
There is a total of fi ve tumor nodules with a maximum diameter of 7.4 cm excluding the patient from surgical and local 
thermal ablative therapy (Gd-chelate enhanced T1-weighted gradient echo). The largest nodule with two satellite nodules 
is presented. b The MRI control 9 months after single-session 90Y embolization reveals a signifi cant reduction in the size 
of the tumor nodules. One satellite nodule was no longer identifi able. While the center of the large tumor nodule is almost 
completely necrotic, there was persistent rim enhancement over several months with growth of the nodule

a b

Fig. 2.7.7. a In this patient with a history of breast cancer fi rst detected several years ago, progressive hepatic metastases 
developing during polychemotherapy were noted. Since re-staging confi rmed no extrahepatic metastases the patient quali-
fi ed for 90Y therapy. b Then 12 months after 90Y microparticle embolization progressive shrinkage of the metastases can be 
appreciated. However, at the same time new hepatic metastases were detected in the left liver lobe prompting neoadjuvant 
chemotherapy

a b
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the risk and maximize the benefi t for the patient. 
The major factors that have to be incorporated into 
the treatment decisions are: (1) the patient’s gen-
eral condition (hepatic and renal function, overall 
performance status), (2) prior treatments (i.e., sys-
temic chemotherapies, intrahepatic, transarterial 
therapies), (3) type of tumor presentation (i.e., focal, 
multifocal, diffuse), and (4) the type of extrahepatic 
disease, which should not determine the midterm 
outcome. A multidisciplinary team of surgical, 
medical, radiation oncology, nuclear medicine, and 
interventional radiology personnel is needed to 
gather this information to establish an appropriate 
treatment plan.

Most studies to date have focused mainly on the 
salvage treatment of HCC and colorectal cancer 
metastases, and have demonstrated that a signifi -
cant response to the 90Y treatment is possible and 
has comparable or superior survival rates com-
pared to other palliative treatments. Nevertheless, 
the study basis is still somewhat limited, although 
recent studies have evaluated the 90Y treatment in 
fi rst-line regimens.

Outstanding issues needing to be resolved 
include:

the ideal method of microsphere delivery (selec-
tive or superselective)
the most appropriate (tumoricidal) dose and the 
best way of periprocedural activity monitoring 
the optimal setting of 90Y microparticle therapy 
in combination with other therapies (e.g., in com-
bination with fi rst-line chemotherapy, optimized 
chemotherapy regimens for radiosensitization 
or chemosensitization, 90Y treatment before liver 
transplantation)
the optimal method to assess response (i.e., 
mismatch between imaging and metabolic 
response)
the outcome-predicting factors (e.g., hepatic 
enzyme tests, bilirubin, tumor markers, perfor-
mance status).

Therefore, ongoing trials will help to identify the 
proper utilization of 90Y microparticle therapy as 
a micro-invasive therapy within the permanently 
growing fi eld of chemo-, antibody, and antiangio-
genic therapies.

�

�

�

�

�
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2.8 Therapy with Intra-arterial Iodine-131-Lipiodol in 
 Inoperable Hepatocellular Carcinoma

Michael Kirsch, Andreas Zinke, Gerhard Kirsch, and Norbert Hosten

2.8.1 
Principle

Among the palliative therapy regimens of hepatocel-
lular carcinoma (HCC), the intra-arterial application 
of iodine-131-lipiodol (131I-lipiodol) has been estab-
lished, particularly in Asia and in French-speak-
ing Europe (Lambert and Van de Wiele 2005). 
Lipiodol (Laboratoire Guerbet, France) is a poppy 
seed oil containing 38% iodine by weight. It was 
fi rst used as an X-ray contrast medium for hepatic 
angiography and has been shown to be cleared less 
rapidly from HCC cells than normal liver tissue, 
when injected into the hepatic artery (Nakakuma 
et al. 1985; Okayasu et al. 1988).

The particular blood supply of the liver (normal 
tissue is fed mostly by the portal vein, HCC almost 

exclusively by the hepatic artery) leads to a prevalent 
accumulation/embolization in the tumour region.

The half-life of the substance in the tumour is 
about 5 days; in normal liver tissue, only 3 days. 
Several other mechanisms explaining this selec-
tive retention have been postulated: the presence 
of abnormal tumour vessels with abnormal blood 
fl ow, a lack of macrophages in the tumour and rapid 
active uptake of lipiodol by HCC cells through endo-
cytosis ( Bhattacharya et al. 1996). While lipiodol 
alone does not appear to have any signifi cant anti-
cancer effect, adding a radionuclide to lipiodol has 
proven to be an effective treatment for hepatoma 
(Al-Mufti et al. 1999). The iodine moiety of lipi-
odol can be changed to radioactive 131I through an 
atom–atom exchange reaction. By trans-arterial 
application of the converted radioactive 131I-lipi-
odol, a therapeutic dose of radiation can be delivered 
to the tumour, where (predominantly) the beta-ray 
part of the gamma- and beta-ray emitter is respon-
sible for internal irradiation and tumour destruc-
tion. On average the HCC tissue receives 8 times the 
radiation of normal liver (Park et al. 1986). Further-
more, radioactivity detected in the peripheral tissue 
is relatively small so that systemic toxicity is mini-
mal. A dosimetry and distribution control can be 
obtained by serial gamma camera scans.

2.8.2 
Indication

The procedure is indicated for histologically con-
fi rmed inoperable primary HCC (also with portal 
vein thrombosis) and where are no possibilities for 
fi rst-line treatment fi rst-line treatment has failed. To 
date there have been no recommendations for its use 
in therapy of liver metastases.
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2.8.3 
Contraindication

Absolute contraindications include: pregnancy, 
breast feeding, life expectancy less than 1 month, 
hepatic encephalopathy, tumour stage greater 
Okuda II and allergy to iodine-containing contrast 
media.

Relative contraindications include: unacceptable 
medical risk for isolation, unmanageable coagula-
tion disturbance, severe reparative dysfunction, 
acute or severe chronic renal failure (creatinine 
clearance below 30 ml/min), liver cirrhosis greater 
than Child B, leukocytes below 1500 GPT/l, throm-
bocytes below 50,000 GPT/l.

2.8.4 
Radiation Doses/Therapy Doses

The radiopharmaceutical is applied as a single dose 
maximally of 2 GBq 131I-lipiodol per session. The 
estimated tumour-absorbed dose varies widely from 
a few gray to a few hundred gray (most calculated 
by the MIRD – Medical Internal Radiation Dose – 
method) but at present the correct estimation of this 
dose remains uncertain. Until now there has been 
no positive correlation between calculated dose and 
outcome or tumour reaction.

The radiation burden for the staff is in the range 
of 10–100 µSv per 131I-lipiodol administration. Par-
ticular attention should be given to the hoisting and 
administration process of the radiopharmaceutical: 
it can cause a notable radiation burden to the wrist 
(Monsieurs et al. 2003).

The dose to nurses in the isolation ward is not dif-
ferent from that for other common nuclear medicine 
therapies and demands no specifi c safety precau-
tion.

2.8.5 
Pre-Therapeutic/Diagnostic Measures

Several branches of medicine are involved in making 
the decision to start 131I-lipiodol therapy. Physicians 
responsible for treating these patients should have 

an understanding of the clinical aspects and the 
course of the diseases and should be familiar with 
other forms of therapies. Patients considered for 131I-
lipiodol therapy should be informed about the pro-
cedure at an appropriate interval before treatment. It 
should be mentioned that the therapy cannot be con-
sidered as curative. Clarifi cation with the nuclear 
medicine physician and the radiologist is required. 
Informed written consent must be obtained from 
the patient.

Shortly before treatment it has to be decided 
whether the patent can undergo the procedure, by 
assessing parameters including blood count, coagu-
lation, thyroid-stimulating hormone (TSH), liver 
function and the tumour marker level. A static liver 
scintigraphy to assess regional liver function can be 
helpful especially in cases of higher-grade cirrhosis. 
To prevent hyperthyroidism where there are latent 
thyroid disturbances caused by contrast media and 
thyroid damage caused by split-off radioiodine, the 
administration of potassium hypochlorite is recom-
mended over a period of about 14 days in common 
dose. The patient can be prepared at the nuclear 
medicine facility or other medicine departments, 
but in most countries after 131I-lipiodol administra-
tion the patient has to spend a few days in an isola-
tion ward (nuclear medicine).

The pre-therapeutic radiological diagnostic 
should comprise a biphasic CT scan of the liver to 
assess the tumour size and the number and distribu-
tion of lesions in the liver, and to evaluate the portal 
vein and possible ascites or extrahepatic metastases. 
The arterial phase can be used by CT angiography 
to show variants in arterial liver supply, which are 
important when planning the transarterial inter-
vention. Only if CT angiography is not diagnostic 
does one need a catheter angiography of the visceral 
arteries. The CT dataset and appropriate software 
allow tumour volume to be assessed. In histologi-
cally unclear cases it may be necessary to do an 
additional liver MRT or to take a biopsy sample.

2.8.6 
Intervention Technique

In our experience the whole procedure is well tol-
erated by patients without a special peri-interven-
tional drug regimen. Since 131I-lipiodol may dissolve 
plastics it is important to use only lipiodol-resis-
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tant catheters and 3-way valves (Cook, stopcocks) 
to avoid leakage and contamination. For injection 
of the radiopharmaceutical a Luel-look syringe is 
recommended for safe connection to the catheter.

For planning the therapeutic injection position 
of the catheter a diagnostic angiography of the liver 
vessels (coeliac trunk/hepatic artery and superior 
mesenteric artery) must be performed to visualize 
collateral arteries to other organs and relevant intra-
hepatic/intratumoral arteriovenous shunts, which 
may contraindicate injection of the radiopharma-
ceutical. In the case of normal vessel anatomy, a 4-
French catheter (e.g. Cobra confi guration) is posi-
tioned in the main hepatic artery distal to the cystic 
artery for nonselective injection of 131I-lipiodol. 
After fi lling a syringe with the radiopharmaceutical 
the physician connects it quickly to the 3-way valve 
and injects it under fl uoroscopic control without 
refl ux, as fast as allowed by arterial fl ow, followed by 
a saline fl ush over the third line of the 3-way cath-
eter to clear the system of the radiopharmaceutical. 
In cases where there is an aberrant arterial blood 
supply, the part of the liver with the biggest tumour 
mass is treated in the fi rst session and the remain-
ing parts in the following session. Alternative pos-
sibilities, such as injecting half of the dose into each 

hepatic artery or using a coaxial microcatheter for 
more selective application, lengthen the procedure 
time because of the slower injection of a highly vis-
cous oily radiopharmaceutical and in addition they 
raise the physician’s radiation exposure.

After withdrawal of the angiography catheter 
an additional lead cover (1-mm-thick Pb) is put on 
the patient’s abdomen to reduce radiation exposure 
originating from the patient during femoral artery 
compression. When the bleeding stops and the com-
pression bandage is applied, the patient is trans-
ferred to the isolation ward of the nuclear medicine 
department until radiation exposure to the environ-
ment becomes low enough for the patient to be dis-
charged.

2.8.7 
Post-Therapeutic Procedure

A CT scan obtained immediately after the admin-
istration procedure can be helpful to estimate the 
local distribution because the applied lipiodol is 
clearly visible in the liver (Fig. 2.8.1). During the 

Fig. 2.8.1. Fusion image 
between the post-therapeutic 
CT scan and the 131I-SPECT 
24 h after 131I-lipiodol applica-
tion shows intensive enrich-
ment in two major hepatocel-
lular carcinoma focuses
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stay on the isolation ward the liver values and blood 
counts should be taken every 2 or 3 days (a notable 
worsening over time is to be anticipated). At least 
two 131I scans should be done (24 h and 72 h) for 
dose calculation.

An evaluation of the lung-to-liver 131I ratio is nec-
essary to estimate the likelihood of a pneumonitis 
caused by radiation. A fi rst follow-up is reasonable 
2 weeks after discharge (assessing blood values, 
looking for pneumonitis). Estimation of the treat-
ment’s success (blood values, tumour marker, CT, 
PET, if so static liver scintigraphy) (Fig. 2.8.2) and a 
decision on further 131I-lipiodol treatments should 
be made within 3 months of the fi rst treatment.

2.8.8 
Therapy Course Repetition

We repeated the therapy courses in cases where 
there was a reasonable relationship between therapy 
tolerance and success, i.e. reduced or at least stable 
tumour volume. Repetition intervals were planned 
2, 5, 8 and 12 months after the fi rst injection and 
we cancelled or postponed in cases of poor perfor-
mance status (Karnofsky index < 60%) or if there 
was occurrence of extrahepatic metastases.

2.8.9 
Results

Treatment with intra-arterial 131I-lipiodol is well 
tolerated in patients with inoperable HCC, as sys-
temic toxicity is usually minimal compared with 
chemoembolization (Raoul et al. 1997). Outcome 
and response rates in the literature are diffi cult to 
compare with our data because of the heterogeneity 
of patient groups. Leung et al. (1994) produced an 
objective response of 52% with a median survival 
of 6 months. The overall survival rates at 6 months, 
1, 2, 3 and 4 years reported by Raoul et al. (1997) 
were 69%, 38%, 22%, 14% and 10%, respectively. 
This is in concordance with our results. Particularly 
in HCC patients with portal vein thrombosis, the 
intra-arterial injection of 131I-lipiodol signifi cantly 
increases survival rate, is technically feasible and is 
well tolerated (Raoul et al. 1994).
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by means of diffusion within the neoplastic cells, 
which causes immediate dehydration of the cyto-
plasm with consequent coagulation necrosis fol-
lowed by fi brous reaction; the second by means of its 
entry into the circulation, which induces necrosis of 
endothelial cells and platelet aggregation with sub-
sequent thrombosis of the small vessels followed by 
ischemia of the neoplastic tissue. Neoplastic tissue 
such as that in hepatocellular carcinoma (HCC) is 
softer than the surrounding cirrhotic tissue, there-
fore alcohol diffuses within it easily and selectively, 
and hypervascularization simultaneously ensures 
its uniform distribution within the rich network of 
the neoplastic sinusoids (Livraghi et al. 1995). But 
it has to be stressed that the antitumoral effect of 
PAI is limited in HCC larger than 3 cm as a result 
of its inability to disrupt the intratumoral septa and 
the surrounding tumor capsule, thus decreasing its 
capacity to reach and eliminate all neoplastic cells 
(Llovet and Sala 2005).

2.9.3 
Preprocedural Evaluation

Preprocedural evaluation should include adequate 
laboratory tests to rule out severe coagulopathy, 
acute infl ammation, poor liver function (Child B 
and C cirrhosis) and/or other severe comorbidities. 
A screening for viral hepatitis should follow. Baseline 
serum tumor markers – alpha-fetoprotein (AFP) in 
patients with HCC and carcinoembryonic antigen 
(CEA) in metastatic patients – are helpful for moni-
toring the therapeutic success during follow-up. For 
therapy planning, assessment of the tumor extent and 
baseline for subsequent follow-up studies, contrast-
enhanced computed tomography (CT) and magnetic 
resonance imaging (MRI) still play the major role, 

2.9.1 
Introduction

Percutaneous alcohol instillation (PAI) continues 
to be performed in many centers despite gradual 
displacement by newer technologies such as ther-
moablation. It can be readily and easily performed 
under imaging guidance with the use of existing 
equipment and considerably low costs. In addition 
it may offer distinct advantages over other regional 
therapies in some situations (Livraghi et al. 1995; 
Lin et al. 2005).

2.9.2 
Basic Principle

Animal studies have shown toxic effects of abso-
lute alcohol at a cellular level (Festi et al. 1990). 
Alcohol acts according to two mechanisms: the fi rst 
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while ultrasound is hampered by its reproducibility 
(Vilana et al. 2006). If there is a history of bone pain 
and/or the serum alkaline phosphatase is dispropor-
tionately elevated, a bone scan or whole-body MRI is 
necessary to rule out bone metastases (Nakanishi 
et al. 2005). Informed consent is necessary 24 h prior 
to the procedure by the latest.

2.9.4 
Technique

The equipment needed for PAI does not differ from 
that required for a fi ne-needle aspiration biopsy. 
In general, 20- to 22-gauge needles with endholes 
or a closed conical tip and several sideholes are 
used (Livraghi 1998). Depending on the location 
of the tumor, usually needles 10–20 cm in length 
are appropriate. Depending on the tumor size an 
appropriate volume of 98% alcohol is required. The 
total volume is calculated from the radius of the 
tumor, using the formula for the volume of a sphere, 
4/3 ·(radius+0.5 cm)3; 0.5 cm is added to the radius 
to obtain a margin. That means, for example, that a 
total volume of 32 ml is necessary to cover a tumor of 
3 cm in diameter [V=4/3 ·(1.5 cm + 0.5 cm)3]. Tumors 
up to 3 cm are easily treated in a single session. Since 
the toxic dose of ethanol is 0.8–1.0 cm3/kg, tumors 
4 cm and larger will usually require multiple treat-
ment sessions (Lee et al. 1995). The injected volume 
per session/per tumor varies between 2 ml and 10 ml 
with a recommended maximum volume of 30–40 ml 
per single session treatment. Usually tumors smaller 
than 2 cm are treated in 3–4 sessions; tumors of 
2–3.5 cm, in 8–12 sessions. Multisession treatment is 
performed with two to four treatment sessions per 
week. In contrast, single-session treatment uses vol-
umes of more than 40 ml up to more than 200 ml per 
session. Single-session treatment offers the advan-
tage that bigger tumors can be treated much faster 
and, therefore, the “treatment logistics” are more 
acceptable for the patient. The disadvantage is that 
general anesthesia is recommended in order to have 
optimal treatment conditions and to provide appro-
priate pain relief for the patient.

Care has to be taken to avoid direct injection of 
ethanol into the hepatic veins, because a sudden and 
high concentration of ethanol in terms of a bolus 
may lead to prolonged hypoxemia with cardiopul-
monary arrest (Livraghi 1998). Livraghi et al. 

(1998) reported a signifi cantly higher rate of mortal-
ity (0.1% versus 4.6%) while performing single-ses-
sion treatment using alcohol volumes of more than 
200 ml, with the patient under general anesthetic. 
However, results of single-session PAI are based on 
uncontrolled trials and when critically compared 
with recent data about the natural history and prog-
nosis of untreated nonsurgical HCC the benefi ts 
of the procedure are not evident (Lencioni and 
 Crocetti 2005).

The patient is placed in a supine position and an 
intravenous access line for sedation, analgesia and 
emergent medication is established using an intra-
venous cannula placed in a cubital vein. Prophylac-
tic antibiotics are usually not necessary. For image 
guidance ultrasound, CT or MRI can be used (Adam 
et al. 1997). The major advantage of ultrasound mon-
itoring is the real-time visualization of alcohol dif-
fusion, since microbubbles contained in the injected 
alcohol are markedly echogenic just after injection. 
In the late course of alcohol injection under ultra-
sound guidance, a dense echogenic cloud forms with 
distal acoustic shadowing, which makes it diffi cult 
to evaluate whether the alcohol has diffused through 
the entire tumor or not. According to the literature, 
ultrasound is reported to be the guiding method 
of choice (Ebara et al. 2005). Since ultrasound is a 
real-time, multiplanar technique and can be per-
formed in the operating room it seems to be the most 
appropriate guiding tool. Nevertheless it should be 
mentioned that, due to its physicochemical proper-
ties, alcohol injection/diffusion can also readily be 
visualized by CT and MRI. Both techniques are more 
“panoramic” than ultrasound and allow optimal tar-
geting of almost all hepatic tumors in all anatomi-
cal localizations. In particular, MR-guided PAI is 
advantageous in locations unfavorable for CT guid-
ance or in patients in whom iodized contrast media 
are contraindicated. CT fl uoroscopy allows for real-
time monitoring of alcohol diffusion with the disad-
vantage of repeated radiation exposure, especially to 
the interventionalist (Kataoka et al. 2006). Absolute 
alcohol has low attenuation values on CT (~–240 HU) 
so that an admixture of contrast material is not nec-
essary for CT visualization. On MRI it is suggested 
to use an inversion-recovery spin-echo sequence 
with an inversion time of 250 ms and an echo time of 
150 ms in combination with water saturation pulses, 
which effectively suppresses the tissue water signal 
from human liver while obtaining a high signal from 
the alcohol (Alexander et al. 1996). Although CT 
(Shankar et al. 2004) and MRI (Kim et al. 2005) 
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Fig. 2.9.1. a Hepatocellular carcinoma (3.8 cm in diameter) in liver segment 8 with only slight contrast enhancement in the 
arterial phase. b Needle placement under CT guidance into the dorsal part of the tumor. c CT directly after ethanol injection 
into the dorsal part of the tumor. The ethanol “pools” at the injection site. d CT after completion of percutaneous alcohol 
instillation (PAI) (60 ml of alcohol) with the tumor completely saturated with ethanol and the needle still in place in order 
to allow the alcohol to diffuse. e, f CT in the arterial (e) and the portovenous phase (f) directly after completion of PAI. No 
tumor enhancement can be seen in the arterial phase. The portovenous phase demarcates the homogenous saturation of 
the tumor with ethanol

a b

c d

e f
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guidance are feasible and can be applied safely and 
effectively, they do not play an important role in 
guiding PAI. In most centers, ultrasound guidance 
is still the guiding method of choice (Lencioni and 
Crocetti 2005).

After localization of the tumor using the pre-
ferred guidance method (Fig. 2.9.1a), the skin is 
prepped and draped. Then local anesthesia from the 
entry point of the needle into the skin down to the 
liver capsule is administered. For local anesthesia, 
common local anesthetics such as mepivacaine can 
be used; for sedation, midazolam or fentanyl; for 
analgesia, piritramid. Subsequently, the tumor is 
punctured, passing the needle to the distal margin 
of the tumor without crossing the tumor. Absolute 
alcohol is injected slowly while rotating the needle. 
Ethanol usually spreads within a radius of 1–3 cm 
around the tip of the needle to the periphery of the 
tumor (Livraghi 1998) (Fig. 2.9.1b). Real-time imag-
ing during the procedure allows for controlled injec-
tion. The needle is gradually withdrawn towards the 
proximal edge of the tumor (Fig. 2.9.1b–d). Injec-
tion is stopped when most of the alcohol leaks out-
side the tumor or when diffusion is not clearly seen. 
The needle is repositioned if alcohol is observed to 
fl ow into a blood vessel, bile duct, or into the liver 
outside of the tumor. The alcohol should be injected 
into different portions of the tumor even close to its 
edge so that viable tumor tissue does not remain in 
parts isolated by a tumor capsule or intratumorous 
septae (Fig. 2.9.1b, c). The treatment is ended when 
the alcohol saturation of the tumor is considered to 
be total. This is given when the entire tumor appears 
hyperechoic on ultrasound or hypodense on CT 
(Livraghi et al. 1995) (Fig. 2.9.1d). After completing 
the injection, the needle is left in place for 1–2 min to 
allow the alcohol to diffuse further (Fig. 2.9.1d), then 
the needle is aspirated fi rmly during withdrawal to 
minimize leakage, since alcohol refl ux may cause 
pain. Additional passes may be required to treat the 
entire tumor volume.

2.9.5 
Follow-Up Imaging

Monitoring of therapy effectiveness is deemed to 
be a major issue in interventional tumor therapy. 
Recent studies have shown that achievement of a 
complete response to HCC ablation therapies is asso-

ciated with improved survival in both Child-Pugh A 
and B patients (Sana et al. 2004). Thus, evaluation 
of treatment effi cacy is highly important not only to 
ensure that patients have no complications but also 
to promptly identify treatment failure and decide 
the need to complete treatment. CT or MRI evalu-
ation of response to therapy is delayed to 1 month, 
as earlier assessments may be fl awed by the pres-
ence of vascular abnormalities related to the treat-
ment itself, just refl ecting infl ammatory changes or 
microscopic fi stulae (Bruix et al. 2001). In ideal con-
ditions, treatment evaluation would be done imme-
diately after applying therapy and imply a minimal 
burden for patients and physicians, but so far no 
diagnostic tool is able to detect residual tumor foci 
with enough sensitivity and specifi city immediately 
after treatment. At 1 month ultrasound combined 
with specifi c contrast media is able to achieve the 
same results of MRI and CT but is still hampered 
concerning its reproducibility ( Nakanishi et al. 
2005). Dynamic contrast-enhanced CT and MRI 
play the major role in follow-up imaging after PAI. 
In most centers, follow-up scans are performed at 3-
month intervals and are often combined with mea-
surement of serum tumor markers such as AFP and 
CEA (Lencioni et al. 1997). Complete coagulation 
necrosis corresponds to a hypoattenuated area and 
fails to enhance after contrast injection on both CT 
and MRI (Bruix et al. 2001). It has been shown that 
assessing treatment response after PAI with MRI is 
nonspecifi c, with marked variations in signal char-
acteristics (Clark and Soulen 2002). Any increase 
in lesion size or irregularity or residual enhance-
ment should be carefully interpreted in terms of 
residual tumor foci or recurrent tumors. Biopsies 
of ablated areas in order to prove complete necrosis 
are generally unreliable and therefore not recom-
mended (Solbiati et al. 2001). It is mandatory to 
look for evidence of both intra- and extrahepatic 
spread. 
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bral body is to use an infl atable balloon to restore the 
height of the vertebral body – so-called kyphoplasty. 
One of the postulated effects is that kyphoplasty is 
able to reduce the resulting kyphotic deformity and 
stabilizes its effect by a cement injection; it was fi rst 
described by Reiley in the early 1990s (Mathis et al. 
2004). Vertebroplasty and kyphoplasty differ mainly 
only in the underlying technique, where vertebro-
plasty involves the injection of liquid PMMA into 
the closed space of a collapsed vertebral body, and 
kyphoplasty involves the creation of a cavity in the 
centrum of the vertebral body followed by fi lling 
with cement. Osteoplasty – the injection of cement 
into other bones besides vertebral bodies – plays a 
minor role compared to kyphoplasty and vertebro-
plasty and is especially used as an adjunct to surgical 
stabilization and in osteolytic bone metastases in a 
palliative situation. 

2.10.2
Bone Cement

The material used during augmentation of a frac-
tured vertebral body, an osteolytic bone or as an 
adjunct to surgical treatment requires specifi c 
mechanical and biological features to support the 
spinal column or the osteolytic bone. Normally the 
fi ller materials are injected into load-bearing parts 
of the body; therefore, it has to withstand complex 
dynamic and static loading patterns. Furthermore, 
due to the method of percutaneous approach to the 
bone, the cement used has to be easy to prepare 
and has to have applicable fl ow characteristics and 
polymerization time. Due to the underlying dif-
ferent techniques the cement has to have different 
characteristics. While during vertebroplasty the 
ideal material should have a longer semi-liquid 

2.10.1 
Introduction

The fi rst percutaneous vertebroplasty was performed 
in 1984 by the interventional neuroradiologists Galib-
ert and Deramond and reported fi rst in the literature 
in 1987 for the treatment of an aggressive hemangi-
oma of a vertebral body ( Galibert et al. 1987). Since 
then, vertebral augmentation with an injection of a 
mixture of polymethylmethacrylate (PMMA) and a 
contrast agent has been widely accepted as an option 
to treat vertebral body compression fractures due to 
different underlying pathologies, such as hemangi-
oma, multiple myeloma, osteolytic metastases, and 
primary or secondary osteoporosis (Kobayashi et 
al. 2005; Larsson 2002). The other option for treat-
ing an osteoporotic compression fracture of a verte-
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phase and a very short set time, the ideal material 
for kyphoplasty should have a shorter liquid phase 
and a longer paste-like phase. Today, PMMA is the 
fi ller material of choice due to its properties as an 
inert, biomechanical proper and cost-effective sub-
stance, while other bone substitutes such as ceramic 
bone cements and composite material are still under 
development. PMMA bone cement has a long history 
in the fi xation of the components of joint replace-
ment, and – less frequently – for the stabilization 
or fi xation of pathological fractures and has been 
reported as early as in the 1960s (Charnley 1964). 
Since this publication, PMMA has been increasingly 
accepted for a wide variety of applications. PMMA 
is inert and shows good biocompatibility over long-
term follow-up (Lieberman et al. 2005). Moreover, 
PMMA has additional advantages including the 
familiarity, the ease of handling, good biomechani-
cal strength and stiffness, and cost-effectiveness. 
Disadvantages of PMMA are the lack of biologi-
cal potential to remodel or integrate into the sur-
rounding bone, an excessive inherent stiffness, high 
polymerization temperature, and potential mono-
mer toxicity. Radio-opacity is the most important 
feature of cement because it is necessary to gain 
good visualization of the cement during injection 
and, therefore, an early and easy detection of leaks. 
The older-generation cements were not suffi ciently 
radio-opaque for good visualization during percu-
taneous vertebroplasty and, therefore, barium sul-
fate, tungsten, or tantalum had to be mixed in the 
cement to increase the visibility under radiological 
control. However, the disadvantage of this addition 
was that it interfered with the polymerization of the 
cement and changed its chemical properties. With 
the advent of the cements newly developed espe-
cially for vertebroplasty these problems have been 
overcome. The new generation of cements are intrin-
sically radio-opaque. Although good clinical results 
have been reported in several series of both verte-
broplasty and kyphoplasty procedures (Cortet et 
al. 1999; Gangi et al. 1994; Ledlie and Renfro 2003) 
it remains unclear whether the pain relief is due to 
the mechanical stabilization, chemical toxicity, or 
thermal necrosis of surrounding tissues and nerve 
endings (Lieberman et al. 2005).

2.10.3
Vertebroplasty

2.10.3.1
Technique

The various methods of performing percutaneous 
vertebroplasty described in literature differ only 
slightly and have evolved on the basis of the Euro-
pean (Cotten et al. 1998; Deramond et al. 1998) 
and American (Jensen et al. 1997; Jensen and Dion 
2000) experiences. The differences in technique, 
patient selection, cement used, and visualization of 
the intervention are minor and are dependent on the 
products and equipment available. Furthermore, the 
operators’ training and personal experience have a 
major infl uence on the quality of the results after 
the therapy. Since there are continuous changes in 
methods and indications, it is highly recommended 
to review the guidelines of interventional societies 
such as CIRSE (Cardiovascular and Interventional 
Radiological Society of Europe) or SIR (Society of 
Interventional Radiology) on a regular basis – for 
example recently published by Gangi et al. (“Qual-
ity assurance guidelines for percutaneous vertebro-
plasty”; Gangi et al. 2006) for CIRSE. 

A crucial topic in performing a vertebroplasty 
is to decide the best radiological method for visu-
alizing needle placement and cement application. 
All authors agree that complications are more likely 
to occur when visualization of needle placement 
or cement injection is poor (Laredo and Hamze 
2004). Therefore, operators should use the high-
est quality fl uoroscopy available to them and avoid 
poor-quality imaging systems. Although vertebro-
plasty can be performed using a single-plane unit, 
biplane monitoring or CT with the possibility of 
creating fl uoroscopic images decreases procedural 
time and enables accurate visualization of the injec-
tion. In cases of osteolytic metastases or treatment 
of cervical or upper thoracic vertebrae, needle place-
ment is easier and less risky using CT guidance or 
CT fl uoroscopy (Gangi et al. 1994). Regardless of the 
modality used for needle placement, the injection of 
PMMA should always be performed with direct fl uo-
roscopic control. 

The procedure itself can be performed under 
local anesthesia, conscious sedation (Mathis and 
Wong 2003) or under general anesthesia (White 
2002) depending on the patient and their ability to 
cooperate. For conscious sedation different medica-
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tion are used – in our institution we mostly prefer 
a combination of midazolam and piritramide and a 
mandatory monitoring of vital signs using at least 
pulse oximetry. Using conscious sedation does not 
remove the need for adequate local anesthesia. Intra-
procedural intravenous antibiotics are suggested 
by many authors (Gangi et al. 2006; Kallmes and 
Jensen 2003) and should be mandatory, especially 
in immunocompromised patients. 

For the treatment of the thoracic and lumbar 
spine the patient is positioned in a prone position 
and the skin overlying the vertebral body is cleaned 
and draped under strict sterile conditions and local 
anesthetic is administered to the skin and the sub-
cutaneous tissue including the periosteum. The 
access route depends on the region of the spine that 
has to be treated. Vertebroplasty can be performed 
by a unipedicular or bipedicular approach, but most 
authors think that the unipedicular approach is 

adequate (Peh and Gilula 2003; Peh and Gilula 
2005) to gain suffi cient cement distribution. The 
transpedicular route is preferred in lumbar verte-
brae (Figs. 2.10.1a, 2.10.2a) while intercostovertebral 
access (Figs. 2.10.1b, 2.10.2b) is useful in the thoracic 
spine when the pedicle is too small or destroyed by 
metastases. The posterolateral approach (Figs. 2.10.1c, 
2.10.2c) is an alternative in the lumbar vertebrae but 
is only used if the pedicles are destroyed. In the cer-
vical spine, the patient has to be in a supine position 
and an anterolateral approach is commonly used 
(Figs. 2.10.1d, 2.10.2d). Special care has to be taken to 
avoid the carotid–jugular complex and the vertebral 
arteries during insertion of the trocar. Under fl uoro-
scopic guidance, the needle positioning is done using 
a light-weight surgical hammer, as it provides better 
control compared to other methods. Use of CT and CT 
fl uoroscopy allows precise positioning of the needle 
tip. In contrast to authors of early reports (Cotten et 

Fig. 2.10.1a–d. Different approaches to the vertebral bodies: a transpedicular approach is preferred in lumbar vertebra (a) 
while an intercostovertebral approach (b) is preferred in thoracic spine. A posterolateral access (c) route can be used in 
lumbar vertebral bodies, if the pedicles are destroyed or this access route is complicated by surgical implanted material. 
In cervical vertebrae an anterolateral approach (d) is chosen – special care has to be taken not to harm the carotid–jugular 
complex

a

b

dc
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Fig. 2.10.2a–e. Different approaches – as theoretically 
shown in the drawings Figure 2.10.1a–d – during the inter-
vention. a Transpedicular, b intercostovertebral, c postero-
lateral, and d anterolateral access routes. Needle tip should 
be positioned in the anterior third of the vertebral body, 
close to the midline. e This parasagittal image shows a good 
positioning of the needle in the middle of the vertebra

a b

c

d

e
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al. 1998; Deramond et al. 1997; Galibert et al. 1987) 
it has been shown that the positioning of the needle 
in the anterior third of the vertebral body close to the 
midline enables suffi cient fi lling of the central por-
tion of the vertebral body and therefore there is no 
need for a contralateral access (Fig. 2.10.2e) (Kim et 
al. 2002). To our knowledge, there are no studies on 
comparison of performance among needle types that 
might guide selection. The selection of the needle 
depends only on the operator. Due to the large choice 
of needle length and diameters, shapes of needle and 
mandrin and the possibility of connecting syringes 
or pressure syringes to the needle, every operator 
has to choose one manufacturer which pleases his 
or her requirements best. We recommend not using 
too many different systems because mistakes occur, 
most often due to unfamiliarity in handling a new 
system. Important attributes include the shape of the 
tip of the mandrin and the cannula, as well as the 
type of handle. While many needle cannulas have 
a square distal shape, some cannulas available have 
a beveled distal end (for example Cook, Optimed) 
that allows one to direct cement in a given direc-
tion. Furthermore, 10-cm-long needles can be used 
in most patients but 15-cm-long needles are utilized 
when treating lower lumbar vertebral bodies or cor-
pulent patients. In addition, an advantage in using 
needles with larger diameters (e.g., 10 gauge) is that 
the cement can be much more viscous during injec-
tion and can therefore be administered for longer 
compared to needles with a smaller diameter (e.g. 
15 gauge). However, in the cervical spine a needle 
with a smaller diameter should be favored. After 
optimal positioning of the needle, the stylet has to be 
removed from the needle and the cement can be pre-
pared according to the manufacturer’s instructions. 
Most manufacturers recommend a closed mixing 
system providing a homogenous mixing, to avoid 
cement contamination and inclusion of air bubbles in 
cement, which can reduce its strength (Mathis and 
Wong 2003). During the fi rst 30–60 s, the cement has 
a fl uid-like consistency (Gangi et al. 2006). After 60 s 
the PMMA becomes more like tooth-paste. During 
the tooth-paste-like polymerization phase the 
cement is injected to reduce the risk of extravasation 
into the surrounding tissue or venous plexus. The 
administration of the cement should be performed 
using a pressure syringe from a dedicated injection 
set (Optimed; Allegiance; Cook; Stryker) or several 
small (1–2 ml) Luer lock syringes. The injection sets 
allow aspiration of a larger amount of cement (up to 
10 ml) and direct injection of cement in a continu-

ous fl ow, with minimal effort. Although the use of the 
injection sets increases the expense of the procedure, 
it is safer than free-hand injection. The injection 
of the cement has to be carefully controlled either 
under lateral and ap  fl uoroscopy or CT fl uoroscopy 
to avoid cement leakage harming the patient. Special 
care has to be taken if the cement starts to leak out 
into the peridural space, since this can cause severe 
neurological defi cits. The risk of cement leakage is 
particularly high at the beginning of cement injec-
tion. The operator should be very careful during the 
injection of the fi rst amount of cement. The adminis-
tration of the PMMA has to be stopped immediately 
if the mixture starts to leak out from the vertebral 
body into the surrounding tissue, especially into the 
discal space. However, waiting for 30–60 s can often 
resolve this problem because the cement hardens and 
seals the leak. If the leak persists, needle position and 
bevel direction should be changed. If cement is still 
pouring into the surrounding structures, the injec-
tion has to be stopped and the needle removed. How-
ever, if the vertebroplasty cannot be completed due 
to an uncorrectable leakage of the cement, the ver-
tebroplasty could be immediately repeated using the 
contralateral pedicle as the access path for complete 
fi lling of the vertebral body. The cement injection can 
be stopped when the anterior two-thirds of the verte-
bral body are fi lled and the cement is homogenously 
distributed between both endplates (Fig. 2.10.3). The 
mandrin of the needle has to be replaced under fl uo-
roscopic control to rule out any unwanted cement dis-
tribution along the access pathway before the cement 
begins to set and the needle is then carefully removed 
(Gangi et al. 2006). The effective working time after 
mixing the PMMA at room temperature is approxi-
mately 8–10 min before it starts to harden (Gangi et 
al. 2006). However, some new cements have longer 
setting times and the setting time can be prolonged 
if the cement is cooled before mixing (Chavali et al. 
2003). The volume of the cement needed for a good 
result regarding stiffness and reduction of com-
plaints by the patients has never been systematically 
studied. However, the risk of extraosseous extrava-
sation increases in good correlation with an increas-
ing amount of cement administered. To reduce these 
risks, we tend to give only a relatively small amount 
of cement. In patients with osteoporosis or heman-
giomas, 2.5–4 ml of cement provides good fi lling of 
the vertebra and achieves both consolidation and 
pain relief. In metastatic disease, where the aim of 
vertebroplasty is relief of excruciating pain, smaller 
volumes (1.5–2.5 ml) are usually suffi cient. 
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Fig. 2.10.3a–c. Good result after percutaneous vertebro-
plasty – PMMA can be detected within the anterior two-
thirds of the vertebral body and a cement column extends 
between both endplates shown in axial (a), coronal (b) and 
sagittal (c) directions

a b

c

2.10.3.2
Venography

Angiographic evaluation of the vertebral venous 
system (venography) prior to the vertebroplasty or 
kyphoplasty has been advocated for the identifi ca-
tion of potential routes of venous cement extravasa-
tion during the procedure. The need for venography 
is still a controversial issue (Mathis et al. 2001). In 
our opinion there are more major drawbacks than 
advantages. Pooling of contrast agent in the vertebra 
to be treated makes the following cement adminis-
tration under fl uoroscopy more diffi cult, whereas 
the injection of an iodinated contrast agent carries 
the risk of potentially severe allergic reaction. Fur-
thermore, the viscosity of the cement is completely 
different from those of iodinated contrast media, 
making it diffi cult to compare a potential venous 

effl ux after contrast with the behavior of cement 
during injection. Therefore, for routine cases, it is 
not generally performed and according to several 
authors it could be recommended for hypervascu-
larized lesions with a high blood fl ow (Deramond 
et al. 1998; Va sconcelos et al. 2002). 

2.10.3.3
Complications

The major risk of vertebroplasty is cement extrava-
sation. Extravasation rates are described to be as 
high as 40% in the treatment of osteoporotic frac-
tures, and even higher with osteolytic fractures 
( Lie berman and Reinhardt 2003). The risk of 
extravasation increases with a low viscosity and 
large amount of cement. However, cement may leak 
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Fig. 2.10.4. A small amount of cement extravasation can be 
found in both the spinal canal and the intervertebral disc 
space. Patient did not suffer from any clinical symptoms due 
to the leakage

Fig. 2.10.6. Repositioning of the mandrin was impossible due 
to an already hardened PMMA – cement causing this cement 
antenna along the needle tract

Fig. 2.10.5. Huge amount of cement within the intervertebral 
space after vertebroplasty. Especially in patients suffering 
from osteoporosis a fracture of the adjacent vertebra is more 
likely to occur

Fig. 2.10.7. PMMA in the epidural venous plexus caused by 
too early an administration of relative liquid cement after 
vertebroplasty of an osteolytic vertebra – patient had no neu-
rological symptoms

into a wide variety of anatomical compartments, 
including the spinal canal (Fig. 2.10.4), interverte-
bral disc (Fig. 2.10.5), needle tract (Fig. 2.10.6), para-
vertebral soft tissue, epidural veins (Fig. 2.10.7), pre-
vertebral veins, but even cement extravasation into 
the vena cava, lungs and heart has been described 
(Baumann et al. 2006; Freitag et al. 2006; Kim et 
al. 2005; MacTaggart et al. 2006). However, stud-
ies have proven that cement extravasations in the 
surrounding soft tissue have – at least in the short 
term – no clinical relevance (Heini et al. 2000). The 
clinical impact of a cement extravasation depends 
only on its localization and size. Especially in epidu-
ral or foraminal extravasation, nerve root compres-
sion and radiculopathy is the major risk, occurring 
only in less than 1% of patients (Nussbaum et al. 
2004), but making neurosurgical intervention and 
decompression of the spinal cord or nerve route 
often mandatory. Extravasation of PMMA into peri-
vertebral veins can cause cement embolism to the 
lungs, leading – in the worst case – to death due 

to sudden right heart failure caused by a massive 
cement embolism (Padovani et al. 1999). Extravasa-
tion of cement into adjacent discs or paravertebral 
tissue is quite common and reported to occur in 
up to 65% (Cortet et al. 1999), however a leakage 
of the cement most often produces no symptoms 
and therefore has little clinical signifi cance. How-
ever, in patients suffering from osteoporotic frac-
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tures treated with vertebroplasty, a new fracture 
of the adjacent vertebra occurs signifi cantly more 
often, especially if cement leakage is found within 
the intervertebral disc (Trout et al. 2006; Uppin et 
al. 2003). Other complications after vertebroplasty 
are produced by the specifi c features of the PMMA 
(Cunin et al. 2000). One of its maybe dangerous 
properties is the high polymerization temperature 
(86–107°C within the cement core) (Leeson and 
Lippitt 1993) with the ability to cause thermal 
damage to adjacent tissue, including the spinal cord 
and nerve roots (Deramond et al. 1999) and fur-
thermore leading to an infl ammatory reaction and 
transitory exacerbation of pain. It has been estab-
lished that cement monomer is arrhythmogenic and 
cardiotoxic at the volumes used during hip surgery. 
Absorption of monomer during the injection can 
induce hypotension by virtue of its cardiotoxic and 
arrhythmogenic properties (Lieberman et al. 2005). 
Taking into account the amount of cement used in 
vertebroplasty compared to hip surgery, it seems 
to be appropriate to do no more than two to three 
heights per session.

However, the risk of major complications after 
percutaneous vertebroplasty is only below 1% 
making vertebroplasty a very safe treatment option 
( Ho c hmuth et al. 2006). 

2.10.4
Kyphoplasty

Kyphoplasty, developed in the 1990s, is a combi-
nation of vertebroplasty with balloon angioplasty 
( Lie berman et al. 2001) and relies on the same 
vertebral stabilization principal used in percutane-
ous vertebroplasty, and the introduction of bone 
cement into a comprised vertebra (Fig. 2.10.8). Even 
biomechanical data comparing vertebroplasty and 
kyphoplasty show similar results (Mathis et al. 
2004). Therefore, the technique, cement, and pos-
sible complications are very similar to those for 
vertebroplasty as described above. After the inser-
tion of a cannula in the used manner, an infl atable 
balloon tamp is induced into the compressed verte-
bral body, with the intent of elevating or expanding 
the fractured vertebra towards its original height. 
After positioning the balloon via a working can-
nula under the collapsed end plate, the balloon is 
fi lled under fl uoroscopy until maximum fracture 

reduction is achieved. Furthermore, the fi lling of 
the balloon creates a cavity within the vertebral 
body and pushes bone to the edge of the cavity, 
thereby sealing fi ssures and cracks. The cavity is 
fi lled with bone cement after removal of the balloon 
tamp. The cement is injected into the preformed 
cavity at a more viscous phase than with classical 
vertebroplasty. The lower pressure during cement 
application, the preformed cavity with a compacted 
wall and the higher cement viscosity reduce the 
risk of extravasation compared to vertebroplasty 
(Krauss et al. 2006; Lieberman and Reinhardt 
2003; Phillips et al. 2002). However, due to the nor-
mally clinically irrelevant extravasation of cement 
into paravertebral tissue, there is doubt whether this 
is a real advantage over vertebroplasty. By reducing 
and fi xing the fracture in this manner, kyphoplasty 
is said to restore lost height and sagittal alignment 
as well as restore the normal load transmission 
patterns from vertebra to vertebra. However, some 
authors describe a restoration of height in 82% (com-
pared to 93% after kyphoplasty) of vertebral bodies 

Fig. 2.10.8a–c. a Patient suffering from an osteoporotic frac-
ture of his 1st lumbar vertebra. b Balloon kyphoplasty was 
performed to increase the height of the fractured vertebra. 
After kyphoplasty good cement distribution within the pre-
formed cavity with a marginal benefi t regarding height was 
achieved (images courtesy of Christof Weber, Munich)

a

b

c
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during vertebroplasty, only due to the positioning of 
the patient in a prone position causing a hyperex-
tension of the affected spinal segment (Hiwatashi 
et al. 2003, 2005). However, the cost of the material 
used for kyphoplasty is at least fi ve times the cost 
for vertebroplasty.

2.10.5
Osteoplasty

Percutaneous injection of PMMA for malignant 
osteolyses, including destruction of long bones 
(Fig. 2.10.9), acetabular osteolyses (Fig. 2.10.10), and 

other osteolyses within the pelvis is an exclusively 
palliative procedure (Cotten et al. 1995, 1999). Due 
to its palliative character, it should be offered only 
to patients unable to tolerate surgery. PMMA pro-
vides early and reliable pain reduction due to the 
heat during hardening, chemical effects, and sta-
bilization of microfractures. It also provides bone 
strengthening; consequently, PMMA injection is 
indicated if an increase of mobility for a patient 
suffering from an osteolysis in a weight-bearing part 
of the skeleton should be achieved. The injection of 
PMMA can be performed in connection with radia-
tion therapy to immediately resolve pain for the 
patient, stabilize their bones and so enable them to 
be mobile during therapy (Hierholzer et al. 2003). 
However, no studies can be found in the literature, 

Fig. 2.10.9a,b. Patient suffering from pain due to an osteolytic metastasis of a renal cell carcinoma 
within his femur. After osteoplasty pain was signifi cantly reduced

a b

Fig. 2.10.10a,b. Osteolysis in the left acetabulum causing severe pain. After osteoplasty pain was reduced and patient was 
allowed to get up – due to the stabilizing effect no fracture occurred

a b
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except case reports or reports on a small number 
of patients, proving the possibility of strengthening 
any bone other than vertebrae and, due to its pal-
liative character, no long-term data are available. 
Therefore, the osteoplasty should only be performed 
after an interdisciplinary consensus between sur-
geons, orthopedic surgeons, colleagues from inter-
nal medicine and interventional radiologists.
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rates of these procedures seem to be favorably com-
parable with those of hepatic surgery (Allgaier 
et al. 1998; Curley et al. 2000; Dwerryhouse et 
al. 1998; Finlay et al. 2000;  Goldberg et al. 2000; 
Lencioni et al. 2003; Livraghi 2001; Shibata et 
al. 2002a; Shiina et al. 2002; Solbiati et al. 2001; 
Vogl et al. 2002a).

Currently, these minimally invasive techniques 
are limited by the size and location of the liver 
tumors. The maximum size of the ablation lesion 
is up to 5 cm for most techniques. With the use of 
liquid-cooled applicator systems and improved 
application techniques coagulation necrosis of up to 
6–8 cm can be created (Vogl et al. 2003). For reduc-
tion of tumor relapse a safety margin of 1 cm to the 
tumor border is necessary. On this account the max-
imum tumor size is between 4 and 6 cm in diameter 
for the lesions treatable with LITT. 

Nevertheless, the majority of patients with liver 
tumors present at the time of diagnosis with unre-
sectable hepatic disease due to multicentricity, large 
tumor size, poor hepatic function or severe co-mor-
bidity. In these patients local ablative treatments are 
not promising either and the degree of hepatic tumor 
manifestation is a life-threatening prognostic factor 
(Fiorentini et al. 2000). Thus, new therapeutic 
options for the treatment of huge malignant hepatic 
tumors aimed at decreasing the risk of recidivism 
and improving survival are needed.

Transarterial chemoembolization (TACE) is 
widely used as a palliative non-surgical therapeu-
tic option for the treatment of unresectable HCC, 
enabled by the fact that liver tumors are almost 
exclusively supplied by the hepatic artery (Allgaier 
et al. 1998; Bruix et al. 2004; Tellez et al. 1998; 
Vogl et al. 2000, 2003; Zangos et al. 2001). TACE 
interrupts the blood supply to the tumor, resulting 
in better tumor growth control. However, TACE 
is only a palliative treatment modality and tumor 
necrosis can usually be found in variable degrees 

3.1.1
Basics

Surgical procedures are a standard treatment of 
primary and secondary malignant hepatic tumors. 
However, surgery is only a therapeutic option in 
15% of hepatocellular carcinoma (HCC) cases and 
only overall 5-year survival rates of 25%–40% are 
reported (Nagasue et al. 1993). On this account new 
forms of treatments with the aim of an improved 
survival are needed, such as several promising 
minimally invasive treatment techniques which may 
replace or augment surgical resection. These include 
amongst others new minimally invasive ablative 
treatment techniques such as laser-induced ther-
motherapy (LITT), radiofrequency ablation (RF), 
microwave ablation or cryoablation. The survival 
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after effective TACE (Vogl et al. 2002b; Zangos et 
al. 2001). Tumor cells may remain viable after TACE 
treatment and complete tumor necrosis occurs only 
in 16.9% of patients (Fan et al. 1998). 

After experimental distal occlusion of the hepatic 
arteries in rats necrotic areas were observed. However, 
these necroses were bypassed by vessels similar to the 
capillarized sinusoids observed in the cirrhotic liver 
in humans. These vessels acted as sinusoidal shunts 
in the embolized territories ( Tancredi et al. 1999) 
and were the reason for the resulting viable tumor 
cells after TACE treatment (Fan et al. 1998). Based on 
these results, the antitumor effect of TACE showed a 
mean partial response rate of 26.9%, while the mean 
complete response rate was only 6% (Camma et al. 
2002). To improve the therapeutic results for large 
liver tumors and increase the survival rates, it is still 
necessary to eliminate the remaining viable tumor 
cells at the tumor–host interface. 

As a result, tumor ablation is still a necessary 
component in the treatment of huge tumors as a 
possible local curative therapy after effective TACE 
treatment. Neoadjuvant TACE before local ablative 
treatments might improve the resectability rate of 
huge liver tumors and diminish the frequency of 
tumor recurrence after tumor treatment.

Fan et al. ascertained that TACE treatment 
can provide a chance for tumor resection in those 
patients with initially judged unresectable HCCs. 
Liver resection should be performed when the tumor 
has shrunk to a resectable situation after TACE, even 
when the alpha-fetoprotein (AFP) level has returned 
to normal (Fan et al. 1998). This principle can also be 
used by the combination of TACE with local ablative 
treatments. This technique seems to be promising for 
large liver tumors and the fi rst results showed that 
sequential ablation of a large liver tumor after effec-
tive TACE treatment can result in a possible local 
curative outcome (Fan et al. 1998; Vogl et al. 2003).

During local ablative techniques, such as laser 
treatment, hepatic perfusion is the major factor 
limiting the size of the produced coagulation areas. 
Several studies have shown the reduced sizes of the 
coagulation areas by hepatic infl ow (Verhoef et al. 
2003; Wacker et al. 2001) and preservation of viable 
cells surrounding larger vessels after local ablation. 
These cells probably survive as a result of the cool-
ing effect provided by the blood fl ow and increase 
the risk of tumor recidivism (Matthewson et al. 
1987; Whelan et al. 1995). 

The combination of TACE with local ablative 
techniques reduces the blood fl ow during the abla-

tion resulting in complete ablation of the tumor 
cells (Vogl et al. 2003). The principles of combined 
interventional therapies in large liver tumors are to 
destroy the tumor completely without increasing the 
side-effects, whilst maintaining the patient’s liver 
function and immunity. 

Subsequently we present our results of a combined 
neoadjuvant treatment protocol and review the cur-
rent status of combined interventional therapies for 
unresectable liver tumors.

3.1.1.1
Neoadjuvant TACE – Frankfurt Protocol 
(TACE Followed by LITT)

A total of 48 patients (10 females and 38 males 
ranging in age from 50.1 to 81.2 years; mean age 
67.7 years) with unresectable primary liver tumors 
were treated with repetitive 195 TACE cycles in neo-
adjuvant intention.

Neoadjuvant TACE treatment was limited to 
patients with no more than fi ve HCCs and no extra-
hepatic spread. In addition two of the fi ve tumors 
were allowed to have a diameter of between 50 mm 
and 80 mm, the other lesions had to be smaller than 
50 mm. The other exclusion criteria were similar to 
the criteria of palliative TACE. The patients should 
be in a good performance status without neoplastic 
ascites, high serum bilirubin level (> 3 mg%), poor 
hepatic synthesis (serum albumin < 2.0 mg/dl) or 
renal failure (serum creatinine > 2 mg%). 

Treatment response was defi ned as a shrinking of 
the target lesions to a diameter of less than 50 mm 
after the TACE treatment courses, documented with 
unenhanced MR images. Stable disease was defi ned 
as no signifi cant change in size during the TACE 
treatment courses. Progressive disease was defi ned 
as an increase in size of a target lesion during TACE 
or newly developed lesions in the liver. 

The TACE treatments were performed after 
exclusion of contraindications as already described. 
In our treatment protocol we administered three 
courses of chemoembolization at individual 4-week 
intervals. The fi rst course of TACE was directed to 
embolize the area of the largest liver tumors. In the 
second course we embolized the other lesions and 
then the large lesions again in the third course. The 
embolization suspension containing a maximum 
of 10 mg/m2 mitomycin C (Medac, Hamburg, Ger-
many) as a chemotherapeutic agent and a maximum 
of 15 ml lipiodol, an iodized oil (Guerbet, Sulzbach, 
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Germany), followed by injection of 200–450 mg 
microspheres (Spherex, Pharmacia and Upjohn, 
Erlangen, Germany) for vascular occlusion was 
applied slowly under fl uoroscopic control until stasis 
of blood fl ow was observed. Generally, the patients 
tolerated the TACE procedure well and all patients 
were discharged on the same day after TACE treat-
ment. No fatal or major complications related to the 
TACE treatment were observed. 

The MRI scans after the fi nal course of TACE dem-
onstrated in 32 patients (66.7%) a decrease in size of 
the treated lesions, forming the basis for perform-
ing MR-guided LITT for ablation of liver tumors 
(Fig. 3.1.1). In other patients post-interventional 
imaging after the third course of TACE showed a 
stable disease in 12 (25.0%) patients and a progres-
sive disease in 4 (8.3%) patients. MR-guided LITT 
using a neodymium yttrium-aluminum-garnet (Nd:

YAG) laser in the same technique as described before 
was performed 4–6 weeks after the last TACE cycle. 
Sixty-nine LITT treatment sessions were performed 
with a mean of 1.9 LITT procedures. Based on the 
size and topographical relationship of the liver 
tumors, a minimum of two applicator systems and a 
maximum of fi ve applicator systems (mean 3.2 appli-
cators) were positioned per MR-guided LITT. The 
cumulative survival time of the patients with HCC 
treated with the combined protocol was 36.0 months 
(95% confi dence interval 29.3–42.6 months) after 
the fi rst treatment (Fig. 3.1.2). 

During and immediately after laser treatments, 
no major complications occurred. In 15 patients 
minor complications such as pain, pleural effu-
sion or subcapsular hematoma were noted with MR 
imaging 24 h after LITT treatment. Follow-up in the 
other patients treated with the combined protocol 

Fig. 3.1.1a–e. Unenhanced transverse GRE T1-weighted MR images (TE/TR = 140/12, fl ip angle 80 ) demonstrate a 65 45 mm 
HCC (arrows) in the right liver lobe with irregular borders before treatment (a). Unenhanced transverse CT scan obtained 
after the fi rst TACE course shows high intratumoral lipiodol retention (arrows, b). Unenhanced transverse T1-weighted 
GRE MR scan shows a decreasing of the residual lesion (arrows) after the third transarterial chemoembolization (TACE) 
treatment (c). Five weeks after the last TACE course laser ablation was performed, introducing four laser catheters (ar-
rowhead). MR imaging during the ablation shows a decreasing of the signal as a sign of temperature development (d). Gd-
DTPA-enhanced transverse T1-weighted MR scan following 24 h after laser-induced thermotherapy (LITT) documents the 
induced necrosis (arrows)

a b c
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Fig. 3.1.2. Survival data calculated by the Kaplan–Meier 
method for patients with hepatocellular carcinoma (HCC) 
treated only with (–) TACE (n = 123) or patients (n = 32) 
treated with (---) the combined treatment protocol (TACE 
followed by LITT). The mean survival of patients with TACE 
treatment was 25.0 months and signifi cant lower than the 
median survival of 36.0 months in patients treated with the 
combined protocol

did not show any long-term sequelae or worsening 
of the liver function.

In summary our results showed that the combined 
treatment protocol (TACE followed by MR-guided 
LITT) appears to be a safe and effective treatment 
of large unresectable liver tumors (Fig. 3.1.3). The 
combination of TACE and LITT results in signifi cant 
increased survival rates in comparison to the results 
of TACE alone. 

3.1.2
Combined Interventional Therapies

Recently various reports of promising results after 
combining TACE with local ablative treatment ther-
apies have been published. TACE combined with 
other local ablative treatment options such as MR-
guided LITT or radiofrequency (RF) ablation have 
shown increased effectiveness. With the combined 
protocol better results were observed than with 
either of these therapies alone (Bartolozzi et al. 
1995; Ishida et al. 2002; Lencioni et al. 1998; Rossi 
et al. 2000; Takamura et al. 2001; Trevisani et al. 
2001; Vogl et al. 2003). At the time of writing, the 
majority of the publications discuss the combined 
treatment in patients with HCC. 

3.1.2.1
Combination of TACE and PEI

Percutaneous ethanol injection (PEI) is a well-toler-
ated and effective treatment in patients with HCC. 
PEI showed a high anti-tumoral effi cacy in nodules 
smaller than 3 cm with a complete response rate 
in 80% (Bruix et al. 2001). Nevertheless, the high 
recurrence rate in patients with HCC after PEI, espe-
cially in those with high levels of AFP and those 
without peritumoral capsule or with large lesions 
and cirrhosis, decreases the long-term prognosis. 

In contrast to this, patients with inoperable HCCs 
treated by the combination of TACE and PEI have a 
clear survival benefi t versus patients treated only with 
repeated TACE (Allgaier et al. 1998;  Bartolozzi 
et al. 1995; Dohmen et al. 2001). Lubienski et al. 
(2004) showed that the combination of TACE and 
PEI is an effective and safe method in the palliative 
treatment of large HCC. In this study 6-,12-, and 36-
month survival rates for TACE monotherapy of 61%, 
21%, and 4% in comparison to 77%, 55%, and 22% 
for combined TACE and PEI were observed.

A favorable outcome of this combined therapy can 
be expected in patients with solitary and encapsu-
lated HCC (low Okuda stage, AFP level < 100 ng/ml), 
compensatory cirrhosis, and absence of portal vein 
thrombosis (Acunas and Rozanes 1999;  Lencioni 
et al. 1998).

Hereby TACE results in disruption of the intra-
tumoral septa as a result of the necrotic phenomena 
induced by the procedure. These histopathological 
changes allow complete ethanol infi ltration in large 
tumors, with higher intratumoral ethanol doses. 

Moreover, treatment with PEI is facilitated by the 
TACE-derived fi brous wall around the lesion, which 
favors better retention of the injected ethanol within 
the tumor (Kirchhoff et al. 1998; Lencioni et al. 
1998). 

Similar results were shown by Chen et al. (2004) 
for the combination of TACE with percutaneous 
injection of chemical agents and acetic acids instead 
PEI. This combination is also effi cacious at increas-
ing the survival rate of patients with HCC (Chen et 
al. 2004).

3.1.2.2
Combination of TACE and Radiation

To this day radiotherapy has not played a signifi cant 
role in treating liver tumors because of the poor 
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Fig. 3.1.3a–e. Transverse GRE T1-weighted MR image shows a large liver tumor in segment 4b (arrows, a). Unenhanced CT 
after the fi rst TACE course documented high intratumoral lipiodol retention (b). After the third course of TACE a 50% 
decrease in tumor volume (arrows) could be observed (c), followed by MR-guided LITT after 4 weeks. Unenhanced MR 
images documented the position of one laser applicator (arrow) to the residual tumor (d). Contrast-enhanced transverse 
MR scan 24 h after LITT demonstrates the ablated volume (arrows), characterized by a low signal intensity surrounded by 
a hyperintense rim (e)

radiation tolerance of the liver and the benefi t of 
radiotherapy is still uncertain (Guo et al. 2003). 
Delivering the highest irradiation dose within the 
tolerance of the liver is the key to improving the 
long-term effect. The combination of TACE with 
radiotherapy may remedy the limitation of each 
technique alone and have synergistic effects. Tumor 
shrinkage after TACE allows the use of smaller irra-
diation fi elds, which permits higher tumor doses 
and improves radiation tolerance of normal liver 
tissue. Matsuura et al. (1998) reported the 2-year 
survival of 36.4% for 22 patients with HCC treated 
with radiotherapy alone or with combination of 
TACE and radiation therapy. Seong et al. (1999) 
treated 30 patients with local radiotherapy starting 
within 7–10 days following TACE. They indicated 

their median survival to be 17 months and 2-year 
survival to be 33.3%. The combination of TACE with 
radiotherapy for large unresectable HCC showed a 
higher response rate than that in the TACE alone 
group (47.4% vs 28.1%). The 1-year survival rate in 
the TACE plus irradiation group was 64.0% and sig-
nifi cantly higher than for those given TACE alone, 
at 39.9% (Guo et al. (2003).

In patients with large unresectable HCC who 
failed with TACE, local RT induced a substantial 
tumor response of 66.7%, with a 3-year survival rate 
of 21.4% and a median survival time of 14 months 
(Seong et al. 2000).

The combination of embolization and internal 
radiation with intra-arterial injection of radioac-
tive lipiodol has shown promising results in patients 
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with HCC. Raoul et al. (1997) reported that overall 
survival rates at 6 months, 1, 2, 3, and 4 years were 
69%, 38%, 22%, 14% and 10%, in the 131I-labeled lipi-
odol group and 66%, 42%, 22%, 3%, and 0% in the 
chemoembolization group, respectively. In terms 
of patient survival and tumor response, radioac-
tive 131I-labeled lipiodol and chemoembolization 
were equally effective in the treatment of HCC, but 
tolerance to 131I-labeled lipiodol was signifi cantly 
better. Whether this therapeutic method can really 
increase the survival rate of patients suffering from 
liver cancer should be determined by further pro-
spective and comparative studies.

3.1.2.3
Combination of TACE and Thermal Ablation 
(LITT / RF)

Thermal ablation techniques, such as MR-guided 
LITT or radiofrequency, are promising in situ abla-
tion techniques for malignant liver tumors. How-
ever, clinical use of thermal ablative techniques 
is still limited because of the size of the inducible 
coagulation necroses. This results in insuffi cient 
tumor destruction in large liver tumors. Curley 
and Izzo (2002) suggested that radiofrequency 
ablation is a safe, well-tolerated, effective treatment 
for unresectable hepatic malignancies of less than 
6.0 cm in diameter. Depending on the application 
technique LITT can create an area of coagulation 
necrosis up to 6–8 cm (Vogl et al. 2003). Additional, 
hepatic perfusion affects the size of the coagulation 
areas produced during thermal ablation. Conse-
quently experimental studies found also that tem-
porary interruption of blood fl ow to the liver sig-
nifi cantly increases the size of the coagulated area 
during the laser treatment ( Albrecht et al. 1998; 
 Heisterkamp et al. 1997; Wacker et al. 2001). The 
combination of TACE and radiofrequency ablation 
increased the extent of induced coagulation com-
pared to radiofrequency alone (Buscarini et al. 
1999; Bloomston et al. 2002; Kitamoto et al. 2003). 
Yamakado et al. (2004) achieved complete necrosis 
in all HCC lesions regardless of tumor size or mor-
phology after combination of radiofrequency abla-
tion within 2 weeks after single chemoembolization. 
Laser coagulation for treating liver tumors should 
preferably be performed by application routes that 
permit temporary interruption of hepatic perfusion 
(Albrecht et al. 1998). Likewise temporary hepatic 
vein or portal branch occlusion during radiofre-

quency ablation could safely facilitate the treatment 
of large tumors or tumors in contact with the walls 
of large vessels (de Baere et al. 2002). Nevertheless, 
this study also showed a limitation of the therapeu-
tic effect of this combined therapy. One-third of the 
treated large nonnodular lesions recurred beyond 
tumor-free margins. 

Nevertheless, the combination of radiofrequency 
thermal ablation and TACE allows an effective treat-
ment of larger HCCs resulting in improved survival 
rates (Bloomston et al. 2002; Buscarini et al. 
1999). Mean survival was months longer after TACE 
with radiofrequency ablation compared with TACE 
alone, at 11.4 months.

In our study we performed three courses of 
TACE before MR-guided LITT. We could docu-
ment a decrease of the tumor volume after TACE in 
two-thirds of patients with HCC treated with neo-
adjuvant intention, such that safe ablation of the 
treated tumors could be achieved (Zangos et al. 
2004). These results indicate that neoadjuvant TACE 
before MR-guided LITT can extend the use of abla-
tive techniques in patients with large liver tumors 
(Fig. 3.1.4). 

With neoadjuvant TACE tumor shrinkage could 
be achieved, so that safe laser ablation with a reduced 
risk of tumor recidivism was possible. TACE also 
decreases the vascularization of the liver tumors, 
resulting in reduced bleeding risk during the subse-
quent procedure. During the 3-month TACE course 
more detailed insight about the biological data of 
the tumor and possible multifocal manifestation 
could be acquired. Small lesions, which could not 
be detected with other imaging modalities, could 
be detected and treated during TACE treatments. 
Therefore, the risk of new lesions developing imme-
diately after LITT might be reduced.

3.1.2.4
Combination of TACE and Microwave 
Coagulation

Microwave ablation is the most recent development 
in the fi eld of tumor ablation. The technique allows 
for fl exible approaches to treatment, including per-
cutaneous, laparoscopic, and open surgical access 
(Simon et al. 2005). 

Nevertheless, the indication of percutaneous 
microwave coagulation therapy as an alternative 
to hepatic resection should be limited to cases of a 
well-differentiated HCC tumor smaller than 2 cm up 
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to 3 cm in diameter without combination of TACE 
or multiple insertions of electrodes (Imamoto et 
al. 2001; Liang et al. 2004). At present, there are no 
published studies concerning the clinical value of 
the combination of TACE with microwave ablation.

Ishikawa et al. (2000) suggested that microwave 
coagulation therapy can destroy the peripheral part 
of the tumor that might remain viable after transar-
terial embolization (TAE), but combination therapy 
with TAE was preferable, especially when a viable 
part existed within tumors. 

Hepatic outfl ow obstruction by balloon occlusion 
of the hepatic vein and combination with hepatic 
artery block can cause larger areas of coagulation 
with microwave coagulation therapy (Hiraki and 
Kanazawa 2005; Shibata et al. 2002b). However, 
clinical trials are required to defi ne the role of this 
combined therapy in the treatment of liver tumors.

3.1.2.5
Combination of TACE and Cryotherapy

Cryosurgery may permit successful ablation of 
hepatic tumors but can be complicated by postop-
erative hemorrhage and is also associated with a 
signifi cant risk of recurrence (Clavien et al. 2002). 
The combination of cryotherapy and TACE might be 
benefi cial. TACE may reduce the risk of hemorrhage 
after cryosurgery but can increase the risk of hepatic 
failure in patients with poor hepatic function.

Qian et al. (2003) proposed that percutaneous 
cryoablation combined with TACE is a treatment of 
choice for liver carcinoma. It is minimally invasive, 

safe and effective for those patients with liver cancer 
unsuitable for surgery.

3.1.3
Conclusion

The combination of TACE with local ablative tech-
niques is more effective than TACE or ablation alone. 
This multimodal therapy is a promising treatment 
option for patients with large unresectable HCCs. 
While an increased survival could be documented 
for the patients who were treated with combined 
protocols, the issue of the effectiveness of TACE in 
treating huge unresectable liver tumors remains 
unanswered. To establish an optimal therapy sched-
ule, controlled randomized studies comparing the 
different methods and defi ning the value of the com-
bined treatments are necessary. 
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as in patients with early-stage tumors; nevertheless, 
in some centers in Italy and Japan PAI is used as a 
fi rst-line treatment option (Llovet et al. 2003). The 
role of PAI as the percutaneous treatment of choice 
for early-stage HCC is challenged by other local 
ablative techniques. Over the last two decades, sev-
eral percutaneous ablation techniques for thermal 
tumor destruction have been developed and clini-
cally tested (Ebara et al. 2005; Llovet 2005). This 
was particularly driven by several specifi c short-
comings of PAI. It has been shown that neoplastic 
dissemination by means of tumor satellites occurs at 
very early stages in HCC, fi rst near the boundaries 
of the tumor, later within the anatomic segments 
and, fi nally, beyond them. Even tumors of as little as 
2 cm in diameter present local metastases less than 
10 mm distant to the primary in about 10% of cases, 
and microscopic portal invasion in up to 25% of 
cases (Kojiro 2004); hence the rationale to produce 
a 1-cm safety margin surrounding the tumor. Radio-
frequency (RF) ablation but not PAI can provide this 
safety margin, which may reduce late treatment fail-
ures. The limited antitumoral effect of PAI in HCC 
larger than 3 cm is due to its inability to disrupt the 
intratumoral septa, thus decreasing its capacity to 
reach and eliminate all neoplastic cells (Lencioni 
and Llovet 2005).

3.2.2 
Patient Selection

Patient selection is very crucial for successful treat-
ment with PAI. It should be based upon tumor locali-
zation, size, proximity to large vessels, bleeding risk, 
respiratory motion, pathway of probe, and last but 
not least the physician’s experience. Tumors must be 
accessible under image guidance. Patients classifi ed 

3.2.1 
Introduction

As yet there is no general consensus on a common 
rational therapeutic approach to hepatocellular car-
cinoma (HCC). Therefore, treatment strategies for 
HCC vary throughout the world due to geographi-
cal differences in the incidence and presentation 
of the disease and the treatment options available. 
Several treatment guidelines have been published 
by the European Association for the Study of the 
Liver (EASL) (Bruix et al. 2001), with the Barcelona 
Clinic Liver Cancer (BCLC) staging recommenda-
tion being the most accepted (Fig. 3.2.1) (Mor et al. 
1998; Sala et al. 2004). It links tumoral stage with 
treatment strategy, and is aimed at incorporating an 
estimation of the prognosis and potential treatment 
advancements in a single unifi ed proposal (Sala 
et al. 2004). According to these guidelines percuta-
neous alcohol instillation (PAI) has a place in the 
treatment strategy of HCC, generally as a second 
choice when surgical techniques are precluded, such 
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Fig. 3.2.1. Barcelona Clinic Liver Cancer (BCLC): stage-dependent treatment of HCC. (HCC Hepatocellular carcinoma, LTx 
liver transplantation, Rx liver resection)

as stage A according to the Barcelona Clinic Liver 
Cancer Staging Classifi cation (Fig. 3.2.1), who are 
not candidates for surgery, qualify for percutaneous 
ablation (Bruix et al. 2001). Thus, the best candi-
dates for PAI are those with Child A cirrhosis and 
small tumors ( 3 cm), who are expected to achieve 
complete responses and whose cancer is confi ned to 
the liver, but is nonetheless unresectable because of 
the distribution of disease or the severity of under-
lying cirrhosis (Ebara et al. 2005). Treatment of 
patients with larger tumours (3–5 cm), multiple 
tumours (three nodules < 3 cm) and advanced liver 
failure (Child B) has to be decided on each patient’s 
individual basis. From a practical point of view, 
in most centers the cut-off rate for the number of 
hepatic tumors to be treated is limited to four to 
fi ve. In general, despite a few absolute contraindi-
cations such as systemic tumor progression, severe 
coagulopathy (Quick < 35%, platelets < 40,000/µl), 
Child C cirrhosis with refractory ascites, and limited 
life expectancy, there are no real limitations for PAI 
(Ebara et al. 2005; Lencioni et al. 2003).

3.2.3 
Results

The effi cacy of PAI in the treatment of early-stage 
HCC with low complication rates (morbidity 1.7%) 

and a negligible rate of treatment-related deaths 
(mortality 0.1%) has been shown in numerous stud-
ies, with complete response rates in 80% of tumors 
smaller than 3 cm in diameter, but only in 50% of 
tumors of 3–5 cm in size (Lencioni and Crocetti 
2005; Livraghi et al. 1995). Histopathology revealed 
complete coagulation necrosis after PAI in about 
70% of tumors smaller than 3 cm in diameter and 
no damage to healthy tissue at a distance from the 
treated tumor (Shiina et al. 1991). The 5-year sur-
vival ranged between 48% and 78% (Table 3.2.1) 
(Arii et al. 2000; Ebara et al. 2005; Lencioni et al. 
1997; Livraghi et al. 1995, 2004; Omata et al. 2004; 
Sakamoto and Hirohashi 1998). Because injected 
alcohol damages cancer cells immediately (Shiina et 
al. 1991), seeding of cancer cells is unlikely to occur. 
Nevertheless, seeding is reported to be present in 
< 0.01% to 0.6% (Di Stasi et al. 1997; Livraghi et al. 
1995). Based on these results, in most centers PAI has 
an accepted role in the treatment strategy of small 
HCC, generally as a second choice when surgical 
techniques are precluded, such as in patients with 
early-stage tumors (Llovet et al. 2003).

Recent long-term data – 20 years of follow-up – by 
Ebara et al. (2005) confi rmed in a single-center study 
of 270 patients that PAI is able to achieve local tumor 
destruction with no mortality or life-threatening 
complications. This group could also demonstrate 
that PAI – when administered as fi rst-line treatment 
to patients with Child A cirrhosis and small HCCs 
– may achieve a 5-year survival as high as 65%. In 

      Stage A-C               Stage D 
(Child A-B; Okuda 1-2)           (Child C; Okuda 3) 

        early (A)  intermediate (B)       advanced (C)   terminal (D) 

(multinodular)      (extrahepatic) 

1 lesion   3 lesions;<3cm 

        no yes 

portal hypertension     other diseases 
normal bilirubin 

   no     yes 

     Rx     LTx  PAI/RFA        TACE        ?  symptomatic 
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Table 3.2.1. Long-term outcome of PAI in the treatment of HCC

Author Year No. of patients, n Selection criteria Five-year survival (%)

Livraghi et al. 1995 169 Child A, single < 3 cm 48

Lencioni et al. 1997 70 Child A, single < 3 cm 63

Sakamoto and Hirohashi 1998 88 Single < 2 cm 71

Arii et al. 2000 767 Stage I, single < 2 cm 54

Livraghi et al. 2004 210 Early HCC 49

Omata et al. 2004 144 Single < 2 cm 70

Ebara et al. 2005 270 Three nodules < 3 cm 60

96 Child A, < 2 cm 78

addition Ebara et al. (2005) showed that Child A 
patients with a solitary tumor 2 cm in diameter 
are different regarding long-term outcomes. Patients 
with such small tumors not only had the best overall 
survival, but also showed signifi cantly fewer tumor 
recurrences, occurring remotely from the treated 
nodule, than patients bearing a 2- to 3-cm HCC. This 
was confi rmed by a recent study by Sala et al. (2004) 
showing that patients with a solitary HCC 2 cm or less 
in diameter treated with percutaneous ablation are 
more likely to achieve a sustained complete response 
in the long term. Independent predictors of survival 
are initial complete response, Child–Pugh score, 
number or size of nodules, and base-line AFP levels 
(Sala et al. 2004). In contrast to the above-mentioned 
studies, the major limitation of PAI, besides the uncer-
tainty of tumor ablation and the long treatment time, 
is still the high local recurrence rate, which may reach 
33% in tumors smaller than 3 cm and 43% in tumors 
exceeding 3 cm (Khan et al. 2000; Koda et al. 2000). It 
should be stressed that a recent study suggests RFA to 
be superior to PAI with 80% versus 90% of complete 
response rates. This could be achieved in a substan-
tially lower number of treatment sessions (Livraghi 
et al. 1999). A similar study was conducted by Ikeda 
et al. (2001), who treated a series of 119 patients 
with solitary HCC less than 3 cm in diameter with 
either RFA (n = 23) or PAI (n = 96). Complete tumor 
response after RFA was 100%, and after PAI 94% was 
achieved in 1.5 versus 4 treatment sessions. Lencioni 
et al. (2003) presented in a prospective randomized 
comparison of RFA and PAI overall 1- and 2-year sur-
vival rates of 100% and 98% compared to 96% and 
88%, which was not statistically signifi cant. How-
ever, 1- and 2-year local recurrence-free survival was 
signifi cantly higher (98% and 96% versus 83% and 
62%). RF treatment was confi rmed as an independent 
prognostic factor for local-recurrence-free survival 
by multivariate analysis. Recently, additional rand-

omized studies comparing RF ablation and PAI for 
the fi rst-line treatment of early-stage HCC have been 
published (Table 3.2.2). Survival advantages favoring 
RFA over PAI were identifi ed in the study by Shiina 
et al. (2005) including 232 Japanese patients, with 4-
year survival being 74% versus 57% (P = 0.02). Two 
additional randomized controlled trials from Lin et 
al. (2004, 2005) reported survival advantages in the 
subgroup analysis of tumors larger than 2 cm, favor-
ing RFA compared with either percutaneous ethanol 
or acetic acid injection. All four randomized trials 
showed that RF ablation had a greater local antican-
cer effect than PAI, leading to a better local control of 
the disease. However, the main drawback of RFA is its 
higher rate of adverse events compared with PAI, as 
it was described in one RCT (Lin et al. 2005). There-
fore, the present data are not yet robust enough to 
defi nitively establish RF ablation as superior to PAI in 
the treatment of small tumors, although RF ablation 
appears to be the preferred percutaneous therapy for 
patients with early-stage HCC on the basis of more 
consistent local tumor control.

3.2.4 
Combined Interventional Treatments

In order to reduce the risk of recurrent tumors and 
to enhance overall survival, combined treatment 
options including PAI have been evaluated for HCC. 
It has been demonstrated that transarterial chemo-
embolization (TACE) combined with alcohol injec-
tion has the potential to prolong survival compared 
to TACE alone in small HCC (Koda et al. 2001) and 
even in nodules with a mean size of 7 cm (Lubienski 
et al. 2004). Most recent data suggested PAI to be an 
important modulator of tissue properties prior to or 
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Table 3.2.2. Randomized controlled studies for the evaluation of percutaneous alcohol instillation (PAI) in HCC

Author Treatment Patients Tumor 
( 2/> 2 cm)

Complete 
necrosis (%)

Survival in years (%) Local recurrence

1 2 4 Overall recurrence

Huang et al. (2005) 76 45/31

PAI 38 100 100 92 47%

Resection 38 97 91 88 39%

Lin et al. (2005) 187 111/76 2-year

RFA 62 96 93 81 14%

PAI 62 88 88 66 34%

Acetic acid 63 92 90 67 31%

Shiina et al. (2005) 232 102/130 2-year

RFA 118 100 97 91 74 2%

PAI 114 100 92 81 57 11%

Lin et al. (2004) 157 47/110 2-year

RFA 52 96 90 82 18%

PAI 52 88 85 61 45%

High dose PAI 53 92 88 63 33%

Lencioni et al. (2003) 102 2-year LRFS

RFA 52 91 100 98 4%

PAI 50 82 96 88 38%

directly during RFA for HCC. Tissue modulation for 
example with high-percent alcohol lowers the boiling 
point of the tissue resulting in reduced ablation times. 
Kurokohchi et al. (2005) showed that injection of 
alcohol prior to RFA therapy may equally enhance 
the volume of coagulated necrosis in three dimen-
sions to the same extent regardless of the type of RFA 
instruments. More importantly and interestingly this 
group demonstrated that the volume and diameter 
of areas of coagulated necrosis were signifi cantly 
larger in PAI-RFA than in RFA alone, although the 
total energy requirement was comparable between 
the groups. Thus, the energy needed for coagulation 
per unit volume was signifi cantly lower in PAI-RFA 
than in RFA alone. The degree of enhancement of 
coagulated necrosis was higher between the groups 
classifi ed according to the amount of injected alco-
hol than between those classifi ed according to the 
amount of total energy requirement. Furthermore, 
the volume of coagulated necrosis showed a stronger 
correlation with the amount of alcohol injected than 
with the total energy requirement (r = 0.71 versus 
0.47) respectively. The results clearly indicate that 
less energy is required when combining PAI and RFA 
to induce comparable ablation areas than when using 
RFA alone. In addition, due to intrinsic antitumoral 
effects, PAI may lower recurrence rates when com-
bined with RFA (Kurokohchi et al. 2005).

3.2.5 
Conclusion

PAI will continue to play a role in the treatment 
of HCC, especially in patients where RFA cannot 
be applied. In addition, PAI will probably be an 
important part in combined interventional treat-
ment strategies, whereas its fi nal role in such strate-
gies is not defi nitely established due to the lack of 
study evidence.
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spread transmission of viral hepatitis, specifi cally 
of types B and C, during the 1970s and early 1980s, 
when illicit use of intravenous narcotics, needle shar-
ing, unsafe sexual activity, and transfusion of unsafe 
blood and blood products were common practices 
(Bruix et al. 2001). Patients with liver cirrhosis are 
at greatest risk for developing HCC and should be 
monitored every 6 months to detect the tumor at 
an asymptomatic stage (Bruix and Llovet 2002). 
The Barcelona-Clinic Liver Cancer (BCLC) group has 
developed a system that stratifi es patients into four 
categories based on performance status, severity of 
liver dysfunction caused by the underlying cirrho-
sis, and the kind of tumor involvement, thus simul-
taneously setting prognosis and guiding treatment 
(Llovet et al. 1999a). In the BCLC staging classifi ca-
tion, patients who have early-stage HCC, who have 
a good performance status, Child-Pugh class A or B 
cirrhosis and an asymptomatic single tumor smaller 
than 5 cm or as many as three lesions, each smaller 
than 3 cm are referred to radiofrequency ablation 
(RFA) (Fig. 3.3.1) (Llovet et al. 1999a).

These patients should be considered for any of 
the available radical treatment options, such as 
surgical resection, liver transplantation, or per-
cutaneous techniques of tumor ablation (Bruix et 
al. 2001). However, surgical resection is only suit-
able for 9%–27% of patients with HCC because of 
their poor hepatic reserve due to the underlying 
chronic liver disease with signifi cant portal hyper-
tension and abnormal bilirubin levels or multifocal 
distribution of tumor nodules (Bruix and Llovet 
2002; Fan et al. 1995; Lai et al. 1995; Liver Cancer 
Study Group of Japan 1990; Llovet et al. 1999a). 
Orthotopic liver transplantation (OLT) is a strategy 
that can treat both HCC and liver dysfunction, and 
indeed has shown excellent survival in patients at 
an early stage of the cancer (Llovet et al. 1999c; 
 Mazzaferro et al. 1996). However, with an increas-
ing demand for donor organs but a limited supply, 

3.3.1
Introduction

A diagnosis of hepatocellular carcinoma (HCC) 
implies a poor prognosis. HCC is the cause of 
250,000 deaths worldwide each year. Early HCC is 
typically clinically silent, and the disease is often 
well advanced at the fi rst manifestation. Since the 
introduction of surveillance in patients at high risk 
of developing HCC, the diagnosis of small HCC has 
increased, especially in endemic areas such as in 
parts of Asia. Without treatment, there is a 5-year 
survival rate of less than 5% (Llovet et al. 1999b; 
Ulner 2000). According to the World Health Orga-
nization, by the year 2010, HCC will have surpassed 
lung cancer as the foremost cause of cancer mortality. 
The increasing incidence may be related to the wide-
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Fig. 3.3.1. This fl owchart illustrates the algorithm used for selecting the appropriate treatment option for patients with 
hepatocellular carcinoma (HCC) including surgical resection, transplantation, radiofrequency ablation (RFA), transarte-
rial chemoembolization (TACE), new agents such as selective internal radiation therapy (SIRT), systemic therapy and best 
supportive care. RFA is offered to patients with early-stage HCC with a single tumor smaller than 5 cm or as many as three 
lesions, each smaller than 3 cm, good performance status and evidence for neither vascular invasion nor extrahepatic tumor 
spread based on clinical and imaging fi ndings. (M Metastases, N nodules, PEI percutaneous ethanol injection, PST perfor-
mance status test.) *Cadaveric liver transplantation or living donor liver transplantation With permission from Llovet et 
al. (2003) Lancet 362:1907–1917

the waiting time for an OLT is now longer then 1 year 
in Europe and the United States (Llovet et al. 1999c; 
Sarasin et al. 1998). Living donor liver transplanta-
tion is still at an early stage of clinical application 
(Bruix and Llovet 2002). Regarding these issues, 
percutaneous ablation plays a major role in the man-
agement of early-stage HCC (Lencioni et al. 2004, 
2005;  Tateishi et al. 2005b).

Various percutaneous, locoregional therapeutic 
modalities have been developed and tested clinically 
over recent years for the treatment of HCC. These 
include intratumoral injection of ethanol or acetic 
acid and thermal ablation with RF, laser, micro-
waves, or cryosurgery. Percutaneous ethanol injec-
tion (PEI), more frequently performed in the past, is 
considered to be effective for the treatment of rela-
tively small-sized, encapsulated early-stage HCC and 
therefore may achieve 5-year survival rates of 32%–
47% ( Lencioni et al. 1995; Livraghi et al. 1995). The 

major limitation of PEI is the high local recurrence 
rate that may reach up to 43% (Koda et al. 2000).

RFA has emerged as the most powerful alternative 
method for percutaneous ablation (Gadaleta et al. 
2004; Gillams 2003, 2005;  Goldberg and Ahmed 
2002; Raut et al. 2005) and is rapidly gaining impor-
tance worldwide as the percutaneous treatment of 
choice for patients with early-stage tumors. A tumor 
nodule 3 cm in diameter can be ablated with a 
single application of RFA (Goldberg et al. 1996). 
The predictability of the ablation area is one of the 
major advantages of RFA compared with PEI. The 
treatment effi cacy and complication rate have been 
described in numerous studies (Moreno Planas et 
al. 2005; Chen et al. 2005).

Patients who have a more advanced, multi-nodu-
lar HCC with neither evidence of vascular invasion 
nor extrahepatic spread are classifi ed as having inter-
mediate-stage HCC according to the BCLC staging 
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system (Llovet et al. 1999a). Transarterial chemo-
embolization (TACE) is an accepted and worldwide-
used palliative treatment option for patients with 
intermediate-stage HCC (Bruix et al. 1998; Llovet 
et al. 2002, 2003). Due to recent advances in RF tech-
nology, RFA also has been used to treat patients with 
intermediate-stage tumors. Preliminary reports have 
shown that RFA performed after balloon catheter 
occlusion of the hepatic artery, transarterial embo-
lization, or chemoembolization results in increased 
volumes of coagulation necrosis, thus enabling suc-
cessful destruction of large HCC lesions (Yamasaki 
et al. 2005; de Baere et al. 2002; Akamatsu et al. 
2004; Qian et al. 2003;  Kurokohchi et al. 2004).

This chapter reviews the current status of per-
cutaneous, image-guided RFA in the management 
of HCC by discussing technical issues and clinical 
results in the treatment of early- and intermediate-
stage HCC.

3.3.2
Indications and Contraindications

Patients with HCC not suitable for surgical resection 
are considered to be eligible for RFA when they have 
an asymptomatic single tumor smaller than 5 cm 
or as many as three lesions, each smaller than 3 cm 
with neither evidence of vascular invasion nor sig-

nifi cant extrahepatic spread (Llovet et al. 1999a). 
Patients with Child-Pugh class A or B cirrhosis can 
be treated with an acceptable complication rate; con-
troversy, however, exists as to whether Child-Pugh 
class C patients should be treated with RFA as com-
plications are more common (Curley et al. 2000). 
Close proximity to the main bile ducts is discussed 
as being a contradiction for RFA because damage to 
the bile ducts represents a major problem (Livraghi 
et al. 1997). Intraductal cooling to protect bile ducts 
was successfully performed during RFA in three 
patients with tumors in close proximity to major bile 
ducts (Elias et al. 2004). Especially in cases where 
the tumor is located in close proximity to thermo-
sensitive organs such as the kidney, small / large 
bowel or stomach the dissection of these organs at 
risk using air or glucose might allow for perform-
ing the procedure without harming these structures. 
Therefore the close proximity is a relative contrain-
dication only. Indications and contraindications are 
summarized in Table 3.3.1.

3.3.3
Technique and Practical Aspects

At our institution RFA is performed percutaneously 
as previously described in this book by predomi-
nantly using either a radiofrequency system with a 

Table 3.3.1. According to the Barcelona-Clinic Liver Cancer (BCLC) criteria the indications and contraindications for RFA 
of HCC are listed in this table

Indications Contraindications

Single tumor 5 cm in diameter Life expectancy < 6 months

Max. 3 lesions 3 cm in diameter Current infection

Non-resectable Treatment refractory coagulopathy

Child-Pugh class A or B cirrhosis Treatment refractory ascites

Recurrence after surgical resection Portal hypertension

Patient declined surgery Tumor size >  5cma

> 4 lesions

advanced or terminal-stage HCC

Tumor adjacent to structures at risk (main bile ducts, pericardium, stomach or bowel)b

Extrahepatic spreadc

a In individual cases depending on the location within the liver parenchyma the ablation of HCC nodules exceeding a di-
ameter of 5 cm is feasible

b This applies only if the dissection of structures at risk is not possible using air or glucose
c In selected patients RFA is possible even if extrahepatic tumor is present. Note that in carefully selected patients extrahe-

patic tumors (e.g. bone, lung, pleura or soft tissue) can also be addressed by RFA
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460 kHz generator (RITA Medical Systems, Moun-
tain View, Calif., USA) or with the RF3000 genera-
tor system (Boston Scientifi c, Natick, Mass., USA). 
These systems consist of a generator supplying up to 
200 W of power and expandable electrode needles. 
These designs decrease the distance between the 
tissue and the individual electrodes, thereby ensur-
ing uniform heating that relies less on heat conduc-
tion over a large distance.

Using the Boston system, a LeVeen monopolar 
array needle electrode (2.0–5.0 cm maximum array 
diameter) and four indifferent dispersive grounding 
electrode pads applied to the patient’s skin are used. 
The LeVeen electrode is a 15-gauge, 15- to 25-cm-
long insulated cannula containing 10 parachute-like 
shaped electrodes to be deployed within the tumor. 
Due to the expected ablation zone the hooks are 
usually deployed at the posterior interface between 
the tumor and the surrounding normal liver paren-
chyma (Fig. 3.3.2).

In larger lesions, the array is withdrawn and 
redeployed anteriorly at 1.5- to 2.0-cm intervals into 
the tumor. After the hooks are fully deployed, the 
electrode is connected to the RF generator. The heat-
ing protocol for all the available needles is provided 
by the manufacturer. In general, the generator is 
started at a lower power setting and is subsequently 
increased in 10-W increments at 1-min intervals. 
The endpoint of RF application is the appearance 
of a rapid increase in tissue impedance (Roll-off) 
around the electrode. When this occurs, the RF 
application is automatically terminated. This pro-
cess is repeated starting at 70% of the roll-off power 
until a second increase of the impedance occurs. 
Since the time point of the rapid increase in tissue 
impedance cannot be predicted, the ablation time 
needed varies dramatically between different tumor 
sizes and nodules. At the end of the procedure the 
needle track is ablated to prevent any tumor dis-
semination. Therefore, the tip has to be unisolated 
prior to the insertion of the needle.

Using the RITA system a 14-gauge expandable 
electrode needle is available. The needle electrode 

consists of an insulated outer cannula containing 
nine curved electrodes that are deployed directly 
into the tumor (Fig. 3.3.3). Five of the electrodes 
contain temperature sensors in their tips that are 
used to measure the temperature of the treated 
tissue. Two indifferent dispersive grounding pads 
are placed on the patient’s thighs. Probe tip temper-
atures, tissue impedance and wattage are visualized 
on the RF generator display. The maximum power 
output, the extent of electrode deployment and the 
duration of the ablation time at the target tempera-
ture (usually between 95 C and 105 C) depend on 
the tumor size and therefore on the desired volume 
of ablation.. Different to the Boston system, the tip of 
the needle is positioned close to the proximal edge of 
the lesion, and the electrodes are initially deployed 
to 2 cm, pronging into the tumor. Energy is applied 
and the temperature at the tips of the electrodes 
is controlled, and the power is increased until the 
target temperature is reached. At this point, the elec-
trodes are deployed stepwise to 3, 4 or 5 cm depend-
ing on the tumor size. The time at target tempera-
ture for each step depends on the planned maximum 
deployment. At the end of the procedure the needle 
track is ablated to prevent tumor dissemination.

We select the type of radiofrequency devices on a 
case-by-case basis, depending on the size and loca-
tion of the tumors. Ideally, optimal positioning of 
the electrodes, regardless of the system used, allows 
for complete destruction of the tumor and a 1-cm 
safety zone of surrounding liver parenchyma.

RFA procedures are typically done while the 
patient is under conscious sedation. The procedure 
is performed under standard cardiac, pressure, and 
oxygen monitoring with oxygen administration, if 
necessary.

A careful post-treatment protocol is mandatory 
after RFA. We usually perform a contrast-enhanced 
CT scan of the upper abdomen immediately after the 
procedure is completed. This is to rule out residual 
tumor tissue and reassure that complete coverage of 
the tumor is given by the ablation zone and of course 
to look for complications such as bleeding. The 

Fig. 3.3.2a–h. RFA of HCC as assessed by multi-detector CT. Pre-treatment CT reveals two HCC lesions after TACE performed 
the day before (a, b). The RF needle (LeVeen, Boston, Mass.) is placed using CT fl uoroscopy and the hooks are deployed at 
the posterior interface between the tumor and the surrounding normal liver parenchyma (c). Immediately after the pro-
cedure a peripheral enhancing rim, which is most likely the infl ammatory reaction surrounding the coagulation necrosis, 
can be appreciated in the arterial phase of the CT scan (d). The post-treatment scan the day after the RF procedure shows 
complete coverage of the HCC by the ablation zone (e, f). Six-months follow-up detects a well-circumscribed ablation zone, 
shrinking over time, with no evidence for either local tumor recurrence or new HCC lesions. The second HCC nodule is 
treated adequately as well (g, h)
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patient is usually kept under close medical observa-
tion for 24 h and rescanned with contrast-enhanced 
CT prior to discharge to provide a baseline study for 
further follow-up.

Subsequent follow-up monitoring of patients 
includes physical examination, serum alpha feto-
protein (AFP) level measurements (if applicable) and 
multiphase CT scans performed at 6 weeks after the 
initial procedure and then every 3 months during 
the fi rst 2 years and every 6 months thereafter.

3.3.4
Combination of TACE and RFA

According to our own experience and the literature, 
the combination of TACE and RFA results in a higher 
percentage of complete tumor necrosis (Dupuy and 
Goldberg 2001; Yamakado et al. 2002; Bloomston 
et al. 2002). Hence, the hypoxic injury due to arte-
rial embolization associated with damage caused by 
chemotherapeutic agents is synergic to the thermal 
ablation effect; moreover, ischemia causes reduc-
tion of heat dispersion thus increasing the range 
of therapeutic isotherms. Furthermore, the deposi-
tion of lipiodol as part of the embolic material helps 
to detect the HCC nodule using non-enhanced CT 
fl uoroscopy and therefore increases the confi dence 
of the interventional radiologist to deploy the hooks 
of the RF needle as appropriate.

3.3.5
Results

Treatment success, in terms of initial technical per-
formance as well as long-term survival, varies with 
the size of the ablated lesion and the surrounding 
environment. The reported experience of  Buscarini 
(Buscarini and Buscarini 2001; Buscarini et al. 

2001) in 88 patients shows that complete tumor necro-
sis is achievable in tumors smaller than 3.5 cm in 
maximum diameter. However, this group stated that 
in some patients multiple sessions were required to 
achieve complete destruction of the tumor. Poon et 
al. (2002) reviewed several papers addressing local-
regional therapies for HCC and reported on studies in 
which a complete tumor necrosis was achieved with 
a single treatment session in 80%–90% of tumors 
smaller than 3–5 cm in size. Limited success con-
cerning RFA of larger HCC tumors (mean diameter 
5.4 cm; range 3.1–9.5 cm) is reported by Livraghi 
et al. (2000) in a study including 126 patients. Here, 
the success rate for achieving complete necrosis was 
48% only. However in a study published by Poon et 
al. (2002) the complete ablation rate after a single ses-
sion of RFA assessed by means of computed tomog-
raphy 1 month after treatment was 91% in 35 patients 
with HCC nodules ranging from 3.1 to 8.0 cm. This 
result did not differ signifi cantly from the group con-
taining 51 HCC patients with tumors smaller than 3 
cm and a complete ablation rate of 94%.

A recently published prospective clinical trail 
performed on 187 patients showed promising 
results concerning long-term survival in HCC 
patients after RFA (Lencioni et al. 2005a). In this 
study patients were treated according to the BCLC 
criteria described before. Overall survival rates 
were 97% at 1 year, 89% at 2 years, 71% at 3 years, 
57% at 4 years and 48% at 5 years of follow-up. The 
survival rates of patients with a Child-Pugh class A 
cirrhosis (n = 144; 76% at 3 years and 51% at 5 years) 
were signifi cantly higher than those of patients with 
a Child-Pugh class B cirrhosis (n = 43; 46% at 3 years 
and 31% at 5 years). Interestingly, in a subgroup of 
116 patients with a Child-Pugh class A cirrhosis and 
a solitary HCC only, the 3- and 5-year survival rates 
are reported to be 89% and 61%, respectively.

Tateishi et al. (2005) published interesting 
data concerning percutaneous RFA for HCC in 664 
patients. The authors assessed the cumulative sur-
vival in patients who received RFA as the primary 
treatment (n = 319, naive patients) as well as in patients 
who received RFA for recurrent tumor (n = 345, non-

Fig. 3.3.3a–h. RFA of a single HCC as assessed by multi-detector CT. Pre-treatment CT acquired in the arterial phase dem-
onstrates a native tumor as a faint enhancing lesion in the axial and coronal view (a, b). Para-axial and coronal reformats 
of the CT scan (after TACE the day before) with the RF needle (RITA Starburst XL) in place demonstrate complete coverage 
of the lesion with the fully deployed hooks (c, d). The post-treatment scan the day after the RF procedure shows complete 
coverage of the HCC by the ablation zone (e, f). CT scan at 6 months follow-up displays in the arterial (g) as well as in the 
porto-venous phase (h) a well-circumscribed ablation zone, stable in size, with no evidence for local tumor recurrence
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naive patients) after previous treatment including 
surgical resection, microwave coagulation therapy, 
PEI and TACE. The cumulative survival rates at 1, 
2, 3, 4, and 5 years were 94.7%, 86.1%, 77.7%, 67.4%, 
and 54.3% for naive patients, whereas the cumula-
tive survival rates were 91.8%, 75.6%, 62.4%, 53.7%, 
and 38.2% for non-naive patients, respectively. If the 
cumulative survival rates are divided by Child-Pugh 
classes, the authors report on survival rates of 96.4%, 
90.4%, 83.4%, 72.9% and 63.1% for Child-Pugh 
class A patients at 1, 2, 3, 4 and 5 years and 90.7%, 
79.0%, 65.0%, 53.9% and 31.4% for Child-Pugh 
class B/C patients, respectively. Regarding the tumor 
size, the cumulative survival rates at 1, 2, 3, 4 and 
5 years were 100%, 93.2%, 90.8%, 90.8%, and 83.8% 
for patients with tumors 2 cm, 93.0%, 85.4%, 74.3%, 
63.0% and 45.2% for patients with tumors between 
2.1 and 5.0 cm, and 87.5%, 73.4%, 58.7%, 33.6% and 
33.6% for patients with HCCs > 5.0 cm, respectively.

3.3.6
Morbidity and Mortality

Mulier et al. (2002) published an exhaustive review 
of the world literature concerning morbidity and 
mortality in patients who received RFA of the liver. 
The authors identifi ed 3670 patients as being eligible 
for this evaluation. In these patients, the complica-
tion rate was 8.9% and the mortality rate was 0.5%. 
Depending on the technique, the complication rate 
was 7.2%, 9.5%, 9.9%, and 31.8% for a percutane-
ous, laparoscopic, simple open, and combined open 
approach, respectively. The mortality rate was 0.5%, 
0% and 4.5% respectively.

Livraghi et al. (2003) recently reported in a 
multi-center study on complications encountered 
in patients treated with RFA of liver tumors; 2320 
patients with 3554 lesions treated were analyzed. 
Of these patients 1610 patients were suffering from 
HCC. The depicted mortality rate and major com-
plications rate was 0.3% (n = 3) and 2.2% (n = 50), 
respectively. The most frequent complications were 
peritoneal hemorrhage, neoplastic seeding, intrahe-
patic abscesses, and intestinal perforation. The inci-
dence of complications was related to the number 
of RF sessions performed in the individual patient. 
Minor complications (no further action required, no 
prolonged hospital stay) were observed in less than 
5% of the patients. 

Tumor seeding after RFA of HCCs is a very impor-
tant issue. In a study containing 241 patients with 
HCC and a median follow-up of 37 months, neo-
plastic seeding was identifi ed in 12 patients (0.9%) 
(Livraghi et al. 2005). However, previous biopsy 
was signifi cantly associated with the occurrence 
of tumor seeding. Therefore, the authors conclude 
that RFA is associated with a low risk of neoplastic 
seeding, but biopsy before RFA is to be discouraged, 
particularly when liver transplantation might be a 
possibility at a later date.

3.3.7
Bridging for Transplantation

HCC is the only solid neoplasm in which trans-
plantation plays an important role. Cadaveric liver 
transplantation has been a major breakthrough, 
especially since transplantation might simultane-
ously cure the tumor and the underlying chronic 
liver disease. The patients eligible for cadaveric liver 
transplantation have one HCC smaller than 5 cm 
or up to three tumor nodules smaller than 3 cm, 
who, according to the literature, achieve 70% sur-
vival at 5 years, with a recurrence rate lower than 
15% (Llovet et al. 1999c; Mazzaferro et al. 1996). 
However, the shortage of donor livers results in a 
prolonged waiting time for transplantation. This 
may worsen post-transplantation prognosis as a 
result of interval tumor progression. Since, espe-
cially in some Western countries, the waiting time 
can easily exceed 12 months, there is a drop-out rate 
of 20%–50% of cases. Living donor liver transplan-
tation is emerging as the most feasible alternative 
to cadaveric liver transplantation, but discussed 
controversially. Therefore, adjuvant multi-modal-
ity ablative treatments (including RFA) are applied 
to prevent tumor progression while patients are on 
the waiting list.

Several recently published papers support the 
theory that RFA is a safe and effective treatment 
for HCCs < 3 cm in patients with cirrhosis await-
ing liver transplantation. Mazzaferro et al. (2004) 
determined the histopathological response rate of 
60 HCCs in 50 patients who underwent liver trans-
plantation after single-session RFA. The authors 
reported a complete response rate of 63% in tumor 
nodules < 3 cm in the histopathological work-up, 
corresponding to a 70% response rate provided 
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by adequate imaging. The tumor persistence after 
RFA increased over time (59% at 12 months; 70% at 
18 months). Therefore, they concluded that tumor 
size exceeding 3 cm and a time interval longer than 
1 year after ablation predicts an increased likelihood 
of the targeted tumor. That aggressive ablation ther-
apy with a short period of time on the waiting list 
optimizes the results of liver transplantation in care-
fully selected cirrhotic HCC patients is supported by 
various authors (Fisher et al. 2004;  Fontana et al. 
2002; Lu et al. 2005).

3.3.8
Conclusion

RFA performed with currently available technology 
and an experienced hand is a valuable option in 
the armamentarium of interventional radiologists 
in the treatment of patients with HCC. Considering 
that only a limited number of patients are eligible 
for either surgical resection or liver transplantation, 
local ablative techniques such as RFA will play a cen-
tral role in the therapeutic management of patients 
suffering from early-stage HCC. In patients meeting 
the BCLC criteria (single tumor < 5 cm, 3 nodules 
< 3 cm, Child-Pugh class A/B cirrhosis, good perfor-
mance status) it is a reasonable expectation to have 
success in terms of local tumor control using RFA. 
The 5-year survival rates appear to be superior to 
the other local ablative treatment options such as 
PEI. For sure, the survival rates are obviously better 
than the natural course of the disease. Percutaneous 
RFA is an effective bridge to liver transplantation 
for patients with compensated liver function, and in 
addition it decreases the tumor-related dropout rate 
and optimizes the post-transplantation outcome. 
Appropriate use of this technique, careful patient 
selection and tailored tumor therapy are mandatory 
for the benefi t of the individual patient.
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Hepatocellular carcinoma (HCC) is one of the most 
common cancers worldwide, due to its high rate of 
incidence in Africa (south of the Sahara), and a high 
association with hepatitis viruses (HBV and HCV), 
consumption of alcohol, afl atoxin B1, and hepatic 
cirrhosis (Bruix et al. 1991). The incidence of HCC 
has increased both because of a real increase in the 
occurrence of the disease, and because modern imag-
ing techniques allow diagnosis at an earlier stage of 
disease. Surgical resection and liver transplantation 
remain the most effective treatment strategies for 
small and oligonodular (fi ve or fewer intrahepatic 
lesions) HCCs. Some studies yield excellent survival 
rates using percutaneous ethanol injection (PEI) 
(Bruix et al. 1991; Sironi et al. 1991, 1993; Amin et 
al. 1993; Livraghi et al. 1995; Kawai et al. 1997).

Transcatheter arterial embolization is also an 
established treatment modality for patients with 
HCC, and in some studies it has proven to be effec-
tive in reducing tumor volume and increasing sur-
vival (Kanematsu et al. 1993; Kawai et al. 1997). 
Radiofrequency ablation (RF) has recently been 
introduced in the clinical setting by a number of 

groups (Rossi et al. 1993, 1996; Solbiati et al. 
1997; Livraghi et al. 1999). MR-guided laser-
induced thermotherapy (LITT) is a minimally inva-
sive technique for local tumor destruction within 
solid organs (Jolesz et al. 1988; Anzai et al. 1991; 
 Matsumoto et al. 1992; Amin et al. 1993a, 1993b; 
Rossi et al. 1993, 1996; Solbiati et al. 1997; Vogl et 
al. 1997, 1998; Livraghi et al. 1999). Experimental 
work has shown that a well-defi ned area of coagu-
lative necrosis is obtained around the fi ber tip of a 
laser applicator that disperses light energy delivered 
through optical fi bers ( Dickinson et al. 1986). This 
causes destruction of the tumor by directly applied 
thermal energy, substantially limiting damage to 
surrounding structures, such as nerves or vessels. 
The possibility of performing online MR thermom-
etry allows exact timing and dosing of the applied 
energy to the tumorous tissue and surrounding 
normal parenchyma. 

The purpose of the present study was to evalu-
ate the therapeutic potential of MR-guided LITT in 
oligonodular and small HCC. The success of LITT in 
the treatment of HCC depends on optimal position-
ing of the specially designed laser-emitting tip of the 
optical fi bers in the target area. MRI has proven to 
be an ideal instrument for real-time monitoring of 
the progress of the hyperthermic effects of LITT and 
the subsequent evaluation of the extent of induced 
coagulative necrosis. In this prospective study we 
analyzed the local tumor control and survival data 
of MR-guided LITT in patients with oligonodular 
HCC. 

Recently there has been great interest in the fur-
ther developments of interstitial procedures such as 
laser-induced interstitial thermotherapy (LITT), RF 
ablation, and microwave ablation and cryotherapy.

The purpose of this chapter is to present the tech-
nical data, the practical performance, and the appli-
cation data of MR-guided LITT for primary liver 
tumors.
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Between June 1993 and April 2007, 84 patients 
with 115 intrahepatic lesions were treated with MR-
guided LITT. The male:female ratio was 63:21 and 
56 patients had percutaneous transarterial che-
moembolization as their initial treatment. We also 
included patients with recurrent liver metastases 
after partial liver resection, patients with metastases 
in both liver lobes, patients with locally non-resect-
able lesions, and patients who had general contrain-
dications for surgery or refused surgical resection.

The Nd-YAG laser fi ber was introduced with a per-
cutaneously positioned irrigated laser application 
system. Qualitative and quantitative MR parameters 
and clinical data were evaluated. Survival data were 
calculated using the Kaplan–Meier method.

See Chapter 2.3 for technical data.

3.4.1 
During Therapy

The HCC nodules were localized on computed 
tomographic (CT) scans and the injection site was 
infi ltrated with 20 ml of 1% lidocaine. Under CT 
guidance, up to four sheaths were inserted using the 
Seldinger technique. A special heat-resistant protec-
tive fi ber was then introduced. For the positioning 
of the applicators we routinely used the CT guid-
ance in all patients; this is because of later proce-
dures and because it allows immediate reaction in 
cases of bleeding or pneumothorax. After the patient 
was positioned on the MRI table, the laser fi ber was 
inserted into the protective catheter. MR sequences 

Fig. 3.4.1a–d. An axial contrast-enhanced FLASH-2D image (a) reveals the size and location of the hepatocellular carci-
noma (HCC) in liver segment 8 (arrow) of a 62-year-old patient with recurrence of HCC in the right liver lobe. b An axial 
contrast-enhanced FLASH-2D image 2 days after laser-induced thermotherapy (LITT; 25 min with four power lasers 25 W) 
demonstrates induced coagulative necrosis (arrow), presumably a sign of total destruction of the tumor with a 5-mm safety 
margin around the primary lesion. c Contrast-enhanced T1-weighted image 18 months after laser intervention demonstrates 
reduction in the volume of necrosis. There are no primary or secondary signs hinting that the tumor is still active (arrow). 
d The axial T1-weighted image reveals no viable tumor 60 months after LITT

a

c

b

d
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were performed in axial, coronal, and sagittal orien-
tations before and during LITT. Magnetic resonance 
(MR) thermometry was carried out using a specially 
designed FLASH-2D (TR 102/TE 8/fl ip angle 15 ) 
sequence, which is more sensitive at detecting ther-
mal changes in the signal (Fig. 3.4.1).

Depending on the geometry and intensity of the 
signal loss, the position of the laser fi bers was read-
justed within the thermostable catheter. Using a 

pull-back technique, the laser energy was applied in 
order to adapt thermally induced changes individu-
ally to the geometry of the given lesion.

After switching off the laser, FLASH-2D (TR 154/
TE 6/fl ip angle 70 ) contrast-enhanced [GD-DTPA, 
0.1 mmol/kg body weight (b.w.) in a bolus admin-
istration] images were obtained to determine the 
degree of necrosis induced (Fig. 3.4.2). After the 
procedure the cannulation channel was closed with 

Fig. 3.4.2a–e. The axial plain FLASH-2D image (a) (TR 154/
TE 6/fl ip angle 70 ) shows untreated HCC as a hypointense 
lesion in a 38-year-old patient (arrow). b MR thermosensi-
tive FLASH-2D images (TR 102/TE 8/fl ip angle 15 ) before 
commencing laser intervention (arrow). c Axial MR ther-
mosensitive FLASH-2D images (TR 102/TE 8/fl ip angle 15 ) 
during laser application: 12 min into application of heat, the 
hypointense area shows the distribution of thermal energy 
in the tissue and allows an early assessment of the expected 
necrosis (arrow). d The axial T1-weighted MR image 2 days 
after LITT shows a signifi cant signal change with a thin 
hypointense border, promising suffi cient tumor destruction 
(arrow). e HCC nodule 11 months after MR-guided LITT. 
The axial contrast-enhanced treated T1-weighted image (TR 
550/TE 15) shows only residual signal changes in the liver 
parenchyma (arrow)

a

c

b

d

e
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fi brin glue (Tissucol Duo S 2ml, Immuno Baxter, 
Unterschleissheim, Germany).

3.4.2 
Qualitative and Quantitative Evaluation / 
Survival

The qualitative evaluation of laser-induced effects 
was based on an analysis of lesions and surround-
ing liver parenchyma before and after the evalu-
ation periods, and included documentation of 
the morphology of lesions as seen in T2- and T1-
weighted spin-echo (SE) and gradient recalled echo 
(GRE) sequences. Quantitative data were obtained 
by volumetric calculation of tumor and necrosis 
volumes before and after intervention with the for-
mula (a × b × c) × 0.5, where a was the maximum 
anterior–posterior diameter, b was the maximum 
lateral–medial diameter and c was maximum cra-
nial–caudal diameter.

Spontaneous or therapeutically induced necrosis 
was defi ned as a hypointense area with no contrast 
enhancement after i.v. application of 0.1 mmol/kg 
b.w. Gd-DTPA in T1-weighted (TR 154/TE 6/fl ip 
angle 70 ) sequences. Geographical or confl uent 
areas with subtle enhancement in postinterventional 
sequences were interpreted as residual tumor tissue 
if the lesions could be topographically identifi ed in 
the area of the previous tumor. Surrounding rim 
structures with a high degree of contrast enhance-
ment and a width of up to 3 mm were defi ned as 
reactive hypervascular changes, induced by the 
therapy itself.

3.4.3 
Clinical Data of MR-Guided LITT of HCC

All patients tolerated the procedure well under local 
anesthesia. The total procedure time was on average 
90 min and all patients were treated on an outpa-
tient basis. All complications observed were minor 
and no further treatment was necessary. Online 
MR thermometry allowed exact visualization of 
the extension of laser-induced changes and their 
relationship to the neighboring anatomy. Lesions 
up to 2 cm in diameter could be effi ciently treated 

with a single laser application; larger lesions were 
treated with a dual, triple, and quadruple simultane-
ous application.

It was found that 22.4% of the lesions were 2 cm 
or less in diameter (mean applied energy 41.1 kJ), 
30.4% were between 2 and 3 cm (mean applied 
energy 73.4 kJ), 20% were between 3 and 4 cm (mean 
applied energy 117.9 kJ), and 27.2% were larger than 
4 cm in maximum diameter (mean applied energy 
146.1 kJ). In 98.5 % we achieved complete necrosis 
of the tumor and a 5-mm safety margin, result-
ing in complete destruction of the tumor without 
local recurrences. The mean survival rate, starting 
the calculation at the date of diagnosis of the HCC 
nodule, was 4.7 years [95% confi dence interval (CI) 
3.9–5.5 years, 1-year survival 93%, 2-year survival 
76%, 3-year survival 59%, 5-year survival 41%]. 
Mean survival after the fi rst laser treatment was 
4.1 years (95% CI 3.1–5.0 years, 1-year survival 81%, 
2-year survival 63%, 3-year survival 47%, 5-year 
survival 32%).

At present, HCC accounts for 4% of all malig-
nant tumors worldwide and represents the seventh 
most common tumor in males and the ninth most 
common in females (Bruix et al. 1991). At this time, 
liver resection and transplantation are considered 
to represent the only curative strategies in the treat-
ment of HCC (Bismuth et al. 1993). Clinical condi-
tions, the presence of larger lesions, lesions in both 
hepatic lobes, or poor clinical status preclude surgi-
cal treatment. Liver resection and transplantation 
can therefore be offered to only a small number of 
patients with a good chance of success: there is a 
need for adjunct treatments to improve the success 
of resection and to diminish the incidence of recur-
rence after surgery (Bismuth et al. 1993). The clini-
cal success of MR-guided LITT depends on many 
factors. First, optimal positioning of the applicator 
in the center of the lesion must be ensured, as deter-
mined in three dimensions. The real advantage of 
MR over CT and ultrasound lies in the thermosensi-
tivity of the MR sequence. It allows for rapid acqui-
sition temperature maps, allowing near 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 
ensure 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 session.

Monitoring also minimizes destruction of healthy 
tissue, thus enhancing the safety of the procedure, 
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particularly in the vicinity of vital structures such 
as large vessels or the central bile ducts in the liver. 
MR provides unparalleled topographical accuracy 
due to its excellent soft-tissue contrast and high spa-
tial resolution. This allows early detection of com-
plications. In the group with HCC only two pleural 
effusions were observed. However, potential further 
complications of this method can be subcapsular 
hematoma, injuries to bile ducts and bowel, infec-
tions, liver failure, bleeding, and damage to vessels 
or other structures.

Several factors may infl uence the size and mor-
phology of the areas of induced necrosis, includ-
ing tumor geometry and adjacent structures such 
as arteries, portal and hepatic veins, and the bili-
ary tree. The relationship of the tumor to the liver 
capsule is an essential factor in planning treat-
ment of the lesion. Analgesia must be signifi cantly 
increased if a lesion lies close to the liver capsule. 
Conventional MR applicator systems should only 
be used for HCC nodules < 10 mm. The multi-
applicator technique using conventional applica-
tors should be rejected due to the need for multiple 
accesses to the tumor and the promising results of 
the power LITT system. Liquid-cooled application 
systems have also been investigated, and, compared 
to the conventional system, they yield larger coag-
ulation volumes, better visualization of the hyper-
thermic changes, and homogeneity of the induced 
changes but with fewer punctures necessary (Vogl 
et al. 1998). For a 5-cm lesion three to four laser 
applicators are necessary. The number of inserted 
laser applicators depends on the size of the lesion, 
the relationship to vessels, and the geometrical 
 confi guration.

The results presented here must still be com-
pared with a variety of other minimally invasive 
techniques. Transarterial chemoembolization is a 
procedure involving the injection of lipiodol and a 
chemotherapeutic agent into the hepatic artery. The 
intention is to produce selective ischemic injury to 
the tumor, which relies mainly on the arterial circu-
lation. Kanematsu et al. (1993) did the fi rst compar-
ative study between hepatic resection in 67 patients 
and transcatheter arterial embolization (TAE) in 20 
patients with resectable disease. The 1-year, 3-year, 
and 5-year cumulative survival rates for 67 patients 
undergoing surgery were 89.1%, 74.6%, and 54.6% 
respectively; and for the 20 patients treated with TAE, 
90%, 50%, and 17.50% respectively. Surgery there-
fore provided more favorable results ( Kanematsu 
et al. 1993).

Percutaneous ethanol injection (PEI) is a tech-
nique for the treatment of HCC which is now con-
sidered to represent a reliable alternative to surgical 
resection. Ethanol shows selective diffusion in HCC, 
due to the softer consistency and hypervascular-
ity of these lesions; it carries little or no risk to the 
remaining parenchyma. Livraghi et al. (1999), in a 
multicentric trial involving nine centers, observed 
in patients with solitary lesions of less than 5 cm 
diameter a 3-year survival rate of 79%, and a 5-year 
survival rate of 47%. The results obtained with PEI 
certainly compete with the results of surgery and are 
infl uenced by the size of the lesions and the severity 
of cirrhosis (Livraghi et al. 1995).

RF lesion ablation is another method for thermo-
coagulating tissue. RF energy is emitted from the 
exposed portion of an electrode. This energy trans-
lates into ion agitation that is converted into heat, 
which induces cellular death as a result of coagula-
tion necrosis. Rossi et al. (1993, 1996) reported on 
experiences by an expandable RF needle electrode 
in 21 patients with small HCC (mean diameter of 
the tumor nodules was 2.5 cm): 6 patients showed 
recurrences and 15 remained disease-free (follow 
up 6–19 months). Pacella et al. (1997) reported on 
3 years of experience with percutaneous US-guided 
interstitial laser photocoagulation (ILP) in the treat-
ment of HCC; here, 47 small HCCs (diameter 13–
30 mm), histologically confi rmed, were treated in 
29 patients. This group describes local recurrences 
in four patients and metachronous lesions in 13 
patients. The survival rate is reported to be as high 
as 100% after 1 year, and 85% after 2 years (Pacella 
et al. 1997).

Livraghi et al. (1999) compared the effective-
ness of RF ablation with that of PEI in the treatment 
of small HCC in 86 patients. Complete necrosis was 
achieved in 47 of 52 tumors with RF ablation (90%) 
and in 48 of 60 tumors with PEI (80%). One hour 
before RF ablation the patients received an orally 
administered sedative and an intravenously admin-
istered analgesic and were monitored continu-
ously before, during, and after the procedure. Most 
patients experienced moderate pain, but occasion-
ally the treatment had to be interrupted due to severe 
pain; an anesthesiologist administered propofol and 
performed assisted ventilation for the duration of 
the procedure (Livraghi et al. 1999).

The major advantage of MR-guided LITT is that it 
is performed under MR and that the procedure can 
be monitored more carefully than is the case with 
some other techniques.
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The long-term studies revealed a local tumor con-
trol rate that depended largely on the technique used 
and the experience of the interventional group per-
forming the procedure.

The therapy’s minimally invasive character, its 
lack of short- or long-term side-effects, and the good 
tolerance patients have for it, allowing it to be car-
ried out on an outpatient basis, are the main benefi ts 
of our MR-guided LITT protocol (Vogl et al. 1997, 
1998).

In summary, MR-guided thermotherapy has been 
proved to be a safe and effective palliative treatment 
protocol for oligonodular HCC.
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years surgical resection was considered to be the only 
curative option in liver metastases, while chemother-
apy and radiation therapy were viewed as only pallia-
tive treatment options. However, the restricted inclu-
sion criteria for surgical resection – only 10%–25% of 
all patients suffering from liver metastases are suit-
able candidates to undergo surgery – have stipulated 
an increasing demand for minimally invasive treat-
ments achieving effective and reproducible percuta-
neous tumor ablation while simultaneously lowering 
both morbidity and costs. Recently, several intersti-
tial ablative techniques, including freezing, heating 
or chemical ablation, have demonstrated promising 
results. The fi rst experiments in thermal ablation of 
living tissue were described by d’Arsonval as early 
as 1868 (Erce and Parks 2003), while the use of 
thermal ablation for treatment of malignant hepatic 
lesions was fi rst suggested by McGahan et al. and 
Rossi et al. in 1990 (McGahan et al. 1990; Rossi et al. 
1990). Since then, the use of thermal ablation to treat 
both primary and secondary hepatic tumors has dra-
matically increased and has generated international 
interest with a multitude of clinical investigations. 
Although it is a relatively new procedure with rapidly 
changing patterns of clinical practice, thermal abla-
tion is already challenging surgical resection as the 
treatment of choice for patients with circumscript 
hepatic tumors.

3.5.2
Indications and Contraindications

The ultimate goal for radiofrequency ablation (RFA) 
is to prolong survival of the patients. Therefore, the 
indications for local ablative treatment are similar 
to those established for resection – however with 
some modifi cations (Table 3.5.1). There is general 

3.5.1
Introduction

In most patients suffering from cancer, the primary 
tumor can be resected in a curative intention. How-
ever, during patient’s history, liver metastases occur 
– depending on the tumor – in up to 70%. There 
are data from large autopsy studies showing that 
liver metastases are detectable in more than 40% 
of all malignancies (Tranberg 2004). Liver metas-
tases therefore have the highest impact on patient’s 
long-term survival and are responsible for the largest 
part of cancer-related deaths worldwide (Tranberg 
2004). In the western world metastases of colorectal 
cancer are the most common indication for resection, 
followed by metastases of breast cancer. It has been 
shown that the 3-, 5-, and 10-year survival rates after 
a successful resection of liver metastases are as high 
as 45%, 30%, and 20% respectively (Ohlsson et al. 
1998; Scheele et al. 1995). For this reason, in recent 
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consent that RFA is indicated for patients suffering 
from unresectable metastases due to a multilocu-
lar tumor or due to contraindications to surgical 
treatment, e.g. cardiovascular risk factors. It may 
also be used in combination with surgical resec-
tion as an adjuvant therapy or as a neoadjuvant 
therapy for bilobar tumors. Most investigators have 
limited ablative treatment to patients with four or 
fewer hepatic tumors with a diameter of 5 cm or 
smaller, due to a signifi cantly higher local recur-
rence rate in tumors larger than 3 cm (Curley et al. 
1999, 2000). Contraindications include the presence 
of extrahepatic metastatic disease, a tumor volume 
of more than 30% of the total liver volume, sepsis, 
severe debilitation, and uncorrectable coagulopa-
thies. However, patients with renal or breast cancer 
– usually associated with disseminated disease – can 
be considered suitable if they had effective systemic 
therapy and have only liver metastases left (Curley 
2003). Additionally, tumor location next to the large 
portal triads is a relative contraindication due to 
the risk of harming the bile duct. Ideally, tumors 
are smaller than 3.5 cm in diameter and completely 
surrounded by hepatic parenchyma, with a distance 
of at least 1 cm to the liver capsule and of more than 
2 cm to the large hepatic or portal veins (Gazelle 
et al. 2000). Even though subcapsular liver tumors 
can be treated with RFA, the treatment is usually 
associated with greater procedural and post-proce-
dural pain and often associated with a higher com-
plication rate (Lencioni et al. 2001). Furthermore, 
tumors larger than 3–4 cm can now be treated, using 

newer RF generators, multiple needle positions or 
angiographically assisted RFA (Gazelle et al. 2000; 
Lencioni et al. 2001). Tumors adjacent to large blood 
vessels are more diffi cult to treat because perfu-
sion-mediated tissue cooling reduces the extent of 
coagulation necrosis produced by thermal ablation 
(Gazelle et al. 2000). However the blood fl ow-medi-
ated so-called heat sink effect also protects the vas-
cular endothelium from thermal injury, allowing 
us to place the electrodes as close as necessary to 
the vessels. 

3.5.3
Results

Assessing outcome after ablation is diffi cult because 
few studies with good long-term follow-up have 
evaluated local recurrence, disease-free survival, 
and overall survival after ablation. The best way 
to evaluate the benefi t of any local ablative therapy 
is to examine the rate of local tumor control and 
the local recurrence rate respectively. Many stud-
ies have shown that completeness of tumor abla-
tion is directly related to survival (Bilchik et al. 
2001), comparable to a free resection margin after 
surgery (Ohlsson et al. 1998; Scheele et al. 1995). 
The major objective – the local recurrence rate – 
strongly depends on the size of the treated metasta-
ses (Curley 2003; Solbiati et al. 2001; Wood et al. 

Table. 3.5.1. Indications and contraindications for local ablative treatment

Indications Contraindications

Single tumor ≤ 5 cm in diameter Life expectancy < 6 months

Max. 3 lesions ≤ 3 cm in diameter Current infection

Nonresectable Treatment refractory coagulopathy

Recurrence after surgical resection Treatment refractory ascites

Patient declined surgery Portal hypertension

Combination with resection Tumor size > 5 cma

> 4 lesions

Extrahepatic spreadb

Tumor adjacent to structures at risk (main bile ducts, 
pericardium, stomach or bowel)c

a In individual cases depending on the location within the liver parenchyma an ablation might 
be possible.

b In selected patients RFA is possible even if extrahepatic tumor (e.g. stable bone metastases, 
slow growing lymph nodes) is present

c Only if a dissection of structures at risk by injection of air or glucose is not possible.
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2000). In the study by Curley (Curley 2003) a local 
relapse in only about 7% of the patients was shown 
after RFA of colorectal metastases, however, 80% of 
the local recurrences developed in the periphery of 
tumors larger than 5 cm in diameter.

A report of RFA of hepatic tumor showing the 
results from 109 patients with 172 metastatic lesions 
who underwent RFA was published by Solbiati and 
colleagues (Solbiati et al. 2001). The median follow-
up in this study was 3 years (with a range between 5 
and 52 months). Local tumor control was achieved in 
70% of the lesions, but local recurrence developed in 
30%. As described above, the tumor control depends 
mainly on tumor diameter. The authors of this study 
were also able to show a signifi cant difference in local 
recurrence comparing lesions smaller than 3 cm and 
larger than 3 cm in diameter with a local relapse of 
16.5% versus 56.1%, respectively. The overall 2- and 
3-year survival rates were 67% and 33%, respectively, 
with a median survival of 30 months (Solbiati et al. 
2001). The patients in this study were treated with 
percutaneous, ultrasound-guided RFA, leading to 
a quite high incomplete treatment rate, associated 
with a higher local recurrence rate due to a limited 
resolution with transabdominal ultrasonography, 
making correct needle electrode placement much 
more diffi cult. A study from France (de Baere et al. 
2000) analyzed 68 patients with 121 hepatic metasta-
ses who underwent 76 sessions of RFA with or with-
out additional surgery. Forty-seven patients with 
88 metastases ranging from 1 to 4.2 cm in diameter 
were treated with RFA alone while the remaining 21 
patients underwent a combination of surgery and 
intraoperative RFA for remaining small tumors. In 
33 patients with 67 metastases who underwent per-
cutaneous RFA a follow-up of at least 4 months was 
available, showing a local relapse in only 10% of the 
lesions (21% of the patients). A mean follow-up of 
13.7 months was available for all patients showing 
79% of the patients treated with percutaneous RFA 
were alive, 42% had no evidence of new or recur-
rent malignant hepatic disease, but only 27% were 
completely tumor free. A very interesting fi nding 
was that the 21 patients with otherwise unresect-
able metastatic lesions which underwent a combi-
nation of intraoperative RFA (33 lesions) and sur-
gical resection had 2-year overall and disease-free 
survival rates of 94.7% and 22%, respectively (de 
Baere et al. 2000). This fi nding suggests that RFA 
can be used safely in combination with resection 
to increase the number of patients who are surgical 
candidates in an attempt to improve overall sur-

vival rates. A study recently published by Gillams 
(Gillams and Lees 2004) referred to a cohort of 
167 patients with colorectal liver metastases treated 
with percutaneous RFA. The authors were able to 
show a median survival period of 38 months, with 
a 5-year survival rate of 30% after the diagnosis of 
liver metastases. Furthermore, a survival period 
of 31 months, with a 5-year survival rate of 25%, 
after the fi rst ablation was reported. The authors 
concluded from their results that RFA increases 
the therapeutic options for patients with colorectal 
metastases. Furthermore their conclusion was that 
until controlled trials can better defi ne the role of 
RFA, there are several groups of patients who are not 
surgical candidates and can be considered for RFA.

Neuroendocrine tumors are metastatic and 
treatable with RFA. Liver metastases from neuro-
endocrine tumors often produce severe clinical 
symptoms caused by excessive hormone produc-
tion and release. Only a minority of these patients 
with neuroendocrine liver metastases are curable 
by surgical resection. However, a signifi cant relief of 
symptoms can be obtained by “debulking,” which 
includes resection, resection combined with RFA 
or RFA alone. There is one publication reporting 
on 18 patients with more than 100 neuroendocrine 
tumors (carcinoid, islet cell, or medullary thyroid 
cancers) treated with RFA (Siperstein and Berber 
2001). Unfortunately, the exact number of patients 
was not indicated. However, the authors reported 
that most patients had signifi cant improvement in 
symptoms related to reduced hormone release after 
RFA (Siperstein and Berber 2001). However, the 
major drawback is that there are no prospective ran-
domized trials so far, comparing local ablation with 
hepatic resection or with chemotherapy alone and 
there are no randomized studies comparing the out-
come of patients after different ablative methods.

3.5.4
Complication Rates

A recently published multicenter study by Livraghi 
et al. (Livraghi et al. 2003) reported the complica-
tion rates after treating 2320 patients with a total 
number of 3554 lesions. Six deaths (0.3%) were 
noted, including two fatalities caused by mul-
tiorgan failure following intestinal perforation. 
One case of septic shock following Staphylococcus 
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aureus peritonitis was reported. One patient died 
due to massive hemorrhage following tumor rup-
ture, another due to liver failure following stenosis 
of the right bile duct; and one death of unknown 
cause occurred 3 days after the procedure. Further-
more, 50 patients (2.2%) had major complications. 
The most frequently observed major complications 
were peritoneal hemorrhage, intrahepatic abscess 
formation, and intestinal perforation. Tumor seed-
ing along the needle tract has been a rare compli-
cation as track ablation was performed after every 
thermal ablation (Livraghi and Meloni 2001). 
Peritoneal hemorrhage mostly occurred in patients 
with superfi cial metastases, whereas intrahepatic 
abscesses were mostly observed in diabetic patients 
without peri-procedural antibiotics. Furthermore, 
thermal damage to adjacent organs (colon, stom-
ach) has rarely been described in patients with mini-
mal hepatic reserve (Livraghi et al. 2003). Minor 
complications, including post- or peri-procedural 
pain, fever and asymptomatic pleural effusion, were 
observed in less than 5% of patients. Fever with 
a temperature of up to 39 C has been reported as 
part of the comparatively common postablation 
syndrome, the occurrence of which seems to be 
dependent on the volume of ablated tumor tissue. 
Pleural effusion is a relatively common feature, 
especially when using an intercostal approach or 
when the lesion is located in the dome of the liver. 
Furthermore, Livraghi et al. (2003) reported the 
rate of complications to be directly related to the 
number of required RF sessions. However, the tumor 
size itself or the type of electrode used appears to 
have no signifi cant infl uence on the number and 
extent of reported complications. The results of the 
study by Livraghi (Livraghi et al. 2003) confi rmed 
– in accordance with the experience of other authors 
– RFA to be a relatively low-risk procedure for the 
treatment of focal liver tumors (Curley et al. 2004; 
Liu et al. 2002; Mulier et al. 2002; Pereira et al. 
2003).

3.5.5
Control of Effectiveness

The main problem with local ablative therapies 
(including RFA) is the lack of an immediate direct 
control to determine the extent of tissue necrosis 
and therefore the success of the therapy. As an indi-

rect control of the effectiveness of the RFA, unen-
hanced CT scans can be obtained immediately after 
ablation. These native CT examinations commonly 
reveal an increased density at the center of the treat-
ment zone, which is most often surrounded by a 
region of hypoattenuation. Furthermore, contrast-
enhanced CT immediately after thermal ablation 
may aid in discriminating between ablated tissue 
and residual viable tumor. Post-therapeutic CT 
scans usually demonstrate regions of hypoattenua-
tion in the treated portions of the tumor devoid of 
characteristic tumorous or parenchymal enhance-
ment. Ideally, the lesion created by RFA of a hepatic 
tumor should be larger (at least 1 cm in each diam-
eter) on post-treatment images when compared to 
pretreatment images to assure a complete ablation 
including a safety margin (Fig. 3.5.1). Furthermore, 
imaging during the arterial phase may show a thin 
rim of contrast enhancement corresponding to an 
early infl ammatory reaction in the periphery of the 
ablated area due to the thermal damage. 

Long-term follow-up examinations are indis-
pensable for detecting untreated or insuffi ciently 
treated neoplastic areas or for documenting com-
plete treatment. In our opinion, contrast-enhanced 
CT has established itself as the state of the art imag-
ing method in long-term follow-up. However, some 
authors use MRI or contrast-enhanced ultrasound 
(Cioni et al. 2001; Lencioni et al. 2002) for the 
follow-up. Coagulated non-enhancing regions are 
more clearly delineated 24 h after ablation. Imag-
ing 6–12 months after RFA normally demonstrates 
– depending on the regeneration capacity of the 
liver – a marked regression of the volume of both 
the lesion and the region of induced coagulation 
necrosis (Fig. 3.5.2). A densely enhancing periph-
eral rim on delayed images often surrounds the 
region of coagulation. This rim normally represents 
an infl ammatory reaction to the thermally induced 
damage, whereas a bulky irregularity at the edge of a 
treatment site is the most common appearance of an 
incompletely treated lesion. If residual viable tumor 
tissue is detected, a second treatment cycle needs to 
be considered to reach complete necrosis. Another 
possibility for controlling the effectiveness of the 
locally ablative therapy is to monitor the tumor 
markers (CEA, CA 15–3 and others). Tumor markers 
have been reported to normalize or decrease in the 
fi rst month after RFA in 81%–100% of patients that 
had raised levels before therapy (Erce and Parks 
2003). PET scan or a combination of PET and heli-
cal CT (PET-CT) can make a valuable contribution 
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Fig. 3.5.1a–c. Patient suffering from metastasis of a colorec-
tal carcinoma; not a suitable candidate for surgery. a Pre-
therapy CT scan showed a 2-cm lesion within segment 5. 
b RF ablation was performed under CT-fl uoroscopic guid-
ance using a 3.0-cm umbrella-shaped needle. CT scan im-
mediately after treatment with a reduced amount of con-
trast agent showed the lesion completely covered by the 
ablation. c Twenty-four  hours after ablation the thermal 
lesion has grown, covering the metastasis with a margin 
of at least 1 cm

a

b

c

Fig. 3.5.2a–c. Patient refused to undergo surgery. a Contrast-
enhanced CT images show a solitary metastasis in liver seg-
ment 7 with a diameter of about 3 cm. b Twenty-four hours 
after treatment – using a 4-cm umbrella-shaped electrode 
in composite ablation technique to create suffi cient ther-
mal necrosis – CT scan showed a huge ablation area with 
a suffi cient safety margin. c A control scan 6 months after 
RF ablation shows scarring and shrinkage of the formerly 
treated area indicating a suffi cient ablation procedure with 
no local recurrence detectable

b

a

c
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Fig. 3.5.3. PET-CT image taken from a follow-up study from 
the patient shown in Fig. 3.5.2 12 months after treatment. 
There is no elevated fl uorodeoxyglucose uptake in the for-
merly treated area; however, a new metastasis can be detected 
in segment 2, not visible in the contrast-enhanced CT scan

in the detection of residual tumor after RFA. Espe-
cially in inconclusive CT scans the additional infor-
mation regarding the vitality of tumors shown by 
an elevated fl uorodeoxyglucose uptake can prove 
a possible relapse of the tumor (Anderson et al. 
2003;  Donckier et al. 2003; Joosten et al. 2005) 
(Fig. 3.5.3).

3.5.6
Conclusion

Percutaneous thermal ablative therapies have been 
receiving increasing attention as a potential curative 
treatment for focal liver metastases. Possible advan-
tages of ablative therapies as compared to surgical 
resection include a lower morbidity and mortality 
rate, lower costs, a suitability for real-time imaging 
guidance, the option of performing ablative proce-
dures on outpatients and the potential application 
to a wider spectrum of patients, including those who 
are unsuitable as surgical candidates (Goldberg 
and Ahmed 2002). Other advantages are the possi-
bility of causing selective damage with less immuno-
suppression and a smaller release of growth factors 
and the possibility of starting chemotherapy before 
or at the time of local therapy (Tranberg 2004). 

In our opinion, the major advantage of RFA is 
its ability to create a well-controlled focal thermal 
injury in the liver resulting in high success rates in 

treating metastases smaller than 3 cm in diameter 
with long-term results comparable to surgery. Fur-
thermore RFA – together with a multimodal thera-
peutic concept – appears to signifi cantly improve 
the outcome of the patients. However, surgery or a 
combination of surgery and RFA seems to currently 
remain the treatment of choice for tumors larger 
than 3 cm and for multinodular metastases due to 
the unsatisfactory results of RFA in this tumor type. 
Nonetheless, more randomized trials are required 
to establish a defi nite treatment protocol for RFA for 
patients with malignant hepatic tumors. 
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tases. The group of colorectal carcinomas attack 
this organ metastatically almost exclusively, which, 
according to studies by Weiss et al., can be attrib-
uted to the venous drainage of the intestines through 
the portal vein (Weiss 1994; Weiss et al. 1986). 
After curative treatment of the primary tumor, the 
liver manifestation has a decisive infl uence on the 
survival time of affected patients in many cases. 
A number of factors, such as the underlying primary 
tumor, the stage the tumor has reached, the localiza-
tion, and general factors such as age or any exist-
ing concomitant disease, infl uence the prognosis of 
the patients. Interstitial procedures such as laser-
induced thermotherapy (LITT) or radiofrequency 
ablation (RFA) show a high rate of controlling the 
site of the tumor and are currently being clinically 
evaluated.

Strategies for liver metastases are considerably 
more complex. Up to now the liver resection of 
solitary lesions has been the only potential curative 
treatment (Adson et al. 1984; Fong and Blumgart 
1998; Harrison et al. 1997; Hughes et al. 1988; 
 Jenkins et al. 1997; Lorenz and Waldemayer 1997; 
Maksan et al. 2000; Mariette and Fagniez 1992; 
Petrelli et al. 1985; Scheele et al. 1996; Yoon and 
Tanabe 1999). However, the high rate of intrahe-
patic relapses and possible potentiation of metastatic 
intrahepatic growth by released growth factors as 
part of the tumor stimulation process are consid-
ered problematic. For this reason, recently there has 
been great interest in further development of inter-
stitial procedures such as laser-induced interstitial 
thermotherapy (LITT), RFA, microwave ablation, 
and cryotherapy.

The purpose of this chapter is to present the tech-
nical data, the practical performance, and the appli-
cation data of MR-guided LITT for secondary liver 
tumors. 

Between June 1993 and May 2005, LITT was per-
formed on 1,750 patients with a total of 4,950 liver 

3.6.1
Introduction

Although percutaneous tumor ablation has been 
used in the treatment of various organs, the liver has 
proven to be an ideal target for this interventional 
treatment technique. Simultaneously, three different 
techniques were developed worldwide, namely cryo-
therapy, laser-induced thermotherapy (LITT), and 
radiofrequency ablation (RF). The liver plays a cen-
tral role in human metabolism and so represents one 
of the organ systems most often affected, especially 
by tumorous diseases. In principle the liver can be 
affected by both primary malignant tumors such as 
hepatocellular carcinoma and, more frequently, by 
secondary manifestations such as liver metastases. 
A large number of primary tumors often cause liver 
metastases as well as bone, lung, and brain metas-
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metastases and 85 hepatocellular carcinomas. In our 
institute we include patients with different primary 
tumors such as colorectal liver metastases, liver 
metastases from breast cancer, hepatocellular carci-
noma, liver metastases from pancreatic cancer and 
a variety of other tumors (Fig. 3.6.1). We also include 
patients with recurrent liver metastases after partial 
liver resection, patients with metastases in both liver 
lobes, patients with locally non-resectable lesions, 
and patients who had general contraindications for 
surgery or refused surgical resection. 

In our series a laser application is defi ned as a 
laser treatment at one certain position. If the laser 
applicator is pulled back and another laser treat-
ment is performed to enlarge the coagulative necro-
sis a second laser application is performed.

3.6.2 
Technical Data

3.6.2.1 
Laser Equipment and Application Set

Laser coagulation is accomplished using a neodym-
ium-YAG laser light with a wavelength of 1,064 nm 
(MediLas 5060, MediLas 5100, Dornier Germering, 
Germany), delivered through optic fi bers terminated 
by a specially developed diffuser. In the beginning 
a diffuser tip with a glass dome of 0.9 mm in diam-
eter, which was mounted at the end of a 10-m long 
silica fi ber (diameter 400 m), was used. Since the 
year 2000 a fl exible diffuser tip has been used with 
a diameter of 1.0 mm, which makes the laser appli-
cations much easier due to the fact that the risk of 
damage to the diffuser tip has dropped to almost 
zero. The active length of the diffuser 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, Berlin, Ger-
many) consists of a cannulation needle, a sheath 
system, and a protective catheter which prevents 
direct contact of the laser applicator with the treated 
tissues and allows cooling of the tip of the laser 
applicator. The closed end of the protective catheter 
enables complete removal of the applicator even 
in the unlikely event of damage to the fi ber during 
treatment. This simplifi es the procedure and makes 
it safer for the patient. 

The laser itself was installed outside the MR 
examination room, and the light was transmitted 
through a 10-m long optical fi ber. All patients were 
examined using an MR imaging protocol including 
T1-weighted gradient-echo (GE) plain and contrast-
enhanced GD-DTPA 0.1 mmol/kg body weight. T2- 
and T1-weighted images were obtained for localiz-
ing the target lesion and planning the interventional 
procedure. The studies were performed with a con-
ventional 1.5-T system (Siemens, Erlangen, Ger-
many) and a 0.5-T system (Escint).

3.6.3
Imaging During Therapy

After informing patients about potential complica-
tions, benefi ts, and disadvantages of LITT, consent 
is obtained. The metastasis is localized on com-
puted tomographic scans and the injection site is 
infi ltrated with 20 ml of 1% lidocaine. 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 

Fig. 3.6.1. Documentation of the distribu-
tion of the indications for laser-induced 
thermotherapy (LITT) treatment for all 
patients (all), patients with colorectal liv-
er metastases (colorec.), liver metastases 
from breast cancer (breast), hepatocellu-
lar carcinoma (HCC), and patients with 
liver metastases from pancreatic cancer 
(pancr.)
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inserted into the protective catheter. MR sequences 
are performed in three perpendicular orientations 
before and during LITT.

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 GE images as a result of the heat-induced 
increase of the T1 relaxation time. Depending on 
geometry and intensity of the signal loss and speed 
of heat distribution, the position of the laser fi bers, 
the laser power and the cooling rate are readjusted. 
Treatment is stopped after total coagulation of the 
lesion, and a safety margin from 5 to 15 mm sur-
rounding the lesion is visualized in MR images.

After switching off the laser, T1-weighted con-
trast-enhanced FLASH-2D images are obtained for 
verifying the induced necrosis. After the procedure 
the puncture channel is sealed with fi brin 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 parameters, includ-
ing size, morphology, signal behavior, and contrast 
enhancement, are evaluated when deciding whether 
treatment can be considered successful, or whether 
subsequent treatment sessions are required.

Laser-induced effects are evaluated by comparing 
images of lesions and surrounding liver parenchyma 
with each other before and after laser treatment, 
and with those obtained at follow-up examinations. 
Tumor volume and volume of coagulative necrosis 
are calculated using three-dimensional MR images 
and measurements of the maximum diameter in 
three planes (A, B, and C). The volume was calcu-
lated using the formula (A B C) 0.5. The results 

are tested for signifi cance using the ANOVA test. 
Survival rates are calculated using the Kaplan–
Meier method.

3.6.4
Clinical Data of MR-Guided LITT of Liver 
Metastases

All treatments could be performed under local anes-
thesia and were well tolerated by the patients. All 
patients treated between June 1993 and September 
1998 were hospitalized for 24–48 h after the inter-
vention. All patients treated between October 1998 
and May 2005 were strictly treated on an outpatient 
basis.

Evaluation of the MR thermometry data during 
MR-guided laser-induced thermotherapy demon-
strate 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. In 90.9% of all 
cases the area of obviously decreased signal inten-
sity during LITT treatment is identical with the area 
classifi ed as coagulative necrosis on MR images 24 h 
after laser treatment. In 8.6% of the cases the size 
of the coagulative necrosis obtained 24 h after LITT 
treatment is larger compared to MR thermometry 
images. 

The mean number of treated metastases per 
patient is 2.8 (median 2). The evaluation of the appli-
cation details is presented in Table 3.6.1. In 57% of 
the patients only one or two metastases are treated. 

Table 3.6.1. Documentation of the application data for the total patient mate-
rial including all patients with malignant liver lesions. The number of appli-
cators represents the number of applicators per patient. The number of appli-
cations indicates how many LITT treatments were performed per patient

Parameter Mean Median Minimum Maximum

Age (years) 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 met. 2.5 2 1 9

Session per met. 1.05 1 1 3

Energy per met. (kJ) 104 82.9 5.9 502.4
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Fig. 3.6.2. The graph shows 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)

Fig. 3.6.3. The diagram shows the mean values 
for the initial tumor volume (before LITT) as 
well as the volumes of the coagulative necrosis 
obtained 24 h after LITT treatment (24 h p.L.), 
3 months after LITT (3 M p.L.), 6 months (6 M 
p.L.) and 12 months after LITT treatment (12 M 
p.L.). The evaluation included metastases from 
all primaries

In 7% more than six metastases are treated in total. 
The localization of the metastases with respect to the 
different liver segments showed a quite homogenous 
distribution of the metastases in the different liver 
segments taking into account the different volumes 
of the liver segments.

A total of 49% of the lesions showed a relationship 
to the liver capsule, 7% presented a relationship to 
the central portal vein structures and only 29% of 
the metastases were at a location which was classi-
fi ed as easy.

The mean number of inserted laser applicators for 
the treatment of one metastasis with a reliable safety 
margin with regard to the size of the metastases was 
as follows: in 26.1% of all metastases only one laser 
applicator was inserted; in 29.8% two laser applica-
tors, in 18.8% three laser applicators, in 18.4% four 
laser applicators, in 5.3% fi ve laser applicators, and 
in 1.7% more than fi ve laser applicators were neces-

sary for the treatment of a single metastasis with a 
reliable safety margin (Fig. 3.6.2). 

The mean values of the applied energy were sta-
tistically signifi cantly higher in liver metastases 
of colorectal carcinoma versus liver metastases of 
breast carcinoma and hepatocellular carcinoma 
(ANOVA test p < 0.01).

The volume of the induced coagulative necrosis 
24 h after LITT treatment exceeds the volume of the 
initial tumor signifi cantly (p < 0.001) (Fig. 3.6.5). 
During follow-up examinations the volume of the 
induced necrosis gets smaller again due to resorp-
tion and shrinking of the lesion. In the 3-month con-
trol 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 (Figs. 3.6.3, 
3.6.4). The volume of coagulative necrosis 24 h after 
LITT treatment exceeds the initial tumor volume on 
average by a factor of 13 (range, 12–17) for lesions 
with a diameter of 2 cm or less, by a factor of 8 (range, 
7.5–8.2) for lesions between 2 and 3 cm in diameter, 
by a factor of 6 (range, 5.3–6.1) for lesions between 3 
and 4 cm in diameter, and by a factor of 2.5 (range, 
1.8–2.7) for lesions larger than 4 cm in diameter.

The results achieved to date concerning the sur-
vival in patients with liver metastases and primary 
liver cancer are presented in the following fi gures 
(Fig. 3.6.6). So far it can be shown that a survival 
for more than 5 years is possible in patients with 
liver metastases, especially of colorectal cancer. The 
survival was improved in patients with a smaller 
number of metastases (one or two metastases versus 
three or more metastases). However, this difference 
is not statistically signifi cant. Currently all survival 
data are limited in their scientifi c value due to the 
missing randomization of the protocol. However, 
the presented data show that active local tumor con-
trol is possible and a long survival can be achieved. 
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Fig. 3.6.4. The graph shows the factor by which the 
necrosis measured on contrast-enhanced images 24 h 
after LITT treatment exceeds the initial tumor vol-
ume. The values are separately given for the different 
primary tumors as well as the different size of the 
treated metastases

3.6.5
Results and Prognostic Factors of Liver 
Metastases of Colorectal Carcinoma

MR-guided LITT was performed in 839 patients (mean 
age 61.6 years) with 2,506 liver metastases of colorec-
tal cancer between 1993 and 2005. The following cri-
teria were analyzed: primary tumor and lymph node 
staging, localization of the primary tumor (rectum, 
sigmoid, colon), number of liver metastases at fi rst 
LITT treatment, synchronous (less than 6 months 
between diagnosis of tumor and fi rst liver metasta-
ses) or metachronous metastases, survival rate, and 
indication for LITT. The Tarone Ware, Breslow, and 
Log Rank tests were used for statistical signifi cance. 

The following factors had a statistically signifi cant 
infl uence on the survival of patients: Lymph node 
status N0/N1 (mean survival 3.9 years, 95% confi -
dence interval 3.6–4.3) versus N2/N3 (mean survival 
3.6 years, 95% CI 3.1–4.0), one to two initial metasta-
ses (mean survival 4.3 years, 95% CI 3.9–4.7) versus 
three to four metastases (mean survival 3.3 years, 
95% CI 2.9–3.7) versus fi ve or more metastases (mean 
survival 2.8 years, 95% confi dence interval 2.5–3.1), 
synchronous metastases (mean survival 3.5 years) 
versus metachronous (mean survival 4.1 years), 
patients refused resection (mean survival 5.5 years) 
versus recurrent liver metastases after resection 
(mean survival 3.6 years) versus diffi cult location for 
surgery (mean survival 3.4 years) versus metastases 
in both liver lobes (mean survival 3.2 years) versus 
general contraindications for surgery (mean survival 
2.6 years). The primary T staging was not a prog-
nostic factor regarding survival of colorectal liver 
metastases (T1/T2: mean survival 3.9 years versus 
T3/T4: mean survival 3.7 years, log rank = 0.45, Bre-
slow = 0.68, Tarone Ware = 0.55). The localization of 
the primary tumor revealed only statistically sig-

nifi cant differences in the Breslow and Tarone Ware 
tests (rectum: mean survival 3.63 years; sigmoid: 
mean survival 3.55 years; and colon: mean survival 
3.72 years). Survival rates were calculated using the 
Kaplan–Meier method. Of the lesions, 33.3% were 
2 cm or less in diameter (mean applied energy 54.5 kJ; 
range, 8.2–249.7 kJ), 33.3% were between 2 and 3 cm 
(mean applied energy 94.9 kJ; range, 11.6–361.4 kJ), 
18.1% were between 3 and 4 cm (mean applied energy 
133.45 kJ; range, 20.2–452.6 kJ), and 15.6% were larger 
than 4 cm in maximum diameter (mean applied 
energy 189.1 kJ, range 10.4–515.0 kJ). Of the patients, 
77.6% (n = 651) had fi ve liver metastases or less and 
no extrahepatic disease at the time of inclusion and 
were treated with a curative intention; 22.4% (n = 188) 
were treated with a palliative intention (patients with 
more than fi ve metastases and/or limited extrahe-
patic disease). The following number of metastases 
was treated: one metastasis in 29% of the patients, 
two metastases in 26.5%, three metastases in 17.8%, 
four metastases in 10.6%, fi ve metastases in 7.5%, and 
more than fi ve metastases in 8.6% of the patients.

The mean survival rate for all treated patients, 
starting the calculation at the date of diagnosis of 
the metastases which were treated with LITT, was 
3.8 years (95% CI 3.5–4.1 years, 1-year survival 93%, 
2-year survival 72%, 3-year survival 47%, 5-year sur-
vival 24%). The mean survival in the curative group 
was 4.0 years (95% CI: 3.7–4.4 years). In the pallia-
tive group it was 2.8 years (95% CI: 2.4–3.1 years).

The lymph node status, the time interval between 
primary tumor and liver metastases, and the 
number of initial liver metastases after MR-guided 
LITT were prognostic factors regarding the survival 
of patients. MR-guided LITT yields high local tumor 
control and survival rates in patients with liver 
metastases of colorectal carcinoma. In surgical can-
didates LITT seems to be superior to resection.
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Fig. 3.6.5a–i. A 62-year-old patient with liver metastases from a breast cancer. a Transverse unenhanced T1-weighted GE im-
age (TR/TE = 74/2.6) obtained 2 weeks before laser treatment shows a liver metastasis (arrows) in segment 7 with a maximum 
diameter of 3.8 cm. b Transverse contrast-enhanced T1-weighted GE image (TR/TE = 74/2.6) 2 weeks before LITT treatment 
shows contrast enhancement in the periphery of the metastases (arrows). c Coronal unenhanced T2-weighted GE image 
(TR/TE = 4.5/2.2) obtained 2 weeks before laser treatment shows a liver metastasies (arrows) in segment 7 with a maximum 
diameter of 3.8 cm. d Sagittal unenhanced T1-weighted FLASH-2D image immediately before starting the LITT treatment 
shows the metastases (arrows) and the positioned laser fi bers (arrow heads). For better visualization of the application sys-
tems a magnetite marker was placed in the protective catheter. e Transverse and sagittal unenhanced T1-weighted images 
obtained 20 min after starting the laser treatment demonstrate an obvious signal decrease of the lesion and the surrounding 
tissue (arrows) due to the increase of tissue temperature. The temperature in the center of the lesion is around 110 C, in the 
peripheral zone the temperature is around 60–70 C. f Transverse unenhanced T1-weighted image obtained 24 h after laser 
treatment shows the induced coagulation area (arrows) with some infl ammatory changes. g Transverse contrast-enhanced 
T1-weighted image 24 h after laser treatment shows the induced coagulation area (arrows). h Sagittal contrast-enhanced T1-
weighted GE obtained 24 h after LITT demonstrates the extension of the necrosis (arrows). i Transverse contrast-enhanced 
T1-weighted image 3 months after laser treatment shows the induced coagulation area (arrows)

f g

i

h
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3.6.6
Liver Metastases of Breast Cancer

Three hundred and thirty-four consecutive patients 
(average age 54.7 years: range, 23–82 years) were 
treated. Seven hundred and eighty-one metastases 
were ablated. Of the patients, 6.6% had recurrent 
metastases after surgery, 46.4% had metastases in 
both liver lobes, 28% refused surgical resection, 
1.8% had contraindications for surgery, and 17.2% 
had metastases at a diffi cult location for surgery. 
Survival rates were calculated using the Kaplan–
Meier method. The infl uence of prognostic factors 
such as the number of treated metastases, the pres-
ence of bone metastases and the hormone receptor 
status were evaluated. 

The mean survival was 4.3 years (95% CI 3.7–
4.8 years; median 3.9 years; 1-year survival rate 
85%, 2-year survival rate 66%, 3-year survival rate 
50%, and 5-year survival rate 28%) after the fi rst 

LITT treatment and 4.9 years (95% CI 4.3–5.4 years; 
1-year survival rate 95%, 2-year survival rate 78%, 
3-year survival rate 60%, and 5-year survival rate 
39%) after the diagnosis of metastases, which were 
treated with LITT. There was a trend that patients 
with three or more initial metastases had inferior 
survival compared to patients with one to two initial 
metastases. However, this was not statistically sig-
nifi cant (Tarone Ware p = 0.3, log rank p = 0.5, Bre-
slow test p = 0.2). The presence of bone metastases 
was not a prognostic factor either. The only proven 
prognostic factor was the hormone receptor status. 
Patients with at least one positive hormone receptor 
status had superior survival versus patients with a 
negative hormone receptor status (mean survival: 
5.5 years; 95% CI 4.8–6.3 versus 3.7 years; 95% CI 
2.8–4.6).

MR-guided LITT is a safe and effective treatment 
option for selected patients with breast cancer liver 
metastases. 

Fig. 3.6.6. a Survival data of all patients (n = 512) treated with 
LITT for colorectal liver metastases (n = 1,556). b Compar-
ison of survival in patients with respect to the number of 
initial metastases (black line = group 1 = 1 or 2 metastases, 
blue line = 3 or 4 metastases, red line=group 2 = more than 
4 metastases). c Comparison of survival in patients with re-
spect to the initial staging of lymph nodes (black line = group 
1 = N0 and N1 stage, red line = group 2 = N2 or N3 stage)

survival time [years]

b survival time [years] csurvival time [years]
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3.6.7
Liver Metastases of Gastric Cancer

A total of 27 patients (22 male, 5 female, average 
age 61 years, range 36–86 years) were treated. The 
total number of treated metastases was 58, ablated in 
47 treatment sessions. The mean number of treated 
lesions per patient was 2.1 (range 1–5). Survival rates 
were calculated using the Kaplan–Meier method. Of 
the patients 7.4% had recurrent metastases after sur-
gery, 48.1% had metastases in both liver lobes, 25.9% 
refused surgical resection, 7.4% had general contra-
indications for surgery, and 11.1% had metastases at 
a diffi cult location for surgery; 38.9% of the lesions 
were 2 cm or less in diameter, 35.2% were between 2 
and 3 cm, 14.8% were between 3 and 4 cm, and 11.1% 
were larger than 4 cm in maximum diameter.

All ablations were performed on an outpatient 
basis using local anesthesia. The mean survival was 
2.3 years (95% CI 1.5–3.1 years, median survival 
1.2 years, 1-year survival rate 60%, 2-year survival 
rate 36%, 5-year survival rate 22%) after the fi rst 
LITT treatment and 2.7 years after the diagnosis 
of the metastases, which were treated with LITT 
(95%CI 1.9–3.5 years; median survival 1.4 years; 1-
year survival rate 81%, 2-year survival rate 41%, 5-
year survival rate 22%). The mean size of the lesion 
was 2.4 cm (range, 0.7–7 cm; mean volume 13.9 ml), 
the mean size of the coagulative necrosis was 4.9 cm 
(range, 2.0–8.0 cm; mean volume 50 ml). The mean 
applied energy was 85.1 kJ (median 56.9 kJ; range, 
3.1–258.8 kJ). 

Local ablation of liver metastases of gastric cancer 
using MR-guided LITT is a safe, minimally invasive 
treatment option in well selected cases.

3.6.8
Liver Metastases of Pancreatic Cancer

In total, 26 patients (16 males, 10 females; average 
age 57 years; range, 40–76 years) were treated. The 
total number of treated metastases was 69, ablated 
in 50 treatment sessions. The mean number of 
treated lesions per patient was 2.7. Survival rates 
were calculated using the Kaplan–Meier method. We 
included patients with fewer than fi ve metastases 
with a maximum diameter of 5 cm. Of the patients 
19.2% had recurrent metastases after surgery, 57.7% 

had metastases in both liver lobes, 7.7% refused sur-
gical resection, and 15.4% had metastases at dif-
fi cult location for surgery. Six patients had only one 
metastasis, nine patients had two metastases, seven 
patients had three metastases, two patients had four 
metastases and two patients had more than four 
metastases initially. Sixteen patients had synchro-
nous metastases (within 6 months after the diag-
nosis of the primary tumor) and ten patients had 
metachronous metastases.

All ablations were performed on an outpatient 
basis using local anesthesia. The mean survival was 
1.8 years (95% CI 1.1–2.5 years, median survival 
0.9 years, 1-year survival rate 46%, 2-year survival 
rate 38%, 3-year survival rate 14%, 5-year survival 
rate 9%) after the diagnosis of the metastases, which 
were treated with LITT. Starting the calculation 
with the fi rst LITT treatment the mean survival was 
1.4 years (95% CI 0.8–2.2 years, median survival 
0.8 years, 1-year survival 42%, 2-year survival 21%, 
3-year survival 10%). Twenty of twenty-six patients 
had Whipple’s operation before. These patients have 
a high risk of developing a liver abscess, which was 
observed in 12.5% of the patients compared to 0.6% 
in the total LITT patient group.

Local ablation of liver metastases of pancreatic 
cancer using MR-guided LITT is only indicated in 
highly selected cases due to the limited survival of the 
patients and the high risk of developing a liver abscess 
if the patient had Whipple’s operation before. 

Liver metastases are the most common tumors in 
Europe and the United States and are 20 times more 
common than in Africa, Japan and Eastern coun-
tries. The liver is the most common site of metastasis. 
Colorectal cancer is the third leading cause of death 
in Western communities, outnumbered only by lung 
and breast cancer. At the time of death, approxi-
mately two-thirds of patients with colorectal cancer 
have liver metastases. Survival in metastatic liver 
disease depends on the extent of liver involvement 
and the presence of metastatic tumors. In several 
studies, liver metastases of colon carcinoma which 
were confi ned to one lobe and involved an area of 
less than 25% of the liver caused death in 6 months 
when untreated (Stangl et al. 1994). 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 such as 
LITT, RF ablation (Christophi et al. 2004;  Gillams 
2005; Lubienski 2005; Zhou et al. 2005), cryo-
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therapy (Finlay et al. 2000; Charnley et al. 1989; 
 Seifert et al. 2000; Shapiro et al. 1998; Hewitt et 
al. 1998), microwave ablation (Wang et al. 2000) and 
ethanol injection (Bartolozzi and Lencioni 1996; 
Sato et al. 2000; Shiina et al. 1990; Livraghi et al. 
1993) or oncological strategies such as systemic or 
locoregional chemotherapy (Ardalan et al. 1991; 
 Douillard et al. 2000a, b; Kemeny 1995; Kemeny 
and Atiq 1999; Kemeny et al. 1999; Lorenz et al. 
2000). As a high number of tumors grow in damaged 
liver parenchyma with reduced hepatic function, 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 
patients (Dodd et al. 2000). Nowadays, the most 
common technique is RF ablation. Radiofrequency 
waves (RF waves) have been used since the 1960s 
for treating intracerebral tumors, controlled stereo-
taxically. For some years RF treatment has also been 
used for treating soft tissue, focusing on the treat-
ment of malignant liver tumors. As in LITT a coag-
ulation necrosis is caused by a local temperature 
increase. Wavelengths of between 300 and 500 kHz 
are introduced into the tissue through mono- or 
bipolar antennae systems resulting in the target 
area heating up to 90 C, caused by high tissue resis-
tance. In previous studies monopolar systems were 
almost exclusively used. The necessity for an exter-
nal second electrode on patients makes an uncon-
trolled energy fl ow outside the required target zone 
possible in theory, as burns cannot be safely ruled 
out. Bipolar application systems integrate 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. 

In 1996 Rossi et al. treated 11 patients with 13 
metastases using mono- and bipolar systems and 
the multiapplicator technique. Despite the fact that 
the tumors were under 3.5 cm in size, 1 year after the 
operation only one patient was tumor-free and the 
relapse rate was around 55%. The fi ndings 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).

In 1997 Solbiati et al. (1997) published a study of 
29 patients with 44 liver metastases (size 1.3–5 cm) 
of colorectal, gastric, breast, and pancreatic carci-
nomas. Among them were 20 patients with solitary 
lesions. The operation took place using cooled sys-
tems, and a complete tumor ablation was achieved in 

91% of cases. At the 3- and 6-month follow-up 66% 
of the treated lesions were still inactive. A survival 
rate of 100%, 94% and 86% after 6, 12, and 18 months 
was documented. Livraghi tried an approach using 
conventional systems and simultaneous irrigation 
with NaCl solution in 14 patients with 24 liver metas-
tases (1.2–4.5 cm in size) but only 52% of the lesions 
were inactive after 6 months (Livraghi et al. 1997).

In 1999 Livraghi et al. presented a direct compar-
ison of RF therapy (42 patients with 52 lesions) with 
percutaneous alcohol injection – PAI (44 patients 
with 60 tumors) – in treating HCC. This was the fi rst 
direct comparison of these two different treatment 
techniques in similarly structured patient popula-
tions. Eighty percent of tumors were completely 
removed using PAI and 90% using RF (no statistical 
signifi cance). The main advantage of the RF therapy 
proved to be the smaller number of treatment ses-
sions (1.2 versus 4.8). On the other hand, a higher 
complication rate was documented (2% serious, 8% 
minor complications versus 0% for PAI) (Livraghi 
et al. 1999). Side-effects with regard to punctures 
are relevant, such as pneumothorax or hemothorax 
(2%), injury of the bile ducts and the gall bladder, 
intraperitoneal bleeding (8%) and also pleural effu-
sions. 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 with liver metas-
tases of different primary tumors, mainly colorectal 
carcinomas, show a very high local 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 anesthesia on an out-
patient 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 applied energy 
to the metastases indicates that there is a high vari-
ance in heat distribution. Sometimes a couple of 
minutes are enough to treat a metastasis with a 
reliable safety margin and sometimes application 
times of 30 min and more are necessary to get the 
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 
MRI, which is the most reliable method for ther-
mometry, MRI is very well suited for monitoring 
thermal ablation such as LITT.
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The survival rates achieved, which represent the 
most relevant success criterion for a treatment, are 
comparable in patients with metastases of colorectal 
carcinoma or breast carcinoma to those in surgically 
resected patients. It must be considered, however, 
that a surgical resection was not or was no longer 
an option for most of the patients being treated due 
to metastatic relapse after surgical resection or a 
bilobular pattern of infestation. In spite of this it was 
possible to achieve survival rates comparable to sur-
gical resection among these patients, who are actu-
ally in a group with a worse prognosis. Compared 
with the extensively published historic survival data 
after surgical metastatic resection, MR-guided LITT 
offers a very good further treatment option. Due 
to the survival data and local tumor control rates 
achieved so far, in our opinion randomized studies 
comparing LITT with chemotherapy solely in the 
case of patients who fulfi ll the inclusion criteria for 
LITT are no longer ethically tenable.

In the modern oncological concept of treatment 
the internationally defi ned terms of “clinical ben-
efi t”, “performance status” and “quality of life” are 
of the utmost importance. This applies predomi-
nantly to patients suffering from local and generally 
advanced tumors that are no longer curative. Above 
all, however, intensive systemic or regional che-
motherapy 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 tech-
niques are applied which adversely affect patients 
less and shorter-term (Vogl et al. 2001a-c, 2002a,b).

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 
modern oncological treatment concepts.
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children, Kasabach-Merritt syndrome with a large 
hemangioma combined with thrombocytopenia is a 
rare entity (Scribano et al. 1996). The therapeutic 
management of hemangiomas is still controversial. 
The vast majority of hemangiomas can safely be 
left untreated. Whereas surgical management in an 
acute or emergent situation seems mandatory, the 
most appropriate treatment of hemangiomas with 
just a few symptoms is debatable (Farges et al. 
1995). The traditional approach to the treatment of 
a hemangioma has been surgical resection for the 
relief of disabling symptoms, disorders of coagulop-
athy and hemoperitoneum. The decision to operate 
depends on the balance of the operative risks and 
the severity of symptoms and complications associ-
ated with the hemangiomas. Conservative manage-
ment can be performed safely, irrespective of the 
size of the hemangioma. Surgery is only advised in 
the case of severe complaints related to the tumor. To 
minimize the risks of surgical resection in basically 
healthy patients, interventional procedures seem to 
be attractive options (Zagoria et al. 2004).

In contrast adenomas are rare benign hepatic 
tumors that occur primarily in women, and that may 
be identifi ed after life-threatening hemorrhage, or 
as an incidental radiology fi nding. Complete resec-
tion of the adenoma is the standard therapy. The 
standards for treatment of hepatic adenoma remain 
controversial. Usually adenoma is an indication for 
resection, due to its tendency to bleed and to degen-
erate (Foster and Berman 1994). The management 
of hepatic adenoma should be individualized based 
on their size and mode of presentation. Patients with 
tumors less than 3 cm and normal alpha-fetopro-
tein can be safely observed and followed by radio-
logic imaging. Tumors > 3 cm are considered for 
resection by many hepatic surgeons due to the risk 
of malignancy (spontaneous hepatocellular carci-
noma, HCC). Interventional procedures may be new 
options in the treatment of hepatic adenomas.

3.7.1 
Introduction

Little has been published on the interventional treat-
ment of benign liver tumors such as hemangiomas 
and adenomas. Hemangiomas have been reported 
to be present in as many as 7% of necropsies with 
women being affected predominantly (4:1 to 6:1) 
(Reddy et al. 2001). Incidental presentation is usu-
ally in the third or fourth decades. The majority of 
liver hemangiomas tend to be small with diameters 
less than 4 cm with no clinical symptoms. They 
are frequently discovered incidentally on routine 
ultrasound or computed tomography (CT). About 
20% of hemangiomas are larger than 4 cm and 
10%–29% are multiple. The latter are more likely 
to cause clinical symptoms with upper abdominal 
pain being the most common (Tait et al. 1992). 
Hemangiomas occasionally rupture spontaneously, 
resulting in hemoperitoneum or hemobilia. In 
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3.7.2 
Embolization

3.7.2.1 
Hemangioma

Due to its favorable success in the treatment of non-
resectable HCC, transarterial embolotherapy has 
been tried in several studies for symptomatic cavern-
ous hemangiomas (Srivastava et al. 2001; Zeng et al. 
2004). However, the hemodynamics of hemangiomas 
are different from those of HCC and the advantages 
of embolization have not been fully realized in the 
treatment of hemangiomas (Cui et al. 2003). But still 
the use of embolization provides a safe and effec-
tive treatment of patient’s symptoms while avoiding 
operative intervention, extended hospitalization, and 
postoperative recuperation. This treatment modality 
should be considered for symptomatic hemangioma 
under elective conditions (Deutsch et al. 2001).

3.7.2.2 
Adenoma

In contrast embolization does not play any role in 
the treatment of hepatic adenoma despite an acute 
hemorrhage due to adenoma rupture where transar-
terial embolization might be a therapeutic option 
(Terkivatan et al. 2001).

3.7.3 
Radiofrequency Ablation (RFA)

3.7.3.1 
Hemangioma

Because image-guided liver biopsies, even in heman-
giomas, are low-risk procedures (Cui et al. 2003) and 
RFA has proven effective in malignant liver tumors 
with considerably low complication rates (Mulier 
et al. 2002), RFA has been tried for symptomatic cav-
ernous hemangiomas with promising results (Cui et 
al. 2003; Tak et al. 2006). The mechanism of action 
of RFA in treating liver hemangiomas has yet to 
be determined, but it may involve its thrombogenic 
effect due to damage to the layer of the endothelial 
lining in the vascular structures (Cui et al. 2003).

3.7.3.2 
Adenoma

In selected cases RFA can be safely used as an alter-
native to open surgical resection especially in cases 
with multiple adenomas, in order to reduce the 
amount of liver tissue to be resected (Fujita et al. 
2006; Rocourt et al. 2006).
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prognostic factors. The overall 5-year survival rate for 
patients with symptomatic tumors is 53% as opposed 
to 85% for incidentally detected lesions (Sweeney et 
al. 1996), indicating a survival advantage attributed 
to smaller tumors (Guinan et al. 1995). In addition, 
tumors less than 4 cm in diameter rarely metastasize.

The conventional treatment of RCC remains radi-
cal nephrectomy. The favorable prognostic indica-
tors associated with small RCCs led to the develop-
ment of less invasive operation techniques aiming at 
a preserved renal function. These nephron-sparing 
techniques were successfully established in clinical 
routine (Uzzo and Novick 2001), including partial 
nephrectomy via an open or laparoscopic approach. 
With 10-year tumor-free survival rates greater than 
85% these results equaled nephrectomy (Fergany 
et al. 2000) and gave way to the development of new 
therapeutic concepts such as the introduction of even 
less invasive, energy-based treatment options. Several 
of these thermal ablation techniques are now used in 
clinical routine or are subject to clinical and experi-
mental investigation, including radiofrequency (RF) 
ablation, cryotherapy, laser-induced thermother-
apy (LITT), microwave ablation, and high intensity 
focused ultrasound. First applied in 1997 (Zlotta et 
al. 1997) renal RF ablation has gained most attention 
among these energy-based treatment modalities. This 
technique provides several advantages over surgical 
resection, including reduced morbidity and the abil-
ity to treat poor surgical candidates. Moreover, it can 
eventually be applied as an outpatient therapy.

4.2
Experimental Investigations

Several animal studies have assessed the immediate 
or short-term histopathological changes following 

4.1
Introduction

Renal cancer is a large socioeconomic problem, 
accounting for 3% of the estimated new cancer cases 
in men. During 2004 the American Cancer Society 
reported 35,710 new cases and estimated 12,480 deaths 
from renal cancer (Jemal et al. 2004). Historically 
renal cell carcinoma (RCC) has been detected by fl ank 
pain and hematuria. The widespread availability of 
cross-sectional imaging techniques such as ultra-
sound (US) and computed tomography (CT) led to an 
increased detection rate of small renal tumors (Pan-
tuck et al. 2001). Further advances in medical imag-
ing with the introduction of multidetector row spiral 
CT (MDCT) and magnetic resonance (MR) imaging 
in clinical routine have resulted in even earlier tumor 
detection. About two-thirds of all RCCs are now dis-
covered incidentally (Homma et al. 1995). However, 
the differentiation of small renal tumors remains a 
diagnostic dilemma ( Zagoria and Dyer 1998).

The natural history of renal tumors varies but 
tumor stage and histological tumor type are relevant 
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RF ablation of normal porcine kidneys or of VX2 
tumors implanted in rabbit kidneys. The animal’s 
kidney demonstrated the zone of RF ablation as a 
sharply delineated area (Hsu et al. 2000). Imme-
diately after the procedure increased cytoplasmic 
eosinophilia, loss of cell border integrity, blur-
ring of nuclear chromatin, and interstitial hemor-
rhage are visible on microscopy. Typical coagula-
tive necrosis develops by day 3. Infl ammatory and 
fi broblastic changes separate ablated kidney from 
the adjacent healthy renal parenchyma. By day 14, 
nuclear degeneration is complete. Necrosis without 
features of renal parenchyma is complete by day 30. 
From the center to the periphery four different zones 
are described from histology: complete necrosis, 
infl ammatory infi ltrate, hemorrhage, fi brosis and 
regeneration (Crowley et al. 2000). In rabbits the 
renal medulla has been more sensitive to RF abla-
tion than the renal cortex (Polascik et al. 1999). 
This is discussed to be caused by an increased ion 
concentration in the medulla with augmentation of 
frictional energy and heating. The same principle 
forms the basis of the instillation of saline into the 
area of ablation to increase the size of necrosis (Lee 
et al. 2005).

Induction of necrosis requires a temperature 
above 60 C. Thus, the size of RF-induced necrosis 
might be limited in well perfused tissue such as the 
renal parenchyma due to a heat sink. This potential 
limitation of RF ablation is caused by the cooling 
effect from the blood fl ow. To compensate for the 
cooling effect, temporary renal ischemia has been 
evaluated in animal experiments aiming on an 
increase of the lesion size. Immediate post-mortem 
analysis after transfemoral balloon occlusion of the 
renal artery as well as selective embolization using 
particles led to a signifi cant enlargement in lesion 
size in the ischemic kidney (Aschoff et al. 2001; 
Chang et al. 2004). Another study with laparoscopic 
renal hilar occlusion showed greater lesion sizes in 
the ischemic kidneys than the non-ischemic kidneys 
at 2 and 4 weeks after ablation. At 4 weeks, how-
ever, the lesion sizes were not signifi cantly differ-
ent (Corwin et al. 2001). These results demonstrate 
potential strategies to modify the size of necrosis by 
modulation of the renal perfusion. Only recently, 
an ex-vivo study analyzed the effect of different RF 
devices on the size and shape of necrosis (Häcker 
et al. 2005). This information may also be used to 
design the ideal shape of necrosis by using differ-
ent RF devices, depending on tumor size, shape, and 
location.

4.3
Indication

A comparison with the surgical reference standard 
of nephrectomy is not yet possible, as there are no 
substantial long-term follow-up data available yet on 
renal RF ablation. Only a single small study reports 
on a more than 4-year follow-up of renal RF ablation 
(McDougal et al. 2005). Until more data on long-
term follow-up become available, renal RF ablation 
remains limited to selected patients. To provide all 
viable treatment options to a patient and to select 
the right patients for RF ablation close collaboration 
between urologists, oncologist, and interventional 
radiologist is essential.

As partial nephrectomy is not without morbidity, 
whether it is performed via the open or the laparo-
scopic approach, there is a need for nephron-spar-
ing ablative techniques, which can eradicate the 
tumor without the attendant morbidity of surgery. 
Thus, RF ablation has to be considered as a treat-
ment option for patients with contraindications for 
surgery especially comorbid conditions or those 
who refuse open surgery. Still, there are no uniform 
indications for renal RF ablation (Table 4.1). Patients 
without comorbid conditions and with life expectan-
cies longer than 5–10 years are often excluded from 
RF ablation. Many investigators limit RF ablation to 
patients without metastatic disease and some centers 
even limit treatment with curative intent to patients 
with greater than 1-year life expectancy (Gervais et 
al. 2005a). Further indications include patients with 
a solitary kidney, multiple RCCs, von Hippel Lindau 
disease or limited renal function (Fig. 4.1). A po-
tential palliative indication is treatment refractory 

Table 4.1. Indications and contraindications for renal RF ab-
lation. Extended indications and relative contraindications 
are given in parentheses

Indication Contraindication

Unfi t for surgery Sepsis

Solitary kidney Vascular invasion

Multiple renal tumors Coagulopathy

von Hippel Lindau disease

(Life expectancy < 1 y or 
> 10 ys)

(Refractory hematuria) (Severe debilitation)

(Tumor debulking) (Central tumor location)

(Extrarenal tumor manifes-
tation)
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Fig. 4.1a–e. A 46-year-old male patient with multiple tumors 
of the right kidney after left-sided nephrectomy 2 years be-
fore. Multiplanar reformat (MPR) depicts two small tumors 
in the right kidney (a). For RF ablation the RF probe was 
inserted via a dorsal approach. Repositioning was needed to 
reach the different tumors and to ensure complete ablation 
(b,c). Post-interventional MPR (d) as well as axial multislice 
spiral CT (MSCT) image (e) show the typical wedge-shaped 
areas of necrosis

a

b

c

d

e
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hematuria (Neeman et al. 2005). A rare indication is 
tumor debulking in conjunction with immunother-
apy in patients with advanced stage of disease and 
tumor recurrence in the surgical bed after nephrec-
tomy. Patients without a safe path for percutaneous 
treatment are excluded from image-guided RF abla-
tion, but might be considered eligible for intraopera-
tive RF ablation. Contraindications for RF ablation 
include sepsis, severe debilitation, and uncorrectable 
coagulopathies. The presence of a tumor thrombus is 
also considered a contraindication to renal RF abla-
tion. In selected patients RF ablation may be consid-
ered as an innovative therapy. Thus successful RF 
ablation has been reported of a Wilms’ tumor refrac-
tory to chemotherapy in a multimorbid child with a 
solitary kidney (Brown et al. 2005). Even in a tran-
sitional cell carcinoma at the uretro-pelvic junction 
this technique has profi tably been applied for tumor 
reduction (Schultze et al. 2003). Some reports indi-
cate that isolated foci of metastatic disease can also 
be treated successfully with RF ablation (Zagoria et 
al. 2001; Gervais et al. 2002) including the palliative 
treatment of painful osseous metastases (Goetz et 
al. 2004). Although these are sporadic reports, they 
clearly indicate the future potential of RF ablation as 
a treatment option in advanced stages of disease.

4.4
Technique

Renal RF ablation can be performed with intrave-
nous analgo-sedation on an outpatient basis or, at 
most, requires overnight inpatient observation. In 
some centers the procedure is performed under gen-
eral anesthesia. The latter ensures optimal patient 
compliance and comfort. Prophylactic antibiotics 
are generally not used, although their use might be 
useful if the procedure is expected to take a long 
time or if several repositioning maneuvers have to be 
performed. It is common practice to perform biopsy 
prior to ablation as biopsy results may affect sub-
sequent patient management. In the literature the 
timing suggested for biopsy varies. From our point 
of view it is recommended to perform biopsy in com-
bination with RF ablation in order to avoid tumor 
seeding along the puncture tract by tract ablation 
after the procedure.

Open surgical exposure, laparoscopic exposure 
and an entirely percutaneous approach have been 

reported as being used to apply RF to the kidney. 
Animal experiments showed no difference in the 
results using different approaches to the kidney 
(Crowley et al. 2000). In order to completely destroy 
the tumor, heat must exceed the tumor margin into 
healthy renal parenchyma. Although modern RF 
systems generate necrosis of 1.6–5 cm (Goldberg et 
al. 2000), many tumors need overlapping ablations 
as the tumor geometry and the shape of the abla-
tion zone do not always match perfectly. As lesion 
size, volume, and shape depend on the selected RF 
system, procedure time, and electrode confi gura-
tion, detailed knowledge of the specifi c characteris-
tics of the used RF system is needed to assure com-
plete and reliable ablation.

When planning the ablation procedure, tumor 
location, heat sink effect, and the probe character-
istics have to be considered. Modulation of the local 
blood fl ow enhances the effi ciency of a RF ablation. 
Tumor embolization with coils or particles prior to 
RF ablation reduces the blood fl ow in the parenchyma 
adjacent to the embolized tissue and therefore results 
in better and more homogeneous heat distribution. 
Furthermore, embolization adds a therapeutic effect 
on its own. As a consequence, devascularization of 
hypervascularized renal tumors exceeding a diam-
eter of 3 cm can be recommended (Mahnken et al. 
2005) (Fig. 4.2). To achieve optimal effi cacy of such 
a combined procedure both interventions should 
be performed within 24 h. Moreover, large tumors 
need overlapping ablations to achieve a necrosis 
large enough to cover the entire tumor and to avoid 
remnants of viable tumor tissue in a treated lesion. 
Repositioning may involve simply pulling the RF 
probe to cover the length of the tumor parallel to 
the RF probe, or it may require withdrawal from the 
lesion and reinsertion at a different angle.

While a large area of necrosis is desirable to com-
pletely include the treated lesion, thermal damaging 
of the calices and renal pelvis has to be avoided in 
any case. Therefore, peripherally located tumors 
with exophytic growth are best suited for RF abla-
tion, while centrally located tumors are considered 
a relative contraindication for RF ablation (Fig. 4.3). 
However, in selected cases even centrally located 
renal tumors may be ablated successfully. In these 
tumors the heat sink effect is particularly intense 
due to adjacent vessels in the renal hilum. Thus, the 
risk of incomplete coagulation necrosis increases, 
and the intensity of the heat sink effect has to be 
considered when planning the procedure (Gervais 
et al. 2003). To avoid damage to neighboring struc-
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Fig. 4.2a–e. A 73-year-old male patient with renal cell car-
cinoma, diabetes mellitus and cardiovascular comorbidity. 
Multiplanar reformat (MPR) in the coronal plane from a 
pre-interventional multislice spiral CT depicts an eccentric 
3.6-cm tumor of the right kidney (arrows) (a). The patient 
was considered to be at high risk for surgery. Because of 
the size of the hypervascularized tumor, a tumor emboliza-
tion was performed prior to RF ablation (b,c). An umbrella-
shaped RF probe was introduced percutaneously via a later-
al approach (d). Four months after RFA the axial CT image 
shows no contrast enhancement in the tumor area (arrows), 
corresponding to complete tumor necrosis (e). A suffi cient 
safety margin without contrast enhancement is visible

a
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d e
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Fig. 4.3a–c. Tumor locations 
suited or not suited for per-
cutaneous RF ablation. Exo-
phytic and cortical tumors 
(a) are best suited for renal 
RF ablation. Parenchymal 
tumor location with contact 
to the renal hilum (b) might 
be considered for RF abla-
tion, whereas central tumor 
location (c) is typically con-
sidered a contraindication for 
RF ablationa b c

tures such as the colon, pararenal injection of air, 
CO2, water, or saline might be useful for displacing 
endangered organs sensitive to thermal damage. If 
needed, infusion of cold saline into the collecting 
system of the kidney may also be considered to avoid 
thermal damage of the renal pelvis (Margulis et al. 
2005). Optimal access to the tumor can also include 
induction of an iatrogenic pneumothorax (Ahrar 
et al. 2005).

4.5
Peri- and Post-interventional Imaging

Unlike open or laparoscopic surgery, thermal therapy 
allows no direct visualization of the critical struc-
tures during the intervention. Consequently, opti-
mal imaging (US, CT or MR imaging) is mandatory. 
While placement of the RF probes is possible under 
US, CT, and MR guidance, none of these modali-
ties permits real-time monitoring of the ablation 
results. Only MR-temperature mapping holds the 
potential for online temperature mapping and thus 
for instantaneous monitoring of the intervention’s 
success. But, the technology needed for temperature 
mapping during RF ablation is not commercially 
available yet, although the basic principle of this 
technique even during application of RF pulses has 
been described previously (Lepetit-Coiffe et al. 
2002). The use of US during and immediately fol-

lowing the intervention is limited by the formation 
of gas bubbles. As successfully treated and conse-
quently necrotic tissue is not perfused, administra-
tion of contrast material before probe retraction 
helps to estimate the ablation result during CT- or 
MR-guided RF ablation. For MR imaging this tech-
nique allows for differentiation between treated and 
untreated renal parenchyma within a range of 2 mm 
(Merkle et al. 1999).

It is important to follow a stringent imaging sur-
veillance to detect local or systemic recurrence fol-
lowing RF ablation. In general contrast-enhanced 
CT or MR imaging are recommended for follow-up. 
The need and frequency of imaging follow-up may 
differ based on whether a mass is a histological 
proven RCC or a benign tumor such as oncocytoma 
or angiomyolipoma (Tuncali et al. 2004). Typi-
cal imaging fi ndings in successfully treated renal 
tumors include a wedge-shaped defect with a lack 
of contrast enhancement, shrinkage and occasional 
retraction from normal parenchyma by fat infi ltra-
tion (Matsumoto et al. 2004). On MR imaging suc-
cessfully treated lesions typically appear hypoin-
tense surrounded by a bright rim on T2-weighted 
images, while these lesion are hyperintense on T1-
weighted images (Fig. 4.4). After administration of 
contrast material a thin rim enhancement might be 
seen (Merkle et al. 2005). Therefore, CT and MR 
imaging should be performed with unenhanced and 
enhanced imaging studies. It is agreed upon that 
an early post-interventional imaging assessment 
is needed to exclude residual tumor as this can be 
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Fig. 4.4a–f. T1-weighted pre-interventional MR images in this 72-year-old male patient with RCC show an isointense tumor 
on pre-contrast images (a) with marked contrast enhancement after administration contrast material (b). On T2-weighted 
images the lesion appears inhomogeneous with hypodense areas (c). After RF ablation the tumor presents hyperintense on 
unenhanced T1-weighted images (d) without contrast enhancement on post-contrast images (e). On T2-weighted images the 
lesion appears hypointense with a bright rim (f). In addition, post-interventional MR imaging depicts central susceptibility 
artifacts, caused by metal abrasion from the RF probe

a

c

e

b

d

f
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treated successfully by repeated percutaneous RF 
ablation. If no viable tumor is demonstrated, sub-
sequent scans are generally performed at 3 months, 
6 months and every 1 year. However, there is no uni-
form post-interventional imaging standard so far.

4.6
Results

The fi rst case of percutaneous RF ablation prior to 
radical open nephrectomy of an exophytic RCC was 
reported by Zlotta et al. in 1997 (Zlotta et al. 
1997). Histopathological evaluation of the operation 
specimen revealed stromal edema and pyknosis. 
The zones of ablation were correctly predicted from 
the needle deployment. No viable tumor cells were 
demonstrated in the percutaneously treated tumor. 
In 1999 the fi rst case of RF ablation as sole treat-

ment for a renal tumor with 3 months of follow-up 
was reported (McGovern et al. 1999). Since then, 
the increasing number of reports on percutaneous 
renal RF ablation outlines the potential of RF abla-
tion for minimally invasive treatment of RCC. In 
addition percutaneous RF ablation proved to be less 
costly than open or laparoscopic partial nephrec-
tomy (Lotan and Cadeddu 2005).

The fi rst large series was reported by Gervais et 
al. in 2003 with 34 patients and 42 RCC undergo-
ing 54 percutaneous RFA treatments (Gervais et al. 
2003). The tumor size ranged from 1.1 to 8.9 cm with 
a mean diameter of 3.2 cm. With a mean follow-up 
period of 13.2 months RF ablation has been proven 
to be effective. Most important, this study fi rstly 
identifi ed relevant factors for success of the ablation 
procedure. While parenchymal and central tumors 
recur more frequently if the diameter exceeds 3 cm, 
exophytic tumors can be treated effectively, even if 
they are bigger than 3 cm in diameter. So far there 
have been many studies confi rming the short-

Table 4.2. Results of renal RF ablation. (CT Computed tomography, lap. laparoscopic, MR magnetic reso-
nance, n.a. not applicable, perc. percutaneous, OP surgical, US ultrasound)

Author/Year Technique Patients/
Tumors

Mean size 
(cm)

Local tumor 
control (n)

Follow-Up 
(months)

Zlotta et al. (1997) perc. US, OP 2/3 2–5 3/3 n.a.

Walther et al. (2000) open 4/11 2.2 10/11 n.a.

Michaels et al. (2002) open US, OP 15/20 2.4 1/20 n.a.

Ogan et al. (2002) perc. CT 12/13 2.4 12/13 4.9

Matlaga et al. (2002) open US, OP 10/10 3.2 8/10 n.a.

Pavlovich et al. (2002) perc. US, CT 21/24 2.4 24/24 2

de Baere et al. (2002) perc. US/CT 5/5 3–4 5/5 9

Rendon et al. (2002) lap./perc., OP 10/11 2.4 4/11 n.a.

Jacomides et al. (2003) lap. all, 5 OP 13/17 2.0 17/17 9.8

Su et al. (2003) perc. CT 29/35 2.2 35/35 9

Mayo-Smith et al. (2003) perc. US/CT 32/32 2.6 31/32 9

Farrell et al. (2003) perc., OP US/CT 20/35 1.7 35/35 9

Lewin et al. (2004) perc. MR 10/10 2.6 10/10 23

Zagoria et al. (2004) perc. CT 22/24 3.5 20/24 7

Veltri et al. (2004) perc. US 13/18 2.5 16/18 14

Hwang et al. (2004) perc. CT, lap. 17/24 2.2 23/24 13

Mahnken et al. (2005) perc CT 14/15 3.0 15/15 13.9

Chiou et al. (2005) perc. 12/12 3.7 9/12 n.a.

Matsumoto et al. (2005)a perc. CT, lap. 91/109 2.4 109/109 n.a.

Gervais et al. (2005a) perc. CT/US 85/100 3.2 89/100 28

Boss et al. (2005) perc. MR 8/8 2.3 8/8 13

all/mean 445/536 2.6 90.3% 11.8
a Includes 15 benign tumors



  4 Kidney – Radiofrequency Ablation (RFA) 175

term effectiveness of RF ablation in small RCCs 
(Table 4.2).

Some investigators raised concern regarding the 
effi ciency of renal RF ablation with respect to com-
plete tumor necrosis. On histology Michaels et al. 
found viable tumor in all but one specimen of the 
tumors included in this study (Michaels et al. 
2002). Rendon et al. found viable residual tumor 
in four of fi ve tumors undergoing partial or radical 
nephrectomy immediately after RF ablation and in 
three of fi ve tumors undergoing nephrectomy 1 week 
after RF ablation (Rendon et al. 2002).  Walther et 
al. reported one tumor with residual viable cells in 
11 RCCs treated with RF ablation prior to surgical 
resection, whereas the remaining 10 tumors were 
completely necrotic (Walther et al. 2000). These 
observations have to be taken seriously, but there 
are methodological problems with some of the 
studies. Michaels’ study group omitted overlap-
ping ablations and did not correlate the results with 
imaging fi ndings. Rendon et al. based their conclu-
sions on viability solely on hematoxylin and eosin 
staining instead of the required reference standard 
of NADHase stains. As a consequence, these stud-
ies are contradicted by the results of other investi-
gators. Jacomides et al. performed tumor resection 
secondary to RF ablation in 5 of 17 laparascopi-
cally treated RCC and did not fi nd residual tumor 
on histology ( Jacomides et al. 2003). The latter is 
supported by recent 4-year results (McDougal et 
al. 2005). These observations, however, emphasize 
the need for a scrupulous RF ablation technique and 
strict imaging follow-up.

4.7
Complications

Complications may occur in about 7% of patients. 
The most common complication is self limiting 
hematuria. Severe complications are rare includ-
ing hematoma, urinoma, renal infarction, ureteral 
obstruction, and cutaneous fi stulas (Rhim et al. 
2004). Although thermal damage to the urinary 
system is feared, urine leaks are rare. Direct ther-
mal damage to the collecting system is more likely 
to cause stricture formation than perforation. In 
case a central tumor obscures the calyces, collect-
ing system hemorrhage is a more relevant complica-
tion that may occur in up to 33% of these patients 

necessitating treatment (Gervais et al. 2005b). Most 
of these complications can be treated conservatively. 
In renal RF ablation a single 5-mm cutaneous metas-
tasis along the puncture tract was reported, which 
was resected without any complications (Mayo-
Smith et al. 2003). This type of complication, how-
ever, can be avoided by coagulation of the puncture 
tract during RF probe withdrawal. When compared 
to other thermal ablation techniques, the ability to 
avoid tract bleeding and tumor seeding by coagulat-
ing the puncture channel is an important advantage 
of RF ablation. Consequently, the risk of extrarenal 
bleeding complications is low. Furthermore, animal 
experiments indicate an infl uence of tumor loca-
tion on complication rate, with central tumors being 
prone to major complications including renal artery 
injury (Lee et al. 2003).

4.8
Summary

The introduction of minimally invasive thermal abla-
tion techniques offers a safe and accurate alternative 
to open or laparoscopic surgery in the treatment 
of renal tumors. Experimental as well as clinical 
studies proved RF ablation to be a safe and effective 
treatment option for small RCCs. It is well tolerated 
in patients with percutaneously accessible lesions. 
However, the long-term outcome remains to be 
determined. Until then its use is limited to selected 
patients. Despite these limitations, published expe-
rience with renal RF ablation is continuously grow-
ing. As soon as its long-term effectiveness is proven, 
this technique holds the potential to replace surgery 
as fi rst-line therapy in small RCCs.
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5.1.1
Introduction

5.1.1.1
Lung Neoplasms

Primary lung cancer is a severe worldwide health 
problem causing a greater death toll than breast, 
prostate, and colorectal cancer combined (Brescia 
2001). Non-small cell lung cancer (NSCLC) accounts 
for 80% of primary lung cancer. Unresectability rep-
resents the poorest prognostic factor for survival 
outcome (Strauss 1997). Less than one in fi ve pa-
tients can be resected with a curative intent at the 
time of presentation. Even those patients able to have 
a complete resection often relapse, making lung can-
cer one of the most biologically aggressive cancers 
known with a 5-year mortality rate of nearly 90% 
(Salgia and Skarin 1998).

Pulmonary metastases can arise from virtually 
any primary source. Lung metastases have been 
found at autopsy in 25%–30% of all patients with 
malignant disease (Ollila and Morton 1998). De-
spite nearly a third of cancer patients dying with 
evidence of pulmonary metastases, those patients 
satisfying criteria for surgical resection represent a 
much smaller subgroup. 

In a retrospective study of 5206 cases undergo-
ing pulmonary metastasectomy, 42% had sarcoma, 
14% colorectal cancer, 9% breast cancer, 8% renal 
cancer, 7% germ cell tumor, 6% melanoma, and 5% 
head and neck cancer (Friedel et al. 1999).

Tumors exhibiting preferential spread to the lungs 
as the only site of metastasis include sarcoma, renal 
cell cancer, and head and neck cancer. In contrast, 
tumors such as breast, melanoma, and colorectal 
carcinoma typically metastasize to multiple organ 
sites (Davidson et al. 2001).

Several studies on metastasectomies have re-
cently been published using heterogeneous patient 
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populations (Friedel et al. 2002; Pastorino 2002; 
Pfannschmidt et al. 2002) demonstrating that me-
tastasectomy is safe and provides extended survival. 
Completeness of resection was of prognostic signifi -
cance with respect to survival in all analyses. Less 
agreement is over disease-free interval (DFI), tumor 
type, number and size of metastases.

Pulmonary metastases from colorectal cancer 
(CRC) occupy a special position. CRC is the second 
most common visceral malignancy in industrialized 
countries, the highest incidences being encountered 
in North America, Australia, New Zealand, Europe, 
and Japan (Faivre et al. 2002). An increasing inci-
dence of CRC has been observed in most areas of the 
world recently (Faivre et al. 2002). Although the re-
currence of disease is mainly loco-regional, in 20% 
of patients it will recur at distant sites ( Davidson et 
al. 2001). The lung is the most common site of extra-
abdominal disease, although isolated pulmonary 
metastases are rare with an incidence of 2%–4% 
(McCormack and Ginsberg 1998). Unlike many 
other cancers, the presence of distant metastases 
from CRC does not preclude curative treatment 
(Penna and Nordlinger 2002).

The type of resection was shown not to signifi -
cantly affect survival following 85 patients who 
underwent pulmonary metastasectomy by either 
conventional resections with diathermy dissection 
or stapler suture lines, lobectomy or laser ablation 
with an Nd:YAG laser (Mineo et al. 2001).

The well-established data on survival after pul-
monary surgery of CRC-metastases lead to the con-
clusion that if we are able to completely ablate the 
lung tumors by RFA we may achieve comparable 
survival rates to surgical tumor removal. Lower 
morbidity and mortality, as well as a better life qual-
ity additionally accompany this treatment with the 
possibility that the patients may be treated on an 
overnight or even outpatient base.

5.1.1.2
Local Tumor Destruction of Lung Tumors

5.1.1.2.1
Overview of Methods

The different options for local tumor ablation in 
medical radiology together with their clinical indi-
cation have been detailed in Chapters 2 and 3.

The methods for local ablation of lung tumors 
include hyperthermia [RFA, laser-induced ther-

motherapy (LITT), microwave coagulation, high 
intensity focused ultrasound (HIFU)], cryotherapy, 
ionizing irradiation (internal, external), photody-
namic therapy and electrochemotherapy.

Some methods, such as RFA and LITT (Vogl et 
al. 2004), within the hyperthermia modalities have 
been used more extensively than the other methods 
listed.

Microwave-induced coagulation can produce the 
ablation of a relatively large volume within a few 
minutes; in liver the results are at least as good as 
those achieved with percutaneous alcohol injection 
(PEI) (Seki et al. 1999). It may become attractive for 
percutaneous use in lung tumors if clinically rel-
evant lesions can be produced with a probe size of 
less than 2 mm.

In HIFU the working principle is the transforma-
tion of energy into heat, a principle that it shares with 
RFA, LITT, and microwave coagulation. The attrac-
tion of this method is of course its complete lack of 
invasiveness. Frequencies in the range 0.5–4.0 MHz 
are used to provide a treatment which allows thermal 
ablation of pre-selected soft tissue targets at depth, 
whilst sparing the more superfi cial layers. Potential 
sites for HIFU treatment are limited by the fact that 
megahertz ultrasound is not transmitted through 
air or bone. A fl uid or soft tissue path is required for 
sound wave propagation (Visioli et al. 1999).

Cryotherapy, an effective method for liver tumor 
destruction despite a higher morbidity rate than 
RFA, was not successfully developed for lung abla-
tion, probably because of its bigger probe diameter 
(Wang et al. 2004).

Methods such as ionizing irradiation and photo-
dynamic therapy have rarely been used in patients, 
electrochemotherapy has not progressed beyond the 
experimental level, while local tumor destruction by 
chemical means, extensively used in liver, is not an 
option in lung due to the special tissue properties.

5.1.1.2.2
Indications for Local Tumor Destruction

The indications for local destruction of lung tumor 
are similar to those established for resection, al-
though with some modifi cations. It is usually felt 
that the number of lesions per hemithorax should 
not be more than fi ve and that the largest lesion 
diameter should be less than 5 cm. Most authors 
think that the treatment should be offered only to 
patients with no evident extrapulmonary disease, 
however there is a role for RFA in pain palliation, 
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a topic covered later in this chapter. Ideally tumors 
should be smaller than 3.5 cm in diameter and com-
pletely surrounded by non-tumorous lung. Tumors 
abutting the pleura can be effi ciently treated, but 
this is associated with increased pain during and 
after treatment.

5.1.1.2.3
Advantages as Compared to Lung Resection

As compared to lung resection local ablative meth-
ods bear indisputable advantages. The surgical 
trauma may contribute to recurrence, growth of 
metastases, and metastatic spread. These unwanted 
consequences of surgery depend on factors such as 
immunosuppression (Colacchio et al. 1994), shed-
ding of tumor cells into the wounded area and the 
circulation (Hansen et al. 1995) and the production 
and release of growth factors for wound healing, 
which infl uence tumor cell adhesion and growth 
(Brown et al. 1999).

The potential advantages of local tumor destruc-
tion methods might include: (1) selective damage 
which leads to less immunosuppression and release 
of less growth factors, (2) minimal treatment mor-
bidity and mortality, (3) less breathing impairment 
in patients with borderline lung function through 
sparing healthy lung tissue, (4) repeatability, 
(5) fairly low costs, (6) excellent imaging during the 
procedure and for follow-up and last but not least 
(7) the gain in quality of life with less pain, much 
shorter hospitalization times with the interventions 
performed on an outpatient base or with overnight 
stays and thus a quicker re-access to social life.

Following hyperthermic treatment there are a 
number of events inducing favorable immunologi-
cal effects, such as heat shock protein (HSP) expres-
sion within tumors (Srivastava 2002), increased 
expression of cancer antigens (Gromkowski et al. 
1989) and increased lymphocyte adhesion to endo-
thelial cells (Lefor et al. 1994).

5.1.1.2.4
Requirements for Curative Treatment

5.1.1.2.4.1 
Biopsy and Treatment Without Seeding 

The nature of a tumor is often evident from the ap-
pearance of new lesions, or the growth of existing 
lesions, or an increase in tumor markers, such as 
CEA in CRC disease. However, without a biopsy one 
cannot always be certain that a nodule in the lung, 

especially when it is relatively small, is indeed a 
malignant tumor of a specifi c origin. It would thus 
be preferable in some instances to obtain biopsy 
proof.

Implantation metastases along the needle track 
following fi ne-needle biopsy of lung tumors have of-
ten been reported. This is a disastrous complication, 
especially in patients who undergo a curative lung 
resection. A solution to this problem is the double 
needle technique (Wales et al. 1981), additionally 
allowing a single needle pass through the pleura 
and taking multiple samples of the lesion without 
increasing the risk of pneumothorax.

Seeding along the needle track with percutaneous 
minimally invasive tumor treatment modalities has 
not yet been reported in lung; data for liver therapy 
report seeding to occur along the track in 0.7%–
2.3% of hepatocellular carcinoma patients treated 
with PEI (Ishii et al. 1998). 

Corresponding fi gures for electrode track seed-
ing after percutaneous liver RFA vary from 0.3% 
(Mulier et al. 2002) to 12.5% (Llovet et al. 2001). 

It is likely that the incidence of electrode track 
seeding is underestimated because many patients 
have had advanced disease and/or disease recur-
rence and a short survival or follow-up.

The risk appears to be substantially reduced by 
carefully coagulating the tissue immediately sur-
rounding the probe track at the end of treatment.

5.1.1.2.4.2 
Imaging and Real-Time Monitoring 

Percutaneous treatment relies on accurate descrip-
tion of the spread of tumors by imaging tech-
niques.

In contrast to solid organs, lung parenchyma is 
not visible on ultrasound. Computed tomography 
(CT) and positron emission tomography (PET) for 
pre-operative imaging, CT and magnetic resonance 
imaging (MRI) for intra-operative monitoring and 
CT, PET and MRI for follow-up are the imaging 
techniques in use.

Although CT is not ideal for real-time monitor-
ing because thermal tissue changes are not visible 
within 24 h, in lung a reproducible ovoid opacifi ca-
tion (ground-glass attenuation) can be seen around 
the adequately ablated lesion, which is equivalent to 
the heat-damaged area and is sharply demarcated 
from the surrounding healthy tissue. Accordingly, 
technical success can be defi ned as the emergence 
of the surrounding GGA on a CT scan immediately 
after RF ablation (Yasui et al. 2004).
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MRI appears to be the ideal tool for temperature 
mapping. A particular advantage of MRI for guiding 
thermal procedures is that it not only allows tem-
perature mapping but can be used as well for target 
defi nition, and it may provide an early evaluation of 
the therapeutic effi cacy (Quesson et al. 2000). How-
ever, availability is low and costs are high.

Fluorine 18-fl uorodeoxyglucose (FDG), an ana-
logue of glucose, accumulates in most tumors in a 
greater amount than it does in normal tissue. FDG 
PET is being used in diagnosis and follow-up of sev-
eral malignancies, lung cancer above all (Rohren 
et al. 2004). CT scanners are now being combined 
with PET scanners. The combined PET/CT devices 
offer several potential advantages over PET scan-
ner alone: better quality PET images because of the 
more accurate correction for attenuation provided 
by CT, automatic registration of CT (anatomic) and 
PET (metabolic) information, and shorter imaging 
times.

5.1.1.2.4.3 
Comparison of Local Destruction Methods

There are no prospective, randomized studies com-
paring the various local destruction methods in 
lung with each other. RFA and LITT are the only 
two really competitive minimally invasive treatment 
methods, however there are far more data available 
on lung RFA with LITT restricted to German groups 
(Vogl et al. 2004). Short-term follow-up seems to 
be comparable to RFA, in that LITT lesion size is 
restricted to a maximal diameter of 3 cm; however, 
the pneumothorax rate is much lower with LITT 
(10%) than with RFA (30%–40%).

5.1.1.2.4.4 
Comparison with Surgical Resection 

The minimally invasive local treatment options for 
lung malignancy are too new to allow for a direct 
comparison to surgical resection with follow-up 
data not surpassing the 2-year threshold. There will 
defi nitely be a patient bias to consider, as the patient 
population so far referred to RFA consists of nonre-
sectable candidates.

In primary lung cancer, the most favorable num-
bers with radical surgery of stage IA NSCLC showed 
overall 1-, 3- and 5-year survival rates of 89%, 76%, 
and 66% (Campione et al. 2004). With higher stages 
surgically approached (up to selected IIIB cases), 
the fi gures for survival and recurrence considerably 
worsen. A direct comparison would be again very 
diffi cult, as most patients receive adjuvant or neo-

adjuvant therapy, be it chemotherapy, radiation, or 
chemoradiation (Okawara et al. 2004).

As far as resection of lung metastases is concerned, 
numbers again vary considerably. The International 
Registry of Lung Metastases assessed the long-term 
results of lung metastasectomy with prognostic anal-
yses based on 5206 cases. The actuarial survival after 
complete metastasectomy was 36% at 5 years, 26% at 
10 years, and 22% at 15 years (median 35 months); the 
corresponding values for incomplete resection were 
13% at 5 years and 7% at 10 years (median 15 months). 
Among complete resections, the 5-year survival was 
33% for patients with a disease-free interval of 0–
11 months and 45% for those with a disease-free in-
terval of more than 36 months; 43% for single lesions 
and 27% for four or more lesions.

5.1.1.3
Radiofrequency Ablation

Heat has been used clinically for thousands of years 
dating back to ancient Hindu and Greek healers who 
used it for hemostasis. In fact, Hippocrates is re-
ported as saying that those diseases that medicine 
cannot cure, the knife cures; those which the knife 
cannot cure, fi re cures (Adams 1886). 

More recently, heat has been utilized in the surgi-
cal setting as electrocautery to control bleeding and 
to cut tissue. 

RFA has been used for the last 30 years to treat 
cardiac arrhythmia (Luderitz 2003). It has been 
used over many years for the treatment of trigeminal 
neuralgia (Oturai et al. 1996) and osteoid osteomas 
(Rosenthal et al. 1998).

The application of RFA for the treatment of tu-
mors in solid organs other than the lung is detailed 
elsewhere in this volume. However, the most prom-
ising and most common clinical application so far 
has been for liver tumors and seems to be evolving 
similarly for lung tumors.

A range of electrode designs is available ranging in 
caliber from 14 to 17 G. Various design features have 
been put forward, such as water cooling, saline per-
fusion, monopolar or bipolar, straight needle, coil or 
expandable design, all aimed at increasing the vol-
ume of necrosis that can be achieved per time unit. 
The systems vary in the amount of generator power 
(50–250 W), generator cost (12,000–30,000 USD), 
electrode cost (500–1500 USD), parameters moni-
tored, algorithm used and the amount of operator 
input. All electrodes are currently nonreusable.
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The procedure details and outcomes reported in 
this chapter represent our experience with the RITA 
system (RITA Medical Systems, Mountain View, Ca-
lif., USA) and the RITA  StarBurst  XL electrode. The 
electrode deployment is adjustable for the creation of 
ablation from 3 to 5 cm. This device has nine active 
electrodes (fi ve with thermocouples), and an active 
trocar tip. We have opted for this system because of 
its expandable hooks, which cling to the tissue and 
thus are not subject to breathing-related dislocation. 
The system is user-friendly, and data from the gen-
erator (power, impedance, temperature, time, etc.) 
can be collected and displayed on a computer.

5.1.2
Animal Experiments

5.1.2.1
Effect of Vessel Diameter on Ovine Lung 
Radiofrequency Lesion in Vivo

Experimental studies have evaluated the feasibil-
ity and safety of percutaneous RFA of normal pul-
monary tissue in rabbits (Goldberg et al. 1995) 
and have assessed its effectiveness in the destruc-
tion of experimentally induced lung malignancies 
( Goldberg et al. 1996; Miao et al. 2001; Ahrar et al. 
2003). Nevertheless lung RFA in patients was started 
before much experience was obtained with in vivo 
animal lung RFA. The few animal experiments pub-
lished have been performed in rodents and rabbits; 
no large animal data have been reported.

One of the important issues was to evaluate 
whether the heat sink effect applies to lung in this 
same way as it does to liver (Lu et al. 2002).

Using an in vivo sheep model we macroscopically 
evaluated the effect of vessel size on the radiofre-
quency lesion creation in the lung with respect to 
the potential for a perfusion-mediated heat-sink 
effect and vascular injury, with histological corre-
lation and assessing the type and severity of com-
plications.

Radiofrequency ablations in predetermined lo-
cations – in the hilus of the lung, surrounding the 
hilar region and in the outer third of the lung – were 
sequentially performed. Acute (immediate eutha-
nasia), subacute (euthanasia 72 h post ablation), and 
chronic (euthanasia 28 days post ablation) ablations 
were carried out.

Gross and histological analysis of all radiofre-
quency lesions was performed to determine the ex-
tent of both vascular injury and the heat sink effect 
and to assess for complications.

Representative gross sections of all lesions were 
photographed. Selected representative pulmonary 
lesions were submitted for histological examina-
tion.

Gross pathology typically revealed a central dis-
colored necrotic zone, surrounded by two concentric 
rims, the inner pale rim consistent with eosinophilic 
coagulative necrosis, the outer dark red consistent 
with hemorrhage. On the acute samples a further 
outer concentric layer was identifi ed, containing 
edema and blood cells. 

There was a sharp cut-off between ablated lesions 
and normal lung (Fig. 5.1.1), as previously shown in 
an ablate-resect model (Steinke et al. 2002). The fi -
nal appearance was of a nodule comprised of central 
coagulation necrosis surrounded by a fi brous cap-
sule (Fig. 5.1.1c).

In the acute, subacute, and chronic setting, the 
heat sink effect, indicated by invagination of the 
tissue between the vessel and the ablated region, is 
only observed in vessels greater than 3 mm in di-
ameter. Thrombus is seen in 20% of vessels smaller 
than 3 mm. On histopathology, vessels smaller than 
3 mm show at least partial vessel wall injury, char-
acterized by endothelial cell necrosis and luminal 
thrombus. In vessels greater than 3 mm the extent 
of vessel wall injury decreases with increasing vessel 
diameter (Steinke et al. 2005).

5.1.2.2
Safety of Radiofrequency Ablation of 
Myocardium and Lung Adjacent to the Heart

To assess the feasibility and safety of applying RFA 
to lung parenchyma adjacent to the heart and to 
evaluate the clinical impact and the histopathologi-
cal damage to the heart caused by RF electrodes 
penetrating the pericardium and the myocardium 
we have sequentially performed RFA in predeter-
mined locations related to these structures. 

Ventricular tachycardia was noted in all ablations 
adjacent to the heart. Tachycardia was most severe 
in the ablation where one of the electrodes had deep-
ly penetrated the myocardium of the left ventricle 
(Fig. 5.1.2) with heart rates up to 180/min, but no 
effect other than transient ventricular tachycardia 
was noted. 
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Due to the muscular strength of the continuously 
beating myocardium there appears to be an occa-
sional deviation of the probe tines from the heart.

Temperature around the tip of the electrode clos-
est to the heart did not exceed 47 C, even if maximum 
power was administered. This may be explained by 
the cooling effect of the circulating blood, prevent-
ing thermal injury to the vessel/heart, while also 
preventing the tissue from being lethally damaged 
and thus allowing for tumor recurrence.

We obviously do not advocate intended RFA of 
tumors where the myocardium would be damaged 
by RFA or where thermal damage to coronary arter-
ies could occur.

It seems that lung tumors adjacent to the heart 
or even abutting the heart can safely be ablated; it is 
of more concern that incomplete tumor ablation can 
occur in the vicinity of the heart and large vessels 
due to the cooling effect of the circulating blood.

a

b

c

Fig. 5.1.1a–c. Gross pathology of acute (a), subacute (b), and 
chronic (c) RF ovine lung lesions with clearly demarcated 
concentric rims surrounding the necrotic center

Fig. 5.1.2. a Overview of the left ventricle with RF-caused 
thermal lesion (white arrows). b Cut-through myocardium 
of the left ventricle along the electrode track macroscopi-
cally showing the thermal injury to the heart muscle (white 
arrows)

b

a
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at target temperature, the patient should be posi-
tioned as comfortable as possible, preferably supine 
or prone. 

Patient’s blood pressure, pulse rate and blood ox-
ygen saturation via a pulse oximeter are monitored 
and recorded. Continuous oxygen administration 
(usually 2–4 l/min) is advisable.

The patient is made into an electrical circuit by 
placing two grounding pads on the back muscles or 
one on each thigh (Fig. 5.1.3) with the longer edge 
facing the coagulation site, therefore providing a 
large “leading edge” of the pad to lessen the risk of 
skin burns. In procedures where a large amount of 
RF energy is delivered to the patient, repeated check-
ing of the grounding pad temperature is advisable to 
avoid skin burns. 

The skin entry site allowing the shortest, most 
vertical path that avoids bullae, interlobar fi ssures 
or pulmonary vessels and bronchi is chosen, allow-
ing for a minimum depth of the electrode inside the 
thoracic cage to reduce displacement due to breath-
ing, motion or generator cable weight.

After cleansing the needle entry site the tissue 
down to the pleura is anesthetized with local anes-
thetic. Sedation/analgesia generally consists of con-
scious sedation, usually a combination of a hypnotic 
drug and a ultrashort half-life analgesic – that can 
be given and increased on demand and modulated 
in relation to the individual patient’s compliance 
and to the different phases of the procedure. Very 
occasional agitation despite (or due to) profound 
sedation is sometimes observed, but mostly does 
not require any anesthetist intervention. Anesthetic 
service non-dependence allows greater fl exibility in 
RF procedures/CT room management and is cost-

Fig. 5.1.3. Grounding pads properly attached to the patient’s 
thighs, equidistant to the RF site

5.1.3
Patient Handling

5.1.3.1
Patient Selection and Pretreatment Assessment

Patients are selected by a joint tumor board. Patients 
amenable for RFA treatment are judged not suitable 
for surgery because of the site and distribution of 
their lung tumors or because of their limited car-
diorespiratory function. Occasional refusal of the 
patient to undergo major surgery despite qualifi ca-
tion for it, opting for the less invasive alternative, 
does occur.

Bilateral metastases are treated, but for safety 
reasons only one lung a time should be ablated. 

In lesions > 3.5 cm in largest diameter overlap-
ping ablations are required.

Our only exclusion criteria are an uncorrectable 
coagulopathy and more than fi ve metastases per 
hemithorax. Patients who had previously under-
gone pneumonectomy must be considered at very 
high risk for RFA; the intervention should only be 
performed with the option of thoracic surgeons, 
anesthetist on stand-by and intensive care unit fa-
cilities. 

Before treatment, a careful clinical evaluation has 
to be performed, along with any relevant laboratory, 
imaging, and pulmonary function tests.

Pretreatment CT of the chest is a key examina-
tion for determining the number, size, and location 
of the lesions. Their relationship to the heart, major 
bronchi and vessels has to be evaluated, as well as 
the status of the surrounding pulmonary parenchy-
ma. Furthermore it constitutes the term of reference 
for post-treatment follow-up studies.

Our ongoing protocol considers candidates with 
no more than fi ve lesions per hemithorax suit-
able for RF, and maximum lesion diameter should 
not exceed 4 cm. Individual exceptions are being 
made. 

5.1.3.2
Procedure

Written informed consent is obtained from all pa-
tients.

The patient is positioned on the CT table accord-
ing to the location of the lesion(s). Mindful that the 
ablation procedure takes at least 15 min per lesion 
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effective. General anesthesia could be necessary, in 
procedures that are foreseeably long or painful, with 
broad pleural tumor contact and where the patient is 
likely to be agitated and to move. 

The electrode is positioned under CT guidance 
(Fig. 5.1.4); CT fl uoroscopy is preferred. Guidance 
without fl uoroscopy is more complicated and thus 
less precise due to the breathing-related motion. 
With CT fl uoroscopy the radiation exposure for the 
patient is decreased due to faster electrode place-
ment into the tumor with real-time visual control 
(Carlson et al. 2001). Clinicians performing the 
procedure can minimize their radiation exposure 
by using a tool, such as an artery clamp, to grasp 
and move the device during scanning.

Once the needle tip is in the right place, prefer-
ably assessed in all three planes (Fig. 5.1.4b), the 
tines are deployed to a 2-cm array and the probe is 
connected to the generator. One should be alert to 
the risk of “push back,” in that instead of forwarding 
the electrodes from the device’s trocar and into the 
tumor, the trocar is pushed backwards exposing the 
electrodes proximal to the tumor and not penetrat-
ing the tumor, as intended.

The protocol we use is temperature-based; it 
recommends a power setting at 50 W, adjustable to 
150 W, and an average temperature setting at 90 C. 
The aim is a gradual heating leading to coagulation 
necrosis. We attempt to avoid charring with sub-
sequent loss of heat dissipation by starting with a 
lower power setting.

Intermittent radiological confi rmation of the po-
sition of the probe should be performed especially 
after changing deployment size or if the patient has 
moved signifi cantly. When the average temperature 
has been maintained for the required duration, the 
generator automatically switches off and the auto-
matic, 20-s cool-down cycle starts. After comple-
tion of the cool-down-cycle, provided the tissue 
temperature does not fall below 60 C, the electrodes 
are retracted into the trocar and the “track ablation” 
can be started. This procedure allows for coagulat-
ing the needle track and thus minimizing the risk 
of bleeding or tumor cell dissemination. Should one 
or more of the thermocouples indicate temperatures 
below 60 C after completion of the cool-down cycle, 
an incomplete ablation has to be assumed and a sec-
ond ablation cycle added.

5.1.3.3
Post-treatment Assessment and Patient 
Follow-Up

After completion of the procedure, the patient 
should be under standard cardiac, blood pres-
sure, and oxygen monitoring for another 3–4 h. 
The patient should lie preferably on the puncture 
site, which helps reduce air leak and post-proce-
dural pneumothorax. We perform an erect chest 
radiograph after these 3–4 h to exclude a new or 
increased pneumothorax. Small, asymptomatic 

Fig. 5.1.4. a Introduction of the RF device under sterile con-
ditions. b CT-suite with ongoing intervention; monitor with 
visualization of the needle position in three planesa

b
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pneumothoraces are conservatively managed with 
follow-up radiographs to confi rm stability. Large 
symptomatic pneumothoraces usually require the 
placement of a small-bore catheter. It is generally 
accepted that a pneumothorax exceeding 30% of 
the ipsilateral lung volume requires drainage, even 
in asymptomatic patients; however, the decision to 
drain a pneumothorax must be determined on an 
individual basis.

Follow-up studies include clinical evaluation, 
laboratory and lung function test; if the ablations 
are being performed as part of a study quality of 
life is also assessed. As far as follow-up imaging is 
concerned, CT is so far the modality of choice, be-
ing the best available option. We perform follow-up 
chest CT at 1 month, then at 3-month intervals post 
ablation within the fi rst year followed by 6-monthly 
intervals thereafter. The size of the ablated lesions 
and their contrast uptake is assessed. The 1-month 
follow-up CT scan measurement is obtained as a 
post-RF reference measurement with any further 

increase in size or in attenuation raising suspicious 
of recurrence.

MRI and PET are also a very good and sensitive pro-
cedures for follow-up (MacManus and Hicks 2003), 
providing a better discrimination between residual 
granulation tissue and recurrent tumor, but to many 
institutions access is limited by availability and cost. 

5.1.4
Radiomorphological Appearance of 
CT-Guided Percutaneously RF-Ablated 
Lung Lesions

Lung is not visible on US or MR, therefore CT re-
mains the only image-guidance modality for percu-
taneous diagnostic and therapeutic interventions. 

During the ablation procedure the typical feature 
of the RF-ablated site is a bulb-shaped opacifi cation 

Fig. 5.1.5a–d. Continu-
ous increase in density 
during RF procedure. 
a Lesion pre RFA. b be-
ginning of RFA session. 
c Halfway through RF 
procedure. d Immediate-
ly post RFA

a

c

b

d
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Fig. 5.1.6a–f. a A 1-cm metastasis at the left lung base, b RFA, 
c 1 month post RFA opacifi cation measuring 2.5 5 cm, 
d 3 months post RFA opacifi cation measuring 2.2 4 cm with 
residual pleural contact, e 6 months post RFA opacifi cation 
measuring 1.7 3 cm, f 12 months post RFA, no longer space-
occupying lesion, rather residual scar

a b c d

e f

surrounding the probe, continuously increasing in 
density (Fig. 5.1.5).

The size of the ablated lesion is increased at 
1 week from baseline in all lesions, provided 
there was a preceding technically successful abla-
tion, not only encompassing the tumor, but also 
a circumferentiall surrounding safety margin. At 
1 month 95% of the lesions are still larger than 
baseline, at 3 months 76% are still larger than 
baseline, at 6 months the majority of the lesions 
should be smaller or equaling baseline (Fig. 5.1.6). 
Every solid lesion larger than baseline at 6 months 
should be considered suspect for local incomplete 
ablation and recurrence. A residual scar is the 
usual feature that remains, a complete resolution 
is sometimes seen in small ablations < 3 cm in di-
ameter.

5.1.5
Diffi culty Achieving Complete Ablations in 
Big Lung Lesions

The size of both primary and metastatic lung tumors 
often exceeds 3 cm in diameter at the time of diag-
nosis. The RF electrodes of the three leading com-
panies currently in use are designed for a maximum 
ablation diameter of 5 cm. Therefore, the tumor to 
be ablated should not exceed 3 cm in maximum di-
ameter, as a 1-cm safety ablation margin surround-
ing the tumor should ideally be achieved.

A possible solution in treating larger tumors is 
to create overlapping ablations, a method success-
fully used in the RFA of liver tumors (Curley 2001; 
Livraghi et al. 2000). Local recurrences usually 
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become evident on CT within the fi rst 3–6 months 
post ablation and in some cases very early evidence 
of recurrence is given after a few weeks post abla-
tion (Fig. 5.1.7); however, the risk of false-positive 
fi ndings due to surrounding enhancing granulation 
tissue has to be borne in mind.

Exact probe placement into the tumor is crucial 
for successful ablations. Ideally, tumors measuring 
3–5 cm in diameter should be treated with six over-
lapping ablations, four in the axial plane and two 
along the y-axis, with all ablations positioned to 
touch the centre of the tumor (Dodd et al. 2002).

The lesion, part of a breathing patient, is a mov-
ing target. The extent of the ablation is limited by 
large vessels adjacent to the tumors, which prevent 
a complete ablation because of the so-called heat-
sink effect, caused by the circulating blood (Lu et 
al. 2002).

Nevertheless the advantage of RFA is that it can 
be repeated with multiple repeat ablations to destroy 
residual tumor. Furthermore RFA, even if it achieves 
less than 100% tumor necrosis, may prove comple-
mentary to chemotherapy and radiation therapy in 
the treatment of lung tumors.

5.1.6
Limitations and Complications of 
CT-Guided Percutaneously RF-Ablated 
Lung Lesions

Technical problems occur in <5% and consist of 
hard tumors bouncing off the electrode tip, desic-
cated tissue that adheres to the electrode tines and 

Fig.5.1.7a–f. A 52-year-old man with metastatic re-
nal cell carcinoma. a CT scan of chest shows 5-cm 
pulmonary metastasis in the left upper lobe (LUL), 
b CT scan obtained during RFA shows posterosu-
perior position of the electrode within the mass, 
c CT scan obtained during RFA shows anterosu-
perior position of the electrode within the mass, 
d CT scan obtained during RFA shows inferior 
position of the electrode within the mass, e CT 
scan obtained 1 month after the ablation showing 
surrounding contrast-enhancing rim indicative of 
residual tumor, f massive growth within 4 months 
post RFA

a b c

e f

d



190 K. Steinke

possibly preventing the easy withdrawal of the elec-
trodes into the trocar, and failure to reach target 
temperature. 

Lesions abutting the heart or major bronchi and 
vessels also constitute a technical challenge, both 
for spiking the tumor without harming these struc-
tures, but mainly for a successful and complete abla-
tion due to cooling effects of the circulating blood.

5.1.6.1
Pneumothorax and Intraparenchymal 
Hemorrhage

Pneumothorax occurs fairly commonly; approxi-
mately one-third of the patients with metastatic 
lung disease of extrapulmonary origin and approxi-
mately half of the patients with primary lung cancer 
(not abutting the pleural surface) develop a pneu-
mothorax during the ablation procedure (Fig. 5.1.8). 
In patients with prior lung surgery or biopsy at the 
target site the pleural sheets stick together and as 
a consequence the risk for pneumothorax is lower. 

Fig. 5.1.8. a Pulmonary carcinoid in an emphysematous 
lung, b pneumothorax and soft tissue emphysema during 
RFA, c further increase of pneumothorax at the end of the 
procedure

a b

c

Pneumothorax occurs more often with multiple pro-
cedures. In patients who developed a pneumothorax 
an average of 2.6 lesions were treated compared with 
1.4 lesions treated in those without pneumothorax 
(Steinke et al. 2003).

The pneumothorax rate for lung biopsies re-
ported in the literature ranges from 19% to 60% 
( Richardson et al. 2002) with requirement for chest 
drain ranging between 3% (Saji et al. 2002) and 50% 
(Richardson et al. 2002).

Hemorrhage is a known complication in lung 
RFA, and results from the positioning of the device 
rather than from the ablative procedure (Fig. 5.1.9). 
While the reported percentage of infection (< 1%) 
and bronchopleural fi stula formation (< 1%) in the 
literature (Dupuy et al. 2002) accords with our expe-
rience, the occurrence of pneumothorax, reported 
as 20% (Dupuy et al. 2002; Vaughn et al. 2002), and 
the incidence of hemorrhage, reported as < 1%, seem 
to be underestimates.

Data in the literature for percutaneous biopsy-re-
lated pneumothoraces and intraparenchymal hem-
orrhage range from 8.2% and 1.4% for fi ne needle 
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aspirations (FNA) with a 22-gauge needle (Arslan 
et al. 2002) to 24% and 29% for core biopsies with 
a 20 gauge needle (Arslan et al. 2002). The larg-
est study published is a survey of UK practice of 
5444 biopsies, which reports a pneumothorax rate 
of 20.5% and a rate of hemoptysis of 5.3% (Lopez 
Hanninen et al. 2001). The hemoptysis rate does 
not allow a conclusion to be made on the rate of 
intraparenchymal hemorrhage, as none of the 29% 
with lung hemorrhage in Richardson’s work has 
been reported as having had hemoptysis. Taking 
into account the thicker RF device (14 gauge) and 
that we perform multiple ablations, this can explain 
our higher pneumothorax rate than that seen with 
simple diagnostic biopsy. The discrepancy between 
the reported data and our results may be explained 
by a bias in patient inclusion and management. We 
ablate up to six metastases per hemithorax. The 
size and central lesions’ location close to major 
vessels and bronchi are not a contraindication to 
treating multiple lesions, as it was earlier in our ex-
perience.

Practitioners of RFA should be aware of the risk 
of peri-procedural intrapulmonary hemorrhage, 
which is usually self-limiting, but according to the 
literature (Dupuy et al. 2002; Vaughn et al. 2002) 
can also be massive and lead to death.

For patients with poor respiratory reserve, as of-
ten encountered in heavy smokers, severe parenchy-
mal hemorrhage may lead to a sudden deterioration 
of oxygen saturation, which could be even more dif-
fi cult to manage than in the setting of open resec-
tion.

A careful medication history should be taken, 
including the use of anticoagulants or anti-platelet 

drugs use, which, if considered necessary, should be 
discontinued for the appropriate period before ab-
lation. When evaluating patients for RFA treatment 
pulmonary artery hypertension (PAH) should be 
taken into account and echocardiographic evalua-
tion of tricuspid regurgitation should be undertaken 
prior to treatment, especially when targeting central 
lesions such as that shown in this case report.

5.1.6.2
Skin Burns

First-, second- and third-degree burns at the ground-
ing pad site during and after RFA do occasionally 
occur. We have experienced two severe skin burns 
after open liver RFA and one after percutaneous liv-
er RFA (Fig. 5.1.10). All dispersive pads are believed 
to have been placed correctly; none of the pads have 
been noticed to be improperly attached at the end of 
the ablation procedures. The use of higher currents 
for a longer period of time in RFA of tumors has 
led to an increased incidence of pad burns in our 
experience as well as that of others. 

We have delivered the maximum power (150 W) 
in a stepwise progression for relatively prolonged 
times (121, 72, and 45 min) in all three patients with 
severe pad burns.

Further factors that may constitute a risk for skin 
burns are vascular disease with poor peripheral cir-
culation, artery bypass grafts, diabetes, and a his-
tory of peripheral neuropathy.

The complication of skin burns seems to be un-
derestimated; especially, the rate of mild skin irrita-
tions seems to get lost to follow-up, as the patients 

Fig. 5.1.9a–c. Hemorrhage and cavitation during RFA. a Two metastases of colorectal carcinoma (CRC) in the LLL; b start of 
RFA of the medially located metastasis; c hemorrhage upon further hook deployment and cavitation post track ablation

cba
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are usually discharged the same day or the day after 
the (percutaneous) procedure and they probably do 
not consider the pad burns a serious problem.

There are reports that a threshold temperature 
required to produce thermal injury at the pad site 
is between 45 C and 47 C (Berber et al. 2000). 
Whilst rapidly advancing RFA technology allows a 
large ablation diameter, the factors that control the 
ablation size on the active electrodes also play an 
equally important role in the dispersive electrodes 
site, as the same current fl ows through both these 
electrodes. These factors include the current den-
sity, the amount of power delivered and the factors 
that affect heat distribution such as blood fl ow and 
conduction and convection of heat. 

The current density at the dispersive pad site is 
intended to be small due to the large surface area of 
the grounding pad. Mitchell et al. determined the 
minimum area of the pad for the diathermy units 
(Pearce et al. 1997). They suggest a maximum safe 
power density of approximately 1.5 W/cm2. There-
fore, for a maximum power output of 200 W the 
minimum required surface area of the dispersive 
pad is 133 cm2.

The orientation of the dispersive pads was shown 
by Goldberg et al. to be an important factor in the 
maximum temperature that is reached in the skin 
at the pad site (Goldberg et al. 2001). The leading 
edge is the site of maximum power concentration 
and therefore the side of the pad with the largest 
edge should face the active electrode. Proper pad 
placement is critical to the avoidance of burns. Skin 
preparation with shaving of the area the pads are to 
be placed on and proper cleansing of the skin are 
essential to avoid poor contact. The placement of 
multiple pads needs close attention in that the level 

and the distance of the pads relative to each other 
and the active electrode should be similar to avoid 
preferential path of current return through the clos-
est pad and therefore result in too high a current 
density and burns.

The burns noted had occurred within a period of 
5 months and no further burns except one fi rst-de-
gree burn in a lung patient with multiple metasta-
ses treated and an ablation time over 2 h were noted 
thereafter, although we have not changed the abla-
tion protocol – thus malfunctioning of the pads can-
not defi nitely be ruled out.

5.1.6.3
Pleural Effusion

A small amount of pleural effusion is usually seen 
during the RFA procedure, increasing in size with 
ablation duration and number of lesions treated. On 
the control erect chest radiograph post intervention 
the lateral costophrenic angle is obliterated. These 
effusions, sympathetic in character, do not require 
tapping. They usually resolve within a couple of days 
and are asymptomatic.

5.1.6.4
Cavitation and Infection

Cavitation at the ablation site occurs in about 25% of 
lesions, but it usually resolves uneventfully. Cavita-
tion is seen signifi cantly more frequently when the 
size of the lesion at 1 week after treatment exceeds 
the size of the pretreatment lesion by 200% or more, 
p = 0.0001 (Steinke et al. 2003).

Expectoration of ablated lung particles occasion-
ally is observed, without any clinical signs of pneu-
monia or abscess. 

It should be mandatory for the treatment and pa-
tient care that the clinical status of the patient is more 
important than the radiological features. If a slight 
fever for a few days following the RF procedure does 
not increase, or is accompanied by chills, malaise, 
and pain that is more than the usually encountered 
mild pleuritic pain and thus possibly indicating 
pneumonia or abscess formation, the patient can be 
discharged with non-opioid analgesics.

The typical course of a cavitating lesion is shown 
in (Fig. 5.1.11).

Some centers performing RFA apply prophylactic 
intravenous antibiotics on the day of the interven-

Fig. 5.1.10. Skin burns at grounding pad site on both thighs
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Fig. 5.1.11a–f. Typical course of a cavitating lesion. a Small initial lesion, b RFA, c central cavitation within the ablated area, 
exceeding the initial lesion volume by at least 200% 1 month post RFA, d resorption of cavitation at 3 months post RFA, 
e residual pleural-based thickening 6 months post RFA, f complete resolution

b

e f

ca

d

tion prior to the ablation; others even cover the day 
before and the day after ablation.

Abscess formation may be delayed by as long as 
3 weeks (Fig. 5.1.12), may require drainage or even 
surgical intervention and, in patients with poor 
health and marginal cardiopulmonary function, 
may even be fatal.

5.1.6.5
Other Complications

A most unusual technical problem upon trying to 
withdraw the electrode hooks into the shaft follow-
ing lung RFA may occur if charred ablated tissue 
caught in the space between the hooks and the shaft 
or sticking to the hooks subsequently hinders the 
hooks from being withdrawn into the shaft.

Charred tissue sticking to the electrodes is very 
often observed and usually can be overcome by re-

deploying and retracting the hooks a few times. In 
our experience a considerable amount of charred 
tissue sticking to the tines is seen if the impedance 
rises above 200 associated with low power require-
ments < 20 W to maintain the target temperature. 
In impedance-based systems this is the end-point 
of the ablation cycle; however, in temperature-based 
systems the ablation cycle may proceed despite the 
so-called roll-off if the set time has not been reached 
yet. If the impedance does not rise above 900 , 
which would lead to automatic switch-off of the gen-
erator, the charring advances as the heat cannot fur-
ther dissipate into the surrounding tissue. To prevent 
or minimize tissue charring in the setting of rising 
impedance, it may be useful to pause the delivery of 
RF energy, fully retract the electrode arrays, rotate 
and re-deploy the arrays and then resume delivery 
of RF energy.

Compared to the liver, which is a homogeneous 
solid organ, the lung seems to be predisposed more 
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Fig. 5.1.13. Bronchopleural fi stula, marked by the tip of the 
forceps

Fig. 5.1.12a–e. Abscess post RFA. a Non 
small cell lung carcinoma (NSCLC) in 
the left upper lobe (LUL) in an emphy-
sematous lung, planning image; b RFA, 
c control immediately post RFA, con-
solidation with small disseminated gas 
bubbles, d abscess formation 1 month 
post RFA with large air-fl uid level, 
e drain within the abscess

a b c

d e

to charring due to its tissue composition with al-
ternating air-fi lled spaces and bronchovascular 
bundles. As the aim of the RFA is not only to ablate 
the solid tumor, but also a 1-cm safety margin sur-
rounding the tumor, this safety margin consists of 
normal healthy air-fi lled lung tissue that may lead 
to charring. 

A possible solution to this problem might be 
injection of saline, either through a central access 

provided on the probe or through holes within the 
retractable needle tips, not only decreasing the im-
pedance, but also allowing for shorter ablation times 
and signifi cantly larger ablation lesions (Miao et al. 
2001; Ahmed and Lobo 2002).

Bronchopleural fi stula has been reported as a 
complication after lung RFA (Jungraithmayr et 
al. 2005), we have observed and documented it after 
the ablation of sheep lung (Fig. 5.1.13).

As for CT-guided biopsy the risk for air embo-
lism applies similarly for RFA, especially if a coaxial 
technique is used.

5.1.7
Conclusion and Future Outlook

Local ablation of pulmonary disease is used for un-
resectable tumors. The advantages of local tumor 
destruction include selective tissue damage with 
less immunosuppression and less release of growth 
factors, minimal treatment morbidity and mortal-
ity, lower costs compared to open surgery, and a 
considerable gain in quality of life. Nevertheless, as 
the procedure is not free of complications, a careful 
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assessment of risks and benefi ts has to be made in 
each patient by a multidisciplinary team.

The ultimate goal of local ablation treatment is 
to prolong survival. Presently, however, infl uence on 
survival is diffi cult to estimate because of the het-
erogeneity of indications and treatments and short 
follow-up times. There are no prospective, random-
ized studies comparing local destruction methods. 
RFA seems to be by far the best treatment option.

Successful RFA can be divided into technical and 
clinical success. The aim is to achieve local tumor 
control. The advantage of RFA is its repeatability 
with multiple possible repeat ablations, either to de-
stroy residual tumor or to treat recurrent disease. 
Furthermore, even if RFA achieves less than 100% 
tumor destruction, it may prove to be complemen-
tary to chemotherapy and radiation therapy in the 
treatment of lung tumors.

Lower morbidity and mortality, as well as a better 
life quality accompany this treatment with the ad-
ditional possibility for patients to be treated on an 
overnight or outpatient base. 
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lodge in the small pulmonary arteries or arterioles 
and extend into adjacent lung tissue forming mul-
tiple, spherical, and variably sized pulmonary nod-
ules. Metastases that occur via bronchial arteries, 
pulmonary lymphatics, transbronchial aspiration, 
and across the pleural cavity are less common (Isaac 
Hassan, Lung metastases, at http://www.emedicine.
com/radio/topic404.htm).

Metastasectomy, at present, is considered to be the 
gold standard of local tumor therapy for lung metas-
tases just as it is in the liver, although the lung lacks 
the liver’s high regenerative ability. A 5-year survival 
of 20%–62% and a long-term survival of up to 10 years 
were reported (Vogl et al. 2004). The chances of cura-
tive success depend upon different variables, which 
are as follows: more favorable in solitary rather than 
multiple metastases, in metachronous rather than 
synchronous metastases, and in colorectal rather 
than other primary tumors. The decision of metasta-
sectomy usually requires the patient to be free from 
extrapulmonary metastases. Moreover, appropriate 
therapy of extrapulmonary metastases needs to be 
available (Diederich and Hosten 2004; Weigel et 
al. 2004). The cardiopulmonary reserve of the patient 
should permit a radical resection. R0-resection should 
be technically possible and no other superior less-inva-
sive therapy option such as systemic therapy should 
be available. An advantage of the latter was unaccept-
ably high parenchymal loss with resection compared 
to thermal ablation. Nevertheless, new parenchy-
mal-sparing surgical techniques can overcome this 
problem (Diederich and Hosten 2004). The video-
assisted thoracoscopy operation is one of the less 
invasive surgical procedures which are increasingly 
accepted. This procedure is possible only in up to 20% 
of all patients, since the lesion must be located in the 
outer third of the lung or in the interlobar fi ssures. 
The proportion of patients treatable by this procedure 
could be increased, if it were to be complemented by 
another procedure such as percutaneous ablation. 

5.2.1
Introduction

Pulmonary metastases are very common, being 
more frequently associated with tumors that have 
a rich systemic venous drainage, such as bone sar-
comas, choriocarcinomas, melanomas, testicular 
teratomas, and renal and thyroid carcinomas. The 
detection of pulmonary metastases is crucial in the 
treatment of patients with cancer. 

Tumor metastases reach the lung via the systemic 
veins and pulmonary arteries and subsequently 
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Minimally invasive interventional management 
of lung metastases can be categorized into percuta-
neous thermal ablation and the recently developed 
transarterial chemoembolization. All these methods 
are relatively new and almost all are widely regarded 
as experimental. 

Radiofrequency is the most widespread percu-
taneous thermal ablation technique used in liver 
tumors. In the few studies in which it was used in 
lung tumors it achieved a morphological response of 
up to 100% with a mean survival of up to 19.7 months 
(Lee et al. 2004).

One of the image-guided percutaneous modalities 
is microwave ablation in lung cancer showing marked 
effect with minimum tissue trauma. The overall 
response rate in one of the studies reached 57.1% with-
out sideeffects or complications (Feng et al. 2002). 
Complete tumor necrosis was proven by biopsy. 

Laser-induced thermotherapy (LITT) has been 
performed in several centers with different devices 
and applications showing promising results.

Transarterial chemoembolization was performed 
using an endovascular balloon catheter introduced 
into the segmental pulmonary arteries for super-
selective injection of the chemotherapeutic drugs 
lipiodol and microspheres, while the infl ated balloon 
prevented backfl ow of embolic material into the main 
pulmonary artery. A mean decrease in tumor volume 
of 56.8% was found as a response to treatment. It 
might well be a promising treatment modality in the 
future after it has been adequately developed to pro-
vide maximum effectiveness (Vogl et al. 2005).

5.2.2
Physical Principles

The physical mechanism of tumor destruction using 
laser ablation is temperature elevation within the 
tumor core by the laser fi ber high enough to induce 
coagulation necrosis. Laser coagulation is per-
formed by using neodymium–yttrium aluminium 
garnet (Nd:YAG) laser light (Dornier mediLas 5060, 
Dornier mediLas 5100; Dornier Medizintechnik, 
Germering, Germany) with a wavelength of 1064 
nm. The light is delivered through 400-mm-long 
fi bers terminated by a specially developed diffuser 
which emits laser light to an effective distance of up 
to 12–15 mm (Knappe and Mols 2004; Vogl et al. 
2004b; Weigel et al. 2004).

The water content was estimated to be 83.7% of 
human lung parenchyma. This relatively high water 
content (water content being only 71.5% in the liver) 
leads to good thermal conduction and high thermal 
capacity. Thus, induced warmth is stored, and the heat 
front spreads only slowly into the periphery. Hence, 
in comparison to the liver, higher temperatures yet 
longer exposure times are required ranging between 
10 and 30 min for clinically relevant lesion sizes. An 
effective rise in temperature leads to thermal change 
and tissue damage. Since a part of the energy as a 
function of the temperature gradient diffuses into 
the colder environment, thermally induced necroses 
can reach sizes that exceed the optical penetration 
depth (Knappe and Mols 2004).

The lung has a complex structure of ventilated 
alveoli and bronchi in addition to blood vessels. 
The air-fi lled cavities work as heat insulators, while 
the enclosing capillary beds function as heat dis-
sipaters. Air in the bronchial system is continually 
exchanged by ventilation, and, similarly, the high 
blood circulation carries away heat. The location-
dependent variability of these structures can lead to 
a variation in thermal parameters. In addition, the 
metastatic lesions vary in their optical and thermal 
characteristics depending upon the histology of the 
primary tumor (Knappe and Mols 2004).

Energy propagation from radiofrequency abla-
tion is focused on the solid tumor portions due to 
the insulating effects of the surrounding lung tissue. 
However, the same effect limits further energy depo-
sition, and the impedance rise at the zone of transi-
tion between tumor and lung parenchyma leads to a 
break of current fl ow (roll off). In contrast to RFA, 
the laser functions with the irradiation of coher-
ent monochromatic light, which is appropriately 
absorbed by the tissue and works independently of 
the impedance rise (Knappe and Mols 2004; Vogl 
et al. 2004c). 

5.2.3
Animal Experiments

5.2.3.1
Effect of LITT Ablation on Immunity Stimulation

A relation between ablation and stimulation of the 
immunity response was considered. This relation 
was proven through an experimental animal study. 
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The aim of the study was to compare the effects of 
LITT and hepatic resection on the immune response 
to residual intrahepatic tumor tissue and the growth 
of untreated liver metastases. Adenocarcinoma cells 
were implanted into both lobes of 60 Wistar Albino 
Glaxo (WAG) rats. The left lobe tumor was treated 
either by LITT or partial hepatectomy. The control 
right lobe tumor was subjected to further investiga-
tion at regular intervals after treatment. The expres-
sion of several immunity factors was signifi cantly 
enhanced at the invasion front of untreated con-
trol tumors after LITT compared to hepatic resec-
tion, which can then lead to reduced tumor growth 
(Isbert et al. 2004).

A study designed to evaluate the same effect 
of LITT in lung tumors is being conducted in our 
department.

5.2.3.2
Effect of LITT Ablation on Tumor Growth

The effect of laser ablation on the stimulation of 
tumor growth and the relation of this effect to tumor 
size was studied in an animal model. Colorectal 
carcinoma liver metastases of various sizes were 
implanted in 20 WAG rats. The animals were divided 
into two groups with regard to the measured tumor 
size. After 14 days, the tumors were exposed to a 
1064-nm Nd:YAG laser. The tumor volumes before 
and after treatment were determined by MRI and 
the mean tumor growth ratio was calculated. The 
mean volume of the induced necrosis was the same 
for both groups. The interventional treatment of 
large hepatic tumors with LITT led to faster tumor 
growth compared to smaller lesions (Maataoui et 
al. 2005).

5.2.4
Pre-interventional Protocol

5.2.4.1
Patient Selection

The indications of LITT in lung metastases, like any 
other regional treatment of metastases in any organ, 
can be classifi ed into neoadjuvant, and palliative 
and/or symptomatic. The curative potential of LITT 
can be defi ned as the achievement of long-term sur-

vival associated with effective local control. In a 
patient whose condition is so serious this can be a 
goal worth achieving. The nature of disseminated 
malignancies limits the chances of a complete cure 
because the development of new metastases in the 
same or another organ is always possible. Besides, 
there is always the risk of recurrence at the treated 
location due to incomplete ablation (Fig. 5.2.1). 
Thus, cure should not always be the primary inten-
tion of LITT application in patients with metasta-
ses although complete remission can be achieved 
in some cases.

Neoadjuvant LITT treatment associated with 
surgery aims mainly at converting inoperable con-
ditions, due to the tumor extent, into operable ones. 
An example of this is a patient with bilateral involve-
ment of both lung lobes. The ablation of a solitary 
lesion in one of these lobes would spare this lobe 
from resection and hence preserve lung tissue which 
otherwise could not be totally resected surgically. 
This approach can also spare a whole lung from 
being surgically molested. In other words, neoadju-
vant LITT can minimize the extent of surgical resec-
tion by changing the option of pneumonectomy into 
a lobectomy and lobectomy to segmentectomy or 
localized resection. LITT can be used as a neoadju-
vant measure to systemic chemotherapy especially 
in the presence of extrapulmonary spread. 

On the other hand, it can be used as a palliative 
measure in cases of inoperability, post-surgical 
recurrence, or failed systemic chemotherapy leading 
to symptomatic relief, and hence a better life quality 
in this group of patients. 

Oncological inclusion criteria for LITT vary 
between different centers. The maximum lesion size 
to be treated is dependent on the maximum necro-
sis size attainable which, in turn, depends upon the 
type and size of needle used. The size ranges from 
3.0 to 4.0 cm. Regarding the maximum number of 
metastases per lung to be treated in one or several 
settings, the data vary between 3, 6 and 12. No fi xed 
recommendations exist yet. In our experience up to 
three lesions per lung should be maximum whith a 
maximum size of 3 cm. The distance of the lesion 
from vital structures such a major bronchi shout be 
at least 1 cm. In case of bilateral involvement it is rec-
ommended that only one lung is treated in a single 
session. The contralateral side can be treated after at 
least 3–4 weeks in another session (Diederich and 
Hosten 2004; Vogl et al. 2004a). 

The same conditions that favor surgical curative 
success also apply for percutaneous ablation of lung 
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Fig. 5.2.1. a A 2-cm upper lobe metastatic lesion during laser-induced thermotherapy (LITT) 
ablation in the left lateral decubitus position. b Follow-up CT after 1 year showing a residual 
lesion in the ablated zone with progression in size (arrows)

metastases. However, percutaneous ablation can be 
applied to patients indicated for operative resection 
if they have a medical contraindication for surgery 
or general anesthesia, or if they simply refuse sur-
gery. However, it should be considered that in case of 
complications of percutaneous tumor ablations, sur-
gical therapy is occasionally necessary ( Diederich 
and Hosten 2004).

5.2.4.2
Pre-treatment Assessment

Preliminary investigations that could be employed 
are staging computed tomography, laboratory eval-
uation of tumor markers, bleeding profi le, pulmo-
nary function tests, and electrocardiogram (Vogl 
et al. 2004a).

5.2.5
Equipment and Procedure

5.2.5.1
Laser Applicators

The standard laser application set (SOMATEX, 
Berlin, Germany) consists of a cannulation needle, 
a guide wire, a sheath system, and a special double-
lumen protective catheter closed at the distal end. 
Power applicators are 9 F in diameter and internally 

cooled with a room-temperature sodium chloride 
solution that circulates within the double-lumen 
catheter. Cooling the surface of the laser applicator 
modifi es the radial temperature distribution so that 
the maximum temperature shifts in deeper tissue 
layers and avoids the carbonization, allowing the 
use of higher laser power up to 35 W. These para-
meters result in a more homogeneous tissue penetra-
tion of laser radiation. These laser systems are fully 
compatible with magnetic resonance imaging (MRI) 
units (Knappe and Mols 2004; Vogl et al. 2004b). 

A special “one step system” applicator (Somatex, 
Berlin, Germany) was developed for more practi-
cal and less traumatic lung ablation. It consists of a 
9-F Tefl on sheath, provided with a sharp end and a 
stable dilator (Vogl et al. 2004a).

The laser fi bers Mikrodom and Mikrofl exx 
(Trumpf Medical Systems) have diffusers of 1, 2, 2.5 
or 3 cm in length. For the thermal therapy of lung 
metastases both fl exible and rigid diffusers can be 
used.  The length of the diffuser dome should cover 
the diameter of the lesion in the access direction 
with an additional 1 cm safety margin (Weigel et 
al. 2004).

5.2.5.2
Puncture

The procedure can be performed under CT or MRI 
guidance. Only local anesthesia and intravenous 
sedation are usually suffi cient.  For analgesia and 
sedation, piritramid (Dipidolor, Janssen Cilaq, Ger-
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many) is injected intravenously in a dose dependent 
on the body weight. All patients are supervised by 
means of pulse oximeter and electrocardiogram on-
line monitoring. After skin disinfection the optimal 
entrance to the lesion is selected. It is possible to 
perform the puncture in supine, decubitus or prone 
position according to the location of the lesion and 
puncture access (Fig. 5.2.2). The criteria for optimal 
entrance planning are based on the location of the 
lesion and its relation to the pleura, major bronchi, 
and pulmonary blood vessels. In each case it should 
be attempted to obtain as acute an angle as possible 
for entrance through the pleura and to obtain the 
broadest plane of contact of the laser applicators 
to the tumor (Vogl et al. 2004a). With small pleu-
ral-related lesions, the diffuser length and puncture 
access should be selected in such a way as to avoid 

painful heating of the pleura as much as possible, 
without concessions regarding the safety margin of 
ablation (Fig. 5.2.3) (Hosten et al. 2003).

First, 10 ml of 0.5% mepivacaine (Scandicain) is 
injected for local anesthesia. The “one-step system” 
applicator is advanced under CT fl uoroscopy (Care 
vision, Siemens, Erlangen) directly in the planned 
route. CT fl uoroscopy facilitates near real-time con-
trol of the applicator position and its relationship to 
the vital structures. After verifi ed intratumoral posi-
tioning of the system, the inner mandrin is removed 
and a thermostable catheter is introduced. The fl ex-
ible laser fi ber (Medilas Dornier, Sunnydale, Calif., 
USA) is then inserted within (Vogl et al. 2004a).

Miniature applicators of 5.5 F facilitate the 
entrance to the lung, increase cooling effi ciency, 
and minimize complications. This can more appro-

Fig. 5.2.2a–c. Different approaches and patient positions. a Prone position for posterior access to treat a posteriorly located 
lesion. b Decubitus position for a similarly located lesion. Posterior approach while the patient lies on the same side of the 
lesion. This limits the respiratory movements on this side thus facilitating accurate positioning of the applicator. c Supine 
position. An anterior lesion simply treated by anterior access

a cb

Fig. 5.2.3. a Peripheral subpleural lesion (arrow). Lateral decubitus position with the patient lying on the same side of the 
lesion. b Posterior access to reach the lesion in a shorter distance. The applicator (arrow) is placed with an acute angle rela-
tive to the lesion and pleural surface. c Follow-up non-contrast CT in the supine position. The lesion is completely ablated 
leaving a gaseous collection in place and overlying minimal pneumothorax (arrows)

a cb
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priately fulfi ll the minimal invasive concept of the 
treatment (Weigel et al. 2004). 

Applicators are available for simultaneous mul-
tiple application (Dornier Medizintechnik, Germer-
ing, Germany). Each of these fi bers can be used with 
a beam splitter TT SWITCH 3 (Trumpf Medical 
Systems), so that up to six applicators can operate 
together (Weigel et al. 2004). 

5.2.5.3
Image-Monitored Laser Ablation

The energy application starts with 10–12 W/cm of 
applicator length. The average duration of the appli-
cation is about 15–20 min according to the tumor 
size. During the laser application, CT monitoring is 
performed at 3-min intervals. This serves for the posi-
tion control and – if necessary – position correction, 
demonstration of thermal-induced tumoral and lung 
parenchymal changes, as well as pneumothorax or 
intraparenchymal hemorrhage (Vogl et al. 2004a). 

MR thermometry is performed in a 0.5-T closed 
MRI unit (Privilig; Elscint, Frankfurt, Germany). 
Ablation is performed under near real-time MR 
using T1-weighted gradient-echo sequence (140/12, 
fl ip angle of 80 , matrix of 128 256, fi ve 8-mm sec-
tions, acquisition time of 15 s) in transverse sec-
tion and sections parallel to the laser applicators, 
all repeated every minute for monitoring of ther-
mal ablation. The pull-back technique involves the 
retraction of the fi ber optic bundle at the end of the 
fi rst laser cycle by a distance of 2 cm, followed by a 
second laser cycle, to enlarge the area of coagula-
tion necrosis. Necrosis manifests as a progressively 
deepening T1 hypointensity (Vogl et al. 2004b).

The complete system is removed at the end of 
the application while the patients hold their breath 
in deep inspiration. During each of these steps, air 
entry through the system is avoided using saline 
injection. To fi nish, a plaster bandage is applied at 
the puncture site (Vogl et al. 2004a). 

5.2.5.4
Radiological Appearance After LITT Ablation

During CT-monitored ablation, progressive forma-
tion of air vesicles is observed within the lesion 
around the laser applicator. This phenomenon can be 
observed 3 min after starting laser application with 
maximum expansion documented after 10 min. The 

average size of this hypodense area is between 7 and 
22 mm. The lung parenchyma directly bordering the 
ablation range shows increasing ground-glass opac-
ity due to edema and/or parenchymal hemorrhage 
(Vogl et al. 2004a) (Figs. 5.2.3–5.2.5).

During MRI-monitored ablation, increasing 
energy deposition can be documented as signal 
reduction of the isointense lung lesion in the T1-
weighted sequences. As a function of the applied 
energy and duration, a complete signal loss of the 
lung lesion results, merging with the low signal 
of the surrounding lung tissue. The MR thermo-
metry proved useful with lesions in the proximity 
of the thorax wall or in large blood vessels where the 
retarded signal loss could result from the heat dis-
sipation over the neighboring vessels and, hence, an 
MR-coordinated compensatory increase in ablation 
time (Vogl et al. 2004a).

CT fl uoroscopy control is regarded as ideal. With 
adequate technology, the radiation exposure for 
patients and the treating physician is unproblem-
atic. The control by sonography and X-ray fl uo-
roscopy would be feasible, in principle, with some 
lesions; however, at present they are practically not 
used (Diederich and Hosten 2004).

5.2.5.5
Post-interventional Assessment and Patient 
Follow-Up

A spiral control CT of the thorax immediately fol-
lowing the intervention serves directly for the fi nal 

Fig. 5.2.4. Post LITT non-contrast CT showing the ablated 
lesion as an air vesicle surrounded by a hyperdense zone of 
edema/hemorrhage (short arrows). Overlying mild pneumo-
thorax (long arrow)
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Fig. 5.2.5a–d. a A 6-mm upper lobe metastatic lesion (arrow). b During ablation the necrosis manifested by gaseous trans-
formation in the lesion. c Control CT on the following day shows a hyperdense lesion at the ablation site suggestive of a 
hematoma. d Follow-up CT after 8 months showing complete resolution of the hematoma and no residual or recurrent 
lesions in the ablated zone

a

c

b

d

evaluation and for the detection of possible compli-
cations. A thorax radiograph in two positions is per-
formed 6 h after the procedure. This is followed by 
control noncontrast CT and MRI (Symphony Quan-
tum, Siemens, Germany) with and without gadolin-
ium DTPA contrast medium (Magnevist, Schering, 
Germany) within the following 24 h. After 3 months 
control imaging is performed (Vogl et al. 2004a). 

5.2.6
Limitations and Complications 

Most of the patients tolerate the procedure with-
out major side-effects or restrictions. The analgesia 
described above proved suffi cient as a routine mea-
sure. Nevertheless, some centers use full narcosis 
and intubation for some of their patients. A minority 
of patients (2%) experience a longer persistent pain, 
which can be controlled by means of intravenous 

analgesics and subsequent oral medication (Died-
erich and Hosten 2004; Vogl et al. 2004a).

The pneumothorax rate in our study using 9-
F applicators amounted to 3% of the number of 
patients and 9.8% of the number of procedures 
(Fig. 5.2.4). A thorax drainage catheter was neces-
sary in only two patients to prevent progression of 
pneumothorax. Computer tomographic documen-
tation of complete resolution was followed by care-
ful removal of the catheter (Vogl et al. 2004a). Using 
miniature 5.5-F applicators the pneumothorax rate 
was 48% (Weigel et al. 2004).

Hemorrhage amounted to 21% while hemop-
tysis was noted in 9% of the cases treated using 
5.5-F applicators (Weigel et al. 2004), while it was 
only 3% with 9-F applicators (Vogl et al. 2004a) 
(Table 5.2.1; Fig. 5.2.5). These results signify that the 
larger applicator sizes may actually not be related to 
the incidence of complications. However, this issue 
must be addressed in a dedicated, preferably ran-
domized, study in which both applicator sizes can 
be compared. 
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Table 5.2.1. Complication (% relative to patient number)

Complication Pneumothorax 
(%)

Pleural 
drainage (%)

Intrapulmonary 
hemorrhage (%)

Hemoptysis 
(%)

Pleural 
effusion (%)

Pericardial 
effusion (%)

Weigel et al. (2005) 48 21 21 9

Vogl et al. (2004b) 9.8 6.6 3

Hosten et al. (2003) 30 10 20 40 10

5.2.7
Advantages and Disadvantages

The position of LITT among other treatment modal-
ities is not yet settled. It is one of several thermal 
ablation techniques which share broadly the same 
indications and contraindications. These can play 
the same complementary role to surgery, and sys-
temic chemotherapy as well as transarterial che-
motherapy in the near future. These ablation tech-
niques differ, however, in their physical nature and 
this leads to some differences in technical aspects 
and local effects. If these differences are thoroughly 
evaluated, the actual effectiveness can be compared. 
Still, the lack of adequate patient series does not 
allow the fi nal results of these modalities to be dem-
onstrated in a way to favor one of them completely 
above the rest.

In a comparative evaluation of LITT versus radio-
frequency of the lung, the lower cooling effect by 
neighboring vessels and the absence of impedance 
problem induction of larger ablation volumes, and 
higher rate of complete ablation are in favor of LITT 
compared to radiofrequency ablation. The disadvan-
tages of LITT are diffi cult puncture with less precise 
positioning of the application system, and the limi-
tation of the thermal ablation due to carbonization. 
In contrast, RF allows a direct puncture of the lesion 
with simple manipulation (Vogl et al. 2004c).  

The pros and cons of RFA versus LITT of lung 
tumors are shown in Table 5.2.2.

Table 5.2.2. Pros and cons of LITT and RFA

Modality Advantages Disadvantages

LITT Lower cooling effect 
Absence of impedance problem 
Induction of larger ablation volumes
Possible thermometry

Diffi cult puncture
Larger applicator diameter 
Tissue carbonization

RF Direct puncture of the lesion with simple manipulation Impedance problem 
Smaller ablation volumes
Thermometry is not possible

5.2.8 
Final Comment

LITT represents an innovative promising technique 
for thermal ablation of lung metastases and primary 
lung cancers. Still, some methodical and physi-
cal problems have to be tackled to achieve better 
results. 
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and improvements in different technical systems 
and instruments, interventional radiology is now 
an upcoming special fi eld in radiology.

Bone metastases are common in many advanced 
cancers and are a clinically relevant source of skel-
etal morbidity. Nearly 30% of all malignant tumors 
induce bone metastases (Jemal et al. 2004; Thomas 
et al. 1996). Most often, the spinal column (80%) and 
the femur (40%) are affected. In particular, breast, 
lung and bronchus, prostate and kidney cancer types 
have a high rate of inducing bone metastases. Pros-
tate cancer in males and breast cancer in females are 
the most common cancer types (Jemal et al. 2004). 
In the US 33% of the estimated new cases of cancer 
in males are induced by prostate cancer (230,110 
cases of new prostate cancer per year). Of the new 
cases in females, 32% are induced by breast cancer 
(215,990 cases of new breast cancer per year) (Jemal 
et al. 2004; Thomas et al. 1996). Of all patients with 
breast and prostate cancer, 60%–80% develop bone 
metastases. Pain is the most frequent complica-
tion in metastatic bone disease. More than 80% of 
patients suffer from pain with a reduction of mobil-
ity and life quality; therefore they have a high risk of 
concomitant complications. Therapy of bone metas-
tases has three main goals:
1. Pain relief
2. Improvement in mobility and quality of life
3. Improvement of life time

Therapeutic possibilities comprise local strategies 
such as radiation, surgical therapy and systemic 
therapy. A new and upcoming, minimally invasive 
therapy option is thermal ablation of bone tumors. 
For this procedure, ultrasound, computed tomogra-
phy (CT) scanning, or magnetic resonance imaging 
(MRI) is used by the radiologist to guide percuta-
neous placement of long, thin (usually less than 18-
gauge), insulated needles into the tumor. Electrodes 
are attached to a generator and the electrical energy 

6.1 
Introduction

The radiologist has emerged as a consultant with 
increased interaction with patients. In fact, the 
interventional radiologist has assumed the role of 
the surgeon for many conditions; for example, min-
imally invasive therapy of bone metastases using 
radiofrequency techniques. Recent advances in 
imaging and interventional techniques have had an 
impact on medical diagnosis. Interventional imag-
ing-based procedures include percutaneous biopsy, 
which has decreased the need for open surgical 
procedures. Due to the advent of system hardware 
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is converted to heat, which kills cells through coagu-
lation necrosis.

6.2 
Interventional Imaging

Recent years have seen remarkable advances in 
imaging technology. This is particularly true in 
the fi eld of CT, where the introduction of multide-
tector CT, continued improvement in 3D imaging 
capabilities, and greater sophistication in interven-
tional CT techniques have strengthened CT’s cen-
tral role in diagnostic radiology. Multidetecor CT in 
particular signifi cantly reduces room use time for 
interventional procedures (Kataoka et al. 2006). 
CT- and MR-guided interventional procedures are 
divided into diagnostic and therapeutic techniques. 
Diagnostic procedures in bone include biopsy and 
aspiration (Haaga 2005). Therapeutic procedures 
are more varied, including local cancer treatment, 
guided surgery, and vascular techniques. In bone, 
interventional techniques comprise thermal or 
chemical tumor ablation in particular.

6.3 
Image-Guided Radiofrequency Ablation

In early thermal ablation therapy, electrode place-
ment was typically performed under direct visu-
alization using preoperative CT data. Variations in 
ablation size and shape during therapy could not be 
predicted and were not recognized during therapy, 
and had to wait until follow-up image scans were 
performed.

CT guidance affords the best available visuali-
zation of needle and probe placement in the lesion 
nidus. Helical CT with low-dose and CT fl uoroscopy 
makes for a quicker procedure and a lower patient 
dose (Silverman et al. 1999; Teeuwisse et al. 
2001). Lesion size and the confi guration of the ther-
mal lesion in particular can be controlled directly 
during the procedure. Therapy strategy can be 
adjusted by the operator during the procedure and 
provides an effective thermal ablation and therapy 
result. However, the complication rate is reduced 

signifi cantly using image-guided radiofrequency 
ablation (RFA).

Other possibilities for image-guided thermoab-
lation include ultrasound and MR guidance. MR-
guided therapy has been limited by the inability to 
actively monitor the size and shape of the lesions. 
New software and hardware provide excellent abil-
ity to monitor tissue destruction during the proce-
dure. MR is well suited because of its excellent soft-
tissue discrimination; however, in the therapy of 
bone metastases, CT guidance actually affords the 
best available visualization.

6.4 
Radiofrequency Therapy

Heat has always been used in medicine. Ancient 
Hindu medicine used heated metal bars and the 
Greeks used heated stones to stop bleeding. Elec-
trocautery has been used for decades in surgery to 
stop bleeding, to cauterize and cut tissue. RFA has 
been used especially in the fi eld of neurosurgery. 
In former times, electrode placement was typically 
performed under direct visualization using preop-
erative CT data. Indications included cordotomy, 
pallidotomy and thalamotomy (Hitchcock 1981; 
Laitinen and Hariz 1992; Sweet and Hamlin 
1960).

The radiofrequency generator forms an electric 
current. Resistance of biologic structures causes 
local ions to vibrate. This ionic agitation results in 
friction around the electrode tip as ions attempt 
to pursue changes in direction of the alternating 
current and create heat to the point of desiccation 
(Dupuy 1999). Radiofrequency thermal ablation dif-
fers from electrocautery in that the tissue around the 
electrode, rather than the electrode itself, is the pri-
mary source of heat. RFA depends upon the transfer 
of electrical energy to tissue (Aronow 1960). This is 
achieved by passing radiofrequency energy from a 
generator through an electrode with an exposed tip 
of variable length which has been placed within the 
abnormal tissue. The energy at the needle tip causes 
ionic agitation and frictional heat in the surround-
ing tissue, which, when hot enough, leads to cell 
death and coagulation necrosis (Fig. 6.1). Generator 
applicator systems can be divided into monopolar 
and bipolar systems. When using monopolar sys-
tems, the patient is made into an electrical circuit by 
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Fig. 6.1. Histopathologic imaging of the remaining channel 
(1) of the RF electrode after thermal ablation. See the mas-
sive cell destruction and necrosis around the channel (2)

placing grounding pads on the thighs. With bipolar 
systems, no grounding pads are necessary.

RFA has several advantages:
Long history of use
Major complications are uncommon
Relatively inexpensive technique compared to 
laser light procedures
Thermal lesion size and shape can be controlled 
using different applicator designs 
Energy application can be controlled through the 
applicator and generator design throughout the 
whole procedure
Impedance measurements allow exact thermal 
ablation of pathologic tissue without destroying 
healthy tissue
Repeated therapy is possible without concern 
about the cumulative dose
Image-guided RFA using MRI or CT provides a 
safe and effi cient therapy

6.4.1 
The Procedure

All patients should undergo physical examination 
before entering treatment. A complete blood count 
and coagulation laboratory is necessary at least 
24 h before treatment. Pretreatment radiographics, 
including CT scans, MRI and radiographs, need to be 
evaluated. All procedures are performed in a strictly 

�
�
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�

�

�

�
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sterile manner in the CT room or a similar interven-
tion room. The procedure may be performed on an 
outpatient basis under general anesthesia or con-
scious sedation. Local anesthesia/conscious seda-
tion is possible in most cases. Most authors use a 
combination of local anesthesia and intravenous 
analgesia and sedation therapy, for example a com-
bination of mepivacaine, piritramid and midazolam 
to provide conscious sedation. Routine cardiovas-
cular and respiratory monitoring ensures patient 
safety during the procedure. Under continuous CT, 
fl uoroscopy, ultrasound or MR guidance, and after 
a small skin incision, a cannula (e.g., 14-G vertebro-
plasty cannula) is used to gain access to the affected 
bone (Fig. 6.2). The positioning of the instruments 
should be controlled precisely by fl uoroscopy, CT, 
MR, or a combination of techniques (Fig. 6.3). In our 
institution, we use a combination of CT guidance 
and fl uoroscopy. The radiofrequency applicator is 
introduced, using a variety of techniques; for exam-
ple, a vertebroplasty cannula as a gateway (Fig. 6.3). 
The length of the radiofrequency applicator depends 
on tumor size, varying between 20 and 30 mm.

Radiofrequency energy is generated by a power 
generator system. The application power depends 
on tumor size and is 10 W per centimeter of active 
length of the electrode. Tumor coagulation is fi n-
ished when the continuing energy fl ow is stopped 
because of impedance increase. Each treatment ses-
sion has about 10–15 min of active ablation. Post-
procedural CT should be performed to confi rm the 
lack of soft tissue swelling and hematoma.

Fig. 6.2. A 64-year-old female patient with breast cancer and 
bone metastases. Pre-interventional axial CT scan shows an 
osteolytic metastasis in the left pedicle of the fi fth lumbar 
vertebra (arrow). Note the pre-interventional planning
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6.6 
Clinical Experience

6.6.1 
Osteoid Osteoma

Osteoid osteoma is a benign lesion of the skeleton 
consisting of a central area of osteoplastic tissue 
(nidus) surrounded by a zone of reactive sclerotic 
bone (Figs. 6.4, 6.5, 6.6). The main symptom is 
pain, which is most severe at night and can often 
be relieved by aspirin and other nonsteroidal anti-
infl ammatory drugs (Pinto et al. 2002). Most of 

Fig. 6.3. A 64-year-old female patient with breast cancer and 
bone metastases. Axial CT scan shows the approach to the 
metastasis in the left pedicle of the fi fth lumbar vertebra us-
ing a bipolar radiofrequency electrode (arrow). The CT scan 
shows the positioning of the bipolar radiofrequency probe 
within the metastasis. Note the insulation between the elec-
trodes of the bipolar radiofrequency probe

Fig. 6.4. A 17-year-old female patient with osteoid osteoma 
in the left tibia. Note the nidus (arrow)

6.5 
Complications

RFA is a safe method. The reported complication 
rate is about 1%–2%, with most of the complications 
characterized as minor and not life threatening. In 
the literature, the mortality rate is reported to be 
<0.1% (Jakobs et al. 2004; Livraghi et al. 2003). 
Major complication are absolutely rare and com-
prise acute bleeding, tumoral abscess, vascular and 
nerve injuries (Albisinni et al. 2004; Dupuy 1999; 
Livraghi et al. 2003). Minor complications are rare 
and comprise self-limiting bleeding and hematoma, 
skin burn and especially transient pain. Although 
this technique is minimally invasive, potential 
complications that may occur during needle pas-
sage include bleeding and nerve injury. These can 
be avoided by knowledge of anatomic structures in 
the region of needle passage.

Fig. 6.5. A 17-year-old female patient with osteoid osteoma 
in the left tibia. Percutaneous and CT-guided approach. Note 
the exact positioning of the radiofrequency electrode in the 
center of the nidus
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Fig. 6.6. A 19-year-old male patient with osteoid osteoma in 
the right femur. Note the nidus (arrow)

the osteoid osteomas are observed in patients aged 
between 10 and 25 years. Half of the lesions occur in 
the femur and tibia. Pain can subside after several 
years of conservative treatment. Curative treatment 
of osteoid osteoma consists of completely removing 
the nidus (Woertler et al. 2001).

Percutaneous resection requires instruments 
of large caliber to ensure complete removal of the 
lesion. Consecutive structural weakness of the 
affected bone can lead to fracture, and therefore 
limitations of activity and weight-bearing. In the lit-
erature, the complication rate is reported to be > 20% 
with the risk of bone fracture up to 5% (Ramseier 
and Exner 2006; Sans et al. 1999). RFA of osteoid 
osteoma requires the creation of only a small osseous 
access to the nidus to allow insertion of the electrode 
(Figs. 6.7, 6.8). Loss of bone substance is therefore 
minimal and does not result in signifi cant structural 

weakening. The complication rate and the dimension 
of the therapy are much lower compared to surgical 
resection of the nidus ( Ramseier and Exner 2006; 
Sans et al. 1999; Woertler et al. 2001).

Rosenthal et al. (1998) retrospectively compared 
outcomes for a series of patients treated by opera-
tive excision (n = 87) or by RFA alone (n = 38). The 
study reported no signifi cant difference between the 
two approaches. The rates of recurrence showed no 
signifi cant difference (11% RFA, 9% surgery) and no 
difference in complications (0% RFA, 2% surgery). 
The decreased need for hospitalization with RFA 
was signifi cant in this study population.

Another recent case series reported primary suc-
cess in 37 of 38 (97%) patients (25 males, 8 females, 
age range 5–43 years) who underwent CT-guided 
percutaneous RFA (Martel et al. 2005). All patients 
experienced suffi cient pain relief to permit resump-
tion of normal activities within 24 h of the proce-
dure. During follow-up ranging 3–24 months, no 
major complications were reported.

There have been other studies showing good 
results with percutaneous RFA treatment. Review-
ing the literature, the success rate is reported to be 
94% (Table 6.1). Complications occurred in 2% of 
cases (Table 6.1).

Fig. 6.7. A 19-year-old male patient with osteoid 
osteoma in the right femur. Reconstruction scan 
of the osteoid osteoma and the nidus

Fig. 6.8. A 19-year-old male patient with osteoid osteoma 
in the right femur. Percutaneous and CT-guided approach. 
Note the exact positioning of the radiofrequency electrode 
in the center of the nidus
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Table 6.1. Literature review. Different studies treating osteoid osteoma using 
radiofrequency ablation

Author Year Patients Success 
rate (%)

Complications 
(%)

Barei et al. 2000  11  91 None

Lindner et al. 2001  58 100  1.7

Vanderschueren et al. 2002  97  92  2.1

Venbrux et al. 2003   9  89 22 (2/9)

Rosenthal et al. 2003 126  89  3.2

Cioni et al. 2004  38  92  5.3

Martel et al. 2005  38 100  5.3

Rimondi et al. 2005  97  98  2.1

Despite the weaknesses in the published clinical 
evidence, RFA of osteomas has become a standard 
of care based on the lower morbidity and quicker 
recovery time associated with the procedure com-
pared to the standard alternative which is open sur-
gery.

6.6.2 
Bone Metastases

After lung and liver, bone is the third most common 
metastatic site and is relatively frequent among 
patients with primary malignancies of the breast, 
prostate, and lung. Bone metastases often cause 
osteolysis resulting in pain, fractures, decreased 
mobility, and reduced quality of life (Fig. 6.2). Exter-
nal beam irradiation often is the initial palliative 
therapy for osteolytic bone metastases (Fig. 6.3). 
However, pain from bone metastases is refractory 
to radiation therapy in 20%–30% of patients, while 
recurrent pain at previously irradiated sites may be 
ineligible for additional radiation due to risks of 
normal-tissue damage. RFA has been investigated 
as another alternative and upcoming technique for 
palliating pain from bone metastases (Jemal et al. 
2004; Thomas et al. 1996).

Indications and contraindications for thermal 
ablation in the therapy of bone metastases are as 
follows:
Indications:

Osteolytic bone metastases
Painful bone metastases
Not suitable or failed standard therapy

Contraindications:
Hypervascular tumors
Large lesion with impending fracture

�
�
�

�
�

Tumors in contact with major neurovascular 
structures
Internal fi xation with metallic devices at the site 
of the tumor

Goetz et al. (2004a) reported a multicenter study 
in which 43 patients with painful osteolytic bone 
metastases were treated palliatively with RFA. Of 
the patients, 39 (91%) had previously received opio-
ids to control pain from the lesion(s) treated with 
RFA, and 32 (74%) had prior radiation therapy to 
the same lesion. Mean pain score before therapy 
was 7.9 (range 4–10). At 4, 12, and 24 weeks after 
RFA, average pain scores decreased to 4.5, 3.0, and 
1.4 respectively. Of the patients, 41 (95%) achieved 
a clinically signifi cant improvement in pain scores.

Reviewing the literature, there are further ret-
rospective trials available, which show a good suc-
cess rate and only minor complications (Table 6.2) 
(Callstrom et al. 2002; Dupuy 1989; Goetz et al. 
2004b). 

6.7 
Conclusion

RFA is a safe and minimally invasive tumor ablation 
therapy which rapidly reduces pain and improves 
quality of life in patients with bone metastases. 
Recent advances in different generator and applica-
tor systems as well as in different guiding/monitor-
ing technologies will overcome previous shortcom-
ings. Particularly because of its ability to evaluate 
the results of the treatment immediately, RFA has 
the potential to be an effective option in the local 
treatment of bone tumors.

�

�
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7.1 Head and Neck Lesions

Martin G. Mack and Thomas J. Vogl

Experimental work has shown that a well-defi ned 
area of coagulative necrosis is obtained around the 
fi ber tip, with minimal damage to surrounding 
structures. 

MR-guided LITT offers a number of potential 
treatment benefi ts. First, MR imaging provides 
unparalleled topographic accuracy due to its excel-
lent soft-tissue contrast and high spatial resolution. 
Secondly, the temperature sensitivity of specially 
designed MR sequences can be used to monitor the 
temperature elevation in the tumor and surround-
ing normal tissues. This enables the exact visualiza-
tion of the growing coagulative necrosis. On-line 
MR imaging during LITT is essential for avoiding 
local complications due to laser treatment. Thirdly, 
recovery times, lengths of hospital stay, and the risk 
of infection and other complications can be reduced 
when compared with conventional palliative sur-
gery. Finally, successful implementation of such 
minimal invasive procedures would signifi cantly 
reduce costs in comparison to surgical procedures. 
A further, indirect advantage is the psychological 
effect due to avoidance of cosmetic deformities that 
can result from major reconstructive surgery.

A number of studies have already been performed 
to evaluate the potential of laser treatment for the 
local treatment of liver metastases, as well as other 
tumors.

7.1.2 
Material and Methods

7.1.2.1 
Laser System and Application Set

Laser coagulation was performed using a neodym-
ium-YAG laser (Dornier MediLas 5060 or Dornier 

7.1.1 
Introduction

The head and neck area contains a multitude of 
small, complexly arranged anatomical structures; 
intimate knowledge of normal spatial relationships 
and variations is necessary to plan and implement 
appropriate therapy. Lesions often lie near vital 
structures, complicating diagnostic and therapeu-
tic procedures. Improved visualization during such 
procedures can therefore provide the physician with 
critical information, permitting innovative proce-
dures and improved outcomes.

Palliative treatment options for recurrent head 
and neck cancer are limited by the proximity of vital 
vascular and neural structures and the aggressive 
nature of most of these tumors. Laser-induced inter-
stitial thermotherapy (LITT) is a recently developed 
minimally invasive treatment modality. It is a mini-
mally invasive technique for local tumor destruc-
tion within solid organs.
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MediLas 5100) with a specially developed fl exible 
laser applicator. Furthermore an application kit for 
percutaneous treatment was developed and opti-
mized for our purposes.

Laser light with a wavelength of 1046 nm was 
transmitted to tissue with a diffusing applicator. 
Laser light of this wavelength penetrates deeply into 
biological tissue, where photon absorption and heat 
conduction lead to hyperthermic and coagulative 
effects. The tissue destruction may be immediate or 
delayed.

The cooled power laser system (SOMATEX, Ger-
many) for MR-guided minimally invasive percu-
taneous LITT of soft tissue tumors consists of an 
MR-compatible cannulation needle (length 20 cm, 
diameter 1.3 mm) with a tetragonally beveled tip 
and stylet; guide wire (length 100 cm); 9-Fr sheath 
with stylet; and a 7-Fr double-tube thermostable (up 
to 400 C) protective catheter (length 40 cm) also 
with a stylet, which enables internal cooling with 

saline solution (Fig. 7.1.1a). Cooling of the surface 
of the laser applicator modifi es the radial tempera-
ture distribution so that the maximum temperature 
shifts into deeper tissue layers. The protective cath-
eter prevents direct contact of the laser applicator 
with the patient and enables complete removal of 
the applicator even in the unlikely event of damage 
during treatment. This increases patient safety and 
simplifi es the procedure. The catheter is transpar-
ent for laser radiation and resistant to heat (up to 
400 C). Marks on the sheath and the protective cath-
eter allow exact positioning of both in the lesion.

The system is fully compatible with MR imag-
ing systems. Magnetite markers on the laser appli-
cator allow an easier visualizing and positioning 
 procedure.

The laser itself is installed outside of the exami-
nation unit. The laser light is transmitted via a 10-
m-long optical fi ber. The complete set-up used for 
LITT is shown in Figure 7.1.1.

a

b

cooling
(inflow)

cooling
(outflow)

protective cathetersheath

O

laser-
applicator

(active zone)
silicia fiber
(400 µm)

Fig. 7.1.1. a The drawing shows 
the set-up for laser-induced in-
terstitial thermotherapy (LITT). 
b Internally cooled power laser 
application system with laser ap-
plicator
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7.1.2.2 
Technique of MR-Guided LITT

Informed consent is obtained from all patient. Prior 
to LITT treatment all patients undergo CT and a 
contrast-enhanced MRI study at least 2 days prior 
to the intervention. After localization of the tumor 
with CT local anesthesia was achieved with 20–
30 ml of 1% mepivacaine (Scandicain, AstraZen-
eca, Wedel, Germany). Distance to the lesion and 
the puncture angle are calculated electronically. 
For targeting of both recurrent nasopharyngeal 
tumors and pleomorphic adenomas a subzygomatic 
approach to the lesion was chosen, which provided 
the best and safest access to the lesion. Lesions of 
the larynx and the fl oor of the mouth were punc-
tured directly. After the procedure the needle track 
was closed with fi brin glue (Tissucol Duo S, Baxter, 
Vienna, Austria).

The LITT treatment was performed under MR 
guidance using a 0.5 tesla scanner (Privilig, Escint, 
Israel) by T1-weighted GE sequences (TR/TE = 140/12, 
fl ip angle = 80 , matrix 128 256, 5 slices, slice thick-
ness 8 mm, interslice gap 30%, acquisition time 15 s) 
in axial slice orientation and parallel to the laser 
applicators. These two sequences were repeated 
every minute. The entire LITT treatment was per-
formed using local anesthesia and intravenously 
injected analgesics [pethidine 10–80 mg (Dolan-
tin, Aventis Pharma, Frankfurt, Germany) and/or 
piritramid 5–15 mg (Dipidolor, Janssen-CILAG 
AG, Neuss, Germany)] and sedation (2–10 mg mid-
azolam, Hoffmann-La Roche, Grenzach-Wyhlen, 
Germany).

7.1.2.3 
MR Thermometry

MR thermometry is performed with a Turbo-FLASH 
sequence (TR/TE/TI = 7/3/400) as well as a Thermo-
FLASH-2D sequence (TR/TE/Flip angle = 102/8/15), 
which was found to be more sensitive to thermal 
induced.

Before and after LITT treatment T1-weighted 
(SE, GE), and T2-weighted (SE) images are obtained. 
Of special importance is a dynamic Turbo-FLASH 
sequence protocol, which acquires images prior to 
as well as in short delays (6 s) following the intra-
venous administration of contrast over a length of 
180 s. Follow-up studies including non-enhanced 
and contrast-enhanced sequences are performed 1, 

4, 12, and 24 weeks following therapy. Qualitative 
and quantitative parameters including size, mor-
phology, and contrast enhancement pattern at early 
and late follow-up are evaluated.

7.1.3 
Results

All treated patients were suffering from recurrent 
benign or malignant tumors in the head and neck 
region. An interventional subzygomatic approach 
was used for recurrent tumors of the nasopharynx 
and parapharyngeal space. Tumors of the maxillary 
sinus were directly punctured from the anterior or 
lateral approach, and lesions of the neck and the 
fl oor of the mouth were punctured using either a 
anterior or lateral approach. The placement of the 
laser application systems was done under CT guid-
ance in all cases.

Under CT guidance, optimal positioning of the 
cannula and mandrin was achieved in all patients 
(Figs. 7.1.2a, b, 7.1.3). All tolerated the puncture well 
on a moderate amount of systemic analgesics and 
local infi ltrative anesthesia. After positioning of the 
protective catheter and insertion of the laser tip, the 
energy of the laser and the duration of the treatment 
were calculated individually, depending on the posi-
tion of the laser tip in relation to the tumor borders, 
the homogeneity of the tumor, and its relationship 
to neighboring vascular structures, in particular 
the internal carotid artery and major branches of 
the external carotid artery, including the maxillary, 
lingual, and ascending pharyngeal arteries.

Pre-interventional scans were optimized indi-
vidually to show the tumor as tissue with a signal 
intensity lower than that of fat and higher than that 
of muscle tissue. For each patient, these images were 
used as baseline for visualizing changes in signal 
loss during LITT.

Criteria for evaluating success of treatment 
included clinical data such as pain or other local 
symptoms as well as pre- and post-therapeutic 
changes in signal and tumor morphology. We were 
able to induce coagulative necrosis in all patients 
(volume range: 3 cm3 to 25 cm3) and to reduce clini-
cal symptoms in most of the patients (Fig. 7.1.2b).

All LITT treatments were performed under local 
anesthesia on an outpatient basis. General anesthe-
sia was not necessary for the procedure.
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7.1.4 
Discussion

LITT is a widely used technique for minimally 
invasive tumor ablation throughout the body with 
a main focus on liver metastases. Palliative treat-
ment options for recurrent head and neck cancer 
are limited by the proximity of vital vascular and 
neural structures and the aggressive nature of these 
tumors. A minimally invasive treatment modality 
such as interventional MR-guided LITT offers a 
number of potential treatment benefi ts. First, MR 
imaging provides unparalleled topographic accu-
racy due to its excellent soft-tissue contrast and 
high spatial resolution. Secondly, the temperature 
sensitivity of the Thermo-TurboFLASH and FLASH-
2D sequences can be used to monitor the tempera-
ture elevation in the tumor and surrounding normal 

Fig. 7.1.3. CT-guided placement of a laser application system 
in parastomal recurrent tumors of a squamous cell carci-
noma

a

b

c

Fig. 7.1.2a–c. Metastases of a hepatocellular carcinoma in 
the masticator space. a CT-guided puncture of the lesion. 
Note the positioning of the needle (arrows). b The clinical 
image shows the laser application system in situ using a sub-
zygomatic approach. c This contrast-enhanced T1-weighted 
sequence after LITT (12 min, 22.8 W) shows a signifi cant 
amount of necrosis (arrows)
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tissues, thus increasing safety. On-line MR imag-
ing during LITT therefore allows early detection of 
local complications and treatment effects such as 
bleeding, hemorrhage, or necrosis. Thirdly, recov-
ery times, lengths of hospital stay, and the risk of 
infection and other complications can be reduced 
when compared with conventional palliative sur-
gery. Finally, successful implementation of such 
minimally invasive procedures would signifi cantly 
reduce costs in comparison to surgical procedures. 
A further, indirect advantage is the psychological 
effect due to avoidance of cosmetic deformities that 
can result from major reconstructive surgery.

The clinical success of MR-guided LITT depends 
on three factors: the optimal localization of the laser 
applicator in the center of the lesion, controlled in 
all dimensions, an optimal “on-line monitoring” of 
the temperature and an exact documentation of the 
local tumor control rate.

The “on-line thermometry” with MRI allows 
an exact guidance of the thermotherapy. Contrast-
enhanced MRI represents the superior parameter 
for the follow-up of the treated lesions. 
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erative radiation therapy is necessary, most patients 
and surgeons prefer BCT, because the women want 
the superior cosmetic outcome and also the prog-
nosis of breast cancer has basically improved over 
the years. Some 90% of patients with breast cancers 
in stage T1a present with a disease-free survival 
time of 20 years. Even for those with higher stages 
of cancer, radical mastectomy has become less 
important because patients can be referred to BCT 
after neoadjuvant chemotherapy and consecutive 
downstaging of the tumor (Singletary 2001). Also 
important is the fact that breast cancers are being 
initially detected earlier, because of the rising sensi-
tivity of imaging procedures, particularly MR mam-
mography, which reaches a sensitivity of between 
95% and 100% (Kaiser and Zeitler 1989). Cady 
(2000) estimated that the mean size of initially diag-
nosed breast cancers will be as small as 10 mm in 
2010. Consequently breast cancer treatment shows 
a trend to less invasive methods and the evaluation 
of minimally invasive procedures is warranted. 
Thermal procedures play a key role in the mini-
mally invasive ablation of tumors. Recently several 
reports dealing with the percutaneous, minimally 
invasive therapy of breast cancer have been pub-
lished (Kacher and Jolesz 2004). Procedures such 
as interstitial laser therapy (ILT) (Dowlatshahi 
et al. 2004; Mumtaz et al. 1996; Pfl eiderer et al. 
2003b), radiofrequency ablation (RFA) (Boehm et 
al. 2001; Burak et al. 2003; Fornage et al. 2004; 
Hayashi et al. 2003) and high focused ultrasound 
(HIFU) (Gianfelice et al. 2003a, b; Hyhyhen et al. 
2001) destroy the tumor by heating it. In contrast, 
cryotherapy (Hewitt et al. 1997; Pfl eiderer et al. 
2002, 2005) ablates tumor tissue by cooling a cryo-
probe down to temperatures as low as –180 C. Until 
now cryotherapy has been used mainly in the abla-
tion of liver tumors and prostate cancer (Seifert 
and Morris 1999). Recently a few reports about 
cryotherapy of breast cancer (Morin et al. 2004; 

7.2.1 
Epidemiology of Breast Cancer

Breast cancer is a major health problem and is the 
most common cancer in women in industrialized 
countries. Each year in Germany 55,100 new breast 
cancer cases are diagnosed. These cases repre-
sent 26.8% of all cancers which occur in women 
(Robert-Koch Institut 2004). Of these breast 
cancer patients, 40% are younger than 60 years. In 
North America one in eight women will develop 
breast cancer during her lifetime (Gordon et al. 
2004).

After a follow-up period of more than 20 years it 
was reported that curative breast-conserving ther-
apy (BCT) of breast cancer yields equivalent results 
compared to radical mastectomy (Fisher et al. 2002; 
Veronesi et al. 2002). Despite the fact that postop-
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Pfl eiderer et al. 2002, 2005) and of fi broadenomas 
(Kaufman et al. 2002, 2004; Littrup et al. 2005) 
were published.

Thermal destruction of the carcinoma makes 
adequate assessment of biological tumor mark-
ers and hormone receptor status impossible. Thus, 
minimally invasive breast biopsy, such as large-
core breast biopsy or vacuum-assisted biopsy under 
sonographic, stereotactic or MR guidance for preab-
lative histologic diagnosis, is necessary. Then deter-
mination of the presence of estrogen and progester-
one receptors and HER-2/neu is performed to plan 
adjuvant therapies.

7.2.2 
Interstitial Laser Therapy (ILT)

The effect of ILT is brought about through the inter-
action between the laser photons and the molecules 
of the tissue that is targeted by the laser beam. Three 
physical processes – absorption, diffusion, refrac-
tion – are responsible for the spread of the light 
in the tissue. Alterations of tissue structure during 
ILT, e.g., bleaching following coagulation or darken-
ing after carbonization, lead to dynamic changes of 
these optical properties. The laser light is delivered 
directly to the target lesion by percutaneous optical 
fi ber. The absorption of the laser light is respon-
sible for the thermal effects of ILT after transforma-
tion of the laser energy to heat, which increases the 
temperature of the tissue and so creates a zone of 
thermal ablation.

ILT can be carried out directly after breast biopsy 
using a coaxial technique because the laser fi ber is 
normally placed through a trocar. Afterwards the 
trocar is pulled back so that there is no danger of 
the outer cannula obscuring the light. Diffusing 
tips enable the treatment of larger volumes com-
pared with bare fi bers. An additional increase of the 
size of the necrotic zone can be achieved by cooling 
the laser fi ber, avoiding carbonization of the tissue 
near the tip of the laser fi ber (Vogl et al. 2002). An 
important advantage of ILT is that optical fi bers 
are entirely MR compatible. MRI is possible during 
laser energy delivery, indeed MRI is not affected 
by light and the laser light delivery is not affected 
by MRI, while the laser device is located outside 
the scanner room. Furthermore MRI enables tem-
perature mapping during ILT. It is reported that a 

focal increase of temperature can be visualized by 
a signal loss in T1-weighted and diffusion-weighted 
images. The signal loss appears about 30 s after the 
onset of treatment and reaches its maximum after 
270–400 s. Phase imaging can be used for tempera-
ture and dose monitoring as well (Fig. 7.2.1) (Fried 
et al. 1996; Hall-Craggs 2000; Mumtaz et al. 
1996; Pfl eiderer et al. 2003b; Steiner et al. 1998). 
A thermal ablation zone induced by ILT typically 
consists of a central cavity, which is surrounded by 
an area of pale tissue, and a hemorrhagic rim in the 
periphery beyond which viable tissue is found. In 
histology laser ablation zones are characterized by 
cells that are morphologically without abnormali-
ties, showing hyperchromatic unsharp nuclei and 
hypereosinophilic cytoplasm refl ecting protein 
coagulation in the pale zone. The hemorrhagic rim 
consists of cells that are less damaged and whose 
nuclei are only slightly hyperchromatic. In the 
neighborhood of these cells proliferating fi bro-
blasts, blood vessels and red blood cells outside 
vessels in the interstitium are found. Dowlast-
shahi and coworkers (2002) reported on ILT of 
breast carcinomas in 56 patients with histologically 
proven invasive breast cancers of a diameter under 
23 mm. They achieved total tumor destruction in 
70% of the patients with early breast cancers. Of the 
56 patients, 54 were operated on within 2 months 
after ILT; 16 of 54 patients (30%) showed residual 
tumor after ablation. The authors gave the follow-
ing explanation for these therapeutic failures: four 
patients were treated during the learning phase 
and did not receive enough laser energy for effec-
tive treatment; two women were oversedated and 
moved during ILT, which was not realized; in four 
cases there were technical problems with the equip-
ment, and in fi ve women insuffi cient target visual-
ization due to post-biopsy hematomas or excessive 
fl uid infusion led to incomplete tumor destruction. 
The two patients who were not operated after ILT 
were followed up for 2 years. Initially the treated 
lesions shrank and were replaced by oil cysts. After 
resolution of the cysts, fi brosis was found in biop-
tic histology. No residual tumor was detected after 
2 years (Dowlatshahi et al. 2002).

Harms (2001) performed ILT in 12 women with 
22 breast lesions under magnetic resonance (MR) 
guidance. Using rotating delivery of excitation 
off-resonance (RODEO), breast MRI provides high 
contrast and improved resolution of breast cancers 
when localizing the tumor. General anesthetic was 
not required. After local anesthesia an MRI-com-
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Fig. 7.2.1a–e. Interstitial laser therapy. a The tip of the 
laser fi ber is visualized as a tiny ear-shaped loss of sig-
nal (black arrows). b On the subtracted phase images a 
small hypointense zone of increased temperature can be 
delineated after 120 s of laser treatment (3 W, 600 s). c It 
is expanding after 360 s and d furthermore after 600 s 
(white arrows). e The follow-up examination 1 week 
later shows an anlog hypointense zone indicating co-
agulation necrosis

a b c

d e

patible needle was inserted into the cancer and 
ILT was controlled by MRI. The appearance of a 
hypointense zone indicated the heating area. Com-
plete destruction was achieved in only three women 
who had tumors with diameters under 3 cm. In the 
other patients large tumors were destroyed incom-
pletely (Harms 2001). Akimov et al. (1998) reported 
on 35 patients with primary breast cancer who were 
treated with ILT. In 28 patients, ILT was performed 
before radical resection, and in 7 patients it was 
the only invasive treatment. Of 7 patients treated 
without surgery, local tumor control was achieved 
in 5, and in 3 stage-I to stage-III patients disease-
free survival was followed for 19–60 months. After 
ILT plus surgery, 3-year disease-free survival was 
27% in premenopausal and 92% in menopausal 
patients. 

7.2.3 
Radiofrequency Ablation (RFA)

During radiofrequency ablation (RFA), alternat-
ing current is sent into the tissue through needle 
electrodes. The alternating current generates ionic 
movement and agitation as ions oscillate at the 
applied frequency. Localized friction results in 
tissue heating, which leads to cell death. Histologi-
cally tissue shows coagulation necrosis and protein 
denaturation after RFA. Macroscopically the abla-
tion zone is characterized by a yellow-white center, 
which is surrounded by a hyperemic red rim refl ect-
ing hemorrhage (Mirza et al. 2001). Boehm and 
coworkers (2001) developed an experimental tumor 
model for RFA of breast tumors surrounded by fat 
to investigate the minimally invasive treatment of 
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breast tumors with saline-enhanced RFA monitored 
by ultrasound (US). In total, 28 VX2 tumors were 
implanted into the retroperitoneum of 14 rabbits 
and monitored by B-mode US at regular intervals of 
2–3 days. Saline-enhanced RFA (25 mm tip length) 
was performed 16 days after tumor implantation 
(10 min treatment time, 28 W, 15 ml/h infusion of 
0.9% NaCl, which was increased to 30 ml/h in cases 
of an impedance increase). Thermal lesion growth 
was monitored by B-mode US. Treatment was con-
sidered complete if no relapse was detectable his-
topathologically after a follow-up period of up to 
3 weeks. All tumor implantations were successful, 
reaching sizes of 5–38 mm 16 days after implanta-
tion. After RFA local relapses occurred in 14 of 27 
tumors (51.8%), all with tumors > 20 mm. Thus, the 
method appears to be more successful with smaller 
tumors (Boehm et al. 2001).

All human studies dealing with percutaneous RFA 
to treat breast cancer included fewer than 30 patients. 
Jeffrey et al. (1999) treated 5 women with locally 
advanced breast cancer using RFA. The tumors had 
diameters of between 4 and 7 cm. Mastectomy was 
carried out immediately after RFA that generated 
ablation zones with a diameter of between 0.8 and 
1.8 cm around the tip of the radiofrequency needle, 
showing cell death histologically in four of the fi ve 
cases. One tumor had a focus of less than 1 mm with 
residual tumor. No periprocedural complications 
occurred (Jeffrey et al. 1999). Izzo and coworkers 
(2001) performed US-guided percutaneous RFA in 
26 patients with biopsy-proven, invasive breast can-
cers which was followed by immediate resection. 
The size of the tumors ranged between 0.7 and 3 cm. 
Complete coagulation necrosis was achieved in 25 
of the 26 patients (96%). One patient had a micro-
scopic focus of viable tissue adjacent to the needle 
shaft which was interpreted to be rather unusual 
because viable tumors are seen at the periphery of 
the ablation zone and not in its center. In one case a 
complication occurred. After RFA a skin burn over-
lying the ablation zone was seen. Limitations of this 
study were that ultrasonographic monitoring of the 
treatment did not provide accurate measurement of 
the histopathologic zone of complete necrosis. The 
hyperechogenicity of the RF ablation zone and the 
dorsal acoustic shadowing made it impossible to 
monitor the deeper zones of treatment, resulting 
in a lack of real-time assessment of the adequacy of 
RFA (Izzo et al. 2001). Another group reported on 
US-guided RFA in 21 invasive breast cancers under 
2 cm immediately prior to open surgical removal 

of the tumor. The prongs of an umbrella-shaped 
needle in the lesions were deployed with real-time 
US guidance. The effectiveness of RFA was evalu-
ated by NADH staining of the operation specimen. 
In one woman who had neoadjuvant chemotherapy 
the target lesion was destroyed but residual invasive 
tumor occult in US and mammography was found in 
histology. In all, 20 woman were free of tumor after 
RFA. No adverse effects were observed (Fornage et 
al. 2004). MRI is not possible during RFA because of 
the high-frequency alternating current. On the other 
hand, MRI may be used for exact lesion and needle 
localization before, and reliable treatment response 
evaluation after, the onset of alternating current. 
With the highest sensitivity in breast cancer detec-
tion, MRI is capable of revealing multifocal disease 
by detecting lesions as small as 3 mm (Fischer et 
al. 2005). Hayashi and coworkers (2003) treated 22 
postmenopausal women with core-biopsy-proven 
breast cancers measuring 3 cm or less. Resection 
took place between 1 and 2 weeks after US-guided 
RFA. Coagulative necrosis was complete in 19 of 22 
patients. Disease at the ablation zone margin was 
found in 3 patients and 5 patients had disease distant 
to the ablation zone consisting of multifocal tumors 
(2 cases), in-transit metastasis (1 case), and extensive 
ductal carcinoma in situ with microinvasive carci-
noma (2 cases). The procedure was well tolerated 
and cosmesis was excellent in all cases (Hayashi et 
al. 2003). The case report of Elliot et al. (2002) is 
the only example of stereotactically guided RFA of 
breast cancer. After mammographic-guided biopsy 
revealed an invasive ductal carcinoma with a size 
of 16 mm, a metallic clip was left to mark the lesion 
and it was treated using RFA. Then, 4 weeks later the 
ablation site was resected after wire localization. No 
viable tumor was detectable in the operation speci-
men. This was at least a proof-of-principle that RFA 
is feasible under stereotactic guidance.

7.2.4 
High-Intensity Focused Ultrasound (HIFU)

High-intensity focused ultrasound (HIFU) has the 
same principle as conventional ultrasound. Many 
piezo elements emit US beams, which are brought 
to a tight focus. There, focal energy deposition by 
conversion of mechanical energy into heat causes 
protein denaturation and tissue necrosis. Arrest of 
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cellular reproduction will take place if the tempera-
ture is maintained above 56 C for 1 s. Rapid thermo-
induced irreversible cell death through coagulation 
necrosis occurs. During HIFU treatments, the tem-
perature at the focus can rise rapidly above 80 C 
which, even for the shortest exposures, should lead 
to effective and complete cell damage. The high 
thermal gradient caused by reaching such high tem-
peratures within seconds creates boundaries of the 
treatment area that are sharply demarcated without 
damage to the non-tumorous surrounding tissue. In 
other heating procedures the cooling effect of perfu-
sion may inhibit the effi ciency of treatment, whereas 
HIFU does not suffer from this limitation because 
the exposure times for a volume of a few cubic mil-
limeters are below 3 s (Kennedy et al. 2003). The 
process is repeated in the entire tumor volume until 
the lesion is completely covered. MRI allows good 
anatomic resolution, and high sensitivity in tumor 
detection and temperature monitoring (Bohris et 
al. 1999). Thus, the combination of MRI and HIFU 
simultaneously enables the defi nition of tumor mar-
gins, noninvasive thermal therapy, and the control 
of the temperature at the current therapy site (Jolesz 
and Hynynen 2002). Huber and coworkers (2001) 
published an animal study and a case report about 
MRI-guided HIFU of breast cancer. The patient was 
in a prone position with her breast suspended in 
the water bath of the HIFU unit, which consisted of 
an ultrasound source, an MRI coil, and a hydrauli-
cally driven positioning system. When the US trans-
ducer was positioned exactly within a deviation of 
not more than 1 mm, HIFU sonications were sent to 
the tumor. The ultrasound focus was cigar shaped 
with a diameter of 1 mm and a length of 8.7 mm. The 
target volume was outlined by MRI. A close spacing 
of small foci resulted in overlapping treatment zones 
that covered the entire tumor volume. The passage 
of the surrounding tissue did not cause any damage. 
In contrast to other minimally invasive therapy pro-
cedures the focused ultrasound penetrated the skin 
without damaging it by the insertion of probes or 
needles. The published case was a patient with a 
22-mm, invasive ductal carcinoma. Immediately 
after HIFU, MRI showed a non-enhancing area at 
the treated zoned. Open surgery was performed as 
a standard breast-conserving procedure 5 days after 
HIFU. In the operation specimen the treated zone 
presented as a white necrotic area with a hyperemic 
rim which corresponded well with the target out-
lined in the MR planning image. Chung et al. (1996) 
and Mulkern et al. (1998) treated 11 women using 

HIFU and achieved partial or total success in 73% 
of cases. They described problems due to patient 
motion, lesion undertreatment through inadequate 
power settings, and beam refl ection caused by the 
formation of gas bubbles during treatment or local 
anesthetic.

Gianfelice and coworkers (2003a) reported on 
17 patients who underwent MR-guided HIFU for 
treatment of breast cancer. Dynamic MR mammog-
raphy was performed before and after the MRIg-
FUS treatment of small breast tumors (diameter 
< 3.5 cm). The lesions were surgically resected and 
the presence of residual tumor was determined by 
histopathological analysis. A good correlation was 
found between parameters which were acquired by 
MR mammography and the percentage of residual 
viable tumor determined by histopathology. The 
amount of residual tumor ranged between 0% and 
75%. Nine patients had residual tumor volumes of 
less than 10% and only four women did not show 
any viable tumor after HIFU. The parameters from 
MR mammography provided a reliable noninva-
sive method for assessing residual tumor following 
HIFU treatment of breast tumors. In a series of 12 
women the same group reported (Gianfelice et 
al. 2003c) a treatment duration of between 35 and 
133 min (median time 76.5 min). A mean of 46.7% 
of the tumor was within the targeted zone and a 
mean of 43.3% of the cancer tissue was destroyed. In 
the last nine patients who were treated with a more 
advanced HIFU system a mean of 95.6% of the tumor 
was within the target area and 88.3% of the cancer 
tissue was necrosed. Two patients did not show resid-
ual cancer (Fig. 7.2.2). Residual tumor was identifi ed 
predominantly at the periphery of the tumor mass. 
The authors concluded that this fact indicated the 
need to increase the total targeted area by increasing 
the number of sonifi cations. Wu et al. (2003) pub-
lished the largest trial on HIFU. They included 48 
women and randomized them to undergo modifi ed 
radical mastectomy (25 women) or HIFU and modi-
fi ed radical mastectomy 1–2 weeks later (23 women). 
After HIFU breast edema occurred and disappeared 
during a time interval of between 7 and 10 days after 
HIFU. Of 23 patients, 14 had minor symptoms such 
as heaviness of the treated breast or local pain but 
only 4 patients requested analgesics. The distance 
between tumor and nipple was at least 20 mm in all 
cases, and between tumor and skin, 5 mm. Histol-
ogy revealed total cell death and coagulation necro-
sis inside the treated area proved by immunohisto-
chemical methods.
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a b

Fig. 7.2.2a,b. MRI-guided HIFU 
of breast cancer. a T1-weighted 
subtracted MR image after 
gadolinium-DTPA application 
which shows a breast cancer 
(arrow) before HIFU. b After 
HIFU the lesion enhances no 
further, indicating effective ab-
lation (with courtesy of Breasto-
pia Namba Hospital, Miyazaki, 
Japan)

7.2.5 
Microwave Ablation Therapy

Microwaves applied to living tissue produce dielec-
tric heat by stimulation of the water molecules 
within the tissue and the cells. The rapid agita-
tion of the water molecules results in frictional 
heating and thermo-induced coagulation necrosis. 
Using microwave ablation therapy in breast cancer 
two microwave phased array waveguide applica-
tors compress the breast. The energy preferentially 
heats tissues with a high water content, such as 
breast cancer tissue, whereas the surrounding 
tissues, for instance adipose or connective tissue 
and breast parenchyma, with a lower water content 
absorb less thermal energy. Cooling of the over-
lying skin is necessary frequently. Gardner and 
colleagues (2002) performed microwave ablation 
in ten women with breast cancer. All tumors were 
surgically resected within 18 days after microwave 
ablation. A reduction of tumor size was found in 
60% of the patients, using ultrasound. Histologi-
cal evaluation of the operation specimens revealed 
tumor necrosis in 80% of cases. In another series 
25 patients were treated using microwave ablation 
(Vargas et al. 2004). Histology revealed necrosis of 
the tumors, which had a mean diameter of 18 mm, 
in 68% of patients. Complete destruction of the 
invasive component of the tumor was achieved only 
in 2 of 25 women.

7.2.6 
Cryotherapy

During cryotherapy three basic phenomena occur 
resulting in cell death: 

Rapid formation of intracellular and extracellu-
lar ice crystals, which leads to mechanical shear 
forces on cell membranes and organelles causing 
mechanical cell damage
Cellular dehydration, which occurs due to shift-
ing of water from intracellular to extracellular 
spaces by osmosis causing destruction of critical 
cellular components
Ischemia as a result of vascular stasis and damage 
to the blood vessels, which prevents nutrients 
from reaching remnant viable cells

The faster low temperatures are reached, the more 
severe is the damage to the treated tissue. Compared 
to nitrogen-based systems, operating temperature 
is reached faster with argon-based systems, and 
cells are damaged more effectively. So Hewitt and 
coworkers (1997) compared nitrogen-based cryo-
therapy with cryoablation using argon gas. Three 
different 3-mm cryoprobes were used: an old liquid 
nitrogen probe (N-probe), a new N-probe featuring 
gas bypass, and an argon gas probe. Each probe was 
tested in two models:

Fresh sheep liver at 20°C – the probe was inserted 
to a depth of 1.5 cm; the rate of ice-ball forma-

�

�

�

�
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tion was monitored by recording radial temper-
atures every 15 s at 5, 10, 15, and 20 mm from 
the cryoprobe, and the ice-ball diameter was 
measured every 2.5 min. After 10 min, the probe 
was warmed and the time taken until it could be 
extracted from the liver was recorded. 
Warm water bath – the probe was immersed in 
warm water (42 C) for 15 min and the ice-ball 
diameter was measured at 5-min intervals.

Radial temperatures in liver declined more rap-
idly (p < 0.001) and the time to probe extraction was 
less (p < 0.01) when the argon gas system was used. 
The new N-probe performed better than its older 
counterpart, but was still slower than the argon 
gas system. In liver (20 C), ice-ball diameters were 
similar after 10 min, but in warm water, they were 
larger when the new N-probe was used (p < 0.02). It 
would appear that the argon gas system is initially 
faster, but it does not achieve as large an ice-ball in 
a warm environment as the liquid nitrogen system 
(Hewitt et al. 1997). The safety of cryotherapy has 
already been published: a world review about 5432 
patients who underwent cryotherapy for prostate 
cancer mentioned 3 deaths (0.06%) after the inter-
vention. Mortality after cryotherapy of liver tumors 
is reported to be 1.5%–1.6% due to cryoshock, 
which is uncommon in prostate therapy (Seifert 
and Morris 1999). The two minor complications in 
the study from our group in Jena (Pfl eiderer et al. 
2002) are most likely due to vessel damage during 
the insertion of the cryoprobe, which resulted in 
bleeding that was stopped after compression and the 

�

transformation of a hematoma to a seroma. While 
complications such as those that occur in cryoshock, 
for example fi stulas that occurred in cryoablation 
of the liver or urethral strictures and incontinence 
with cryosurgery of the prostate, are unlikely to 
occur in breast therapy, skin or fatty tissue necro-
sis, hematoma, intercostals nerve damage and focal 
neuritis may occur. Our group (Pfl eiderer et al. 
2002, 2005) treated a total of 41 patients with biopsy-
confi rmed breast cancers using percutaneous cryo-
therapy. In all, 30 women had tumor diameters of 
15 mm or smaller (Pfl eiderer et al. 2005) (range 
5–15 mm, median 12 mm) whereas 11 patients pre-
sented with cancers of 16 mm or more (Pfl eiderer 
et al. 2002). After local anesthesia a 3-mm cryoprobe 
was placed into the tumor under ultrasound guid-
ance (Fig. 7.2.3). All tumors were subjected to two 
freeze cycles with an interposing thawing cycle. The 
size of the ice-balls and the temperature at the tip of 
the probe (Fig. 7.2.4) were closely monitored during 
the procedure. The patients underwent surgery 
within 6 weeks and the specimens were evaluated 
histologically.

The median minimum temperature reached 
–146 C (range: –117 C to –167 C). In 5 of 29 patients 
who had tumors with a size of 15 mm or smaller, 
remnant ductal carcinoma in situ (DCIS) was his-
tologically detectable after cryotherapy beyond the 
margin of the cryosite in the specimens after open 
surgery. In 24 women no viable tumor cells were 
found (Pfl eiderer et al. 2005). No severe side-effects 
occurred. In one patient the cryo procedure was not 
performed completely due to technical problems. 

Fig. 7.2.3a,b. Ultrasound image (B-mode) of the fi nal position of the cryoprobe in a 70-year-old patient. a, b The cryoprobe 
(black arrows) passed the center of a histologically proven invasive ductal carcinoma (diameter 14 mm) (white arrows) in 
two planes. The patient was operated after cryotherapy. The histological evaluation of the specimens after open surgery 
did not reveal any residual viable tumor

a b
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Incomplete destruction of the cancers was achieved 
in the 11 patients who presented with tumors that 
had a diameter of 16 mm or more (Pfl eiderer et 
al. 2002). It has already been reported that clinical 
occult, remnant tumor is present even after breast-
conserving surgery. Holland et al. (1985) found 
otherwise unsuspected foci of tumor in about 40% 
of mastectomy specimens that were sectioned seri-
ally. On the other hand, Karasawa et al. (2003) 
reported 102 of 348 patients with positive fi nal path-
ological margin states, which means that cancer 
cells remained within 5 mm of the surgical mar-
gins after BCT. Only fi ve patients had loco-regional 
tumor recurrence 5 years after radiation therapy, so 
residual viable tumor did not always result in tumor 
recurrence in this study. Preinterventional histo-
logical evaluation of the hormone receptor status 
is necessary after LCBB before the tumor cells are 
destroyed. In the current study the hormone recep-
tor status of the cancers were all evaluated prior to 
cryotherapy and thus adjuvant therapy could be 
planned properly in all patients. 

In contrast, many reports have shown that the 
pathologic margin status is one of the most impor-
tant predictors for local recurrence and that it is 
still not clear whether obtaining a radical margin 
will decrease the rate of local recurrence after BCT 
(Chagpar et al. 2003; Singletary 2002). Neverthe-
less, residual tumor cells at the edge of the cryo zone 
should be avoided. Thus, sensitive imaging modali-
ties such as MR mammography (Fischer et al. 2005) 
might be helpful and could be performed for therapy 
planning and preinterventional MR-guided breast 
biopsy (Pfl eiderer et al. 2003a; Veltman et al. 
2005). In addition, MR guidance may better moni-
tor cryotherapy and seems adequate for delineating 

tumors from ice-balls, according to a recent paper of 
Morin et al. (2004). Using MR, frozen tissue may be 
very easily delineated from surrounding structures 
within all three dimensions. In contrast, only the 
surface of the ice-ball facing the transducer can be 
delineated using ultrasound. Due to acoustic shad-
owing the area behind the ice-ball cannot be detected 
completely (Fig. 7.2.5). Furthermore, ultrasound 
may underestimate the true microscopic extent 
of the tumor, which may result in the undertreat-
ment of breast lesions. In the study of Morin et al. 
(2004) percutaneous cryosurgery was performed in 
25 patients with operable invasive breast carcinoma, 
4 weeks prior to their scheduled mastectomy under 
the guidance of near-real-time T1-weighted FSE 
images of a 0.5-T open-confi guration MR system. 
The cryo procedure resulted in no serious complica-
tions, either local or systemic. All tumoral tissues 
included in the cryogenic “ice-ball” were destroyed, 
with no viable histologic residues. Of the 25 patients, 
13 presented with histologically detectable viable 
tumor residue after cryotherapy, indicating that the 
ice-ball did not cover the entire lesion. Roubidoux 
and colleagues (2004) treated nine patients with 
small solitary invasive breast cancers diagnosed at 
core biopsy using US-guided cryoablation and a 2.7-
mm cryoprobe. Mean cancer size was 12 mm (range, 
8–18 mm). A tabletop argon-gas-based cryoablation 
system with a double freeze-thaw protocol was used 
to treat cancers in an outpatient setting. Tumor sites 
were excised at lumpectomy 2–3 weeks after cryoab-
lation. With US guidance, ice-balls (maximal mean 
size, 4.4 cm) were formed around cancers. Two of 
nine patients (22%) had residual cancer. One patient 
had a small focus of invasive cancer; one had exten-
sive multifocal ductal carcinoma in situ (DCIS). No 

Fig. 7.2.4. Mean of temperature scores 
(y-axis, left) measured at the tip of the 
cryo probe and mean diameters of the 
ice-ball (y-axis, right) at each minute 
(x-axis) during the procedure in the 
fi rst 16 patients
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residual invasive cancers occurred in tumors 17 mm 
or smaller or in cancers without spiculated margins 
at US. One tool to avoid remnant tumor as occurred 
in the study of Pfl eiderer et al. (2002, 2005) or 
Roubidoux and coworkers (2004) may be prepro-
cedural MR mammography. DCIS has a character-
istic appearance in MR mammography, which has 
a rather good sensitivity of 92% in detecting high-
grade DCIS (Neubauer et al. 2003). Thus, MR mam-
mography may be helpful for excluding women with 
an extensive intraductal component from minimally 
invasive therapy. 

Kaufman et al. (2004) performed percutaneous 
cryotherapy in women with fi broadenomas. US-
guided cryoablation of core biopsy-proven benign 
fi broadenomas, other benign breast nodules, or 
nodular fi brocystic change was performed on 78 
lesions in 63 patients. Then, 64 of 78 lesions (mean 
size 2.0 cm, range 0.8–4.2 cm) were followed-up for 
at least 12 months after cryoablation per protocol, 
which included 53 fi broadenomas. At 1 year, US 
tumor volume resorption was 88.3% overall (87.3% 
for fi broadenomas), and 73% of the entire group 
became nonpalpable to both clinician and patient 
(75% for fi broadenomas). Two of the fi broadenoma 
patients had their palpable residual nodule excised, 
both revealing necrotic debris and no viable tumor 
in the treated volume. 

7.2.7 
Summary

Numerous methods of image-guided percutaneous 
minimally invasive therapy for breast cancer are 
under investigation, while BCT is developing less 
invasive methods. All procedures destroy cancer 
tissue by depositing thermal energy within the 
tumorous lesion. All reports show partial destruc-
tion of the cancers to various extents. Limitations in 
local tumor control are still a limitation of almost 
all published studies. On the other hand, even after 
breast-conserving surgery, positive margins, which 
were not apparent from acute perioperative histol-
ogy, occurred and may result in local cancer recur-
rence. Nevertheless the presence of tumor cells at 
the edge of the ablation zone after percutaneous 
treatment of breast cancer should be avoided. Up 
until now, breast-conserving surgery followed by 
irradiation and probably chemotherapy, depending 
on the lymph node status and the tumor extent, is 
still the gold standard in the treatment of breast 
cancer. However, to achieve wide acceptance, mini-
mally invasive ablation therapies must lead to equiv-
alent or even greater effi cacy as surgical outcomes 
and, in the short-term, demonstrate total ablation 
with negative margins, while sparing normal tissue 
beyond the target volume. Furthermore long-term 
results after percutaneous ablation are not yet avail-
able. Thus, further studies with larger patient series 
have to be carried out, especially those without sub-
sequent surgery but with adjuvant therapy regimens 
including state-of-the-art radiotherapy and chemo-
therapy.
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8.1 
Background

Hepatocellular carcinoma (HCC) is considered to 
be one of the most common malignancies world-
wide, and the most common one in Africa and Asia. 
Over the last decade, a rising incidence of up to 
10–15/100,000 per population has been seen in the 
Western world, with an estimate of 250,000 deaths 
and more than a million worldwide per year. By the 
year 2010, the World Health Organization expects 
that HCC will be the leading cause of cancer mortal-
ity surpassing lung cancer. This increasing incidence 
is most likely related to an increasing prevalence of 
chronic hepatitis C (HC) and B (HB) virus infec-
tions and other diseases inducing chronic infl am-
mation (Befeler and Di Bisceglie 2002; Llovet 
et al. 2003).

For the US, an estimated ca. 4 million individu-
als carry the HC virus; similar fi gures might be 
true for Central Europe. Subsequently, 5%–10% of 
the infected HC virus carriers will develop HCC. In 
Africa and South East Asia afl atoxin B1 contamina-
tion and HB virus infection are the main causes of 

developing HCC. As in many other tumors, muta-
tions or deletions of the tumor suppressor gene P53 
seem to play an important role in HCC carcino-
genesis, and this is especially true in afl atoxin B1 
 exposure. 

Moreover, long-standing viral infection will 
result in the liver being chronically infl amed, which 
is linked to a permanent process of infl ammation, 
necrosis, and regeneration, together with activation 
of proto-oncogenes and with potential mutations of 
the P53 tumor suppressor gene. Juengst et al. (2004) 
showed that the infl ammatory-induced persistent 
oxidative damage enhances hepatocarcinogenesis.

This explains the high correlation between cir-
rhosis and HCC, in that cirrhosis will be present in 
up to 60% of patients with HCC. Additional factors 
supporting the development of cirrhosis are chronic 
alcohol abuse and metabolic diseases such as alpha-
1 antitrypsin defi ciency syndrome, hepatic por-
phyria, and hemochromatosis, which presents a risk 
of about 30% of developing HCC.

Taken together, hepatic cirrhosis of any etiol-
ogy represents the major risk factor for HCC with 
additional increased incidence in viral hepatitis and 
idiopathic hemochromatosis (El-Serag and Mason 
2000).

Unfortunately, the prognosis of untreated HCC 
is still poor. The mean survival time from diagno-
sis is only 3–8 months with a 5-year survival rate 
of less than 5% in patients with advanced disease 
when curative treatment is no longer possible. How-
ever, many patients will die due to liver failure in 
end-stage cirrhosis with but not due to their tumor 
(Llovet et al. 1999a, 2002a; Varela et al. 2003).

Therefore, given the facts of the high incidence 
of HCC in cirrhosis together with the dismal prog-
nosis in late diagnosis, therapeutic strategies in 
HCC should incorporate concepts for early detec-
tion – screening in individuals at risk – and tailored 
therapy regimens.
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8.2 
Diagnosis of HCC

Usually, HCC is assessed by ultrasound, contrast-
enhanced CT and MRI. Dependent on potential sus-
pect fi ndings in terms of nodules, the surveillance 
of a high-risk patient group can be adjusted accord-
ing to the likelihood of malignancy. The European 
Association for the Study of the Liver (EASL; Bruix 
et al. 2001) makes the following recommendations:

For nodules < 1 cm in diameter, with a rather 
low HCC probability < 50%, ultrasound should 
be performed every 3 months for follow-up
For nodules between 1 and 2 cm in diameter, pre-
senting a moderately high HCC probability, diag-
nosis should be established by biopsy; however, 
false-negative biopsies occur in 30%–40%
For nodules between 2 and 3 cm in diameter, the 
high likelihood of malignancy can be established 
by concomitant fi ndings of two imaging modali-
ties confi rming arterial hypervascularization in 
association with elevated alpha-fetoprotein over 
400 ng/MI
For nodules > 3 cm in diameter, with an almost 
100% risk of malignancy, CT and MRI should be 
used for staging invasiveness.

A recent study comparing cross-sectional imag-
ing and post liver transplantation specimens con-
fi rmed the superiority of contrast-enhanced MR 
angiography over contrast-enhanced CT, particu-
larly in nodules between 1 and 2 cm (Burrel et al. 
2003). Angiography and nuclear medicine studies no 
longer play a role in the primary diagnosis of HCC.

�

�

�

�

Nevertheless, there is no general consensus on the 
best imaging method for the surveillance of patients 
at risk or for the most appropriate staging system. 
Most staging systems, for example Child-Turcotte-
Pugh, TNM, and Okuda, the French staging clas-
sifi cation, the Italian Cancer of the Liver Program 
(CLIP), or the Chinese University Prognostic Index 
(CUPI), assess only one key aspect of hepatic dis-
ease or are appropriate mainly in advanced tumoral 
stages. In contrast, the staging system proposed by 
the EASL group [the Barcelona-Clinic Liver Cancer 
(BCLC) staging system] incorporates four variables: 
tumor stage, degree of liver function impairment, 
patient’s physical status, and cancer-related symp-
toms (Llovet et al. 2003). In contrast to all other 
staging systems the BCLC classifi cation links the 
tumor stages defi ned by the variables to a treatment 
algorithm.

8.3 
Implications for a Tailored Treatment 
Strategy

Treatment of HCC is based on four options: trans-
plantation, resection, ablation, and embolization.

Liver transplantation is considered the only cura-
tive treatment because the tumor and the cause of 
the paraneoplastic disease, i.e., the cirrhotic liver, 
is removed. Patient selection is crucial for the suc-
cess of transplantation. According to the Milan 
criteria the best long-term outcome rates can be 
achieved in patients with a single tumor < 5 cm or 
with up to three tumors < 3 cm in diameter (Fuster 
et al. 2005; Llovet et al. 2005; Mazzaferro et al. 
2004). Applying these criteria, 5-year survival rates 
of 70%–80% with recurrence rates of less than 15% 
can be achieved. Nevertheless, the limitation of this 
procedure is still the worldwide shortage of organs 
together with tumor progression and/or deteriora-
tion of liver function during the waiting time, which 
causes a drop-out rate of 20%–50 % if the waiting 
time exceeds more than a year. Potential solutions 
to this problem might be adjuvant therapies to pre-
vent tumor progression while the patient is on the 
transplant list, and living donor transplantation 
(Chui et al. 2004; Fuster et al. 2005; Llovet et al. 
2005). While bridging procedures such as thermal 
ablation, transarterial chemoembolization, and che-
motherapy can readily be performed, their impact 

Fig. 8.1. Signifi cant shift from percutanoeus ethanol injec-
tion to thermoablative therapy in hepatocellular carcinoma 
regarding published scientifi c papers over a period of 10 
years (MedLine analysis)
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Fig. 8.2. a Hypervascularized HCC within the caudate lobe 
before transarterial chemoembolization (TACE). b Super-
selective placement of the catheter, initial phase of TACE. 
c Incomplete lipiodol storage of the tumor, but ideal de-
marcation for subsequent radiofrequency ablation (RFA). 
d Placement of an RFA electrode under CT-fl uoroscopic 
guidance via a double oblique access route in the well visu-
alized tumor. e Control scan 6 months after RFA; note the 
non-enhancing periphery of the tumor representing the 
safety margin of the former RFA and the shrinkage of the 
tumor (arrows). The lipiodol is still in place, confi rming the 
complete devascularization of the tumor

a b

c

d

e
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on the outcome is not yet well defi ned and more 
controlled trials are needed (Johnson et al. 2004; 
Mazzaferro et al. 2004). In specialized centers, 
living donor transplantation has become adopted 
as an alternative to cadaveric transplantation with 
comparable long-term survival rates, but concerns 
about the donors’ morbidity and mortality remain 
(Befeler and Di Bisceglie 2002; Chui et al. 2004, 
Llovet et al. 2005).

Even if the 5-year survival rates of about 70% 
in hepatic resection and liver transplantation are 
comparable, hepatic resection will apply to only 
5%–30% of patients, especially in the Western 
world, since preserved liver function is mandatory 
in order to prevent postoperative liver failure (Poon 
et al. 2002a,b). Since the functional reserve of the 
liver is one of the major limiting factors, patients 
with the following criteria are the best candidates 
for resection: no cirrhosis, a solitary, small (2 cm) 
HCC nodule, preserved liver function according to 
the BCLC criteria in terms of normal portal pres-
sure (hepatic venous pressure gradient < 10 mmHg, 
no varices, no splenomegaly, normal platelet count 
< 100,000/mm3), and normal bilirubin values. In 
contrast, patients with Child–Pugh A cirrhosis will 
tolerate liver resection of up to 50%; Child–Pough B 
and C cirrhosis, 20% and 5%, respectively. Addition-
ally, resection is hampered by a high recurrence rate 
of more than 70% after 5 years. Most likely these 
high recurrence rates are triggered by the degree of 
differentiation, early microvascular invasion, and 
micro satellites of the primary tumor, as well as pro-
gression of the potentially underlying diffuse liver 
disease (Llovet et al. 1999b).

Unfortunately, the vast majority of patients with 
HCC are not suitable for any of the surgical treat-
ment options; therefore, adjuvant, less invasive 
treatments have to be considered.

Percutaneous ethanol injection (PEI) has been 
widely used since the mid 1980s, with response rates 
of up to 100% and 5-year survival rates of about 60% 
in Child–Pugh A patients with tumors not larger 
than 2 cm. However, in larger tumors the complete 
response rates drop down to 60%–70% necessitat-
ing repeated procedures resulting in 5-year survival 
rates below 30% (Sala et al. 2004) (Table 8.1).

Recently a signifi cant shift from PEI to radiofre-
quency ablation (RFA) procedures has been seen, 
refl ected by the respective literature (Fig. 8.1). Fewer 
RFA treatment sessions are needed compared to 
PEI to obtain the same response, which, together 
with a superior local control rate, makes RFA the 

favorable procedure. The primary success rate of 
RFA mainly depends, in most studies, on the size of 
the HCC, while the recurrence rate depends on the 
number of lesions – refl ecting most likely the mul-
tilocular infl ammatory activity of the underlying 
disease – according to a recent multivariate analy-
sis (Yamakado et al. 2004). However, Poon et al. 
(2004a) did not fi nd a difference regarding the pri-
mary success rate between tumors < 3 cm (94%) and 
tumors between 3.1 cm and 8 cm in diameter (91%) 
in a study where they compared percutaneous, lapa-
roscopic and open RFA procedures. The same group 
of authors explained these results by the effect of 
the users’ learning curve and the application of the 
appropriate ablative technique (Poon et al. 2004b).

As expected, best results can be gained in early 
HCC in mild and moderate cirrhosis (Child A 
and B) (Table 8.2). Comparable to surgical results, 
 Lencioni et al. (2005) showed 1-, 3-, and 5-year 
survival rates of 100%, 89%, and 61% respectively 
in Child A patients with solitary HCC after RFA. In 
this patient group, the 1-, 3-, and 5-year recurrence 
rates were 14%, 49%, and 81% respectively for the 
emergence of new tumors and 4%, 10%, and 10% for 
local tumor progression.

In patients with advanced tumor and/or liver dis-
ease not amenable to surgical and local ablative ther-
apies, transarterial chemoembolization (TACE) is a 
widely accepted palliative treatment option. Even if 
there is no complete agreement on the optimal sub-
stances used for TACE, recent studies and pooled 
data from several randomized controlled trials have 
demonstrated that the survival rate after TACE is 
signifi cantly superior than the natural course under 
best supportive care (Camma et al. 2002; Llovet et 
al. 2002b; Lo et al. 2002) (Table 8.3). Prognostic fac-
tors for an improved outcome after TACE are single- 
or multinodular, pseudoencapsulated tumors less 
than 8 cm in diameter in Child-Pugh A and B cirrho-
sis where a selective vascular approach to the tumor 
is achievable. On the other hand, patients with liver 
function decompensation should be excluded due to 
the potential risk of severe adverse events in terms of 
signifi cant hepatic deterioration based on the TACE-
induced ischemic insult (Huppert et al. 2004).

Furthermore, the combination of TACE and RFA 
might enhance the primary success rate and over-
come the limitations of each single intervention in 
crucial settings such as a complicated location or 
when there is suspicion of satellite tumors (Fig. 8.2); 
however, suffi cient study data supporting this con-
cept are not yet available.
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Table 8.1. HCC survival rates after PEI or a combination of PEI and TACE. (HD High density, PEI per-
cutaneous ethanol injection, RFA radiofrequency ablation, TACE transarterial chemoembolization)

Author No. Method HCC survival rates (%)

1 year 3 years 5 years

Tateishi et al. (1997) 61 OP (31)  89  73 64

TAE + PEI (30)  93  73 42

Yamamoto et al. (1997) TACE (50)  93  20

TACE+PEI (50)  95  50

Lencioni et al. (1998) CP A TACE+PEI (48)  75 59

CP B TACE+PEI (38)  61 35

Tanaka et al. (1998) CP A TACE+PEI (22) 100 75

all TACE+PEI (83)  68 35

Livraghi (2001) CP A PEI (293)  98  79 47

CP B PEI (149)  93  63 29

CP C PEI (20)  64  12  0

Lencioni et al. (2003) 102 PEI (52)  96  88 (2 years)  –

RFA (50) 100  98  –

Lin et al. (2004) 157 PEI (52)  50

HD PEI (53)  55

RFA (52)  74

Sala et al. (2004) 282 PEI  87  51 27

Shiina et al. (2005) 232 PEI (114)  74 (4 years)

RFA (118)  57 (4 years)

Table 8.2. HCC survival rates after thermoablative therapy

Author No. TU Method HCC survival rate (%)

1 year 3 years 5 years

Choi et al. (2004) 45 Rez. HCC RFA 81 54

Livraghi et al. (2004) 210 Early HCC RFA 90 83 43

164 Late HCC RFA 68 49 28

Lencioni et al. (2004); 
Lencioni et al. (2005)

187 Early RFA 97 71 48

Chen et al. (2005) 205 HCC RFA 90 60

Table 8.3. Meta-analysis of 13 studies/2140 patients treated by TACE. Survival 
fi gures related to tumor size and number, and Child–Pugh classifi cation (Akashi 
et al. 1991; Alvarez et al. 2000; Hatanaka et al. 1995; Hsieh et al. 1992; Ikeda 
et al. 1991; Mondazzi et al. 1994; Poon et al. 2000; Savastano et al. 1999; Shijo 
et al. 1992; Takayasu et al. 2001; Yamamoto et al. 1992; Yamashita et al. 1991; 
Yoshioka et al. 1997)

TU size, number Child–Pugh

< 5 cm, n = 1 > 5 cm, n > 1 A B

Survival at 1 year (%) 85–100 54–80 83-87 51-55

Survival at 3 years (%) 45–78 11–24 39–44 15–27

Survival at 5 years (%) 30–38 0–15 10–20 0–16
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The treatment options for large, unresectable 
tumors are still very limited or not effective. In 
this scenario, yttrium-90 internal radiation, just 
recently approved by the Food and Drug Adminis-
tration (FDA), is proving to be a new and promis-
ing method for the therapy of unresectable hepatic 
tumors. Technically yttrium-90 internal radiation 
therapy is comparable to TACE, while its effect is 
based on the combination of microembolization 
plus internal irradiation by beta-radiation. Yttrium-
90 internal radiation in liver and pancreatic cancer 
was fi rst described by Arial (1965). Since then a 
reasonable number of studies have been presented 
(Table 8.4).

Even if it is demonstrated that yttrium-90 is effec-
tive in terms of tumor response and improved sur-
vival in advanced primary hepatic malignancies, 
further validation of the method is necessary to 
defi ne appropriate indications, dosage, and integra-
tion into a multimodal treatment concept.

In contrast to the variably invasive loco-regional 
ablative therapies, there are no valid data on systemic 
hormonal, chemotherapeutic, antiangiogenic, or 
receptor-directed therapies with 5-fl uorouracil, doxo-
rubicin, epirubicin, etoposide, cisplatin, and mito-
xantrone, or with interferon, tamoxifen, capecitabine, 
thalidomide, and octreotide, in terms of their ability 
to improve patient survival or life quality in early or 
advanced HCC (Aguayo and Patt 2001). 

8.4 
Summary

Modern treatment of HCC should be directed by 
a multidisciplinary, individually customized ther-
apy concept, since various therapeutic options are 
available. In spite of the lack of generally accepted 

Table 8.4. Results of yttrium-90 internal radiation in advanced HCC. (CR Complete response, PR partial response)

Author No. Response Survival

Lau et al. (1998) 71 26.7% PR by CT; 100% by AFP –

Dancey et al. (2000) 22 20% PR + CR 1 year

Carr (2004) 65 38.4% by CT 649 days (Okuda I); 302 (Okuda II)

Geschwind et al. (2004) 80 – 628 days (Okuda I); 384 days (Okuda II)

Liu et al. (2004) 11 72% PR, 9% by CT, 75% by 
AFP

–

Goin et al. (2005) 121 – 466 days in low-risk group; 108 days in high-risk group

Fig. 8.3. Barcelona-Clin-
ic Liver Cancer (BCLC) 
recommendation for a 
tailored stage-depen-
dent treatment regimen 
directed by the perfor-
mance status, severity 
of liver dysfunction, 
general condition of the 
patient, and treatment 
effi cacy (according to 
Llovet et al. 2003)
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guidelines on the therapy of HCC the BCLC recom-
mendations provide a very practical and clinically 
effective staging and treatment classifi cation in HCC, 
incorporating present valid data as much as possible 
(Fig. 8.3). Patients at an early stage are suitable for a 
surgical approach with resection in cases of single 
tumors and normal liver function, while liver trans-
plantation is the method of choice for solitary tumors 
(< 5 cm) in advanced cirrhosis or in multiple (≤ 3) 
small tumors (< 3 cm). In non-surgical candidates 
percutaneous ablative therapies of small tumors are 
comparable to surgery in terms of 5-year survival. 
Multi-nodular, otherwise asymptomatic, tumors 
and compensated liver disease should be treated by 
TACE. Patients with advanced tumors and impaired 
liver function should be tested for new, experimental 
therapies, such as selective internal radiotherapy or 
antigenic and antiangiogenic therapies, under study 
conditions, while patients with end stage disease will 
be directed to symptomatic therapies.
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9.1 
Background

The typical clinical signs in bone tumours are pain, 
destruction and destabilization, immobilization, 
neurologic defi cits, and fi nally functional impair-
ment. Primary malignant bone tumours are a rare 
entity, accounting for about 0.2% of all malignan-
cies. Also benign primary bone tumours are in total 
rare and mostly asymptomatic. The most common 
symptomatic benign bone tumour is osteoid osteo-
ma with an incidence of 1:2000. 

In contrast, secondary osseous malignancies may 
occur in about 30%–70% of all malignant diseases. 
For example, in breast and prostate cancer bone 
metastases can be found in about 70% and 60%, re-
spectively. Metastatic disease to the bones is strong-

ly correlated to the presence of red bone marrow. 
Therefore, bone metastasis is mostly found within 
the spine (69%), in the pelvis (41%), in the femoral 
(25%), and in the skull (14%) bones.

Pain relief and stabilization are the primary goals 
of every therapy for bone tumours. Surgery is the 
classic therapy providing different levels of cure: in 
the best case resection together with full functional 
reconstruction is possible; nevertheless, in most cases 
only resection (amputation) and/or palliative stabili-
zation is achievable. Therefore, in most cases where 
surgery is no longer applicable radiotherapy and/or 
chemotherapy including hormonal therapy, depend-
ing on the primary tumour, will be administered. 
Unfortunately, the response to these therapies is lim-
ited and has a high risk of recurrence. This problem 
stimulated the utilization of more target-oriented, 
less invasive and minimally invasive techniques such 
as local thermal ablation, which has excellent results 
in the treatment of solid organ tumours. 

9.2 
Indication

The major indication for thermal ablation in bone 
tumours is pain. Secondarily, local tumour destruc-
tion may support destruction of the tumoral matrix, 
which may enhance repair processes and consequent-
ly prolong the process of functional preservation.

In this setting, thermal ablation will be mainly 
a symptomatic, supportive (palliative) therapy, 
which can also be applied in conjunction with other 
therapies such as resection, radiotherapy or chemo-
therapy. In contrast to the treatment of malignant 
tumours, local thermal ablation is considered the 
method of choice in treatment of symptomatic be-
nign bone tumours such as osteoid osteomas.
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9.3 
Thermal Ablation in Osteoid Osteomas

Osteoid osteoma is a benign lesion of unknown ori-
gin. Typically, the lesion is formed by a central, vas-
cularized nidus surrounded by a reactive sclerosis 
with a diameter of less than 2 cm, in contrast to the 
larger osteoblastoma. Because of the central nidus, 
a vascular malformation is discussed as being the 
origin of these lesions. Most of the tumours occur 
in the fi rst three decades of life, with a male pre-
dominance (male:female = 2:1). Osteoid osteomas 
can be found in any bone of the body; however, the 
spine is the preferred localization, where 50% of all 
osteoid osteomas occur in the lumbar spine, and 
75% of the tumours in the pedicles of the vertebrae. 
Other typical localizations are femur, radius, knee 
and ankle. 

Clinically, the leading sign is a well-circum-
scribed sharp pain, mainly during the night, which 
responds well to acetylsalicylic acid intake. Unfor-
tunately, the salicylate test is positive only in about 
two-thirds of the cases. After 5–6 years the pain and 
discomfort may be relieved spontaneously (Klein et 
al. 1992; Shankman et al. 1997).

In plain radiograms osteoid osteoma is often 
not identifiable at all or only cortical thickening 
can be appreciated. In CT the ivory-like, dense os-
sification surrounding the nidus is the key sign 
of osteoid osteoma. Bone scintigraphy may be 
helpful to identify an osteoid osteoma per se but 
the hot spot typically ref lects the zone of inten-
sified osteoblastic activity rather than the nidus. 
In MRI the nidus presents typically as a hyperin-
tense small nodular area on T2-weighted imaging 
within an area of low or no signal due to the dense 
surrounding bone.

The typical radiographic appearance of an oste-
oid osteoma together with the clinical symptoms and 
a positive aspirin test (i.e. pain relief) confi rms the 
diagnosis (Klein and Shankman 1992; Shankman 
et al. 1997; Pinto et al. 2002) (Figs. 9.1a, 9.2a).

In general, osteoid osteoma is cured when the 
nidus is destroyed. This can be achieved by com-
plete removal of the lesion or by just destroying the 
nidus, which is thought responsible for the symp-
toms. 

In surgery – which used to be considered the 
treatment of choice – the osteoid osteoma is re-
moved en bloc since the enostal nidus is, in gen-
eral, not visible. In open surgery the hyperscle-

rosed tumour is often not identifiable precisely; 
therefore, a substantial amount of bone has to be 
resected, which may cause complications such as 
fractures due to the subsequent weakening of the 
bone. Moreover, ineffective surgery with a high 
recurrence rate or residual tumour is not uncom-
mon. Also C-arm f luoroscopic-guided drilling of 
the nidus/lesion is often not successful because 
the quality afforded by the available imaging sys-
tems is generally not sufficient to identify the nid-
us. Furthermore, the size of the drilling devices, 
ranging 3–10 mm of internal diameter, may also 
cause complications, such as incomplete removal 
with subsequent recurrence, skin burns at the en-
try site, haematoma, dysaesthesia, infections and 
fractures.

These restrictions and disadvantages of open 
and percutaneous resection stimulated the utili-
zation of minimally invasive techniques such as 
image-guided drilling, alcohol injection, radio-
frequency and laser ablation. Radiofrequency and 
laser ablation have become clinically well accepted 
due to their easy handling and high success rate, 
whereas percutaneous drilling and alcohol injec-
tion are signifi cantly limited by the imprecise con-
trol of the size and morphology of lesion damage 
and a high recurrence rate (Rosenthal et al. 1998, 
2003).

In contrast, the nidus can easily be identifi ed by 
CT, which can guide a minimally invasive device 
into the nidus. In some cases the nidus is “encapsu-
lated” by the surrounding reactive sclerosis. Then, 
it can be impossible to penetrate the bone with the 
ablation device directly. In such cases the access 
route to the nidus must be prepared by drilling a 
hole. For this purpose generally a bone biopsy can-
nula with a crown cut is suitable. Nevertheless, the 
sclerosis surrounding the nidus can be so hard that 
a mechanical drilling device is necessary to create 
the access route (Fig. 9.1). When the access is es-
tablished the tip of the probe can be placed directly 
into the nidus.

Creating the access route to the nidus and placing 
a radiofrequency electrode or laser probe into it can 
be quite painful, which necessitates adequate pain 
management. In the authors’ experience, in adults 
conscious sedation together with systemic and local 
anaesthesia is suffi cient in most cases; in children 
general anaesthesia is usually mandatory. Other 
groups perform laser or radiofrequency ablation 
under general anaesthesia or regional nerve block 
only (Gangi et al. 2007). 
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The usually small volume of the nidus must be 
accommodated by the size of the active tip of any 
ablative device. If the active tip – either a radiofre-
quency or a laser device – is inappropriately large 
unwanted ablation of adjacent soft tissue as far as 
the skin may occur.

Generally, only small amounts of energy are 
needed to destroy the nidus. Typically, a power of 
3–10 W over 4–10 min, i.e. energy of 500–6000 J will 
be suffi cient. Higher energies, especially if used at 
the start, will result in immediate charring around 
the probe tip ending the process of ablation prema-
turely. 

To avoid secondary harm to structures near to 
an osteoid osteoma, special attention must be paid 

to lesions close to joints, neuroforamina, and neu-
rovascular bundles, and also in cases where a bone 
lamella between the nidus and adjacent structures 
is missing. Cooling with saline or a glucose bath 
may prevent thermal damage to adjacent nervous 
structures (Fig. 9.2). Therefore, a transarticular ap-
proach and immediate vicinity to joint spaces and 
neuroforamina must be avoided. To protect the 
skin in cases where only a thin soft-tissue layer is 
between the lesion and the skin, as in tibial osteoid 
osteomas, an ice pack around the shaft of the probe 
is recommended (Venbrux et al. 2003; Cantwell 
et al. 2004; Cioni et al. 2004; Rimondi et al. 2005; 
Gebauer et al. 2006; Ghanem 2006; Albisinni and 
Malaguti 2007; Gangi et al. 2007).

Fig. 9.1. a An 11-year-old girl with an osteoid osteoma of 
the left pedicle of the sixth vertebra of the thoracic spine. 
Note the partially sclerosed nidus together with the dense 
surrounding hyperostosis. b The dense cortical lamella was 
perforated by a biopsy cannula with a crown cut. c Subse-
quently, a radiofrequency single electrode with an active tip 
of 1 cm was placed into the nidus. To protect adjacent myelin 
structures a 21-gauge needle was placed into the epidural 
space for saline fl ushing

a

b

c
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9.4 
Results of Thermal Ablation in 
Osteoid Osteomas

The primary success in terms of pain relief ranges 
from 60% to 85% and reaches 90%–100% after a 
second treatment (Woertler et al. 2001; Ghanem 
2006; Simon and Dupuy 2006; Gangi et al. 2007) 
(Table 9.1). These results compare very well or are 
even superior to the results from classic, surgical 
therapy. Ronkainen et al. (2006) showed that the 
non-invasive procedure of MRI-guided laser abla-
tion is cheaper than surgery, especially regarding 
the number and mean cost of sick days taken and 
days of restricted weight-bearing for both superfi -
cial and deep lesions (Ronkainen et al. 2006).

9.5 
Thermal Ablation in 
Malignant Bone Tumours

While primary malignant bone tumours are rare, 
bone metastases are a common fi nding among all 
malignancies. More than 50% of all patients with 
metastatic disease to the musculoskeletal system 
will present with symptoms – mainly pain – and 
will have severe constraints regarding quality of life 
for their remaining lifetime.

The classic oncological therapies, such as surgery, 
chemotherapy, radiation therapy and administra-
tion of analgesics, also target bone metastases and 
their clinical symptoms. In this setting, the time and 
effort of any therapy and its direct consequences, 

Fig. 9.2. a Osteoid osteoma of the femoral shaft in a 32-
year-old male patient with typical nocturnal dominant 
pain attacks over the last 12 months. There was moderate 
to minor pain relief after salicylate intake. Note the reac-
tive sclerosis completely surrounding the soft-tissue dense 
nidus. b The dense sclerosis surrounding the nidus could 
not be passed directly; therefore, an access route from the 
opposite site was chosen. Note that the tip of the electro-
mechanical drill is shown slightly beside the nidus (arrow). 
c The radiofrequency electrode was positioned through the 
drilled cortical hole eccentrically next the nidus. Due to the 
penetration depth of about 10 mm of the radiofrequency 
around the needle tip the nidus is still within the range of 
the ablation zone. This osteoid osteoma could be success-
fully ablated with 7 W over 9 min

a

c

b



  Bone 247

e.g. recovery periods, morbidity and mortality, must 
be correlated to the short- and mid-term benefi ts re-
garding overall life expectancy and quality. More 
and more patients are encountering multi-modal-
ity, sequential therapies, in which tumours may lose 
their sensitivity to chemotherapy, the number of ra-
diation treatments is limited by the maximum suit-
able radiation dose, and where supportive analgesic 
therapy becomes intolerable because of increas-
ing side-effects. Nevertheless, these “prolonged” 
therapies will result in “prolonged” survival times 
in many cases, even though intensifi ed supportive 
care is often necessary. Regarding supportive care 
in particular, local ablative therapies such as radio-
frequency and laser ablation as well as osteoplasty 
with local cement injection (Kelekis et al. 2005) 
(see Chap. 2.10) have become increasingly accepted 
as techniques for palliation of pain caused by soft-
tissue and osseous tumours (Goetz et al. 2004; 
 Callstrom and Charboneau 2005; Gangi et al. 
2005), despite the fact that thermal ablation and os-
teoplastic augmentation are quite different regard-
ing their mode of action.

9.6 
Results of Thermal Ablation in Malignant 
Bone Tumours

In recent years several minimally invasive treat-
ment approaches for pain management in malig-
nant bone tumours have been presented. Most data 
exist on osteo- or cementoplasty for osseous aug-
mentation, followed by radiofrequency ablation. 
There are a few studies on combination therapies, 
such as osteoplasty together with radiation ther-
apy or radiofrequency ablation (Table 9.2). With 
a success rate of almost 90% of immediate post-
procedural pain relief there seems as yet to be no 
signifi cant difference between the various single 
techniques and combination methods. Neverthe-
less, the mode of action of pain relief may differ 
substantially between the treatment modalities 
– and is probably not yet completely understood. 
In thermal ablation, periosteal nociceptors may be 
destroyed by direct impact of heat, while in ce-
mentoplasty the cytotoxic effects and development 

Table 9.1. Primary and secondary success rate of thermoablation in osteoid osteoma

Author No. of patients/
procedures

First-time  
success.

Second-
time 
success

Total 
success

Complications Follow-up 
(months)

Barei et al.
(2000)

11/11 10/11 – 10/11 
(90.9%)

– 18.7

Lindner et al.
(2001)

58/61 55/58 
(94.8%)

3/3 
(100%)

58/58 
(100%)

Burns (n=1) 23 (6–41)

Vanderschueren et 
al. (2002)

97/121 74/97 
(76%)

15/23 
(65%)

89/97 
(92%)

Burns (n=1) broken needle 
(n=1)

41 (5–81)

Rosenthal et al. 
(2003)

263/271 107/117) 
91%

– 112/126 
(89%)

Anesthesia (n=1),
sympathic dystrophy 
(n=1), cellulitis (n=1)

24

Cioni et al.
(2004)

38/44 30/38 
(78.9%)

5/6 
(83.3%)

35/38 
(92.1%)

Burns (n=1),
osteomyelitis (n=1)

35.5 (12–
66)

Martel et al.
(2005)

38/39 37/38 
(97.4%)

1/1 
(100%)

38/38 
(100%)

Burns (n=1), tendinitis 
(n=11)

3–24

Rimondi et al.
(2005)

97/114 82/97 
(84.5%)

13/15 
(86.7%)

95/97 
(98%)

Burns (n=1),
phlebitis (n=1)

3–12

Gangi et al.
(2007)

114/114 112/114 
(99.1%)

113/114 
(99.1%)

Refl ex sympathetic
dystrophy (n=1),
hyperalgesia (n=1),
hyperesthesia (n=1),
vasomotor disturbances 
(n=1)

58.5 (13–
130)

Total 717/775 88.8% 87.0% 95.1% 3.4% (26/775) 33.5 (3–130)



248 T. K. Helmberger and R.-T. Hoff mann

of heat by polymerization of the cement compo-
nents will affect neuronal structures. Furthermore, 
stabilization by cement reduces or eliminates the 
macro- and micro-destabilization of the affected 
osseous structure and in consequence reduces the 
mechanical stress on the periosteal nerve plexus. It 
remains to be elucidated whether and to what ex-
tent the release of necrosis factors and interleukins 
as well as osteclast inhibition enhance the process 
of pain relief.

It remains unclear whether the combination 
therapy of thermal ablation together with cemen-
toplasty, for example, is superior to a single therapy 
(Fig. 9.3). Nevertheless, there are a few cases of pain-
ful bone tumours with a dense stroma that hinders 
cement injection. In cases such as these, thermal 
ablation may soften the tumour’s stroma allow-
ing subsequent cement instillation (Schaefer et 
al. 2002; Fourney et al. 2003; Hierholzer et al. 
2003; Masala et al. 2003; Wenger 2003; Halpin 
et al. 2004; Masala et al. 2004; Halpin et al. 2005; 
Mont’Alverne et al. 2005; Cheung et al. 2006; 
Brodano et al. 2007; Calmels et al. 2007; Jakobs 
et al. 2007).

9.7 
Complications

The overall complication rate for all minimally in-
vasive treatment options for benign and malignant 
bone tumours is less than 4%, with no reports of ma-
jor complications according to the SIR classifi cation 
(Tables 9.1, 9.2). Typical and usually self-limiting com-
plication or side-effects include: bleeding at the entry 
site of the puncture device, skin burns in thermal abla-
tion systems, and neurological symptoms due to direct 
thermal (e.g. close vicinity to nerve or joint structures 
in osteoid osteomas) or mechanical (e.g. cement leak-
age) damage. Specifi c complications relate to specifi c 
methods, such as cement-induced pulmonary embo-
lism, and depend mainly on the technical procedure 
rather than the indication for the intervention. 

Incomplete treatment with residual or recurrent 
complaints should also be considered to be com-
plications, since further action is needed (Cioni et 
al. 2004; Cribb et al. 2005; Guglielmi et al. 2005; 
Barragan-Campos et al. 2006; Weber et al. 2006; 
Gangi et al. 2007). 

Table 9.2. Primary and secondary success rate of different ablation therapies in malignant bone tumours in terms of pain 
relief. (Cryo Cryoplasty, KP kyphoplasty, OP osteoplasty, R radiation therapy, RFA radiofrequency ablation) 

Author No. of patients/
procedures

Method Primary 
success (%0

Long-
term 
success

Complications Follow-up 
(months)

Weill et al. (1996) 37/52 OP 94 73% Neurologic (n=3) 13

Alvarez et al. (2003) 21 OP + R (15), 
surgery (3)

81 – Neuritis (n=1) 5.6 (1–18)

Fourney et al. (2003) 56/97 OP/KP 84 – 0 4.5 (1–19.7)

Goetz et al. (2004) 43 RFA 95 – Burns (n=1), transient 
incontinence (n=1), 
fracture (n=1)

16

Jagas et al. (2005) 21/21 OP + R 100 0 1–8

Jang and Lee 2005 28/72 OP + R 89 – 0 1–9

Kelekis et al. (2005) 14/23 OP 92 – Leakage (n=1) 9 (1–24)

Mont’Alverne et al. 
(2005)

12/12 (axis) OP 80 Neurologic (n=2) 6.9

Toyota et al. (2005) 17/23 RFA + OP 100 82.4% Haematoma (n=1) 1–30

Callstrom et al. 
(2006)

14/22 Cryo 67 86% 0 3–24

Calmels et al. (2007) 52/59 OP 86 92% Neurologic (n=4) Hae-
matothorax (n=1),
pulmonary embolism 
(n=2)

17

Hoffmann et al. 
(2007)

22/28 RFA + OP 90.9 100% 0 7.7 (3–15)

Total 337/428 88.2 86.7% 17/428 (4.0%) 8.5 (1–30)
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Fig. 9.3a–d. a A 58-year-old male patient with renal cell cancer and a symptomatic metastasis to the fi fth lumbar vertebra. 
Note that the posterior lamina of the vertebra is already penetrated. b The coronal re-formation displays the total cranio-
caudal extent. c The lamina of the pedicle could be passed by the umbrella-like electrode and the tines could be deployed 
within the tumoral cavity. Under conscious sedation without any neurological sensations the ablation procedure was per-
formed with 10 W over 10 min until the impedance rose signifi cantly, aborting the energy delivery. d Subsequently, in the 
same session, a vertebroplasty needle was placed into the tumor cavity and 2.5 ml of PMMA cement were injected under 
CT-fl uoroscopic guidance. Within 24 h the patient was free of pain and presented during the follow-up period of 30 months 
with no tumor or pain recurrence

9.8 
Summary

At present, the experience with local thermal abla-
tion and/or augmentation for adjuvant thermal abla-
tion is very limited. Nevertheless, it seems that there 
is high potential for synergistic and complementary 
therapeutic concepts to both enhance the effi cacy 

of established therapies and be used as an alterna-
tive therapeutic option in cases where established 
options are no longer applicable (Poggi et al. 2003; 
Goetz et al. 2004; Kelekis et al. 2005; Simon and 
Dupuy 2006). 

The benefi ts of thermal ablation and cement aug-
mentation are their ease of use, their high success rate 
and their low complication rate. There are no major 

a

c

b

d
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contraindications to these therapies; moreover, they 
can easily be repeated and combined with other treat-
ment options such as radiotherapy or surgery. 

The excellent results achieved using thermal ab-
lation to treat osteoid osteomas mean that it must be 
considered to be the method of fi rst choice, superior 
to surgical resection. 

Furthermore, in malignant bone tumours, when 
surgery and/or radiotherapy are no longer applica-
ble, these methods offer a new, very effective thera-
peutic option for pain management. The exact role 
of minimally invasive ablative therapies among the 
huge armamentarium of different treatment options 
is not fully defi ned; therefore, additional study evi-
dence must be obtained to appreciate the high po-
tential of these therapies. 
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