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Abstract
AIM: To investigate the major complications after 
radiofrequency ablation (RFA) for the treatment of 
liver tumors and analyze possible risk factors that 
precipitate these complications.

METHODS: From March 2001 to April 2008, 255 
patients with liver tumors (205 male, 50 female; 
age range, 18-89 years; mean age, 56.0 years) who 
received RFA were enrolled in this study. Of these 
patients, 212 had hepatocellular carcinoma, 39 had 
metastatic liver tumors and four had cholangiocellular 
carcinoma. One hundred and forty eight patients had a 
single tumor, and 107 had multiple tumors. Maximum 
diameter of the tumors ranged 1.3-20 cm (mean, 
5.1 cm). All patients were treated with a cooled-
tip perfusion electrode attached to a radiofrequency 
generator (Radionics, Burlington, MA, USA). RFA was 
performed via  the percutaneous approach (n  = 257), 
laparoscopy (n  = 7), or open surgical treatment 
(n  = 86). The major complications related to RFA 
were recorded. The resultant data were analyzed to 
determine risk factors associated these complications.

RESULTS: Among the 255 patients, 425 liver tumors 
were treated and 350 RFA sessions were performed. 
Thirty-seven (10%) major compl icat ions were 
observed which included 13 cases of liver failure, 10 
cases of hydrothorax requiring drainage, three cases 

of tumor seeding, one case of upper gastrointestinal 
bleeding, one case of intrahepatic abscess, one case 
of bile duct injury, one case of cardiac arrest, and five 
cases of hyperglycemia. Seven patients had more than 
two complications. Liver failure was the most severe 
complication and was associated with the highest 
mortality. Eleven patients died due to worsening liver 
decompensation. Child-Pugh classification (P  = 0.001) 
and choice of approach (P  = 0.045) were related to 
post-treatment liver failure, whereas patient age, 
tumor size and number were not significant factors 
precipitating this complication.

CONCLUSION: RFA can be accepted as a relatively 
safe procedure for the treatment of liver tumors. 
However, attent ion should be paid to possible 
complications even though the incidences of these 
complications are rare. Careful patient selection and 
the best approach choice (percutaneous, laparoscopy, 
or laparotomy) will help to minimize the incidence and 
morbidity rate of complications which occur after RFA.
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INTRODUCTION
Hepatocellular carcinoma (HCC) and metastatic liver 
tumors are the two most common malignant tumors 
of  liver. In most cases hepatectomy is the best curative 
treatment option[1,2]. However, there are some factors 
that limit the use of  surgical resection. Therefore, 
alternative techniques such as percutaneous ethanol 
injection (PEI), microwave therapy, radiofrequency 
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ablat ion (RFA), laser therapy, and transar ter ia l 
chemoembolization (TACE) have been used for the 
treatment of  hepatic malignant tumors[3-5]. Among these 
techniques, RFA is performed more widely than the 
others because it results in large coagulated necrosis 
of  the tumor, requires fewer treatment sessions, and 
achieves higher survival rates[6-8]. Thus RFA would be 
more beneficial to patients than other non-resectional 
techniques.

Although RFA is considered a relatively safe and 
minimally invasive technique, it may induce severe 
complications. The trade-off  between the risks and 
benefits must be considered. Some major post-RFA 
complications, such as hepatic failure, intraperitoneal 
bleeding, hepatic abscess, bile duct injury, tumor seeding, 
and gastrointestinal perforation have been reported[9-11]. 
The estimated range of  mortality rate is 0.1%-0.5%, 
while the major complication rate is 2.2%-3.1%[12]. A 
better understanding of  the pertinent complications 
which may occur post-treatment is the key to successful 
RFA treatment. 

Since 2001, we have used RFA to treat patients 
with HCC or liver metastases. Despite its promising 
therapeutic effects, RFA has resulted in a number 
of  major complications. In the present study, major 
complications resulted from RFA procedures during a 
7-year-study in a single center have been retrospectively 
analyzed, and the possible risk factors precipitating these 
complications were determined.

MATERIALS AND METHODS
Patients
From March 2001 to April 2008, 255 patients with liver 
tumors (205 male, 50 female; age range, 18-89 years; 
mean age, 56.0 years) who received RFA were enrolled 
in this study. Patient characteristics are described in 
Table 1. Of  these patients, 212 had HCC (including 
48 cases of  recurrent nodules after hepatectomy and 
five cases of  HCC rupture hemorrhage), 39 had liver 
metastases and four had cholangiocellular carcinoma. 
One hundred and seventy five patients had chronic liver 
diseases, of  which 168 patients were hepatitis B virus 
carriers, five patients were hepatitis C virus carriers, and 
two patients had schistosomiasis liver cirrhosis. Based 
on Child-Pugh classification, 231 patients (90.6%) were 
considered as class A, 22 patients (8.6%) as class B, and 
two patients (0.8%) as class C. Alpha fetoprotein (AFP) 
serum assays were performed in all patients: 88 patients 
had normal AFP levels; 92 patients had levels between 
5 and 400 ng/mL; and another 75 patients displayed 
AFP levels of  more than 400 ng/mL. 

Before treatment, all patients were examined by 
abdominal ultrasonography, computed tomography 
(CT) or magnetic resonance imaging (MRI). The 
location of  tumors was defined according to Couinaud’s  
nomenclature. There were 148 uninodular cases and 
107 multinodular cases. In 192 patients, we performed 
RFA only once. In the remaining patients, RFA was 

performed twice or more due to hepatic recurrence. 
There were 425 treated tumor nodules in total. The 
median diameter of  the nodules was 5.1 cm (range, 
1.3-20 cm), with 174 three centimeters or smaller, 142 
between 3.1 and 5 cm, and 109 larger than 5 cm. 

The diagnosis of  l iver tumors was based on 
histopathological findings of  specimens (129 patients, 
50.6%). The remaining tumors (126 patients, 49.4%) 
were diagnosed based on typical CT or MRI findings 
and tumor markers. 

All the patients had contraindications to hepatectomy 
due to advanced age, associated diseases, severe liver 
dysfunction, inappropriate location of  the tumor, 
or refusal to undergo the surgical procedure. Before 
performing RFA, all patients were informed and signed 
the consent forms. 

Technique
A cool-tip needle radiofrequency system (Radionics, 
Burlington, MA, USA) was used in all patients. The 
system consists of  a perfusion pump, electrode pads 
placed on the patient’s skin, and a radiofrequency 
generator that monitors tissue impedance, electric current, 
power and temperature. The shaft of  the needle has 
internal channels which allow the needle to be perfused 
with chilled water to maintain the temperature of  the tip 
below 20℃ to prevent charring around the needle tip. 
The current is automatically adjusted according to the 
impedance at the needle tip. Each ablation cycle lasts 
12 min. Following ablation, the probe tract is cauterized 
as the RFA needle is withdrawn. Successful ablation 
usually increases the temperature of  the ablated tissue to 
60-80℃. RFA was performed depending on the size and 
localization of  the tumor. A single electrode needle was 
used for patients with liver tumors smaller than 2 cm. 

Table 1  Characteristics of patients, tumors and treatment 
approach (mean ± SD)

Patients and tumor characteristics Value

No. of patients 255
Median age (yr) 56.0 ± 13.2 (range, 18-89)
Gender (male/female) 205/50
Disease (HCC/MHC/CCC)     212/39/4
Background liver disease (HBV/HCV/
no infection) 

    168/5/82

Patients with liver cirrhosis n (%) 172 (67.5)
Portal vein invasion (no/yes)     25/230
Alphafetoprotein (0-5/5-400/> 400 ng/mL)         88/92/75
Child-Pugh classification (A/B/C)     231/22/2
ALT (U/L) 47.6 ± 2.5
AST (U/L) 54.7 ± 3.0
Total bilirubin (μmol/L) 27.4 ± 7.1
Serum albumin (g/L) 38.9 ± 0.3
Tumor stage 425
   Number of tumors (uninodular/multinodular)   148/107
   Size of tumor (cm) 5.1 ± 3.4 (range, 1.3- 20)
   Diagnosis (histopathologic/clinical)   215/210
Treatment 350
   Choice of approach (percutaneous/
   laparoscopy/laparotomy)

    257/7/86

   Combination with TACE or PEI (+/-)     61/194
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For patients with large tumors (> 2 cm), we performed 
overlapping ablations to thoroughly eliminate the tumor. 
The purpose of  the treatment was to achieve destruction 
of  the tumor tissue and the 1 cm margin of  parenchyma 
around the lesion. However, for some patients with 
large HCCs or portal vein tumor thrombosis, RFA was 
regarded as a palliative treatment.

RFA was performed via the percutaneous approach 
(n = 257), laparoscopy (n = 7), or by open surgical 
treatment (n = 86). All the procedures were performed 
by a surgeon and a radiologist with more than 3 years 
experience in RFA. Whenever possible, RFA was 
performed percutaneously. A surgical or laparoscopic 
approach was adopted to treat patients with tumors 
located near visceral organs such as the stomach, colon, 
or gallbladder. When tumors were found near the hepatic 
hilum, cholecystectomy was performed before RFA. If  
tumors were located directly below the diaphragm, we 
used artificial pleural effusion to obtain an image of  the 
whole tumor by percutaneous ultrasonography[13]. Sixty-
one patients had undergone combined treatment for 
liver tumors (PEI or TACE). 

The following serologic values including liver 
function tests and complete blood counts were measured 
3 d and 1 wk after treatment. Treatment efficacy was 
evaluated by contrast-enhanced CT or ultrasonography 
4 wk after treatment. Tumors were considered successfully 
ablated when no region of  enhancement was found 
either in the entire tumor or in a 0.5 cm margin of  
normal hepatic tissue surrounding the tumor. 

Complications
Majors complications were defined as those that 
delayed hospital discharge, threatened the patient’s life, 
or led to substantial morbidity and disability[14]. These 
included liver failure, peritoneal hemorrhage, tumor 
seeding, and collateral thermal damage to adjacent 
organs. Differentiation among immediate complications 
(during the maneuver or ≤ 24 h after the procedure), 
periprocedural complications (with 30 d), and delayed 
complications is advised[12]. Complications were 
identified on the basis of  clinical findings, laboratory 
or imaging examinations during the RFA and post-
treatment observation period.

Statistical analysis
Clinical data of  all patients were entered prospectively 
into a computerized database. We analyzed complications 
individually instead of  combining all the data together. 
The values of  the baseline characteristics, which included 
patient age, disease, Child-Pugh classification (A vs B 
or C), tumor size and number, treatment approach 
(percutaneous, laparoscopy or laparotomy), mode of  
RFA (single or overlapping ablation) were assessed by 
using Logistic regression analysis. P < 0.05 in a two-
tailed test was considered statistically significant. All data 
processing and statistical analysis were performed using 
commercially available software (SPSS for Windows, 
Version 11.5).

RESULTS
In the 255 patients, 425 liver tumors were treated and 
350 RFA sessions were performed (63 patients had more 
than one session). The mean follow-up period for the 
entire group was 32.1 mo (range, 2-84 mo). The median 
overall survival rate was 21.0 mo. Overall cumulative 
survival rate at 1-, 2-, and 3-year was 63.1%, 43.3%, 
and 35.7%, respectively. Thirty five (35/350, 10% per 
session) major complications were found after RFA 
treatment (Table 2). Seven patients had more than two 
types of  complications and 28 patients (28/225, 12.4% 
per patient) suffered from major complications which 
included 13 (3.7%) cases of  liver failure, 10 (2.9%) cases 
of  hydrothorax requiring drainage, 3 (0.9%) cases of  
tumor seeding, 1 (0.3%) case of  upper gastrointestinal 
bleeding, 1 (0.3%) case of  intrahepatic abscess, 1 (0.3%) 
case of  bile duct injury, 1 (0.3%) case of  cardiac arrest, 
and 5 (1.4%) cases of  hyperglycemia. The complication 
rate was 4.0%, 0.3% and 5.7% after percutaneous, 
laparoscopic and intraoperative RFA, respectively. The 
immediate complications, periprocedural complications 
and delayed complications were 2.0%, 29.0% and 4.0% 
among 350 sessions, respectively. 

Liver failure was the most severe complication 
and was associated with the highest mortality. Eleven 
patients (11/255, 4.3% per patient) died of  worsening 
liver decompensation. The potential risk factors that 
might contribute to liver failure were analyzed. We found 
that Child-Pugh classification (P = 0.001) and choice 
of  approach (P = 0.045) were related to post-treatment 
liver failure, whereas patient age, tumor size and number 
did not correlate with this complication. This finding 
suggested that Child-Pugh classification and choice of  
approach were independent risk factors for liver function 
impairment after RFA.

We adopted intraoperative RFA to treat a patient with 
an HCC located in the right posterior segment close to 
the right portal vein (8 cm in diameter). We performed 
overlapping RFA to achieve a complete ablation area, 
and the ablated frequency was 12 times. A bile leakage 
occurred 1 wk after the procedure and subsequently 
resulted in liver abscess. The patient presented with 
local pain and high fever. Sustained antibiotic therapy 
and percutaneous ultrasound guided drainage were 
carried out. The patient also had diabetes mellitus which 

Table 2  Major complications after radiofrequency ablation

Complication No. of complications Disease

Hepatic failure 13 HCCs
Thoracic 
complications

10 8 HCCs, 1 CCC, 1 MHC

Tumor seeding   3 HCCs
Upper gastrointestinal 
bleeding

  1 HCC

Intrahepatic abscess   1 HCC
Bile duct injury   1 HCC
Cardiac complication   1 HCC
Hyperglycemia   5 HCCs
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made his basic condition fairly poor. Despite aggressive 
supportive care, the patient succumbed to progressive 
liver failure and died 5.5 mo after RFA.

Tumor seeding was identified in three patients (0.86%) 
at 2, 4 and 5 mo after RFA. These seeding foci were 
located in the subcutaneous tissue of  the abdominal wall 
(two patients) and omentum (one patient). They were 
treated by surgical resection, High Intensity Focused 
Ultrasound and RFA, respectively. Of  these three 
patients, two had undergone previous biopsy, two had an 
AFP level higher than 400 ng/mL, and all had a single 
tumor that was not near the capsular fibrosa ranging 
2-5 cm in diameter. None of  these factors were found to 
be significantly associated with tumor seeding (P = 0.085, 
P = 0.840, P = 0.088, respectively).

Hydrothorax was found in ten patients. In five of  
these cases, tumors were located at the dome of  the liver. 
In one patient with a single 2.5 cm diameter subcapsular 
HCC in segment Ⅵ, cardiac arrest occurred during 
treatment. She was successfully rescued. Other major 
complications included one case of  upper gastrointestinal 
bleeding and five cases of  hyperglycemia. However, these 
complications did not result in fatal consequences.

DISCUSSION
RFA has gained wide acceptance as a safe alterative to 
surgery in the management of  early HCC and metastatic 
liver tumors[15,16]. It produces complete necrosis of  the 
tumor and achieves a satisfactory survival rate with low 
recurrence rate on long-term follow-up. Despite the 
benefits, RFA entails some risks as revealed by post-
RFA complications. Complications such as liver failure, 
intraperitoneal bleeding, abscess, bile duct injury, tumor 
seeding are very serious, and can be life threatening[10,17,18]. 
Being well aware of  the complications and the choice of  
treatment method will lead to a more practical application 
and enable this procedure to be safer and more effective.

There have been some analyses of  post-RFA 
complications which have involved a large series of  
investigations[17]. However, the incidence and mortality 
of  post-RFA complications reported in this study 
were different from previous reports by other groups. 
This discrepancy may be attributed to the choice of  
indications and the skills of  the operators. In most of  
these reports, RFA was performed only when the tumor 
was no greater than 3 cm in diameter and the patient 
had no portal vein tumor thrombus. However, in our 
study, patients with advanced HCC also received RFA 
treatment, which may have resulted in the relatively high 
incidence of  major complications.

RFA is considered an invasive therapy, especially 
for those patients with insufficient hepatic reserve to 
tolerate resection. Therefore, the preoperative evaluation 
of  liver parenchymal function after treatment is of  great 
importance. Decompensated baseline function reserve 
might precipitate transient liver function impairment 
after RFA and should be closely followed up. Sepsis and 
liver failure have been reported as the most common 
causes of  death in a multicenter survey[19]. Koda et al[20] 

analyzed the liver laboratory tests and complications 
after RFA treatment and found that patients with a high 
pre-treatment Child-Pugh score suffered from long-
term deterioration of  liver parenchymal function and 
subsequent serious complications. The conclusion from 
that study was that patients with a Pugh score ≥ eight 
points would not be good candidates for RFA or TAE-
RFA. In our study, the most severe complication was 
liver failure, which resulted in mortality in 11 patients 
after treatment. Our findings demonstrated that Child-
Pugh classification was related to post-treatment liver 
failure. This result was consistent with the finding 
that Child B or C was a risk factor for post-treatment 
liver failure[21]. Therefore these patients may not be 
appropriate candidates for RFA. The choice of  approach 
was another independent risk factor associated with 
liver failure. Among the 13 patients who experienced 
rapid hepatic decompensation, 10 were treated with 
overlapping ablation via an open surgical technique. 
Recently, intraoperative RFA has been performed as an 
approach to treat liver tumors, particularly for difficult 
lesions adjacent to the diaphragm, bowel, or gallbladder. 
Tepel et al[22] pointed out that although intraoperative 
RFA was a valuable tool in liver surgery, it added 
invasiveness and technical difficulties to the procedure 
and might cause severe post-treatment complications[23]. 
When these findings are combined with the results from 
our study, it becomes more obvious that patient selection 
and choice of  approach are the two major factors to 
consider in order to achieve desirable outcomes similar 
to those via percutaneous RFA. 

Bile duct injury is an uncommon severe complication 
with an incidence of  0 .1%-1.0%[19,24]. Kim e t a l [25] 
demonstrated that although bile duct changes were frequent 
after the RFA of  HCC, it was of  no clinical significance 
in most cases. In addition, major complications requiring 
additional treatment were rare. Cooling of  the biliary tract 
with chilled saline has been used to prevent biliary injury 
by RFA[26]. Ohnishi et al[27] reported that the incidence of  
biliary injury was significantly reduced in the intraductal 
chilled saline perfusion (ICSP) group compared to that in 
the control group. Moreover, liver function in the treated 
patients was also better preserved in the ICSP group 6 mo 
after RFA.

We performed overlapping RFA via an open surgical 
approach to treat a patient with a tumor located in the 
right posterior segment near right portal vein. The patient 
suffered from bile duct injury combined with other 
complications including liver failure, hepatic abscess and 
hyperglycemia. This result was consistent with a previous 
report[12] where the possibility of  bile duct injury was 
increased if  the mass was located in the central portion of  
the liver and abutted the portal hepatis. Moreover, excessive 
heating to overcome the “heat sink effect” of  hilar large 
vessels could cause significant damage to the major ducts.

The incidence of  needle-track tumor seeding was 
reported to range from 0%-12.5%[28,29]. Llovet et al[28] 
reported that neoplastic seeding was related to subcapsular 
location, poor differentiation state of  the tumor cells 
and high AFP levels (more than 100 ng/mL). Livraghi 
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et al[30] pointed out that RFA with a cooled-tip needle 
was associated with a low risk of  neoplastic seeding, and 
only previous biopsy was significantly associated with 
tumor seeding. In our study, we found no risk factors 
precipitating this complication, even though superficial 
tumor location, tumor biopsy procedure and AFP level 
were taken into account. It should be acknowledged that 
the inability to identify independent predictors of  tumor 
seeding was most likely related to the low number of  
patients who had this complication. It is thought that 
intraperitoneal bleeding may drive tumor cells outside the 
hepatic capsule[28]. In our study, no bleeding occurred after 
RFA, which might also contribute to the low incidence of  
tumor seeding, particularly for subcapsular tumors.

Complications arising from RFA can be divided 
into two general categories: those related to imaging-
guided electrode placement and those related to thermal 
transmission[12]. Most of  the complications such as 
bleeding, abscess, and gastrointestinal perforation might 
arise due to improper RFA approach and puncture 
technique. According to our study, several measures to 
avoid major complications and to achieve satisfactory 
therapeutic effect should be taken. Firstly, the most 
effective strategy to minimize complications is careful 
patient selection. Preoperative evaluation is of  great 
importance. Patients with Child-Pugh classification B 
or C and tumors close to vital structures require careful 
consideration. Secondly, the appropriate approach must 
be chosen according to the patient’s condition. RFA 
may be performed either percutaneously, via laparoscopy 
or laparotomy, by ultrasound guidance. The trade-
off  between the risks and benefits must be acceptable. 
Thirdly, because of  the potential incidence of  post-
treatment complications, a physician should know these 
pertinent complications, detect the complications as 
early as possible and provide appropriate management. 

In conclusion, RFA is effective for patients with liver 
tumors. However, liver decompensation may rapidly 
worsen and lead to life-threatening liver failure, especially 
in patients with Child-Pugh classification B or C. As the 
procedure can be associated with major complications, a 
more accurate selection of  candidates and approach to 
RFA treatment is advisable.

Comments
Background
Although surgical therapy for hepatocellular carcinoma is regarded as standard, 
most patients are not surgical candidates because of poor liver function or 
other factors. Many methods of local ablation have been developed to control 
the disease. Among them, radiofrequency ablation (RFA) is one of the most 
effective. However, some studies have reported severe complications after 
RFA, such as hepatic failure, tumor seeding and peritoneal hemorrhage. 
Innovations and breakthroughs
This study showed that liver failure was the most severe complication after RFA 
especially in patients with Child-Pugh classification B or C. The authors also 
suggested that careful patient selection and the best approach choice might 
help to minimize the incidence and morbidity rate of complications after RFA.
Peer review
The authors showed the major complications after RFA for the treatment of 
liver tumors and analyzed the possible risk factors. The results of this research 
might be important for the clinical application of this therapy.
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