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Introduction 
Hepatic resection offers the only chance of long-term 

survival for selected patients with primary or metastatic liver 
cancer. Presence of extra-hepatic disease and extensive hepatic 
tumour burden is most common contraindication 
for resection. The vast majority of patients with liver 
malignancies therefore are not the candidates for surgical 
treatment. Several other therapeutic modalities are available 
and are considered palliative. Over the past decade, 
radiofrequency ablation (RFA) of liver tumours has gained 
widespread use. At this point, the role of RFA is considered 
complementary to surgical resection, but it may also represent 
a good alternative in selected patients who are at high risk for 
extra-hepatic cancer recurrence or who are poor candidates for 
resection1. 

Radiofrequency ablation can be performed 
percutaneous, by laparotomy, or laparoscopy. Most patients 
are treated percutaneous, while only a few centres report the 
laparoscopic approach1-6. Early complications following RFA are 
more likely to occur in patients treated with open RFA (7.1%) 
compared with percutaneous RFA (4.4%)7.  In contrast, RFA by 
laparoscopy or laparotomy  is able to achieve superior local 
tumour control compared to percutaneous RFA, which is 
associated with local recurrence rates of up to 60%. Therefore, 
the short-term clinical benefits of percutaneous RFA do not 
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overweigh the longerterm oncological outcome, indicating that 
percutaneous approach should be reserved for patients unfit 
for surgery8. 
 The purpose of the present cohort study was to 
compare morbidity and mortality of laparoscopic (LRFA) vs. 
open (ORFA) radiofrequency ablation of liver cancer, and to 
define variables that can predict the occurrence of 
complications after RFA. 
 
 

Methods 
Patients and tumours 
 From October 1999 until November 2006, 154 

consecutive patients with liver cancer were enrolled in a 
prospective non-randomized study to undergo RFA. 
Percutaneous approach was used in 12 patients (not candidates 
for laparotomy or laparoscopy) to treat 14 tumours. These 
patients were excluded from the present study. The 
male/female ratio was 93/49 and the median (range) age 62 
(35-84) years. Patient co-morbidity was assessed using the 
American Society of Anaesthesiology (ASA) score, i.e. ASA II, 81 
patients; ASA III, 41 patients, and ASA IV, 2 patients. Cirrhosis 
was present in 54 patients: Childe Pugh A 36, B 15 and C 3. 
Systemic chemotherapy or transarterial hepatic chemo-
embolization (TACE) within 3 months prior to RFA was given in 
60 patients. 

All patients had histologically proven primary (n 56) or 
metastatic (n 86) liver cancer. A total of 277 liver tumours were 
treated with RFA: 76 hepatocellular carcinomas (HCC), 153 
colorectal liver metastases (CRLM), and 48 other hepatic 
malignancies. 
 

Surgical procedure 
  Two hepatobiliary surgeons performed the RFA 
procedures. Tumour ablation was accomplished under 
ultrasound guidance, using a monopolar RF generator and a 
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single or cluster cool-tip electrode (Tyco Healthcare, Radionics 
Europe NV), as described earlier9. Radiofrequency ablation was 
performed by laparotomy in 49 patients for 110 liver tumours, 
and by laparoscopy in 93 patients for 167 tumours. Pringle’s 
manoeuvre was performed in 6 patients during 4-12 min. 
Seventy-four patients underwent additional surgery 
simultaneously with the RFA procedure: colorectal resection in 
22, hepatic resection in 22, and minor surgery in 44 patients. 
 

Assessment of clinical outcome 
Postoperative complications were classified based on 

the therapy-oriented severity grading system (TOSGS; grade 1: 
no need for specific intervention; grade 2: need for drug 
therapy; grade 3a: need for invasive therapy without general 
anaesthesia; grade 3b: invasive therapy under general 
anaesthesia; grade 4a: single organ dysfunction (including 
dialysis) with ICU stay; grade 4b: multiorgan dysfunction 
requiring ICU management; grade 5: death)10, and allocated to 
surgical site (SSC) vs. non-surgical site complications (NSSC). 
Surgical site complications were subdivided into hepatic (HSC) 
and non-hepatic site (NHSC) complications. 
 

Statistical analysis 
The relation of a set of predictors (categorical and 

continuous) with the presence of a postoperative complication 
was explored using Fisher’s exact, Cochran-Armitage trend and 
Mann-Whitney U tests. Due to the low rate of events 
(postoperative complications) and high number of variables, no 
multivariate analysis was performed. The following variables 
that could influence clinical outcome were taken into account: 
year of surgery, age, gender, ASA score, primary/metastatic 
liver cancer, type of liver tumour (HCC/CRLM/other), number of 
hepatic tumours, maximum tumour diameter (mm), hepatic 
tumour location (right/left liver), liver segment involvement 
(segments 1-8; yes/no), number of liver segments involved, 
cirrhosis (yes/no),Child-Pugh class A/B/C, pre-operative 
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chemotherapy or TACE (yes/no), approach 
(percutaneous/laparotomy/laparoscopy; yes/no), duration of 
RFA (min), duration of surgery (min), intra-operative blood loss 
(ml), Pringle’s manoeuvre (yes/no), additional surgical 
procedure (yes/no), type of additional surgery (colorectal 
resection/hepatic resection/other; yes/no). 

A p-value of ≤ 0.05 was considered statistically 
significant. Due to the exploratory character of the study, no 
corrections have been made for multiple testing. All analyses 
were performed using the statistical software SAS (version 9.1). 
 
 

Results 
Morbidity and mortality 

  Postoperative complications were observed in 25 
patients, with subsequent mortality in 2 patients. One patient 
with Child-Pugh C cirrhosis died because of progressive liver 
failure 5 weeks after LRFA for HCC. The other patient died 
because of myocardial infarction on the day after ORFA for 
CRLM. 

Complication rate in patients who underwent RFA 
combined with another surgical procedure was 16/74. 
Complications after simultaneous hepatic resection were 
observed in 3/22 patients, and after simultaneous colorectal 
resection in 10/22 patients. 

According to the TOSGS of complications, 10 patients 
were classified grade 2, 3 grade 3a, 8 grade 3b and 2 grade 4a. 
Surgical site complications occurred in 17 patients (HSC 6, NHSC 
12), and NSSC in 9 patients. Median length of hospital stay 
(LOS) was 6 days (range 1-127) for all patients. 
 

Laparoscopy vs. laparotomy 
Patient and tumour characteristics with respect to ORFA 

vs. LRFA are presented in Table 1. The majority of patients with 
HCC and cirrhosis were treated by laparoscopy 
(p < 0.01). Laparotomy was performed more frequently in 
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patients with metastatic liver cancer and in patients who 
underwent simultaneous colorectal and/or hepatic resection (p 
< 0.01). Clinical outcome data of ORFA vs. LRFA are presented 
in Table 2. As compared with the LRFA-group, the ORFA-group 
was associated with significantly higher intra-operative blood 
loss, longer duration of surgery, more postoperative 
complications, and longer postoperative hospital stay (p < 
0.01). According to the TOSGS classification, postoperative 
complications in the ORFA-group were more severe than those 
in the LRFA-group (p < 0.01). 

After exclusion of patients who underwent 
simultaneous colorectal and/or hepatic resection, 103 patients 
remained for subgroup analysis. Clinical outcome parameters 
were in favour of LRFA (n 77). However, tumour diameter in the 
ORFA-group was significantly larger as compared to that in the 
LRFA-group [Tables 3 and 4]. Therefore, in order to better 
assess the role of laparotomy vs. laparoscopy, only patients 
with liver tumours measuring ≤ 30mm in diameter were 
evaluated. As compared with the LRFA-group (n  61), the ORFA-
group (n  12) was associated with higher intra-operative blood 
loss (22.5 (0-600) vs. 10 (0-200)ml; p < 0.01), longer duration of 
surgery (147 (90-370) vs. 70 (30-230) min; p <0.01), more 
postoperative complications (3 vs. 3; p = 0.02), more NSSC (1 
vs. 0; p = 0.02), and longer postoperative hospital stay (7(3-15) 
vs. 3 (1-10) d; p <  0.01). According to the TOSGS  classification, 
postoperative complications in the ORFA-group were more 
severe than those in the LRFA-group (p <  0.01). 
 

Predictors of postoperative complications 
  In univariate analysis the following variables were 
significantly (p < 0.01) related to the presence of postoperative 
complications: simultaneous colorectal resection, laparotomy, 
duration of surgery, tumour location in right liver, liver segment 
7 (p = 0.01), absence of cirrhosis (p = 0.02), liver segment 8 (p = 
0.03), and metastatic liver cancer (p = 0.04). 
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Discussion 
 Morbidity of RFA 

Radiofrequency ablation of hepatic malignancies by 
laparotomy or laparoscopy provides superior oncological 
outcome as compared to percutaneous RFA8. Surgical RFA of 
liver cancer is mostly performed by laparotomy while only  few 
reports are available on RFA through minimally invasive surgery 
or laparoscopy1-6.  Reported complication rates after ORFA for 
liver cancer range from 8.6% to 9.9%, whereas the complication 
rate of ORFA combined with hepatic resection is around 
31%.7,11. Indeed, additional surgery may increase complication 
rate of RFA for hepatic cancer, as observed in the present 
study. The complication rate after RFA with simultaneous 
hepatic resection was 13.6% and 45.4% after simultaneous 
colorectal resection. 
Several factors were found as potential (univariate) predictors 
of postoperative complications: simultaneous colorectal 
resection, laparotomy, duration of surgery, tumour location in 
the right liver, involvement of liver segment 7, absence of 
cirrhosis, involvement of liver segment 8, and metastatic liver 
cancer. Due to the low rate of events and high number of 
variables, no multivariate analysis was made.  
 

Type of surgical approach for RFA 
 With advancing technology laparoscopic liver surgery 
has become feasible and safe, but not yet routinely 
implemented. The potential minimally invasive benefits of 
laparoscopic surgery seem to be applicable for RFA of hepatic 
malignancies as well. In the present study, as compared with 
ORFA, the LRFA-group was associated with significantly lower 
intra-operative blood loss, shorter duration of surgery, fewer 
postoperative complications, and shorter postoperative 
hospital stay. The complications after LRFA were also less 
severe than those in the ORFA-group. These benefits were most 
pronounced in patients with HCC and cirrhosis, patients that 
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are considered to be at high risk for postoperative 
complications. The favourable clinical outcome of LRFA 
remained consistent in patients without simultaneous 
colorectal and/or hepatic resection and even in patients with 
small liver tumours (≤ 3cm). Patients with liver tumours 
measuring 3 cm or less seem to be excellent candidates for 
LRFA, whereas larger tumours are treated preferably via 
laparotomy because of technical considerations. However, the 
non-randomized nature and the small number of patients, 
especially in the subgroup analyses, are limitations of the 
present study to draw final conclusions.Therefore, larger 
patient series in randomized controlled trials are needed to 
better evaluate LRFA compared with ORFA. 
 

Survival after RFA 
In terms of postoperative morbidity, LRFA for hepatic 

malignancies seems to be preferable above ORFA, provided 
that the oncological outcome is not jeopardised. The longterm 
outcome of patients treated in the present study is under 
evaluation. The effectiveness of RFA with respect to local 
tumour control has been evaluated in several studies2-4,8. 
Sufficient data are available with regard to excellent long-term 
outcome in using RFA to treat small HCC whereas only few 
report on CRLM12-15,17. In patients with colorectal liver 
metastases RFA appeared to have a positive impact on overall 
survival and to achieve excellent local control for metastases 
smaller than 3 cm in diameter2,16. On the other hand, RFA alone 
or in combination with resection for unresectable patients did 
not provide 
survival comparable to resection only17,18. These data indicate 
the heterogeneity of the published series and the emerging 
need of randomized controlled trials on the role of RFA in 
patients with resectable CRLM. Indeed, today hepatic resection 
still remains the treatment of choice for CRLM. 
 
 



 

 

194 

Conclusion 
Laparoscopic radiofrequency ablation for hepatic 

malignancies is associated with better short-term clinical 
outcome as compared to open RFA, especially for 
hepatocellular carcinoma in cirrhosis. Simultaneous colorectal 
and/or hepatic resection results in an increased postoperative 
complication rate. 
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Table 1: Demographics of patients treated by open vs. laparoscopic RFA for liver cancer 
    

ORFA (n 49)   LRFA (n 93)   p-Value 

M/F      31/18    62/31    0.68 
Age (y)     63 (37-80)   61 (35-84)   0.15 
Primary/metastatic cancer   11/38    45/48    0.003 
HCC/CRLM/other    10/28/11   44/37/12   0.007 
Cirrhosis     9    45    0.0005 
Child-Pugh class A/B/C   8/1/0    28/14/3   0.003 
Number of tumours    1 (1-8)    1 (1-9)    0.89 
Tumour diameter (mm)   25 (8-90)   22 (8-58)   0.25 
Additional surgical procedure  30    43    0.09 
Colorectal resection    14    8    0.002 
Hepatic resection    12    10    0.03 

Continuous variables are presented as median (range). CRLM, colorectal liver metastasis; HCC, hepatocellular 
carcinoma; M, male; F, female; RFA, radiofrequency ablation; LRFA, laparoscopic RFA; ORFA, open RFA. 
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Table 2: Clinical outcome after open vs. laparoscopic RFA of liver cancer 
    

ORFA (n 49)   LRFA (n 93)   p-Value 

Duration surgery (min)     180 (25-440)   75 (30-390)   <0.0001 
Blood loss (ml)    20 (0-1700)   10 (0-900)   0.0001 
Mortality     1    1    0.64 
Postoperative complication   17    8    0.0001 
NSSC      9    1    0.0001 
SSC      10    7    0.02 
HSC      4    3    0.20 
NHSC      12    5    0.0009 
TOSGS  1/2/3/4/5    0/8/6/2/1   0/2/5/0/1   0.001 
LOS (d)     8 (1-127)   4 (1-51)   <0.0001 

Continuous variables are presented as median (range). HSC, hepatic site complication; NHSC, non-hepatic site 
complication; LOS, length of hospital stay; RFA, radiofrequency ablation; LRFA, laparoscopic RFA; ORFA, open 
RFA; SSC, surgical site complication; NSSC, non-surgical site complication;TOSGS, therapy-oriented severity 
grading system. 
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Table 3: Demographics of patients treated by open vs. laparoscopic RFA for liver 
cancer, without simultaneous colorectal and/or hepatic resection 
    

ORFA (n 26)   LRFA (n 77)   p-Value 

M/F      14/12    50/27    0.31 
Age (y)     67 (47-80)   62 (35-80)   0.05 
Primary/metastatic cancer   8/18    43/34    0.03 
HCC/CRLM/other    7/12/7   42/24/11   0.046 
Cirrhosis     8    44    0.02 
Number of tumours    1 (1-7)    1 (1-9)    0.62 
Tumour diameter (mm)   33.5 (10-90)   25 (8-58)   0.001 
N of segments involved   2 (1-6)    1 (1-6)    0.04 

Continuous variables are presented as median (range). CRLM, colorectal liver metastasis; HCC, hepatocellular 
carcinoma; M, male; F, female; RFA, radiofrequency ablation; LRFA, laparoscopic RFA; ORFA, open RFA. 
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Table 4: Clinical outcome after open vs. laparoscopic RFA for liver cancer, without 
simultaneous colorectal and/or hepatic resection 
    

ORFA (n 26)   LRFA (n 77)   p-Value 

Duration of RFA (min)   50 (10-210)   20 (8-125)   <0.0001 
Duration surgery (min)   182 (60-385)   75 (30-230)   <0.0001 
Blood loss (ml)    37 (0-1700)   10 (0-200)   <0.0001 
Mortality     1    1    0.42 
Postoperative complication   9    6    0.0008 
NSSC      5    0    <0.0001 
TOSGS 1/2/3/4/5    0/5/2/1/1   0/2/3/0/1   0.008 
LOS (d)     7 (1-32)   4 (1-25)   <0.0001 

Continuous variables are presented as median (range). LOS, length of hospital stay; RFA, radiofrequency 
ablation; LRFA, laparoscopic RFA; ORFA, open RFA; NSSC, non-surgical site complication; TOSGS, therapy-
oriented severity grading system. 
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