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ABSTRACT
INTRODUCTION: The aim of this study was to investigate a 
single-electrode radio frequency ablation (RFA) needle as 
an instrument for liver resections with special emphasis on 
operation time, time of liver ischaemia, intra-operative 
blood loss and post-operative complications.
MATERIAL AND METHODS: A total of 40 consecutive pa-
tients having a liver transection performed by an RFA single 
electrode from 1 September 2011 to 28 February 2012 
were included in the study. Data concerning type of liver re-
section, liver parenchyma transection time, intraoperative 
bleeding and transfusions were prospectively recorded and 
registered. Furthermore, complications were recorded with 
special emphasis on bile fistulas and abscesses. 
RESULTS: In all, 20 females and 20 males had a liver resec-
tion performed by a single RFA electrode. The mean bleed-
ing was 520 ml ± 469 ml, and the mean liver parenchyma 
transection time was 52 min. ± 22 min. Three patients, all of 
whom underwent major resections, received blood transfu-
sions. Five patients developed bile fistulas and two abscess-
es. There were no re-operations for bleeding and no 30-day 
mortality. 
CONCLUSION: A single electrode RFA needle is a suitable 
tool for liver parenchyma transection with regard to opera-
tion time and intraoperative bleeding, but the frequency of 
bile leakage seems to be unacceptably high in cases of  
hemi-hepatectomies. 
FUNDING: The authors have no conflicts of interest or finan-
cial support to declare.
TRIAL REGISTRATION: not relevant.

The first successful liver resection for colorectal liver 
metastases was performed in 1943 [1]. Since Adson & 
van Heerden published their results on major hepatic re-
sections for colorectal liver metastases in 1980 [2], liver 
surgery has been performed increasingly worldwide for 
both malignant and benign tumours. During liver sur-
gery, however, perioperative bleeding is a major con-
cern [3] as transfusion requirements are known to raise 
post-operative morbidity and mortality, and transfusion 
after surgery for colorectal cancer has been associated 
with low long-term survival [4-6].  Therefore, several 
technologies for parenchyma transection and strategies 
for controlling the blood inflow to the liver have been 
developed. Today, the most frequently used method for 

blood inflow control is the Pringle manoeuvre with  
complete arterial and portal inflow occlusion, which is 
achieved by temporary clamping of the hepato-duo
denal ligament. The drawback of the Pringle manoeuvre 
is the risk of ischaemia/reperfusion injuries (I/R) to the 
liver parenchyma [7].      

Radio frequency ablation (RFA) is a technique that 
has been used for approx. 15 years in the treatment of 
small liver cancers [8]. RFA applies alternating high-fre-
quency electrical currents (in the 350-500 range kHz) to 
tumours which results in the development of intense 
heat that leads to thermal coagulation and kills the tu-
mour. 

The aim of the present study was to investigate a 
single electrode RFA needle as an instrument for liver re-
sections with special emphasis on operation time, time 
of liver ischaemia, intra-operative blood loss and post-
operative complications.

MATERIAL AND METHODS
A total of 40 consecutive patients who had a liver resec-
tion performed by open surgery from 1 September 2011 
to 28 February 2012 were included in the study. Data 
concerning type of liver resection, liver parenchyma 
transection time, intraoperative bleeding and transfu-
sions were prospectively recorded and registered. For 
practical reasons, blood loss was registered for the 
whole operation, i.e. also for the mobilisation of the  
liver and the dissection of the major vessels. Complica-
tions with special emphasis on bile fistulas and absces
ses were recorded from patient files at discharge. Bile  
fistulas were in all cases diagnosed at endoscopic retro-
grade cholangiopancreatography and abscesses were di-
agnosed by computed tomography. Complications were 
also graded I-V according to the Dindo-Clavien classifica-
tion for general surgical complications [9].  

Hepatic resections were considered major if two or 
more Couinaud segments were resected and minor if 
one or no Couinaud segments were resected. We chose 
this definition because this was the one most widely 
used in the papers with which we compared our results.

A single electrode (Cool-tip, Radionics, Burlington, 
Mass., USA) was used for thermocoagulation of the hep
atic parenchyma. Main vessels and bile ducts were dis-
sected and ligated. The electrode was attached to a 
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500-kHz/150-200-W monopolar generator (Cool-tip, 
Radionics, Burlington, Mass., USA) and grounding was 
achieved with two pads placed on the thighs. The ne-
crotic transection margin caused by the RFA needle was 
divided by a knife. 

Trial registration: not relevant.

RESULTS
Patient demographics are presented in Table 1. A total 
of 36 patients underwent surgery for malignant disease. 
The clinical variables are shown in Table 2. Three pa-
tients who underwent major resections received blood 
transfusions.

Five patients developed bile fistulas, in all cases  
after hemi-hepatectomies. There were no reoperations 
for bleeding and no 30-day mortality in this study  
(Table 3). According to the Dindo-Clavien classifications, 
seven patients were in the IIIa category, six of these due 
to bile leakage (Table 4).

DISCUSSION
The main finding of the present study is that a single 
electrode RFA needle is a suitable tool for liver paren-
chyma transection with regard to operation time and in-
traoperative bleeding, but the frequency of bile leakage 
seems to be unacceptably high, especially in cases of  
hemi-hepatectomies. 

The blood loss in the present study was 520 ml  469 
ml for major resections and 325 ml ± 176 ml for  
minor resections; the mean blood loss for all patients 
was 426 ml ± 408 ml. This is comparable to or below the 
bleeding reported in other studies. Arita et al conducted 
a randomised trial in which they compared the clamp 
crushing method with a dissecting sealer for paren
chyma transection [10]. They found an intraoperative 
bleeding of 665 (30-2,840) ml in the dissecting sealer 
group and an intraoperative bleeding of 733 (40-2,550) 
ml in the clamp crush group despite the fact that they 
used in-flow occlusion, please see below. Evrard et al 
compared a bipolar vessel sealer (LigaSure) with the 
clamp crushing technique in patients undergoing liver 
resections. Like Arita et al, they also used inflow occlu-
sion in both groups [11].  They found an intraoperative 
blood loss of 500 ml (0-2,300) in both groups. The blood 
loss reported by Evrard et al is comparable to the blood 
loss of 426 ± 408 ml reported in the present study de-
spite the fact that they used in-flow occlusion.

Lupo et al conducted a randomised trial in which 
they compared radiofrequency-assisted versus the 
clamp crushing technique for liver resection [12]. As in 
the present study, they did not use inflow occlusion. 
They did not report the intraoperative blood loss, but re-
ported a transfusion frequency of 33% in the radiofre-

TABLE 1

Patient characteristics.

Age, mean ± SD, yrs 59 ± 13

Male/female, n 20/20

Diagnosis, n

Colorectal 31

Hepatocellular carcinoma   3

Sarcomas   2

Benign   4

Hepatectomies, n

Major 24

Minor 16

Cirrhosis, n 0

SD = standard deviation.

TABLE 2

Clinical variables.

Variable
Major  
resections

Minor  
resections Total

Blood loss, mean ± SD, ml 520 ± 469 325 ± 176 426 ± 408

Duration of transaction,  
mean ± SD, min.

56 ± 21 45 ± 23 52 ± 22

Blood transfusion patients, n 3 0 3

Duration of clamping, min. 0 0 0

SD = standard deviation.

TABLE 3

Complications. The values are n.

Complication
Major  
resections

Minor  
resections Total

Bile leakage 5 0 5

Abscess 1 1 2

Reoperation due to bleeding 0 0 0

30-day mortality 0 0 0

TABLE 4

Complications graded according to the Dindo-Clavien classificationa.

Category
Major  
resections

Minor  
resections Total

I 2 0 2

II 0 0 0

IIIa 6 1 7

IIIb 0 0 0

IVa 0 0 0

IVb 0 0 0

V 0 0 0

a) 7 patients needed a radiological interventional procedure, all of 
which were performed without general anaesthesia. 
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quency group and of 50% in the clam crushing group. 
Both of these figures are well above the transfusion fre-
quency of 7.5% in the present study. For tissue coagula-
tion of the resection plane, Lupo et al used two cooled 
triple needles at a time, compared to us using only one 
single electrode at a time. Using six electrodes at a time 
may compromise the accuracy of the radiofrequency co-
agulation and thereby the resection plane in the liver 
leading to more intraoperative bleeding and more blood 
transfusions. Using a single RFA electrode for tissue co-
agulation as in the present study is a very precise tech-
nique, i.e. the tissue coagulation and thereby resection 
plane can be created with great accuracy and this may 
reduce intraoperative bleeding and thereby the transfu-
sion requirement.

As briefly mentioned in the introduction section, 
the Pringle manoeuvre − i.e. temporary clamping of the 
hepato-duodenal ligament − is a method frequently 
used to control the inflow to the liver and thereby re-
duce the perioperative blood loss. The drawback of the 
Pringle manoeuvre is the risk of I/R injuries to the liver 
parenchyma. Such injuries range from a light elevation 
of liver enzymes to liver insufficiency. Prolonged periods 
of ischaemia convert the cellular metabolism from aer
obic to anaerobic which eventually leads to hypoxic 
damage. Reperfusion with restoration of the oxygen 
supply, on the other hand, results in accentuation of 
these damages [7, 13]. 

None of the 40 patients in the present study were 
at any time during the operations exposed to liver is-
chaemia because the single electrode RFA needle at all 
times resulted in control of intra-operative bleeding. 
This is clearly an advantage of the single electrode RFA-
needle technique compared to many other transection 
techniques in which the majority of patients are exposed 
to in-flow occlusion, and thereby I/R has been reported 
[14, 15].

Post-operative bile leaks are a feared complication 
to liver surgery and negatively impact perioperative 
morbidity and mortality [15]. Castaldo et al compared 
crush clamp, stapler and dissecting sealer for hepatic 
transection [15]. Castaldo et al analysed 141 patients 
who underwent liver resection and they reported bile 
leaks in two of 51 patients who underwent the crush 
clamp technique, one of 66 patients who underwent sta-
pler hepatectomy, and zero of 24 patients who under-
went transection with the dissecting sealer. These fig-
ures are well under the reported bile leakage frequency 
of 13% seen in the present study and, in fact, five of ten 
patients undergoing hemi-hepatectomies developed bile 
leakage. When complications were graded according to 
the Dindo-Clavien classification, seven patients scored in 
the IIIa category, six of these due to bile leakage. Other 
studies using other technologies for liver transection, 

such as vessel sealing systems and crush clamping, have 
reported bile leakage in 4% to 7% of patients which is 
also well below the figures found in the present study 
[16, 17]. The high incidence of bile leakage reported 
here indicates an inability of radiofrequency to coagu-
late bile ducts compared to other techniques.   

The parenchyma transection time in the present 
study was 56 min. ± 21 min. for major resections, 45 
min. ± 23 min. for minor resections, and for all resec-
tions it was 52 min. ± 22 min. These figures are compar
able with the transection times in other studies using 
other technologies. Doklestic et al reported a mean tran-
section time of 85 min. for the vessel sealing system and 
a 40-min. mean transection time for the crush clamp 
technique, and Takayama et al found a mean transec-
tion time for the Cavitron Ultrasonic Surgical Aspirator 
of 61 min. [18, 19]. 

A single electrode RFA needle is a rather costly 
technology for liver transection, especially when com-
pared to the crush clamp technique. The cost of a single 
electrode RFA needle is approx. 1,000 euro and as such 
this is the most costly technology for liver transection. 

The findings in the present observational study 
should, of course, be interpreted with caution due to 
clinical diversity among the included patients; the pa-
tients operated were diverse and included both patients 
with primary cancer, metastatic cancer and benign  
disease. We did not register which segments were re-
sected. We only registered the number of segments re-
sected or whether a wedge resection was performed.

In conclusion, a single electrode RFA needle is a 
suitable tool for liver parenchyma transection with re-
gard to operation time, intraoperative bleeding and 
transfusions requirement. RFA is, however, a costly 
technology, and the frequency of bile leakage is unac-
ceptably high in cases of hemi-hepatectomies. These 
considerations have prompted us to abandon this tech-
nique for hemi-hepatectomies, and we now only use it 
for minor resections.  

Liver parenchyma being 
coagulated by a single-
electrode radio frequency 
ablation needle.
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