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A b s t r a c t

Many methods of minimally invasive therapy have been developed in recent years to eliminate tumours in organs
like the liver. One of the most promising methods is called radiofrequency ablation, occasionally referred to as RFA.
In radiofrequency ablation, a special needle electrode is placed in the tumour under the guidance of an imaging
technique such as ultrasound (US), computed tomography (CT) scanning, or magnetic resonance (MR) imaging.
A radiofrequency current is then passed through the electrode to heat the tumour tissue near the needle tip to
cause tumour ablation.  The heat from radiofrequency energy also closes up small blood vessels, thereby mini-
mizing the risk of bleeding. In general, radiofrequency ablation causes only negligible discomfort and may be done
as an outpatient procedure without general anaesthesia

In some cases radiofrequency ablation has made it possible to operate on patients that might not be good sur-
gical candidates. Two types of liver tumour have been the main target of radiofrequency ablation; hepatocellular
carcinoma, which is a primary liver cancer, and metastases from colorectal cancers to the liver. Many patients with
a malignant liver tumour are not ideal surgical candidates as their tumours are so multifocal and inaccessible,
that hepatectomy can lead to liver failure due to insufficient tissue reserve for adequate liver function.  Other
patients are poor surgical candidates due to poor performance status, as a consequence of other comorbidities,
making major liver surgery exceedingly high risk. For many of these patients, radiofrequency ablation is a viable
and effective treatment option. 
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INTRODUCTION

The liver is a frequent target of primary and secondary malignant tumours. The most
common liver malignancies are the hepatocellular carcinoma and metastases from the col-
orectal carcinomas. Hepatocellular carcinoma ranks fourth as the cause of death from
malignant cancers worldwide. Approximately one million new cases of hepatocellular carci-
nomas are documented each year (1). If malignant tumours of the liver are not treated mor-
tality can reach 100%. The standard treatment option, in these tumours when appropriate
is the surgical therapy that leads to significant survival benefits.  In contrast, radiotherapy
and chemotherapy alone or in combination  have been not proven to be as beneficial for
long-term survivals of these patients.

After lymph nodes, the most common site for the metastases of colorectal adenocarcino-
ma is the liver. Liver is also common target for metastasis from other types of cancers also.
Surgical resection of the liver metastases in patients with colorectal adenocarcinoma in
properly selected patients can lead to long-term survival interval in the range of 20%-35%
(6). Nevertheless, only 5% to 15% of patients with primary or metastatic liver cancers, are
deemed suitable for curative liver resection (2, 3). The limiting factor for such surgical ther-
apy is the number of tumours, their size, location, and the degree of  invasion into the vas-
cular  or biliary structures as well as the reduced remaining functional parenchyma post-
operatively which can lead to hepatic failure especially in those with underlying   cirrhosis. 
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5-year survival rate after successful surgical resection of the hepatocellular carcinoma
with metastasis fluctuates in the range from 20% to 40% (2). Due to the high percentage of
unresectable tumours of the liver the locoregional treatment is the only option in many
cases (5). As an alternative to surgical therapy a number of minimally invasive procedures
have been developed for patients with primary or metastatic liver cancer, who are not suit-
able surgical candidates. Procedures such as percutaneous ethanol injection (PEI),
chemoembolization of liver tumours, radioembolization treatment and various other ther-
mal ablation techniques compromise some of the most frequently used effective treatment
modalities. PEI technique is mostly used to treat small hepatocellular carcinomas and is not
usually applied for the treatment of metastatic liver disease. Chemoembolization is most fre-
quently used for unresectable tumours (2, 4). In the field of thermal ablation there are two
categories. One delivering extremely low-temperature to the target tissue leading to cryoab-
lation, the other high temperature, leading to selective tissue necrosis using radiofrequen-
cy, focused ultrasound, microwave and laser for attainment of high temperature.
Radiofrequency ablation (RFA) is a minimally invasive technique which has been utilized in
cardiology, treatment of trigeminal neuralgia and osteoma for a very long time. Lately it has
been applied with good results for the treatment of liver and lungs tumours. Even though
the liver and the lungs are the most common place of use of the radiofrequency ablation,
this technique is also used in the treatment of malignant tumours of kidneys, adrenal
glands , breast and other malignant soft tissues tumours (7). In recent years, RFA is gain-
ing greater popularity due to favourable results in the treatment of primary and secondary
liver tumours. Recent studies point to a favourable rate of survival and effective local abla-
tion effect (2). 

PATIENTS AND METHODS

This study included patients with liver metastasis from colorectal carcinoma from
January 2011 to February 2012. The patients were treated by hepatic surgical resection in
combination with RFA. Resections were performed at the Department of Surgery FNsP Žili-
na and systematic chemo-radiotherapy was continued at the Department of Oncology of the
same hospital. During the study, 19 hepatic resections were performed, 13 of which were
for metastatic colorectal carcinoma.   Of the total of 13 metastases of colorectal carcinoma,
11 were treated with hepatic resection alone and 2 underwent hepatic resection combined
with RFA  (15.3%). Before embarking on surgical therapy all patients were histologically ver-
ified to have colorectal carcinomas and had their radiological staging by Computed
Tomography (CT). Patients that underwent combined hepatic resection and radiofrequency
ablation had both procedures performed concurrently during one operative session. All 13
patients were deemed eligible candidates for treatment of metastatic disease by hepatic
resection or combined RFA and resections.  Due to involvement of both lobes of liver and
anatomic proximity of some of these metastatic lesions to main vessels, 2 patients were
selected prospectively to undergo combined surgical and ablation therapy. Radiofrequency
ablation was in both cases accomplished during the open procedure. This approach was
preferred due to significant benefit achieved using intra operative ultrasound, which allows
better and more accurate identification of the lesions, its size, location, and relation to vas-
cular structures leading to better oncological control and also better preservation of healthy
liver tissue.  Perioperative US examination and Doppler US examination realised also in
these patients. For the above RFA, Cool-Tip tm RF System RADIONICS - Model CC-1220VAC
50 Hz was used. The application and positioning of the Cool-Tip RFA needle and subse-
quently the process of ablation was guided with perioperative or intraoperative US. The
process, in one of the patients, failed due to damage to the RFA needle, without the possi-
bility of assessing the effectiveness of the therapy. A patient with problematic location of
metastasis underwent RFA in hepatic segment V and resection of metastases in segments
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II and VIII. The surgical intervention was supplemented by axial transversostomy.
Surveillance CT examination with a focus on the dynamics and character of changes in the
liver after RFA was carried in the postoperative period, on the 5th day, after 2 months and
4 months. On the basis of the surveillance CT examinations the effectiveness of radiofre-
quency ablation was evaluated. The patients underwent the systematic chemo-radiothera-
py, with a total dose of 50.4 Gy and concomitant application of Xeloda and monoclonal anti-
body therapy with Avastin. In the second phase of surgical treatment, laparoscopic resec-
tion of rectal adenocarcinoma was performed.

RESULTS

The aim of this study was the assessment of effectiveness and contribution of the RFA in
combination with surgical resection in the management of patients with metastatic col-
orectal carcinoma. Patient with colorectal adenocarcinoma, who was designated to undergo
combined ablative and hepatic resection as the first line treatment, underwent complex pre-
operative spiral CT scan and synchronous metastases in hepatic segments II, V and VIII
were found. The size of the metastases in the 2nd segment was 17.4 mm x 16.6 mm and in
the 8th segment was 15.6 mm x 15.4 mm. Metastases in the 2nd and 8th segment were
located on the surface, and appropriate to wedge resection. The size of the metastasis in the
5th hepatic segment was 30.2 mm x 28.0 mm. The metastatic lesions were in close prox-
imity to the right branch of the portal vein and branches for hepatic segments V and VI,
therefore RFA was indicated. Regular CT scans of the liver with dynamic phases were per-
formed to assess the tumour status with a structured CT imaging protocol at day 5, 2
months and 4 months after the RFA. The patient was discharged from the hospital without
complications on the 7th day postoperatively. Subsequently the patient underwent system-
atic chemotherapy in the frame of outpatient care.

CT scan on the 5th day after the RFA
Due to secondary inflammatory reaction of surrounding tissue, in the immediate post-

operative period the ablation area increases progressively and the maximum change occurs
on the 4th or the 5th day postoperatively.

Under identical conditions, RFA generator creates a spherical shape of an ablation zone,
about 7 cm in long-axis diameter. The size and shape of the ablation zone varies according
to the type of RF device used, the local environment of hepatic tissue, the proximity of the
vascular structures and type of tumour.  On the 5th post-operative day characteristic symp-
toms after RFA of hepatic metastasis were presented. On the CT scan after complete abla-
tion, the defect was at the centre of the tumour location, and was initially larger, from
30.2 mm x 28.0 mm to 52.1 mm x 29.1 mm (which ensures desired tumour-free margins).
The interface was sharp, smooth, and devoid of nodularity. When CT contrast agents were
used there was a complete lack of tumour enhancement, with thin, smooth rim enhance-
ment at the interface (the interface between normal liver tissue and the ablation defect). The
rim represented ablation-induced hyperaemia, and continued approximately 4 weeks after
RFA. The finding usually persists for a few weeks, disappearing by 4th weeks post opera-
tively.
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CT examination 2 months after the RFA
The next CT scan confirmed complete destruction of metastases by occurrence
of hypovascularity.  The next surveillance CT scan displayed that enlargement of the abla-

tion area did not occur. An important indicator of successful ablation is stable size of the
ablation defect or gradual decrease of the ablation area. A sudden increase in ablation
defect is suspicious for the relapse of hepatic metastasis. In the case of relapse focal irreg-
ular area with extending size of the edge of lesion is frequently visualized   on CT scans.
A successfully treated tumour appears as a stable area of low density with the tendency of
gradual shrinkage. Ablation area, which on subsequent surveillance CT displays as
increase in size, is considered to be a local relapse. After 2 months no waistband of hyper-
aemia at the interface of the ablation area with liver tissue was observed. The edges of the
ablation lesion were smooth, sharply bounded and the size of the ablation lesion was
52.3 mm x 28.5 mm.
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Fig. 1 CT scan shows a thin enhancing rim due to ablation-induced hyperaemia. Note the thin smooth appearance and the lack
of nodularity

Fig. 2 CT scan 2 months after RFA with the image of the successful ablation of metastasis
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CT examination 4 months after the RFA
The last surveillance CT scan, before the second stage surgical therapy, was carried out

4 months after resection of metastases in segment II, VIII and after RFA of metastasis in
segment V. During this period the patient underwent complex chemo radiotherapy. The CT
scan displayed the area, of radiofrequency ablation as deposit with low density and a ten-
dency to decrease in size without displaying irregular extensions to the size of the edge. The
size of the deposit after ablation was 39.4 x 21.6 mm (Fig.3). In the area of rectal adeno-
carcinoma down staging was achieved.
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Fig. 3 CT 4 months after RFA, without image of metastatic relapse
Dynamic changes, using CT in the RF ablated area of metastasis in the 5th segment of liver were monitored for 4
months.  The changes observed demonstrated a successful course of treatment, without complications and signs
of progression or metastatic relapse (Table 1).

Table 1 Postoperative monitoring of dynamic changes in the RFA area

Metastaic 
Lesion

Size

Change of size

Bounderies.

CT prior to RFA

5th day after RFA

52.1 mm x 29.1 mm

Increase in size

Hypereamic rim

CT 5 days post RFA

2 months after RFA

52.,3 mm x 28.5 mm

No change in size

sharp, smooth, and
devoid of nodularity

CT 2 months post RFA 

4 months after RFA

39.4mm x 21.6mm

Shrinkage in size

Without progerssion

CT 4 months post RFA
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Localization of metastasis near the main vascular structures in the segment of right por-
tal vein and the concurrent metastatic disease within the segment II of the left hepatic lobe
made curative right hemihepatectomy unfeasible as the sole therapy, so segmental resec-
tion of metastasis in segment II was carried out, in combination with ablation of the other
metastatic lesion by RFA. This method brought about surgical desired effect and subse-
quently allowed surgical resection of colorectal cancer to be carried out at a later date. 

DISCUSSION

Anatomic or partial resection are established therapies for patients with liver tumours. In
patients with liver metastases from colorectal cancer, partial hepatectomy is a potentially
curative treatment in about 30–50% of patients (8). While in the early days of surgical ther-
apy for colorectal liver metastases the criteria for surgical resection was quite strict.
Gradually new guidelines were adopted that extended indication criteria for partial liver
resection in metastatic colorectal cancers, as it was shown that the procedure improves sur-
vival and at times leads to cure. With the expansion of criteria for surgical resection the lim-
its of hepatic surgery were attained and additional procedures became necessary to render
patients’ tumour free. Thermoablation is one of these advanced techniques, which is being
used with increased frequency in recent times.  RFA is a technique which is based on the
conversion of electromagnetic energy into heat. It is used for the destruction of tumour tis-
sue. Ablative technique is often used in combination with partial liver resection and pro-
vides the possibility of treatment for patients with liver tumours, who cannot be cured by
partial liver resection. Many newly diagnosed liver tumours are surgically unresectable.
However, in selected cases radiofrequency ablation seems to be the only option. The factors
limiting feasibility of surgical resection are the tumour size, the total number, location of
tumours and its relation to main blood vessel and other vital structures. Radical surgical
therapy can leads to the reduced liver function reserve which can be devastating, especial-
ly in patients with underlying liver disease such as cirrhosis. Radiofrequency ablation in
patients who are not suitable candidates for surgical therapy, offers a minimally invasive
therapeutic technique with low level of mortality and serious complications. It is suitable
option that can be considered in patients that have resectable metastatic disease but one
or more of the metastatic lesions are impossible  or difficult to safely  resect due to its
anatomical proximity  to vasculature. In these patients surgical resection may be combined
with RFA.  RFA cannot replace surgical resection, which should remain as the gold stan-
dard in the treatment of malignant liver tumours. However, it should be considered in cases
where surgical resection leads to considerable loss of hepatic reserve, or when surgical
resection is not feasible  due to anatomic positions of tumour. In appropriate situation it
can be utilized as sole therapy or in combination with surgical resection. The aim of this
study was to assess the feasibility and efficiency  of combined hepatic resection and RFA in
the treatment of colorectal liver metastases. Despite many positive theoretical benefits
about the influence of the combined therapy, there are also some doubts in the surgical
community, as the ablative therapy combined with wide surgical resection is considered
unsafe and thought to complicate an already demanding surgical resection (9). Moreover,
there is an assumption that patients who are candidates for surgical resection represent
a group with a unfavourable prognosis because of the high risk disease. Obviously the
application of combined resection and RFA, which increases the operative risk and also
postoperative complication is unfounded, if it does not brings positive results in term of
increasing the long-term survival (9). According to other studies the complication rate for
combined hepatic resection and RFA was 19,8%, which is comparable to the 11% to 35%
morbidity rates reported for hepatic resection alone (9). During the study period,  there were
no complications neither during the operation nor during the observation period after the
surgical treatment of colorectal liver metastases. Ablative destruction of the problematic
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metastasis in segment V was realized without damaging the right branch of  portal vein and
branches for segment V and VI, which were located in close proximity to the liver metasta-
sis. In general, RFA combined with liver resection is regarded as a safe and well tolerated
method of surgical therapy. However, in some studies 2.3% mortality after combined surgi-
cal therapy is reported and this points out the seriousness of the radical surgical therapy
of malignant liver tumours (9). Although, the combined surgical therapy seems to be safe in
most cases liver resection combined with thermal destruction of extensive liver volume may
lead to liver failure and to death. Patients with liver cirrhosis with reduced hepatic reserve
and also patients’ with normal liver that have or should undergo extensive liver resection
and RFA must be properly assessed for risk of hepatic failure and selected accordingly.
Malignancies of the liver must be properly assessed in relation to the volume of remaining
functional hepatic parenchyma. In a recent systematic review of reported series on the com-
bination of RFA with liver resection 3- and 5-year survival rates of 45 and 30% for patients
with colorectal liver metastases were reported (10). Patients with rectal carcinoma present-
ing with simultaneous liver metastases , who are treated with surgical resection combined
with RFA represent a special category  from an oncosurgical point of view. Multiple metas-
tases, bi-lobar lesions or  relapse after previous liver resection gives these patient poor prog-
nosis . Despite these adverse factors survival results are comparable with the results of sur-
vival in patients with colorectal metastases treated with partial liver resection. Clinical stud-
ies have shown that surgical resection alone or in conjunction with RFA therapy leads to
improved survival rate in comparison with chemotherapy alone. 
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