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The first description of percutaneous ethanol injection
(PEI) was published in 1986, a small series of just 14
patients with small, non-resectable hepatocellular carcinoma (HCC) [1]. Thermal techniques were first performed
in the liver at our institution in 1989, initially using single
bare tip neodymium yttrium aluminium garnet (NdYAG
l 1064 nm) laser fibres placed under ultrasound guidance
[2]. 15 years on there are hundreds of centres performing
thousands of ablations mostly using radiofrequency (RF).
The most common site for treatment remains the liver but
ablation has been performed in many other sites including
lung, renal, adrenal, pleura, bone, pelvic tumours and
nodal masses. Two particularly promising areas of
development are RF ablation for inoperable lung cancer
and as a minimally invasive, nephron sparing technique in
renal cell carcinoma. This article looks at liver ablation;
the different technologies available, the clinical results and
current status of ablation in patients with colorectal liver
metastases, neuroendocrine metastases and non-colorectal,
non-neuroendocrine metastases, e.g. breast, and HCC.

Technical aspects
Energy sources can be grouped into three major
categories: those employing thermal energy, either heating
or cooling, direct injection therapies and photodynamic
therapy.

Thermal energy
With all the heating techniques the aim is to raise the
temperature of the tissue to be destroyed to between 60 ˚C
and 100 ˚C. This is to produce coagulative necrosis yet
avoid charring and vaporization of tissue. There are five
thermal techniques: RF, laser, microwave, cryotherapy
and high intensity focused ultrasound (HIFU) [3]. A
summary of their characteristics is shown in Table 1.

Radiofrequency
The ability to generate heat in biological tissue using
alternating RF was first reported in the late 19th century.
RF current induces ionic agitation that in turn results in
heating. RF has been used for many years to perform
electrocautery in the operating room or to produce
discrete, focal lesions that interrupt aberrant cardiac
conduction pathways. Initial electrodes were unipolar of
low power, ,50 W, and were not internally cooled.
Bipolar electrodes are effective in producing small, discrete
lesions but have had limited usefulness in the treatment of

liver tumours [4]. More recent RF technology has introduced
arrays of electrodes that are activated simultaneously,
internally water-cooled electrodes, high power generators
, 200 W and simultaneous perfusion of tissue with saline
[5–10]. Most experience has been gained with the watercooled 17 G single or cluster electrodes (Tyco Healthcare,
USA) and with expandable electrodes. The expandable
electrodes are introduced collapsed within a hollow
(14–15 G) needle. Once correctly positioned multiple
prongs or tines are deployed resulting in a final configuration that resembles a grappling hook (RITA Medical
Systems, CA) or an umbrella (Boston Scientific, Natick,
MA) [11]. A comparison of water-cooled, triple cluster
electrodes and the expandable, multitined electrodes
showed that larger volumes of necrosis were produced
using the water-cooled design [12]. Since then, there have
been modifications to the expandable electrode design
including an increase in the number of active tines, the use
of higher power generators and combination with saline
perfusion technology. Other technological developments
include the introduction of MR compatible electrodes
(Tyco, RITA and Berchtold, Tuttlingen, Germany), a 2
tine expandable electrode for very small lesions (RITA
Medical Systems), an expandable coil electrode that is
deployed perpendicular to the shaft (Invatec, Roncadelle,
Italy), electrodes with deployable thermosensors (Invatec),
and a bendable shaft electrode to facilitate scanning within a
gantry after electrode positioning (RITA Medical Systems).

Laser
Both NdYAG and solid state Lasers (l 805 nm) have
been used successfully in tumour ablation. Photon absorption and heat conduction produce hyperthermia and
coagulative necrosis. Laser energy is delivered through
flexible thin fibres of diameter 400–600 mm or via a
specially designed internally water cooled laser applicator
(Somatex, Teltow, Germany). Fibre morphology can be
varied depending on the area to be treated. A point source
from a bare tip fibre will produce a sphere of necrosis
whereas a diffuser fibre will produce an elliptical ablation.
Table 1. Comparison of thermal ablation techniques
Technique

Efficacy

Ease of
implementation

Cost

Radiofrequency
Laser
Microwave
Cryotherapy
High intensity
focused ultrasound
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Low power (, 16 W) laser was used in the early years but
output power levels were increased to 40 W in 1998.
Although more expensive to set up and support than RF,
Laser ablations are a little more predictable. Laser energy
is deposited around the fibre tip whereas RF pathways and
therefore energy deposition may vary, and are therefore
more complex and less predictable. For most ablations,
multiple laser applicators are used.

Microwave
Microwaves (2450 MHz) cause rotation and vibration of
water molecules thus producing heat. The equipment
consists of a generator and a monopolar needle electrode,
which is introduced through a 14 G access needle.
Multiple percutaneous electrodes are generally required.
Each microwave application produces a discrete focus of
necrosis, e.g. a single treatment for 120 s at 60 W provides
approximately 1.6 cm of necrosis. For this reason microwave ablation has most often been used for the treatment
of small (,3 cm) HCC.
Cryotherapy
Cryotherapy uses repetitive freezing and thawing of
tissue to produce necrosis. Irreversible tissue destruction
occurs at temperatures below 220 to –30 ˚C. Liquid
nitrogen and argon gas are used as coolants. Traditional
cryotherapy probes have been large requiring laparotomy
access for the treatment of liver tumours. In recent years
percutaneous cryotherapy probes of less than 2.5 mm in
diameter have been developed. Cryoprobes of different
sizes and shape are available to map the morphology of
the area to be treated. The development of the ice ball can
be monitored using ultrasound or MR guidance with an
accuracy of 1–5 mm.
High intensity focused ultrasound
HIFU uses frequencies of 0.8–3.2 MHz and focal
peak intensities of 5000–20 000 W cm22. [13]. The basic
mechanism is heat induced coagulative necrosis but
pathological studies demonstrate particular damage to
vessels including tumour microvasculature [14]. HIFU has
the advantage of being a trackless technique, performed
without anaesthesia and with no risk of tumour seeding. A
clear acoustic path from skin to the tissue to be ablated is
required. The technique has been available since the 1940s
but improvements in imaging and in HIFU technology,
e.g. variable focusing and electronic beam steering, have
renewed interest in the technique. The main problem is the
limited amount of necrosis that can be achieved per unit
time. Most work has been performed in the prostate using
transrectal devices.
Direct injection therapies
Ethanol, acetic acid and gel stabilized chemotherapeutic
agents have all been used to ablate tumours with variable
success. Gene therapy is hypothesised as the therapy of
tomorrow.

Percutaneous ethanol injection
PEI was one of the first effective ablative techniques to
be widely adopted for the treatment of small HCCs.
Ethanol causes dehydration and subsequently necrosis
714

[15]. Under ultrasound guidance a fine needle (21–22 G) is
introduced into the tumour and 95–100% ethanol injected.
To achieve complete ablation the ethanol must reach all
parts of the tumour however ethanol spreads unevenly and
the needle needs to be repositioned accordingly. Ethanol
can reflux along the needle tract and cause pain; this limits
the amount that can be injected at any one time in the
conscious patient. PEI is therefore either performed as a
multistage, outpatient technique under conscious sedation
or as a single stage procedure under general anaesthesia.
PEI is most effective in encapsulated HCC and is of little
benefit in infiltrating HCC or in metastases. The scirrhous
nature of liver metastases restricts the amount of ethanol
that can be injected, often leading to extravasation and
incomplete necrosis. Thermal techniques are therefore
preferred for the treatment of metastases. In HCC,
thermal techniques provide more necrosis in less time
and in fewer sessions. PEI still has a role in the treatment
of HCC not amenable to RF, e.g. exophytic lesions which
can rupture with disastrous consequences during heating.

Photodynamic therapy (PDT)
The interaction of a photosensitizer administered
systemically and light of a particular wavelength results
in necrosis [16–18]. The mediator is thought to be the
production of oxygen free radicles. There are several
porphyrin based photosensitizing agents which vary in
administration, tissue uptake, optimal wavelength of light
for treatment, duration for which the patient remains
photosensitized and effectiveness. In the gastrointestinal
tract, oral 5 amino laevulinic acid (5ALA) works well for
superficial treatments. For interstitial therapy meso-tetrahydro-phenylchlorin (mTHPC), which optimally reacts to
red light at l 652 nm, is available for trials. Maximal
necrosis is seen at 3 days post-treatment with mTHPC.
Historically assessment of the treatment effect has not
been possible during treatment but a recent paper
demonstrated the possibility of using MR assessment of
oxygen consumption to monitor PDT [19].

Current status of the different techniques
All the thermal techniques have been tried in the liver.
Today PEI has largely been replaced by Laser or RF
ablation in most centres. Although both of these latter
techniques are effective, currently RF is the preferred
technique and the one most widely practiced. Laser has the
advantage of being more MR compatible permitting direct
MR monitoring [20]. MR compatible RF electrodes are
now available but the application of RF current and image
acquisition are incompatible and have to be alternated.
Comparisons of Laser and RF suggest that larger volumes
of ablation and in particular the ablation of a margin of
normal liver has been easier and quicker to achieve with
RF [21]. Cryoablation whilst effective carries a higher
complication rate. Animal work has shown that whereas
cryoablation results in acute lung injury, RF does not [22].
Comparisons of laparoscopic RF with cryoablation have
shown a lower complication rate with RF [23]. One study
reported a 40.7% complication rate with cryotherapy
compared with 3.3% with RF [24]. Comparisons of
percutaneous cryotherapy and RF have shown a higher
complete ablation rate with RF [25]. Microwave has been
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used particularly in China to treat small HCC [26, 27].
Current microwave applicators are large and several are
usually required, one of the focuses of development is to
produce a smaller percutaneous probe. A few centres have
performed PDT. Currently PDT suffers from being a dual
component technique with the additional variables of drug
delivery and uptake in tissue as well as all the variables
that effect light delivery. HIFU is slow requiring long
treatment times, overlying ribs or lung may obscure the
acoustic path and prevent access to some lesions, limited
depth of penetration will exclude others. Currently RF is
the preferred technique for liver tumour ablation.

Pathological validation of RF ablation
Efficacy of RF has been validated in at least two cohorts
of patients who subsequently underwent surgical resection
[28, 29]. Pathological specimens that were resected
immediately after ablation showed irreversible cell
damage with absence of enzymatic activity. RF ablation
induced necrosis fundamentally differs from ordinary
tissue death. When cells are lethally injured membrane
dysfunction and release of enzymes degrades the cellular
components. The entire process takes hours to days
followed by weeks of tissue repairing. In heat ablation
the affected structures are subjected to instantaneous
thermal fixation, equivalent to that produced by formalin.
Thermally induced deactivation of the enzyme protein
prevents the cell degradation seen in traditional coagulation necrosis. Consequently, with conventional staining
techniques, the tissue architecture and cytological details
appear well preserved, despite absence of any activity on
enzymatic histochemical assays. However, the loss of
enzymatic activity does not exclude antigenicity of the
denatured enzyme proteins which explains positive results
in RF ablated lesions on immunohistochemistry. The
pronounced vascular destruction associated with RF
ablation often postpones healing by blocking neutrophils
with hydrolytic enzymes from access into the lesion. This
can result in incomplete absorption and fibrous encapsulation of the residual lesion. Lack of cell viability can be
determined early after RF ablation by a negative reaction with enzymatic histochemical stains, e.g. lactatedehydrogenase or maleate-dehydrogenase, and nicotinamide
adenine dinucleotide-diaphorase [30].

Approach: percutaneous, laparoscopic or open?
RF ablation can be performed using image guidance
and a percutaneous approach [31–34], laparoscopic
guidance [35–37] or at open laparotomy [38–40]. At
open laparotomy, RF can be combined with liver
resection, i.e. resection of one area of the liver and
ablation of another. Pawlik et al reported on combined
resection and ablation in 172 patients and noted that the
combined modality treatment was well tolerated; the
mortality was 2.3% and the post-operative complication
rate was 19.8% [41]. If a patient is undergoing laparotomy
for another surgical procedure, which allows access to the
liver, then it is reasonable to perform RF at the same time.
With this exception it is difficult to justify the added
morbidity, invasiveness and expense of a laparotomy compared with a percutaneous procedure. The laparoscopic
The British Journal of Radiology, September 2004

approach has been used when tumour is adherent to
structures that would be damaged by thermal ablation, e.g.
tumour adherent to stomach, colon or duodenum. Some
centres prefer the laparoscopic approach where there is
poor tumour visualization transcutaneously and also for
large HCCs requiring multiple punctures [42, 43]. RF
ablation will most commonly be performed in the
radiology department, but there is a subgroup of patients
who will benefit from open or laparoscopic RF [44].

Thermal ablation and blood flow manipulation
Normal liver responds to thermal injury with an increase
in perfusion. Using CT we have quantified this effect in a
group of 32 patients [45]. There was a mean 3.3-fold
increase in hepatic arterial flow adjacent to the ablated
area. Tissue perfusion has a direct impact on the volume
of necrosis that can be produced. This has been confirmed
using pharmacological manipulation where for example, a
halothane induced reduction in blood flow of 46% resulted
in a 50% increase in the diameter of the ablation [46].
Several groups have explored vascular occlusion as a
method for increasing the volume of necrosis [47, 48].
Vascular occlusion either portal venous, hepatic arterial or
both has been shown to be beneficial in animal models
with increases in measured temperature at the treatment
site and increases in the size of ablation [49, 50]. Surgeons
have the option of clamping the vascular pedicle during
RF ablation and percutaneous balloon occlusion is also
effective. Although vascular occlusion increases the
volume of ablation it also removes the protective effect
of blood flow and as a result there is an associated increase
in bile duct injury. An alternative approach, favoured by
our group, is the use of hypotensive general anaesthesia,
similar to that used at hepatic resection, i.e. maintenance
of a systolic pressure of approximately 80 mmHg [51]. The
above techniques are aimed at a reduction in tissue
perfusion. A variant on this technique is balloon occlusion
of a specific vessel during treatment of a tumour lying
immediately adjacent to that vessel. This reduces the
incidence of tumour recurrence but also increases the
complication rate.

Colorectal metastases
Limited colorectal liver metastases are the most
commonly treated metastatic lesion. There is good
evidence that most patients will succumb from their liver
metastases and therefore local control can improve life
expectancy. Surgical resection is the accepted first line
treatment for patients with resectable disease. 5 year
survival figures range from 25% to 39% [52]. Traditionally
most patients (80–90%) are not candidates for surgical
resection due to extent or distribution of disease or
concurrent medical disability [53]. Although historical
chemotherapy results have been disappointing in the last
3–4 years the results have improved. Irinotecan has
resulted in the first improvement in survival to reach
significance with a median of 17.4 months and 1 year
survival of 69% [54]. Improved response rates have been
achieved with Oxaliplatin, 53% compared with 28% with
5FU and folinic acid [55]. More recent data suggests that
sequential Oxaliplatin and Irinotecan will improve survival
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by a further 2–3 months [56]. There are both surgical and
RF papers showing that downsizing with neoadjuvant
chemotherapy followed by ablation or resection (Figure 1)
is useful [57, 58]. An important caveat to this approach is
that all the original sites of disease should be treated.
Between 1993 and 1995 we performed bare tip fibre
Laser thermal ablation and reported the first survival data

for thermal ablation in the liver; a median survival of 27
months [59]. Subsequently we have treated 167 patients (99
male: 68 female, mean age 57 years, range 34–87) with RF
ablation. The mean number of RF ablation treatment
sessions per patient was 2.1 (range 1–7). The mean number
of metastases at the time of first RF ablation was 4.1
(range 1–27). The mean maximum diameter of the largest

(a)

(b)

(c)

(d)
Figure 1. 73-year-old with multiple colorectal liver metastases

(e)
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previously treated with chemotherapy, referred for ablation
after downsizing. (a) Contrast enhanced CT showing two small
colorectal metastases (arrows). (b) CT scan just caudal to (a)
showing a third metastasis (arrow). (c) Post-ablation CT scan
showing three areas of ablation that encompass the whole
tumour plus a margin of normal liver. (d) Follow-up CT scan
12 months later showing two of the lesions are reducing in size
and healing with no evidence of recurrence. However, inferior
to the third lesion there is tumour recurrence adjacent and in
the left portal vein branch. Large vessels cool and protect
tumour from heating and recurrence is common next to vessels.
This case is unusual in that the tumour has invaded the portal
vein. This was further downsized by chemotherapy and then
ablated. (e) CT scan 23 months after initial ablation treatment
showing continuing healing of the two smallest lesions. There
is now atrophy of the left lobe of the liver and an area of
absent enhancement at the ablation site around the left portal
vein. There is currently no evidence of active tumour.
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lesion in each patient was 3.9 cm (range 1–12). 51 (31%)
patients had treated or stable extrahepatic disease or were
at high risk for occult peritoneal disease due to a
perforated primary. Overall survival for the whole group
from the diagnosis of liver metastases was a median of 32
months with 1 year, 3 year and 5 year survival of 91%,
40% and 17%, respectively. There were 73 patients who
had five or fewer metastases with a maximum diameter of
5 cm and no extrahepatic disease and 94 patients who
either had extrahepatic disease, more than five metastases
or the maximum diameter of the largest tumour was
.5 cm. The median, 1 year, 3 year and 5 year survival
from the diagnosis of liver metastases for the former
optimal subgroup was 38 months, 99%, 58% and 30%,
respectively, and from the time of first thermal ablation
was 31 months, 91%, 28% and 25%, respectively [60, 61].
30% survival at 5 years in inoperable patients compares
reasonably well with 5 year survival of 25–39% for patients
undergoing resection for operable disease [62, 63]. Other
thermal ablation groups have reported similar survival
results [64, 65]. Solbiati reported their results in 117 patients
with up to four metastases, mean diameter 2.8 cm. The
majority (88%) of their patients had either one or two
tumours. The median survival in this cohort, who had more
limited disease than our cohort, was 36 months and their
3 year survival was 46% [64]. Vogl et al have reported a
median survival of 35 months in patients with five tumours
or less, maximum diameter 5 cm. This group uses a
different thermal technique (NdYAG laser ablation) and
a combination of CT guidance for applicator placement
and high field MR monitoring of the thermal effect [65, 66].
Our current recommendation is to accept patients with
five metastases or fewer and a maximum diameter of 5 cm.
Where the distribution of disease is not amenable to
surgery, the use of RF or a combination of RF and
resection can be considered. For those with concurrent
disability, RF is a much less invasive alternative than
surgery with lower complication rates. Other applications
for RF include patients with limited liver disease who have
insufficient residual liver to allow resection, usually posthemihepatectomy patients with new metastases in the
residual lobe and those who have been downsized but are
still not surgical candidates. Randomized, controlled trials
are now in process. The European Organisation for
Research and Treatment of Cancer (EORTC) sponsored
Chemotherapy+Local ablation versus Chemotherapy
(CLOCC) trial aims to compare the effect of ablation in
conjunction with systemic chemotherapy with systemic
chemotherapy alone in patients with inoperable colorectal

metastases. The acceptance criteria for this trial are more
generous than traditional acceptance criteria. Patients can
have as many as nine metastases with a maximum
diameter of the largest tumour of 4 cm (Table 2).
RF like surgery is most effective in small tumours. The
ideal RF candidate is often the ideal surgical candidate.
Retrospective comparisons of RF and repeat hepatic
resection show similar survival benefits [67]. At our
institution, a retrospective comparison of RF and surgery
in solitary metastases showed a similar survival rate [68].
In one study RF ablation was used to treat small
tumours ,4 cm in diameter prior to surgery as part of a
‘‘test-of-time’’ approach to treatment [69]. 60% of patients
achieved complete ablation and did not require surgical
resection. This approach allowed the detection of further
occult metastases that would have negated the impact of
surgical resection. Despite these encouraging results
attempts to run a trial comparing surgical resection and
ablation in surgical disease have so far failed.

Neuroendocrine metastases
Although numerous treatments have been tried in this
group of patients, there are very few effective therapies.
Few patients are eligible for surgery and historically the
other treatment modalities have produced symptomatic
improvement but have had less impact on tumour load
[70]. The natural history of the disease is widely variable
but often these patients develop numerous, small,
relatively slowly enlarging liver metastases over a period
of many years. The ideal technique would be minimally
invasive, have little effect on normal liver and be readily
repeatable. Embolisation partly fulfils these criteria and
some of the best published results are from repeated
embolisation [71]. RF ablation fulfils all the desired
criteria. RF can be used to reduce hormone secretion
and/or to reduce tumour load [72]. Aggressive cytoreduction can reverse somatostatin analogue resistance and
reduce drug requirements. Cytoreduction followed by
octreotide analogues can be the best way to achieve
prolonged symptom control [73].
Siperstein et al initially reported on 15 patients and more
recently on 34 patients successfully treated with laparoscopic
RF [35, 74]. Anders et al have treated 42 patients and
achieved 90% complete ablation at a mean follow-up
of 3.2 years (range 3 months to 5.5 years) (Personal
communication). The same group have published their
results in 21 patients treated with RF¡resection [75]. In
our experience in 25 patients we achieved local control of

Table 2. Current indications for radiofrequency ablation
Tumour type

General criteria

Number of tumours

Maximum diameter (cm)

Hepatocellular carcinoma

Child Pugh Class A or B
As above
Non-resectable due to extent,
co-morbidity or inadequate
hepatic reserve with no active
extrahepatic disease
Non-resectable
No extrahepatic disease

1
,3
¡5

5
3
,5

¡9

,4

Colorectal metastases

CLOCC trial

CLOCC, Chemotherapy + local ablation versus chemotherapy.
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tumour volume in 14 of 19 (74%) at a median follow-up of
21 months (range 4–75) and relief or a reduction in
hormone related symptoms in 9 of 14 (69%) with secreting
tumours. Theoretically a reduction in tumour load could
eventually translate into a survival benefit but much longer
follow-up will be required to establish any improvement in
survival. In our group median survival from the diagnosis
of liver metastases was 53 months [76]. In Scandinavia
there is an on-going trial of ablation plus biotherapy
versus biotherapy alone that should provide some of the
answers.

Non-colorectal, non-neuroendocrine metastases
including breast
Isolated liver metastases are an uncommon occurrence
in breast cancer. Some surgeons will perform hepatic
resection for limited liver metastases. A 22% 5-year
survival post resection has been reported [77]. RF has
been performed to good effect, Livraghi reported on 24
patients of whom 10 were free of disease at a mean followup of 10 months [78]. Our experience in 21 patients is
similar. Follow-up is available in 19 of whom 6 (32%) have
survived a minimum of 2 –21 years, including 3 who have lived
longer than 4 years (maximum 74 months), 8 have progressed
and died within 12 months. Most experience has been gained
by Vogl et al using Laser but they have not yet published
their breast cancer data separate from other types of
tumour. There is limited experience of RF in other
non-colorectal, non-neuroendocrine metastases, but good
surgical results have been reported when there has been an
interval of more than 2 years between the primary and the
development of detectable metastatic disease [79], therefore
RF could be considered in these patients if they are not
candidates for surgery.

Hepatocellular carcinoma
Established experience with PEI has facilitated the
introduction of RF to treat HCC (Figure 2). Trials of
PEI and liver resection suggested a comparable survival.
In one trial, Childs Pugh Class A patients had a 3 year
survival of 71% following PEI compared with 79%
following surgery and Childs Pugh Class B patients had
a 3 year survival of 41% and 40%, respectively [80]. RF has
been compared with PEI and been shown to have a higher
complete ablation rate (90% vs 80%) in fewer treatment
sessions but also a slight increase in the complication rate
[81]. A similar study of 119 consecutive patients with
solitary HCC ,3 cm treated with either RF ablation
(n523) or ethanol ablation (n596) showed complete
tumour response in 23 patients (100%) in an average of
1.5 sessions treated with RF and in 90 patients (94%) in an
average of 4 sessions treated by ethanol injection [82].
More recently a randomized controlled trial of RF and
PEI in 102 patients showed a significantly longer disease
free survival with RF [83]. The 1 and 2 year local
recurrence-free survival rates were 98% and 96% in the RF
group compared with 83% and 62% in the ethanol
injection group (p50.002). There was a trend towards
increased overall survival with RF but this has not yet
reached significance.
Long-term survival post RF has also been reported in
718

187 patients with hepatic cirrhosis and early-stage HCC
(1 tumour ,5 cm or ,3 tumours ,3 cm) [84]. The overall
survival was 97% at 1 year, 71% at 3 years and 48% at
5 years. Survival of Child-Pugh A patients (n5144; 76% at
3 years and 51% at 5 years) was significantly better than
that of Child-Pugh B patients (n543; 46% at 3 years and
31% at 5 years, p50.0006). A subgroup of 116 patients
with Child-Pugh Class A cirrhosis and solitary HCC had 3
and 5 year survival rates of 89% and 61%, respectively.
Encapsulated HCC is generally easier to destroy than
metastases as the heat is contained and amplified within
the lesion, a phenomenon known as the ‘‘oven effect’’.
Microwave has also been used in HCC but again
comparative studies suggest that RF is more efficacious
[85]. Several centres use Laser effectively in the treatment
of HCC, to date there has been no comparison of Laser
and RF in HCC [86]. Current recommendations for RF in
HCC are Childs Pugh Class A or B cirrhosis and a single
lesion ,5 cm in diameter or up to three lesions, less than
3 cm in diameter (Table 2) [87]. Despite screening programmes many patients present with larger tumours.
Combinations of selective transarterial chemoembolisation
(TACE) and thermal ablation have been explored with some
success in this group [88, 89]. Although there have been
many published studies using TACE it has been difficult to
show a survival benefit. A meta-analysis published in
2002 succeeded in showing a significant improvement in
survival, albeit short, but could not show a benefit for
TACE over embolisation alone [90]. Therefore a combined
approach would appear to be reasonable. Different
techniques have been used, e.g. Laser followed weeks
later by TACE, or balloon occlusion of the hepatic artery
during RF followed by selective catheterization of the
tumour feeding vessels and chemoembolisation immediately afterwards. This technique is promising, e.g. in one
study of 62 patients with a single large HCC mean
diameter 4.7 cm (range 3.5–8.5 cm) the complete ablation
rate at 12 months was 82% [91]. In patients with
decompensated cirrhosis RF has been shown to be
superior to TACE both in survival and in the number
of complications [92].

Complications
The complication rate following ablation varies from 2%
to 10.6% and the mortality from 0.1% to 1.4% [93–97].
Needle puncture or thermal injury can result in subcapsular haematoma, occlusion or thrombosis of hepatic
veins or portal vein branches, bile duct strictures or injury
to adjacent viscera such as stomach, duodenum, gall
bladder, colon (manifested as perforation or fistula
formation) or the lung or pleura (pneumothorax or pleural
effusions). More recently a technique known as ‘‘dextrose
isolation’’ has been used to displace any vulnerable
structures away from the ablation zone [98] (Figure 3).
The same technique can be used to render lesions in the
dome of the diaphragm that are ultrasound occult
ultrasound visible by displacing overlying lung [99].
Similarly it can be used to overcome poor access to
superficial lesions lying just deep to a rib.
Complication rates increase with increasing numbers of
punctures, larger volumes of necrosis, more advanced
Child Pugh class and treatment of lesions close to the
diaphragm, into the liver hilum, close to vessels or viscera.
The British Journal of Radiology, September 2004
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(a)

(c)

(e)
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(b)

(d)

Figure 2. Hepatocellular carcinoma on a background of
cirrhosis in an 80-year-old male. The tumour lies adjacent to
the branches of the right portal vein branch. (a) Arterial
phase CT scan showing a hypervascular lesion in the right
lobe. (b) Post-ablation CT showing complete ablation with no
evidence of residual tumour. (c) Follow-up CT scan 15 months
later showing healing ablation with no evidence of tumour.
(d) Follow-up CT scan 26 months post-ablation shows a
nodule of enhancement on the medial border of the tumour
inferior to the posterior branch of the right portal vein consistent with recurrent tumour (arrow). This was treated with
further radiofrequency ablation. (e) Current CT scan 3 years
after the initial ablation; no evidence of active tumour but
worsening background cirrhosis.
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(a)

(b)

Figure 3. 39-year-old female with multiple breast metastases (not shown). (a) Ultrasound scan performed during treatment demonstrating ‘‘Dextrose isolation’’. 5% dextrose has been injected through a 19 G needle into the hepatocholecystic space (thin arrow) to
displace the gall bladder wall away from the metastasis to be treated (thick arrow). (b) Contrast enhanced CT scans performed the
following day showing ablation of the metastasis (arrow) without damage to the gall bladder wall.

The worst morbidity is associated with infection of
necrotic ablated metastases and the major aetiological
factor for this is the presence of a biliary endoprosthesis or
a previous bilioenteric anastomosis. Some centres decline
to treat such patients. If ablation is carried out then
prolonged courses (3 months) of rotating oral antibiotics
are recommended post ablation.
More unusual complications include hyperkalaemia in
patients with chronic renal failure due to release of
potassium from disrupted cells [100], rupture of exophytic
HCC and pacemaker malfunction if the pacemaker lies in
the path between the active electrode and the grounding
pads. Grounding pad burns were reported with earlier
technology but are now unusual. In patients with hip
replacements the grounding pads should be moved from
the thighs to the torso to avoid burns. Guide needles and
hormone replacement patches may also pick up current
resulting in burns.
The potential for tumour seeding has generated some
discussion. Several mechanisms for tumour seeding have
been proposed. Viable tumour cells that adhere to the RF
electrode can be disseminated along the electrode tract
during removal. Tumour cells may be carried into the tract
with even a small amount of bleeding. Cells may be forced
into the tract by sudden increases in intratumoural
pressure such as commonly occurs during RF ablation.
Finally tumour cells can be dislodged when saline is
injected into the tumour. Although an early report by
Llovet et al reported an extremely high rate (12.5%) [101],
the incidence of tumour seeding in other multicentre
studies is lower [95–97, 102]. Livraghi et al reported the
incidence of tumour seeding along the course of original
electrode tract as 0.5%. These seeding foci were seen 4–18
months following ablation. 75% of the tumours that
developed tract seeding were superficial in location [103].
To avoid tumour seeding, the number of punctures and
repeated repositioning of the RF needle electrode should
be minimized, the needle tract should be selected to
traverse normal liver parenchyma particularly in subcapsular tumours and the tract should be cauterized.
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Imaging assessment and follow-up
The aim of treatment is complete tumour ablation with
a margin of apparently normal tissue without collateral
damage. Treatment efficacy is improved by intraprocedural imaging assessment. HCC can be assessed with
contrast enhanced ultrasound [104]. Treatment efficacy can
also be assessed by dynamic contrast enhanced CT or MR.
Complete ablation is demonstrated by the absence of
enhancement. Immediately after ablation it is common to
see gas within the ablation zone, possibly some hyperattenuation consistent with small amounts of haemorrhage
and following intravenous contrast reactive hyperaemia
around the tumour. We routinely perform contrast
enhanced CT 18 h after ablation to provide a baseline
for further evaluation (Figure 3b). A completely ablated
lesion will become homogeneous, well defined and slowly
decrease in size. Despite the appearance of complete
ablation, recurrence adjacent to the ablated area can occur
particularly where blood flowing in adjacent vessels results
in tissue cooling and protects microscopic quantities of
tumour (Figures 1 and 2). The accepted definition is any
evidence of hypovascular or hypervascular tumour adjacent or within the ablation zone with or without an
increase in the size of the lesion. Although recurrence is
most often at the edge of the ablation zone, occasionally
tumour recurrence will ‘‘fill-in’’ an ablation zone without
an increase in overall lesion size. Some groups have used
size criteria to detect recurrence but this is too crude.
Younger patients and patients with cirrhosis demonstrate
more rapid liver regeneration. Occasionally the ablation
zone will all but disappear.
In patients with colorectal metastases new tumours
develop in the liver at a distance from the ablated site in
57% [64]. For HCC the 5 year recurrence rate in the liver
following successful resection varies from 67.6% to 100%
[105]. Therefore an important aspect of ablation is careful,
structured imaging follow-up with dynamic contrast
enhanced CT or MR to detect new lesions and recurrence
such that further ablation can be offered as appropriate.
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Conclusions
Liver ablation has become a proven and accepted part
of the management of HCC. The role of ablation in
colorectal metastases is still evolving. Currently it is
reasonable to offer ablation to patients with limited
disease who are not suitable candidates for resection.
Ablation should be used in conjunction with systemic
chemotherapy, the relationship between the treatments
depends on the tumour load. Some tumours will need to
be downsized by chemotherapy in order for ablation to be
performed. For patients with ablatable disease, ablation
should be performed first and followed by systemic
chemotherapy. Small numbers make it harder to define the
role of ablation in neuroendocrine, breast and other noncolorectal, non-neuroendocrine tumours but undoubtedly
one will develop. Finally, although ablation has come a
long way from the early days when only 1 cm spheres of
tissue could be ablated, there are further important
technical developments that are needed to improve the
reliability and predictability of ablation treatments.
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