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ABSTRACT:  

 

The liver is a large and essential organ subject to cancer. The liver resection remains the only 

definitive treatment to cure liver cancer. The major problem of this treatment is a significant 

blood loss during the surgery. To reduce the blood loss the classical surgery will be assist by 

radiofrequency (RFA). Using RF current heating energy, cells are heat to a lethal temperature 

and coagulate. The energy to apply is difficult to determinate, and so the real temperature 

applied.  

To improve the prediction of the temperature distribution we want to create a realistic liver 

model when a radio frequency current is applied. Using an electrical multi-scale liver model 

(from Matlab) and a model of liver (from the software COMSOL Multiphysics), we proposed 

to simulate the temperature gradient of liver tissue under RF energy. The multi-scale liver 

model result is liver tissue electrical model level in function of the frequency apply.  

The result is a 3D model of temperature spread in liver tissue using a radiofrequency signal. 

The result model show that, with this values of conductivity, for the same amount of power 

the result is different. The temperature does not reach above 50C. That shows us that in this 

case it would be needed to increase the power input. This result seems to agree with device 

operating instructions that recommend a higher power input for this situation.  

The next step would be to test and verify the model by experimental results. Then the model 

could be improve by adding a perfusion prediction. 
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1 INTRODUCTION: 

 

1.1 LABORATORY PRESENTATION: 

I have done my internship at the NUS (National University of Singapore). Founded in 1905, 

it’s the largest and the oldest higher learning institute in Singapore. The Times Higher 

Education ranked NUS as the 25th best university in the world in 2015 and ranked 1st in Asia 

in the 2014 by QS rankings. The main campus of the NUS is located at Kent Bridge on 

1.83km². Divided in several faculty, I have worked at the faculty of engineering.   

1.1.1 Laboratory: 

The current project was a joint project with two laboratories: 

 ECE Laboratory (Electronic Computer Engineering)  

 
Picture 1: ECE Laboratory 
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 ME Laboratory (Mechanical Engineering)  

 

1.1.2 Staff: 

 ECE Laboratory : 

The ECE laboratory is led by the associate professor Ong Sim Heng. The 

professor Ong is also supervising several students for their PHD. Currently none 

students were working on the same project as me in the ECE laboratory. But I was in 

contact with the previous student, which have work on the project, Zhang Xingchen. 

 

 ME Laboratory : 

The ME laboratory is led by the associate professor Chui Chee Kong. The 

professor Chui was also supervising several students for their PHD. There was also 

student directly linked to the project: Wen Rong, Bin Duan; currently working on the 

robotic part of the project.  

 

Picture 3: ME Laboratory Picture 2: ME Laboratory 
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1.1.3 Equipment: 

Several computers to compute model to proceed to several student work were 

available. Several computer are booked as local server. Some equipment like laparoscopic 

devices and robotics parts to create robotic guidance are available in the ME laboratory:  

 

Several room was also attribute to laboratories. 

 

1.2 THE PROJECT:  

My project was also a part of a bigger project. The main objective of this big project is 

to create a semi-automatic device that would be able to destroy liver tumor cells or 

coagulate cells to permit the ablation of a part of the liver with less blood loss. The final state 

of this project would be a device constitute by several parts: 

 An algorithm to detect tumor parts in liver using a CT scan imaging and be able to 

circle them.  

 A robotic part to control the insertion of the needle in the human body. 

 A liver model to predict the reaction of the human liver to the treatment (heat by 

radiofrequency). 

 A control part to let a control by the surgeon/user. 

 And a software to link all parts together. 

Picture 5: Robotic needle guidance Picture 4: Experiments on plastic corpse 



 8 

This project have been led by assistant professor Ong and assistant professor Chui. The two 

laboratories are linked in this project. The ECE laboratory bring in this case the liver model 

and the ME laboratory the robotic part. My work will be on the creation of a liver model. 

 

1.3 PRESENTATION: 

Before starting to work on the main part of my project, 

I had the task to do a presentation to both laboratories 

staff. It was a presentation with the objective to explain 

the background, and the motivation of this research. I 

had one month to do research on the subject 

(background, state of art, literature review). It was 

useful to discovered and understand the subject.   

 

1.4 MAIN PROBLEM: 

 The liver resection assisted by radiofrequency is an operation that can lead to 

postoperative complications especially if tissues are not well coagulated or if tissues are 

carbonized. To improve the accuracy of the procedure and reduce the recovery time we 

want to create a precise theoretical liver model for an ablation assisted by radiofrequency. 

The main interest of this study is to create an accurate liver model. In the future the 

principle of this model could be used then in a semi-automatic system to provide 

information and prediction to the practitioner and the software to reduce error during 

surgery. [4] 

 

1.5 BACKGROUND: 

The liver is a large organ of the human body (about 1.7kg for an adult) and provides 

vital functions. It produces bile to help the digestion have an impact on the blood clotting 
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factor, store proteins, minerals, iron, Metabolize proteins, fat, and carbohydrates and also 

filters the blood. The liver also has the unique property to regrow every part that is removed 

if the left part is healthy. [9][10] 

The liver is commonly affected by cancer and cirrhosis. The liver cancer is the 4th most 

common cancer type and the 3rd leading cause of cancer death. But because of his property 

to regrow healthy part, it can be easily cured by a surgical resection of the tumor. That 

operation is more effective if the cancer is treated at an early stage. Because of his blood 

filter function, the liver is heavily vascularized.  Due to that the liver resection main is risk is 

due to blood lost. A way to reduce the blood loss impact is to perform a blood perfusion 

during and sometimes after the operation. But it’s expensive and there is still risk for patient. 

That why we try to found a solution to reduce the amount of blood loss. [11] 

 

 

1.6 HOW TO SOLVE THE BLOOD LOSS PROBLEM: 

[11][12][13] 

A solution to reduce the blood loss would be to clamp the vein that infuses the part of the 

liver that is removed. The blood loss is reduce but the total amount is still high. A solution is 

to cauterize tissues before it cut. That is the solution proposed by the resection assisted by 

radiofrequency. The principle is to heat tissues and so cells at a temperature above 50C to 

destroy them and coagulate them. We use an alternative electric signal between 100 KHz 

and 10GHz. We use a needle as an electrode to enter the signal in tissues and a large plate 

electrode for the output (bipolar devices).  

The impedance of the human liver tissues is complex as it is complex to model. Usual model 

like that you can found in COMSOL Multi-physics do not use a variable value to describe the 

conductivity (and so the resistivity) of the tissues. These values are fixed and selected in 

function of the kind of tissues and the frequency apply to them.  

We will suppose that the previously construct electric multi-scale liver model is correct. 
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2 METHODS: 

In this part we will explain how we have proceeded to improve the model.  

 

2.1 RADIOFREQUENCY ABLATION: 

[2][6] 

The radiofrequency ablation that can be apply to several kind of tissues. It can be used to 

treat cardiac arrhythmia and different kind of cancer like in the liver, the kidney, the lung, 

bones, the prostate and the breast. [8] 

To realise there is two type of equipment: bi-polar and mono-polar. The first one is a device 

that is composed by to electrodes. The first one is a needle. It’s the input of the electric 

circuit. Because the density of the electric field is important the electric signal that is insert in 

the tissues will warm them by a Joule effect. The second one is a large electrode that is apply 

on the skin. It’s the output of the electric circuit. Because the contact surface between the 

skin and the electrode there will be any damage on tissues.    

 

2.2 TRANSMISSION OF HEAT: 

There is three way to transmit heat: 

 Conduction, is the transfer of energy between objects that are in physical 

contact. Thermal conductivity is the property of a material to conduct heat and 

evaluated primarily in terms of Fourier's Law for heat conduction. The heat is directly 

transmit by a transmission between molecules.   

https://en.wikipedia.org/wiki/Thermal_conductivity
https://en.wikipedia.org/wiki/Heat_conduction#Fourier.27s_law
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 Convection, is the transfer of energy between an object and its environment, due to 

fluid motion. The average temperature, is a reference for evaluating properties 

related to convective heat transfer. 

 Radiation, is the transfer of energy from the movement of charged particles within 

atoms is converted to electromagnetic radiation. 

In this case we will observe the mostly the conduction effect. And so the thermal 

conductivity (k) of the liver tissues will be an important parameter to describe the spread of 

heat. [14][15] 

 

2.3 PRINCIPLE OF HEATING: 

[14][3] 

The heat is create by the spread of the electric field inside of the tissues. The heat is due to 

the power dissipation from the electromagnetic waves. To calculate the electric field we use 

the equation that describe the wave of a transvers electric field. (Time-harmonic fields are 

considered with complex amplitudes containing the phase information).  

We use this equation:  

 

Equation 1: Electric field, wave equation 

The value of the electric field is obtain by solving this previous equation, using the software 

Comsol. Then when implement this energy value in the Bio heat Transfer equation bellow: 

 

 

In this equation, is k the liver’s thermal conductivity (W/(m·K)), ρb represents the blood 

density (kg/m3), Cb is the blood’s specific heat capacity (J/(kg·K)), and ωb denotes the blood 

perfusion rate (1/s). Further, Qmet is the heat source from metabolism, and Qext is an 

Equation 2: Bio Heat Transfer 
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external heat source, both measured in W/m3. In this case Qext will represent the 

metabolism energy (energy naturally produced by cells) and the energy provide by the 

electric field. The model neglects the energy from metabolism and describe the Qext with 

the bellow equation: 

 

 

 

2.4 EFFECT OF HEAT ON CELLS: 

The heat have an impact on cells in function of the temperature reach. This several effect 

are summarize in the bellow table: 

Temperature (°C) Cell Effect 

37 Normal, no effect (human functional temperature) 

50 to 60 Cell death in 1 to 6 minutes 

60 to 90 Instant cell death, protein coagulation, cellular desiccation 

100 Cellular vaporization 

200 Carbonization 

Table 1: Temperature Effect 

For medical purpose the goal is to create a uniform shape of temperature gradient with a 

temperature maximal between 60 and 90°C. Above 100°C another effect appear, called the 

Equation 3: Electric field energy 
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cellular vaporization. It will not have the same effect on the blood loss. And the last effect is 

carbonization at 200°C. It’s the worst possible effect because carbonized cell are very 

difficult to cicatrize.  [4] 

 

2.5 ELECTRICAL MULTI SCALE LIVER MODEL: 

[4][6][7] 

Here and for the rest of the study Matlab will be used as a “calculator”. The principal use of 

Matlab will be, using functions, to calculate the value of the resistivity of liver tissues and the 

value of the resistivity of electrode (here the needle).  

 

To achieve this goal we used the Matlab model, previously build by the student Zhang 

Xingchen. This model use the Graphic User Interface to create a graphic interface letting the 

user the possibility to change initials values of the liver model. In this case we will use the 

values in the table below.  

 

From this interface we will keep the values 

obtains for Ztissue and Zprobe. To be easily 

change, the part of the code that is calculating 

the value of the complex resistivity of tissues 

and probe have been extract in a function “resistivity_calcultation.m”. This function take in 

argument the frequency apply and have for output the values of [Ztissue,Zprobe].  

Two other Matlab function have been created to implement obtain real resistivity value in 

the software COMSOL: “resistivity_liver_tissue.m” and “resistivity_probe.m”.  

Tableau 1: Initials Values 
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The result is in m/S (SI of resistivity ρ) in function of the frequency.  

As planed the resistivity decrease as the frequency increase.  

2.6 COMSOL MULTIPHYSICS MODEL: 

Two model from COMSOL Multiphysics were enable: “Microwave cancer therapy” and 

“tumor ablation”.  

The “microwave cancer therapy” model describe the heat transfer in human liver 

tissues using a straight needle as the first electrode. The physics apply to the model is a 

radiofrequency model that permit to create alternative currents and electrics fields. The 

electric field apply is alternative and is define at 2,45GHz. There is no perfusion description.   

The 3D representation use a symmetric property and assumes that the repartition of the 

tissues are the same around the needle.  

 

The “tumor ablation” model don’t apply a RF physic module but a electric current 

module. This module is use only for DC currents. To apply this solution we need to assume 

that the radiofrequency signal have a frequency in a range where the electrical properties 

can be associate to a DC current. They also model a quadratic needle as an electrode. There 

is a model vein that lead to model the perfusion of the liver 

Figure 1: Resistivity in function of frequency plot 
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The “tumor ablation” model don’t apply a RF physic module but an electric current 

module. This module is use only for DC currents. To apply this solution we need to assume 

that the radiofrequency signal have a frequency in a range where the electrical properties 

can be associate to a DC current. They also model a quadratic needle as an electrode. There 

is a model vein that lead to model the perfusion of the liver.  

 

We choose to select only the model called “Microwave cancer therapy” for his 

feature and his modelling more adequate with a frequency study. Because the value of the 

electrical conductivity is in function of the frequency we need to be accurate on the 

frequency apply, so only the first model is valuable.  

Figure 2 : Micro wave Comsol model 3D result Tableau 2 : Comsol MW model Parameters 

Figure 3 : Tumor Ablation, Electric field 3D Tableau 3: Comsol Tumor Ablation parameters 
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A Matlab functions have been add, implementing the “resistivity_liver_tissue.m”. This 

function take as input a matrix of several frequency.  Using this matrix the software COMSOL 

ensures the sustainability of the function on a frequency band. We have delete the 

parameter named “sigma_liver”. It will be replaced by our value of conductivity: 1/ρ. The 

value of ρ is given by the Matlab function “resistivity_liver_tissue.m”.  

 

3 RESULT:  

A small shape and a need to increase the power. 

Our first conclusion is that the power implement in the needle is clearly too low. Indeed, the 

shape of heat is greatly reduce and the maximum temperature do not exceed 53°C. As we 

can see in the below comparison table: 

 

 Temperature 3D representation Electric fiel 2D representation  

Model 
without 
electrical liver 
model 

  

Model with 
electrical liver 
model 
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In the first case the maximum temperature reached is 100°C, whereas using the electrical 

liver model, the maximum temperature only reach 52°C. In the first case, the coagulation 

and the destruction of cells are possible because  

The main reason of this low maximum of temperature can be a low power implementation. 

And after research on documentation about this type of devices it seems that for that kind of 

resistivity and so frequency the power implement should be 20W. [5] This new value of 

power give us results describing a thin shape of temperature gradient. 

Comparison between 10 W and 20 W model:  

 

What we observe is that the temperature reach 67°C in the centre of the electric field. It’s 

enough to create the coagulation effect and destroy cells in the area. The shape of the 

electric field is smaller than the original one and more focus on the needle.  

 

 10W 20W 

Temperature 

gradient 

  

Electric Field    
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4 DISCUSSION: 

The Comsol model need to be check by experimental result. This could be establish using 

actual human liver or doing experiments on a phantom that have been already validated.   

 

Another important upgrade possible for this liver model would be to add several option: 

 A perfusion component; to implement the impact of blood perfusion of huge vein in 

the human liver. The model already implement some perfusion effect, but it’s an 

effect that is not localised in a small area but considered as a homogeneous effect.   

  A variation of the resistivity in function of the nature of the tissue. For example, the 

resistivity should change with the temperature because the heat change the 

electrical properties of tissues, the resistivity change in function of the kind of tissues 

(healthy liver or tumor liver). 

 Consider the surface effect. Consider the amount of energy that do not enter tissues 

but go through the surface of tissues to the other electrode.  
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5 EVENT DURING THE INTERNSHIP: 

During my internship, there was also an event called ACCAS (for Anniversary Asian 

Conference on Computer Aided Surgery). It is a huge event, for 3 days searchers from all East 

Asia will present the advance of their research. The same kind of conference also exist in 

western country but due to the distance, East Asia countries have create their own. The 

main theme was the Computer Aided Surgery. There was a lot of conferences (two kind, 

45min or 15 min). Around 50 guest were present. There was also a poster presentation. The 

event was planned since a year ago and I have participate at the organisation during my 

presence at the NUS. It was a great occasion to discover other studies and people working in 

other universities in other counties.  

 

 

 

 

I also had the opportunity to assist to national day of Singapore, the SEA games. 

 

6 CONCLUSION: 

In its globality, this internship have been profitable. I have discover a new country, a new 

culture, met new people and learn the work in a laboratory. I have enjoy this adventure and I 

hope this large project will be on complete and use to save people life.   

 

 

Picture 7: Poster presentation Picture 6: Conference 
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