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Clinical Background 
Radio-Frequency Ablation (RFA) is: 

• A minimally invasive ablative therapy of liver tumor ablation 

• A solution when resection or transplantation are not 

possible 

• Problems/Issues:  

• Rick of recurrence 

• Incomplete treatments 

Technical Background 
FEM  Models : 

• To compute heat diffusion [1] 

• To predict the optimal placement of the probe 

• To predict the state of the cells with Cellular Necrosis 

Models [2] 

• Problems/Issues: 

• Too slow for planning or guidance 

CT images 

Create Anatomical 

Model 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Model of Heat Transfer in Liver Tissue 

 
 
 
 
 
 
 
 
 
 
 
 
 

Model of Venous Circulation 

System 
 
 
 
 

 
 
 
 
 
 
 
 

Model of Cellular Necrosis 
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Probe location 

• Flow computation in the vena cava 

and the portal vein using CFD  

• Inside the liver parenchyma using 

Darcy’s law (Porous Media) 

A three-state cell death model to 

account for tissue necrosis [4] 

• Wulff-Klinger model in the small arteries 

The blood and tissue temperatures are assumed to 

be at equilibrium in porous media 

A two-compartment model [3] 

• Pennes model in large vessels 

The blood temperature is assumed constant  

in CT-visible vessels 

Model Parameters 
Nominal Parameters from literature [4] used for all 
patients 

Lattice Boltzmann Method (LBM) 

 

 

 

 

 

 

• Implementation on GPU 

• The model is solved on an isotropic Cartesian grid, with LBM [5]. A statistical description of 

the system is used, f is the distribution function and the governing equation at position x is : 

Goal 
A predictive framework for patient-specific liver tumor ablation which : 

1. Models the time-varying diffusivity 

2. Models the thermal effect of the parenchyma and vasculature 

3. Is real time to allow planning and guidance 

Results 
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Perspectives 
Personalization of the important tissue parameters 

Pre-clinical Validation with extensive 

New opportunities in RFA planning and guidance 

• Clinical RFA protocol 

simulated 

• 1 minute of ablation is 

computed in 1.14 

minutes 

• Segmentation of pre-op 

CT images 

• Registration of post-op  

to pre-op CT images 


