
Abstract. Hepatocellular carcinoma is one of the most
common malignancies in the world, with the liver being the
second most frequently involved organ in metastatic disease.
Although the gold standard treatment for malignant liver disease
is surgical resection, only few patients can undergo such an
intervention. This explains the current great interest in various
loco-regional therapies, of which radiofrequency thermal
ablation (RFA) is the most common. To date, only a few studies
have evaluated the complications associated with this treatment.
The aim of this study was to determine the rate of complications,
divided into major and minor, in patients treated with RFA. A
total of 373 hepatic lesions in 250 patients were treated with 292
sessions of percutaneous ultrasound-guided RFA. According to
our data, ten patients (4%) had major complications, twelve
patients (4.8%) had minor complications, no deaths occurred.
Around 30% of patients had a body temperature increase of up
to 38ÆC. All complications, except one, were treated with non-
surgical therapies. One patient with massive hemoperitoneum
required surgery. In conclusion, percutaneous RFA is a loco-
regional therapy associated with a low incidence of side-effects
and a negligible risk of death. 

Hepatocellular carcinoma (HCC) and metastatic colorectal
cancer are the two most common malignancies affecting the
liver (1, 2). Surgical resection has long been considered the
only treatment able to offer prolonged survival to patients
with hepatic tumors. Unfortunately many patients are not

candidates for surgery because of the extent or distribution
of the malignancy or underlying chronic liver disease (3-6).

In recent years there has been growing interest in
percutaneous radiofrequency thermal ablation (RFA) for
patients with unresectable liver tumors. The advantages of
RFA over surgical resection are the potentially lower
morbidity and the possibility of preserving more liver
parenchyma (7-9).

Although RFA is considered relatively safe there are few
published data on the complication rate of this technique.
The purpose of this study was to determine the rate of
complications of percutaneous RFA in patients with primary
or secondary liver malignancies treated at a single center. 

Patients and Methods

Patients. Between January 1998 and February 2005, 373 lesions in
250 patients were treated with 292 sessions of percutaneous RFA.
The patients were aged 27-82 years (mean: 63.4 year): 138 had
HCC and 112 had hepatic metastases. The metastases were from
colorectal cancer in 84 patients and from various other origins
(lung, pancreas, breast, gastric and small bowel) in the remaining
patients (Table I). All patients were well informed about the nature
of the treatment and gave their consent to it. 

The diameters of the tumors ranged from 15 to 88 mm (mean
29 mm). Histological confirmation of the lesions was obtained in
120 patients from a percutaneous ultrasonography (US) guided
core needle biopsy using an 18-gauge cutting needle (Biomol; HS
Hospital Service, Cavezzo, Italy). 

Before RFA, an enhanced abdominal CT scan was performed
in all patients. Inclusion criteria for RFA were as follows:
platelet count >50,000/mm3, prothrombin activity >60%, total
bilirubin concentration <3 mg/dl and Child-Pugh stage ≤B8.
Patients with portal vein neoplastic thrombosis or extrahepatic
metastases were excluded. 

Technique. The RFA was carried out percutaneously using real-time
ultrasound guidance with one of three units (Spazio, Heidos or Astro:
Hitachi, Tokyo, Japan). RFA was performed with an internally
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cooled needle in 208 patients and with an expandable needle
electrode in 42 patients. The former system consisted of an insulated
18 gauge needle electrode, with a 2 or 3 cm tip exposed (Figure 1A),
attached to a 500 kHz radiofrequency generator (Radionics,
Burlington, MA, USA) capable of producing 200 W of power. A
peristaltic pump (Watson-Marlow, Medford, MA, USA) was used to
infuse normal saline solution at 0ÆC into the lumen of the electrode
at a rate sufficient to maintain the tip temperature below 25ÆC. Two
grounding pads (400 cm2) were fixed to the patient’s thighs and
connected to the radiofrequency generator to complete the electrical
circuit. Tissue impedance was continuously monitored by circuitry
incorporated in the generator. The radiofrequency current was
emitted for 12 minutes per needle electrode insertion, with the
generator set to deliver the maximum power. If impedance increased
more than 10-20 W above baseline, the current was interrupted for a
few seconds and then reapplied at the same energy. If uncontrolled
increases of impedance were observed, the peak current was reduced
until a stable impedance was obtained. After completion of each
ablation session, the peristaltic pump was stopped and the needle
electrode withdrawn only when it reached a temperature of 70ÆC in
order to prevent bleeding and possible tumor seeding.

The other system of RFA used a 15-gauge, 25.0 cm-long,
multitined expandable electrode attached to a 460-kHz
radiofrequency generator (Model 500 RITA Medical System,
Mountain View, CA, USA) which supplied a maximum power
output of 50 W (Figure 1B). Two grounding pads (400 cm2) were
fixed to the patient’s thighs and connected to the radiofrequency
generator to complete the electrical circuit. When the electrode
was correctly positioned in the lesion, the hooks were displaced and
the current was emitted for an average of 12 minutes for each
insertion of the needle. 

The number of insertions of the needle electrode depended on
the size of the lesion. Twenty-two patients were treated under
peridural anesthesia achieved by injecting a solution of 10 mg of
ropivacain (Naropina) into a peridural catheter introduced into a
dorsal intervertebral space between the 6th and 10th spaces; the
remainder of the patients were treated under general anesthesia.

Immediately after the procedure the patients returned to the
ward. Prophylactic antibiotic therapy with amoxicillin and

clavulanate (2 g) immediately before the RFA procedure and then
every 12 hours after for 2 days was given only to patients at high
risk of infection (e.g. diabetics).

In order to detect immediate complications, vital parameters
were monitored and blood cell counts performed 2, 8 and 24 hours
after the procedure; US examinations were done at 4 and 24 hours.
A multiphasic helical CT study scan was also performed one month
later to evaluate the rate of response and then every 3 months in
the first year.

Major and minor complications were defined according to the
recent literature (3), as complications requiring medical intervention
and/or prolongation of hospitalization or not, respectively.

Results 

Major complications occurred in 10 patients (4%) and minor
complications in 12 patients (4.8%) (Tables II and III). 

Abdominal hemorrhage occurred as a major complication
in three patients, all with HCC. In one patient with Child
class A5 cirrhosis, a massive intraperitoneal hemorrhage was
identified by abdominal CT 4 hours after the thermal
ablation of a 3 cm nodule of HCC in the third hepatic
segment. The RFA, performed under peridural anesthesia,
was stopped after a few minutes because the patient
complained of severe pain in the abdomen and in the
distribution of the phrenic nerve. Despite blood transfusions,
the hemoglobin level dropped and surgical intervention was
required. The two remaining episodes of abdominal bleeding
occurred in one patient with Child class B8 cirrhosis with a
subcapsular HCC of the fifth segment and in another patient
with Child class A6 cirrhosis and a large subcapsular HCC in
the sixth segment. Both patients were successfully managed
with blood transfusions and careful observation. 

A large hemothorax occurred in one patient with Child
class A5 cirrhosis and chronic renal failure being treated
with hemodialysis. In this case, a 25 mm nodule of HCC
located high in the liver required an oblique intercostal
approach for insertion of the radiofrequency electrode,
which probably damaged intercostal vessels. One hour after
the procedure, dyspnea and hypoxemia were observed; a
chest CT scan revealed a large fluid collection of relatively
high attenuation, indicative of a hemothorax, which was
managed with blood transfusion and chest drainage. 

Massive hepatic infarction with portal thrombosis occurred
in one patient with a 36 mm HCC of the fourth segment,
located between the right portal vein and the inferior vena
cava. The serum aspartate aminotransferase concentration
reached 2000 IU/ml 2 days after the RFA procedure and
abdominal CT revealed a wedge-shaped hypo-attenuated
area extending into the right lobe. The patient died 1 year
later of multiple recurrences and liver failure. 

A hepatic abscess was discovered in a patient 3 weeks
after combined treatment with RFA and transarterial
chemoembolization (TACE) of two large hepatic metastases

ANTICANCER RESEARCH 27: 2911-2916 (2007)

2912

Table I. Number of patients treated according to the histology of the
primary or secondary liver malignancy. 

NÔ. of patients

Hepatocellular carcinoma 138
Colorectal adenocarcinoma 83
Breast adenocarcinoma 8
Ovarian cancer 4 
Gastric adenocarcinoma 3
Carcinoid tumors 3
Pancreatic cancer 3
Renal cell carcinoma 3
Small bowel adenocarcinoma 2
Non-small cell lung cancer 2
Glucagonoma 1

Total 250



of a pancreatic glucagonoma (Figure 2). Cultures were
positive for Bacterioides fragilis. The patient recovered
uneventfully following treatment with percutaneous drainage
and intravenous antibiotics. Another hepatic abscess
occurred after TACE followed by RFA of a large HCC;
cultures were positive for Escherichia coli. The patient was
successfully treated with intravenous antibiotic therapy only.

Two patients developed cardiac rhythm disturbances
during the RFA procedure: one patient with a pacemaker
manifested bradycardia that required intravenous atropine
and another had a ventricular tachycardia that resolved
spontaneously after interrupting RFA. 

Finally, a subcapsular hematoma was found in one
patient after RFA of a large subcapsular HCC; the
hematoma resolved after 1 month without any treatment. 

Minor complications occurred in 12 patients (Table III).
Thirty percent of the patients developed post-RFA syndrome,
comprising abdominal pain and a fever not higher than 38ÆC,
which, according to the recent literature, is not regarded as a
complication. Four cases of right pleural effusion were

reported after the treatment of large tumors located high in
the right lobe, near the diaphragm. Three of these effusions
were discovered by ultrasound in asymptomatic patients and
resolved spontaneously after 2 weeks. In one patient, dyspnea
and thoracic pain occurred 1 week after the RFA procedure;
chest X-rays revealed a large right pleural effusion that
required two thoracocenteses. Tumor seeding occurred in
three patients, two of whom had subcapsular HCC; the third
patient had large metastases from a colorectal cancer. The
tumor deposits were located in the subcutaneous tissue of the
abdomen in two patients and in the intercostal muscle in the
other (Figure 3). These complications were managed with
percutaneous alcohol injection in two patients and with
chemoembolization in one. Small bile duct stenosis
developed in one patient 3 months after RFA and was
discovered only by abdominal CT scan as the patient was
completely asymptomatic and there was no increase in serum
bilirubin. One patient had a skin burn in an unusual site. Skin
burns can occur at the dispersive pad site on the thighs when
the procedure takes a long time, when a high power is used,
or when only one standard dispersive pad is placed. In our
patient, a skin burn developed on the left arm at the site of
the electrode of the ECG monitor (Figure 4). 
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Figure 1. View of RADIONICS (A) and RITA (B) systems.

Table II. Number of major complications reported after RFA.

Complication NÔ. of Time of Prevalence 
patients occurrence

[range(mean)] per per 
patient session

Hemoperitoneum 3 4-12 h (6 h) 1.2 1.02
Hemothorax 1 1 h 0.4 0.34
Massive hepatic infarction 1 24 h 0.4 0.34
Hepatic abscess 2 5-25 days (15 days) 0.8 0.68
Arhythmias 2 20 min 0.8 0.68
Subcapsular hematoma 1 3 days 0.4 0.34
Total 10 - 4 3.4

Table III. Number of minor complications reported after RFA.

Complication NÔ. of  Time of Prevalence 
patients occurrence

[range (mean)] per per 
patient session

Seeding 3 3-12 months (8) 1.2 1.02
Ascites 1 6 weeks 0.4 0.34
Bile duct stenosis 1 3 months 0.4 0.34
Pleural effusion 4 5- 32 days (15) 1.6 1.3
Skin burn 1 2 days 0.4 0.34
Hemobilia 1 During procedure 0.4 0.34
Portal thrombosis 1 2 days 0.4 0.34
Total 12 4.8 4.02



A case of self-limiting hemobilia developed during
percutaneous RFA of a tumor located in the fourth
segment. A few minutes after starting the RFA procedure,
the gallbladder progressively filled with echogenic fluid. The
procedure was completed without problems and in the
following days the patient had only a small drop in the
hematocrit, but no melena. 

Asymptomatic thrombosis of the left portal vein occurred
in one patient after RFA of a secondary lesion of the third
segment. Another patient with Child B8 cirrhosis and three
large HCC developed ascites 3 weeks after multiple RFA
procedures combined with TACE; this was the first sign of
progressive liver failure.

Discussion

Radiofrequency ablation is a promising image-guided
procedure for the treatment of hepatocellular carcinoma
and hepatic metastases (8-12). It has become an effective
alternative to surgical resection in patients with early HCC
(13) and is showing encouraging results, when combined
with chemotherapy, in the management of hepatic
metastases of advanced colorectal cancer and neuro-
endocrine tumors (14-19). However, although there have
been many investigations addressing the clinical efficacy of
RFA of hepatic tumors, there are fewer studies on the
complications associated with it. The predictable incresing
use of RFA calls for extensive knowledge of the limitations
and complications of this procedure.

In our study the overall complication rate was 8.8%, with
major and minor complications occurring in 4.0% and 4.8%
of the patients, respectively; there were no deaths
attributable to the RFA procedure in our series.

These results are comparable with those reported in the
literature. The worldwide reported complication and
mortality rates for percutaneous RFA are 7.2% and 0.5%,
respectively, although the true complication rate may be
higher as some authors may have ignored minor
complications and some late complications may have been
missed because of a short follow-up (20).

The incidence of major complications in published
studies ranges from 0% to 12.7% (20-26) and was 4% in our
study. The most frequent major complication in our series
was bleeding, which occurred only in cirrhotic patients with
HCC. A subcaspular location of the tumor and failure to
obtain complete coagulation of the lesions were the most
important causes of bleeding. Given that these bleeds occur
in the first few hours after the RFA procedure, we consider
post-procedural monitoring of hemodynamic parameters
and ultrasound surveillance important.

Two abscesses (0.8%) occurred in patients who were pre-
treated with TACE: the mean time of occurrence was 15 days
after the procedure, which is consistent with previous studies
on this topic with an interval from 8 days to 5 months (22, 23,
26). Other potential risk factors for the formation of liver
abscesses after RFA include biliary abnormalities, diabetes
mellitus and multiple large tumors. Prophylactic antibiotic
therapy may be beneficial in patients with these conditions. 
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Figure 3. TC view of a tumor's seeding in the subcutaneous tissue of the
abdomen (arrow).

Figure 2. TC view of a large hepatic abscess in a patient with pancreatic
glucagonoma.



Cardiac complications were recorded in two patients: in
one case a bradyarrhythmia was observed secondary to a
transitory malfunction of a pacemaker and in the other case
a tachyarrhythmia developed during the treatment of
subphrenic large metastases from breast cancer. As in our
patients, the cardiac rhythm disorders reported in other
studies generally occurred during the RFA procedure and
resolved after it. We regarded these arrhythmias as major
complications because they prevented completion of the
thermoablation. In these two cases the tumors were then
treated with TACE. 

Two cirrhotic patients with a single HCC located in the
third and fourth segments, developed, respectively, left and
right portal vein thrombosis secondary to thermal ablation;
the former case was asymptomatic while the latter was
associated with right hepatic artery thrombosis and resulted
in a massive hepatic infarction. Factors predisposing to
portal vein and hepatic artery damage are a centrally
located tumor close to the vessels, as in our patients,
compression of the vessels by the tumor, accidental
puncture by the electrode and Pringle’s maneuver (20).
Although vascular damage to large vessels has always been
regarded as a rare complication, due to the protective heat-
sink effect, the evolution of this complication can be
dramatic, as in one of our patients. Therefore, tumors
located very close to the portal vein or hepatic artery should
be treated with loco-regional therapies other than RFA.

The most frequent minor complication in our series was
right pleural effusion, although this was symptomatic in only
one patient; this occurs secondary to irritation of the

diaphragm and pleura close to a tumor located high in the
right hepatic lobe. It is so frequent that it is not regarded as
a complication in many studies. 

Treatment-related seeding occurred in 1.2% of patients;
two of them had subcaspular tumors and had undergone
biopsies prior to RFA. This percentage is consistent with
the results of a large series of patients with a long follow-up
in which neoplastic seeding was identified in 0.9% of
patients (27); in this report only previous biopsy was
significantly associated with tumor seeding. In contrast,
Llovet et al. (28) found that tumor seeding was significantly
related to a subcapsular location of the tumor, a poor
degree of differentiation and high baseline ·-fetoprotein
level, although the high rate of tumor seeding reported by
this author was probably due to the small sample size and
to the use of needle biopsies before the RFA. An indirect
oblique approach through a sufficient layer of non-tumoral
hepatic tissue in patients with subcapsular tumors and the
cauterization of the needle track are maneuvers that
minimize the risk of tumor seeding. 

A segmental biliary tract dilatation was an incidental
finding of follow-up imaging 3 months after RFA in a
patient with a single HCC of the sixth segment. Biliary
stenosis with upstream bile duct dilatation is not rare after
RFA of tumors located closer than 10 mm to the main
branches of the biliary tree. Two methods of irrigation of
the bile ducts with chilled saline have been proposed to
decrease the risk of biliary damage (29-30), but most
researchers continue to recommend that RFA should not be
performed in tumors located near the hepatic hilum. 

Conclusion

Different kinds of complications can be associated with
percutaneous RFA. Several strategies have been studied to
decrease the complication rate but the most important is
careful selection of the patient and the lesion to treat.
Knowledge of the potential complications can facilitate their
early detection and successful management. 

Our data confirm that, in skilled hands, percutaneous
RFA is a loco-regional therapy with a low incidence of side-
effects and with a negligible risk of death.
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