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Background: 

Liver tumours (benign and malignant are managed by elective liver resection (partial 
hepatectomy). The best established treatment is the surgical resection, to provide 
long-term survival with possibility of complete cure for the liver malignancy. Blood 
loss intra-operatively has been the major concern during liver resections, 
accompanied with increased mortality and morbidity, according to the amount of 
blood lost in act. Different surgical techniques were developed to minimize intra-
operative blood loss during hepatic parenchymal transection. The radiofrequency 
ablation (RFA) technique has been used successfully in treatment of small intra-
parenchymatous liver tumours. This review demonstrates the use of RFA needle with 
the thermo-coagulation technique providing an avascular plane during liver resection. 

Methods and results:  

 The use of RFA needle device during liver resection may be in the form of single 
needle RFA or In-Line RFA needle (cluster type/Cool tip) device. In our study we 
used the In-line RFA needle (Cluster type/cooltip) device for thermal coagulation, the 
aim is to transect the hepatic parenchyma with the least blood loss. Marking a safe 
distance away from the tumour can be achieved by intra-operative ultrasound. Radio 
frequency probe (in-line cluster RF needle) with repeated applications until achieving 
sufficient coagulation depth is used to achieve liver parenchyma ablation.  The liver is 
then resected along this line of thermally coagulated tissue using a scalpel, scissors, 
electrocautery (monopolar device), with minimal or no blood loss during the resection 
procedure. 

 Conclusion: Resection of the hepatic parenchyma, assisted by RFA needle pre-
coagulation, is a safe procedure, with a limited blood loss,  and less morbidity in both 
normal and cirrhotic liver. 

Introduction 
Liver tumours (benign and malignant are managed by elective liver resection (partial 
hepatectomy).  Couinaud  classification is dividing the liver to eight segments, which 
are independent functionally, with separate inflow, vascular outflow as well as a 
separate biliary drainage. Liver resections may be anatomical i.e. resection in lines of 
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Couinaud segments, or non-anatomical, by wedge resection or extending crossing the 
segmental planes. Three or more segmental resections are considered as major liver 
resection. (1) 

Liver resection is a demanding operation, which may have fatal complications. 
Bleeding with need for transfusions is a very significant factor affecting the morbidity 
and mortality postoperatively, as well as the long-term outcomes. (5,6) Various 
technical modalities have been developed aiming to minimize the risk of intra-
operative loss of blood  during parenchymal resections, one of these is 
radiofrequency-assisted liver resection. 

Broad application of radiofrequency ablation (RFA) for the in situ thermal liver, or 
other solid organ tumour lesions, is being agreed since the late 1990s. (7) 

The use of heat to create a coagulative necrosis in the tissue is not new, as 
radiofrequency ablation of the liver tumors has been performed as a modality of 
successful treatment. (8) Radiofrequency-assisted liver resection creates coagulative 
necrosis of the liver tissue at the resection site sealing the vascular and biliary 
structures, and therefore dissection of the parenchyma during resection is created in a 
bloodless field. (9) Bloodless surgical resection could be achieved due to the quicker 
coagulation of normal tissue than cancerous tissue. (10) 

Various operative technical modalities have been attempted for reduction of  blood 
loss during parenchymal resection, (11) as vascular occlusion by Pringle technique 
reduces venous engorgement and haemorrhage, (12) finger fracture technique (or 
‘digitoclasy’), (13) clamp-crush technique (Kelly’s technique). (14) 
Due to all the previous measures and new technologies, results of liver resections 
improved dramatically during the past decade. 

The aim of this study was to analyze 18 consecutive patients with liver tumours 
(primary malignancies  or benign) by determining the efficacy and safety of RFA- 
assisted liver resection. 

Patients and methods         

Eighteen patients  had hepatectomies, with the Cool-Tip radiofrequency assisted 
precoaagulation technique as a modality for parenchymal transection in three Hepato-
Bilio-Pancreatic centers (National Hepatology and Tropical Medicine Research Institute 
"NHTMRI"*, Theodore Bilharz Research Institute (TBRI) and Mokkatum Insurance 
Hospital between January 2017 and January 2018.  

The inclusion criteria for cirrhotic patients were: Patients with CHILD Pugh score A 
(5 or 6), and in some selected cases of small peripheral tumours, we can accept very 
early CHILD Pugh score B, (15) as well as in cases of peripheral exophitic lesions 
that don’t necessitate major resection.Patients enrolled in our study mostly have good 
general condition, which follow performance score category 0 to 1. All cirrhotic 
patients enrolled in this study had Platelet count more than 100-thousands (as less 
than that is a bad prognostic factor in hepatectomy in cirrhotic liver). 

All cirrhotic patients with HCC enrolled in our study follow the guideline for 
treatment of HCC, we used both Barcelona guidelines (BCLC), and Egyptian 
guidelines for treatment of HCC. 
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In non-cirrhotic patients the remaining liver should be more than 30% in cases of 
major hepatectomies, after assessment with CT scan volumetry. 

All the followings were recorded: 

• Liver tumours number and histological type. 
• Total operative time. 
•  Transection (hepatectyomy) time. 
• Operative blood loss. 
• Perioperative liver function tests. 
• Post-operative complications and mortality. 
• Length of hospital stay. 

Technique: 

All our patients were operated in the supine position under general anaesthesia, with 
endo-tracheal tube; and epidural catheter to decrease the amount of anaesthetic drugs 
harming the liver as well as postoperative pain free control. All patients have been 
transferred to the ICU overnight, for monitoring in the early post-operative. 

All patients enrolled in our study passed through the HCC committee for Multi-
disciplinary decision. All the patients had pre-operative upper GIT endoscopy for 
assessment of the oesophageal varices, variceal ligation with variceal grade III or 
more. 

Exploration was done through either midline, roof-top or right sub-costal incision. 
Followed by abdominal exploration, and peritoneal assessment for the parietal, 
visceral peritoneum and aspiration of any collection or accidentally discovered 
peritoneal fluid for cytology and bacteriological assessment. 

Assessment of the liver lesions by intra-operative U/S was routinely done in all 
patients, to assess the depth, relation to vessels and the important structures intra-
parenchymatous. 3 to 5 mm safety margin was taken during the demarcation of the 
lesion. Marking the resection line is essential before applying the RFA probe due to 
hepatic tissue coagulation caused by it with significant intra-operative 
ultrasonography image alterations.  Thus hindering the tumour margins visualization 
and its correlation with the surrounding vascular structures. (16) 

The needle is introduced into the parenchyma of the liver in a manner of inline 
technique with the three tip of the needle in one line (perpendicular to each other) and 
separated by 4-5mm from each other, so that the line of coagulation to the liver tissue 
is a straight line. The degree of temperature has to be always more than 60 degrees to 
assure good coagulation of the liver parenchyma especially in cirrhotic cases. 

Complete coagulation of the liver tissue is reached before cutting the liver tissue by a 
scalpel or electric cautery on coagulation mood, this step was repeated all over the 
lesion in a parallel straight line to the lesion, till the delivery of the lesion. Then good 
haemostasis was assured, a drain was left in the operative field, and closure of the 
wound respecting the anatomical layers was always done. 
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PS:The needle was not used when the distance is less than 1 cm from a great vessel or 
biliary duct intra-parenchymatous. 

All our patients were followed up during the early postoperative time, as well as 
during the next three months postoperatively to assess any delayedpostoperative 
morbidities related to our technique for hepatic parenchymal resection.  

The apparatus: 

     The apparatus used is Valley Lab- cool Tip RF, (figure 2,3&4) used in automatic 
mode, the time of the ablation(coagulation mode) is set for 6 minutes and the power is 
set on max.  

      Ablation system          

 - Design Tyco Health care Group LP -220 U – 5 160 HZ, 440 VA Monopol :  200w/ 
500 hm- 480 KH2   Int 20 min/ 46min. 

Regarding the needle (figure 1), 20cm Cool –tip RF electrode Kit 2.5cm    active 
blade. 

The Cool-Tip Needle – Cluster type (figure 1)           Cool-Tip Apparatus(Figure 2) 

 

 

Cool-tip apparatus for water transmission (Figure 3)       the back of the cool-tip apparatus 
(Figure 4) 
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Statistical analysis  

The minimum and maximum values
expressing the quantitative data analysis, while the qualitative data analysis are 
presented as percentages. The Shapiro
TheStudent parametric test were used in case of normal distribution, and 
nonparametric Mann
Thequalitative data nonparametric tests
square, Yates corrected Chi
statistical software statistical 10.0, (StatSoft, Inc.)
 
Results   

In the present study was done on 18 patients, 
2018, 13 males (72.2%), and 5 femal
study ranged from 39 to 63 years

 

 

 

 

 

 

 

Diagram 1 

Regarding the number of lesions in our patients, 9 patients had
patients had two lesions (27.8%), while only 4 patients (22.2%) had three lesions
a total of 31 lesion.(Diagram 2

 

 

 

 

 

                                                            

The lesions size was 
(38.7%) had lesions less than 3 cm, 
while 6 patients (19.4%) had lesions more than 5cm in diameter. 
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The minimum and maximum values are expressed as mean ± standard deviation (SD), 
expressing the quantitative data analysis, while the qualitative data analysis are 

percentages. The Shapiro-Wilk test checks quantitative data normality. 
parametric test were used in case of normal distribution, and 

nonparametric Mann-Whitney test in the case of non- normal distribution. 
Thequalitative data nonparametric tests used depends on the size of the group as, Chi
square, Yates corrected Chi-square, and -square test. All data were analysed using 
statistical software statistical 10.0, (StatSoft, Inc.) 

study was done on 18 patients, between January 2017 and January 
13 males (72.2%), and 5 females (27.8%). The age group of
anged from 39 to 63 years, the mean age of 51.89 years. (Diagram 1)

Regarding the number of lesions in our patients, 9 patients had single lesion (50%), 5 
patients had two lesions (27.8%), while only 4 patients (22.2%) had three lesions

Diagram 2) 

                                                            Diagram II 

 ranging  (2 to 11 cm in diameter) in 31 lesions
had lesions less than 3 cm, 13 patients (41.9%) had lesions from 3 to 5 cm, 

while 6 patients (19.4%) had lesions more than 5cm in diameter. (Diagram 3,
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are expressed as mean ± standard deviation (SD), 
expressing the quantitative data analysis, while the qualitative data analysis are 

Wilk test checks quantitative data normality. 
parametric test were used in case of normal distribution, and 

normal distribution. 
used depends on the size of the group as, Chi-

square test. All data were analysed using 

ry 2017 and January 
es (27.8%). The age group of patients of the 

(Diagram 1) 

single lesion (50%), 5 
patients had two lesions (27.8%), while only 4 patients (22.2%) had three lesions with 

) in 31 lesions, 12 patients 
13 patients (41.9%) had lesions from 3 to 5 cm, 

Diagram 3,Table 1) 

No. of lesions
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Diagram III 

Variable 

Gender 
Male 
Female 
Age in years
Mean ± SD
Min – max 
Total (N %)
Number of lesions
Single 
Two 
Three 
Tumor size
Mean ± SD
Min – max 
< 3 cm 
3 – 5 cm 
>  5 cm 

                                    

In this series, 6 patients 
lesions, only one patient (5%) had resection and cholecystectomy 
close to the gallbladder

The total operative time ranged from 75
transection time ranged from 
Hepatectomies were done without any
(routine vascular control preparation was done).

Total blood loss intraoperativel
needed intra-operatively, n
six FFPs, intra-operatively and 0 to 8 FFPs 
were transferred to the ICU unit overnight, for better care during the first 24 
hours.(TableII) 

Variable
Hospital stay
Operative time
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Number  Percent 

13 72.2 
5 27.8 

Age in years     
Mean ± SD 51.89 ± 6.29 

 39 – 63 
Total (N %) 18 100 
Number of lesions 

9 50 
5 27.8 
4 22.2 

Tumor size 
Mean ± SD 4.13 ± 2.37 

 2 – 11 
12 38.7 
13 41.9 
6 19.4 

                                    Table (1): Baseline Characteristics  

series, 6 patients only (33.3%) had resection and ablations of 
lesions, only one patient (5%) had resection and cholecystectomy 

gallbladder to achieve complete resection. 

The total operative time ranged from 75 -180 minutes, while the parenchymal 
ection time ranged from 25 – 52 minutes in most difficult cases.All 

epatectomies were done without any vascular clamping nor pringle
(routine vascular control preparation was done). 

Total blood loss intraoperatively ranged from 100 - 250cc, no blood transfusion 
operatively, nor post-operatively. Plasma transfusion ranged from two to 

operatively and 0 to 8 FFPs in the early post-operative
transferred to the ICU unit overnight, for better care during the first 24 

ariable Min – Max Mean ± SD
Hospital stay 2 – 5 3.17± .86
Operative time 75 – 180 140.3 ± 30.6

0

5

10

15

 >3cm 3–5cm   <5cm

Tumor size
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(33.3%) had resection and ablations of other HCC 
lesions, only one patient (5%) had resection and cholecystectomy as lesion was very 

minutes, while the parenchymal 
minutes in most difficult cases.All 

pringle”s manoeuvre 

blood transfusion was 
lasma transfusion ranged from two to 

operative. All patients 
transferred to the ICU unit overnight, for better care during the first 24 

Mean ± SD 
3.17± .86 
140.3 ± 30.6 

Tumor size
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Intra-plasma 
transfusion 

2 – 6 4.3 ± 1.18 

Post-plasma 
transfusion 

0 – 8 4.8 ± 1.7 

Drain removal 2 – 4 2.8 ± .62 
Blood loss (cc) 100 – 250 163.9 ± 53.7 

Table (II): Operative and post-operative follow up data 

The mean haemoglobin pre-operative was 13.2 ± 1.04, while during D0 it was 11.9 ± 
.88, with no significant change. (Diagram IV) 

 

 

 

 

 

 

 

Diagram IV 

Early post-operative period showed slight elevation of the liver function test rates 
with a peak on D2 and start of decline from D3.  Most patients showed normalizion of 
the liver profile from one to two weeks postoperatively. (DiagramVII) From our 
results the rise of the transaminases and the other liver functions were not increasing 
than three folds, and the descent was fast in all cases. 

 

 

 

 

 

 

                                                       Diagram V 

The hospital stay ranged from 2 - 5 days. Only one drain was inserted at the operative 
bed, which was removed from 2 to four days post-operatively. The recovery of 
patients was appreciable, with no morbidity recorded. No fever was recorded over 
38.2 in all patients. The hospital mortality was zero.  
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Photos from 1 to 3 showed the intra-operative application of the Cool-tip 
Radiofrequency Needle 

     

                          Photo 1                                                             photo 2 

Photo 3                          

Photo 4 showed the Intra-operative U/S assessment before resection and the 
demarcation line  

          Photo 4                          
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DISCUSSION 

Parenchymal liver transection is considered as one of the most technically demanding 
surgical fields in spite of improvements in anesthesia, ICU, and usage of advanced 
instruments and surgical technique with still high morbidity and mortality 
rates.(17,18,19) 

A major complication in patients undergoing hepatic resections is the Post-
hepatectomy liver failure(PLF) .Incidence of PLF was 1.5%, with a related mortality 
(0.1%).(20) These result is well compared with other large series in the literature, 
where the  incidence of PLF ranges around ( 2.0% to 18.9%), with a related mortality 
of 0.6%–2.3%. (21,22)The recovery of patients was appreciable, with no morbidity 
recorded in our series. 

The blood loss intraoperatively, as well as the transfusion are independent risk factors 
for  the development of PLF. (23) Intra-operative blood loss, as well as the peri-
operative blood transfusion, not only increase the risk of surgical morbidity and 
mortality (24,25,26), but also affect long-term survival as well, as they may increase 
the incidence of recurrence rate of the resected tumour.(27) 

In this series Total blood loss intra-operatively ranged from 100 - 250cc, no blood 
transfusion was needed intra-operatively, nor post-operatively. Plasma transfusion 
ranged from two to six FFPs, intra-operatively and 0 to 8 FFPs in the early post-
operative. Athanasios stated that, in other series there were a low rate of blood 
transfusions (11.7%), that is strongly comparable with the rates of his series, also 
Isabella reported a reduction of blood loss (130 mL average loss per case), and a 
reduction of transfusions requirements (9.8%), that helped minimizing the insult to 
the remaining functional liver, resulting in a acceleration of the recovery. (28,29) 

Heat transmission injury around the line of thermal coagulation necrosis by RF may 
contribute into the temporary rise of liver functions. The heat amount produced by RF 
technique determined the levels of damage to tissues. The larger of the needle 
application, the more coagulation energy deployed, hence the more damage to the 
residual liver. (30) 

Rise of Liver function test levels in RF-assisted liver resections were significantly on 
the second to third post-operative, then the levels get back to normal level rapidly in 
one week. (31) In this series early post-operative period showed slight elevation of the 
liver function test rates with a peak on D2 and start of decline from D3.  Most patients 
showed normalization of liver function tests between seven to fourteen days after 
operation. From our results the rise of the transaminases and the other liver functions 
were not increasing than three folds, and the descent was fast in all cases. 

Although RF-assisted thermal pre-coagulation technique for liver resection, 
temporarily increased liver function levels, but the effect on the recovery of the 
patients is minimal. (19) 

All hepatectomies were done without Pringle maneuver to avoid the hepatic inflow 
occlusion, as it was believed to be the main reason (and most important one) of 
transient liver decompensation and insufficiency. (19) All patients in the present study 
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had hepatectomy without Pringle maneuver to avoid liver decompensation. Avoiding 
of vascular occlusion can be achieved by the use of a RFA needle assisted liver 
resection. (19) 

In literature , There are some concerns regarding biliary tree injury, following RFA 
liver resection, (32) because of the difficulty in the identification of the anatomical 
structures correctly during the use of RFA needle pre-coagulation in parenchymal 
resection. RFA needle device coagulates nearly all the anatomical bundle structures 
(vessels, and biliary), and surrounding tissue, so intra-operative ultrasound assessment 
for identification of the important structures along the predetermined resection line is 
crucial. (19)It is particularly important, if a vasculo-biliary bundle of a part of the 
remaining liver tissue runs in proximity to the transection plane, which may be 
affected or injured during the coagulation by RFA needle. (31) 

Many concerns were reported regarding the possibility of infective complications 
risks, following RFA-assisted liver resections, because of the necrotic coagulated 
tissue left behind. (33) However, the rate of collections that required intervention was 
very low in the present study (6.9%). This rate is equivalent to others reported by 

different techniques. (34) in the present study, there was no complication reported 

except for low grade fever. (38.5) 

 Complications in this study, as hemorrhage, biliary leak, or wound infection, have 
been rare. (31), (19) Hospital stay was ranging from (2 – 5) days. Only one drain was 
inserted at the operative bed, which was removed from 2 to four days post-
operatively. The recovery of patients was appreciable, with no morbidity recorded. No 
fever was recorded over 38.2 in all patients. The hospital mortality was zero.  

RFA needle technique is the only device, which allows a combined/one- stage 
procedure method of tumor ablation, as well as liver resection, and this offers the 
flexibility to perform (one-stage) liver resection and/or liver ablation in a patient with 
complicated metastatic liver disease using only a single device.(19) 

In this present study despite the limitations associated with the small number of 
patients, and no comparative statistics with other different techniques, the results here 
show that, RF needle is a safe, with minimal blood loss, no need for Pringle 
maneuver, and a very low morbidity with a favorable post- operative course. 

CONCLUSIONS:  
Radiofrequency assisted pre-coagulation liver transection, realize both major and 
minor liver resections, with the minimal loss of blood, as well as with no interruption 
of hepatic blood inflow. This technique reduces the blood transfusion rate, anesthetic 
time, operative time, and the hospital stay, with impressive reduction of the morbidity 
and mortality. 
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