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locations with total number of elements around 80,000. A 
further mesh refinement study would provide more accurate 
results.     
 

 
 
Fig. 4.  RFA FEM simulation using an anatomic 3D liver model (details in 
Fig. 2): (a) Temperature-controlled applied voltage in one sequence, (b) 
Temperature-dependent liver electrical resistance and applied power, (c) 
temperature slice plot and (d) iso-thermal surface plot in one sequence; (e1-4f) 
Four sequential RFA with 90 degree probe (axial) shaft rotation each to 
achieve a ellipsoid ablation zone (f) for final BCC bipolar electrode. The 
extended limb electrode can be extruded conformably to the tumour periphery 
(under image guidance). 
 

 

B. RFA Evaluation using Tissue Mimicking Gel Phantom 
Figure 5 are IR thermographic imaging study used for 

electrode probe development and RFA evaluation using a gel 
phantom at room temperature.  The probes were inserted into 
the gel phantom at depth of 5mm from the top imaging 
surface. Fig. 5(a) shows faulty thermal insulation at the probe 
shaft in one early prototype (10 W, 30 sec) which could cause 
injury to surrounding healthy tissue. Altered prototype 
construction eliminated this problem, and Fig. 5(b) 
demonstrates that thermal distribution at 10 W & 10 min was 
confined into the intended area between the two electrodes. 
However, there was a slightly hot spot outside the target 
ablation area (Fig. 5b), and this was monitored by two 
thermocouples (Fig. 3, TC0, TC2) for safety. Fig. 5(c) 
demonstrates a monopolar application (10 W and 1 min) to the 
extended loop electrode to generate higher temperature 

(around or >100 ºC) in order to facilitate circumferential 
excision/separation of the ablated tissue from surrounding 
healthy tissue. We realized that temperature measured by IR 
imaging in our setup (i.e., electrodes inserted and located 5 
mm depth from the measuring surface of the gel phantom) was 
lower than that from in-situ temperature, we found that there 
was about 15 ºC difference by comparing an in-situ 
thermocouple measurement.   

   

 
 

Fig. 5.  RFA thermal distribution study using tissue mimicking gel phantom 
and IR thermal camera with applied 10 W: (a) RFA at 30 sec demonstrated a 
fault in shaft thermal insulation in one early electrode prototype, (b) RFA at 
10 min demonstrated RFA zone at intended area, (c) RFA with higher 
temperature at 1 min using monopolar application (electrosurgical cutting) for 
facilitating separation of the ablated tissue from surrounding tissue.  

 
The final prototype probe was inserted into a gel phantom 

for sequential RFA evaluation (Fig. 6). The ablated gel turns 
from transparent to ivory white at a coagulation temperature > 
50 ºC (Fig. 6a-c). This is in agreement with the in-situ 
temperature monitoring during RFA (Fig. 6d). A planned RFA 
sequence was completed when the margin was heated > 50 ºC 
as monitored by thermocouple TC0 while maintaining Tmax < 
100 ºC from monitored by thermocouple TC1, whist 
temperature of surrounding healthy tissue monitored by TC2  
remained < 45 ºC.  Following rotation of probe sequential 
RFA in four sequences, each lasting 10 min, and an ellipsoid 
RF ablation zone was created.  This could be separated by 
circumferential cutting from the surrounding normal zone 
(Fig. 6c). The ablated and separated volume measured 4.3 cm 
axially and 3.7 radially, corresponding to the deployed loop 
electrode dimensions. 
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