
International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 10 (2018) pp. 8654-8658 

© Research India Publications.  http://www.ripublication.com 

8654 

A Finite Element Modeling on Hepatocellular Carcinoma Radiofrequency 

Ablation 
 

 
1Kainat Yasmeen, 2Nitin Saluja 

Department of Electronics and Electrical Engineering 
1,2Chitkara University Institute of Engineering & Technology 

Chitkara University, Rajpura, Punjab, India. 

 

 

Abstract 

Radiofrequency Ablation is a widely employed method in the 

clinical applications. The thermal energy is induced through 

Radiofrequency ablation technique into the liver tissue which 

ablates the tumor cells. Hence, this paper presents a 3 

Dimensional FEM model for RF ablation of the liver tumor. 

Here the computational model is defined using electric field 

pattern with a demonstration of temperature distribution in the 

liver cell. The simulation result verifies that the temperature 

distribution is uniform along the electrodes. Additionally, the 

study of necrotic tissue at various points verifies that the 

damaged tissue gets overheated and surrounding tissues remain 

unaffected.  
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Hepatic-Cellular Carcinoma, matrix 

 

INTRODUCTION  

RFA technique is broadly employed for the treatment of 

Hepatic-Cellular Carcinoma for the smaller size of tumor 

approximately of size lesser than 3 cm. The technique of 

radiofrequency therapies is rapidly growing in clinical adoption 

as well as technical development (Ahmed, et al. 2011). While 

many more focal therapies exist, for example, cryoablation 

(Xu, et al. 2013), laser-instigated thermotherapy (Ei, et al. 

2014), microwave ablation (Li, et al. 2011), irreversible 

electroporation (Yeung, et al. 2014) and electrochemotherapy 

(Miklavcˇic, et al. 2012). Clinically the RFA is preferred for 

small size tumor. Despite the fact that microwave ablation has 

turned out to be more common in the preceding years, no 

statically noteworthy contrast in death rates in comparison to 

RFA of smaller tumor in the liver could be found (Lee, et al. 

2017) (Cobelli, et al. 2017). 

In Radiofrequency Ablation, the annihilation of tissue is 

finished by utilizing hyperthermia, i.e. temperature related to 

tissue is concentrated in the central zone inside and surrounding 

area of the tumor (Brace 2011). The effective treatment is 

defined as total removal of the tumor without harming healthy 

tissue and the nearby region of the tumor. 

In any case, clinical involvement with RFA shows a 

noteworthy confound among expected and observed injury 

estimate, prompting decreased survival rates because of excess 

treatment with outrageous wounds  up to 8.9 % or lesser 

treatment with chances of occurrence of the tumor is 

approximately 40% (Wong, et al. 2010). 

Radiofrequency ablation technique uses radiofrequency 

generators, electrodes, and traditional treatment method which 

are industriously being enhanced to broaden the ablation zone 

(Mulier, Yi, et al. 2005) (Berjano, et al. 2006) ( Lee, et al. 2007) 

( Solazzo, et al. 2007) (Weisbrod, et al. 2007) (Eisele, Neuhaus 

and Schumacher 2008).  During RF Ablation treatment, the 

electrode is injected under the guidance of image detection. 

 An alternating electric current (approx. 500kHz) is delivered 

to the inserted electrodes in the liver tissue. Whenever the 

electric field is applied, the electric current moves all over the 

liver tissue causing Joule heating effect. The joule heating 

causes movement of ions in the cell against the friction and the 

temperature rises. As soon as the temperature of the targeted 

tissue is raised above 500 C, irreversible tissue damage 

happens. So, the necrosis is formed near the electrodes. Also, 

by using the current electrodes, there can be an increment in the 

ablation zone but the problem arises in the prediction and 

completeness of the necrosis. The ablation zone relies on 

characteristics of physical tissue like electric conductivity, 

thermal conductivity, perfusion rate, blood density, and heat 

capacity. Physical tissue characteristics aspects that varies from 

one patient to another patient in terms of  parenchymal 

perfusion rate,  liver architecture, large vessel’s proximity and 

focal liver composition (Lu, et al. 2002) (Z. Liu, et al. 2007) (Z. 

Liu, et al. 2008). 

Remembering the ultimate objective to upgrade consistency 

and unwavering quality of the ablation zone, we are managing 

the change of RFA in which complete tumor volume 

evacuation is centered around the ablation inside the limits of 

the terminals with negligible removal outside was gotten 

reproducibly when the bury anode separate was up to 2 cm. 

The bioheat transfer equation is broadly explored and analyzed 

(M 1998). The analysis is difficult for complex geometry and 

complicated tissue structure. So conventional numerical 

method is inefficient for solving these parameters 

simultaneously (San D and Jing 2002).  Thus different ways to 

solve the bioheat transfer equation arose like  Finite Difference 

Method, Finite Element Method and Monte Carlos method or 

Finite Volume Method (San D and Jing 2002). Supan et al. 

(Tungjitkusolmun, et al. 2002)simulated a 3D model of RF 

hepatic ablation with four electrodes based on thermal-electric 

effect. They analyzed the Joule effects and blood convection 

affects the temperature.  By the year 2013, Ruxsapong et al. 

(Ruxsapong , et al. 2013) designed an RF ablation 3D FEM 

model for asthma therapy. They showed an ellipse-shaped 

probe to rise the airway wall dimension. They used an RF probe 

of frequency 380 kHz at 65-75°C to heat the airway wall for 10 

seconds.  
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In 2012, Yhamyindee et al. (Yhamyindee, et al. 2012) build a 

3-dimensional Finite Element Method (FEM)  model of 

microwave ablation in hepatocellular Carcinoma method. They 

demonstrated two different models, first without artery and the 

second with the artery. They also investigated the effects of the 

coagulative zone and blood perfusion rate.  In 2015, Stefaan et 

al. (Mulier, Jiang, et al. 2015) designed a bipolar 2×2 electrodes 

FEM model. They performed the simulation focused on the 

effects of ablation duration and diameter of the electrodes. 

They also conducted an experiment with an ex-vivo bovine 

liver. Kok et al. (Kok , Wust and Stauffer 2015)explained the 

development of various software tools used for the treatment of 

hyperthermia in real time. They also showed the different steps 

involved from tissue segmentation, to electromagnetic 

calculation, to thermos-electric modeling and phase or 

amplitude optimization.  

They did not explore the direction of the temperature diffusion. 

Few researchers designed different architectures of the probe 

while others examined the control of the injected drug. The 

proposed RF model is based on the controlled temperature 

diffusion in the liver. 

 

COMPUTATION MODEL 

The electro-physiological can be helpful for a better 

understanding of the radiofrequency thermal ablation 

technique. It involves the Joule heating phenomenon, modeling 

the electric field, and the heat transfer in perfused tissue.  

 

Joule heating and current flow 

RFA means a coupled electro-thermal issue wherein 

electromagnetic vitality is supplied to heat the tumorous tissue. 

Further, the cooperation of electric and magnetic field with the 

human body tissues relies upon the area and frequencies of the 

applied electromagnetic field [15]. In the lower range of 

frequency i.e., 450– 550 kHz, as is being utilized during RFA, 

the wavelength of the electromagnetic field, i.e., 600 m at 

around 500 kHz. Since the size of the active electrode is smaller 

than the wavelength which of various orders of magnitude. So, 

a quasi-static approximation can be applied to investigate the 

electromagnetics issue without trading off precision. Hence, a 

quasi-static estimation has been used in this investigation to 

compute the direct-current voltage from the model that relates 

to root mean squared RF voltage value that can be employed by 

resolving general Laplace Equation: 

∇. (𝜎 ∇𝑉) = 0  (1) 

 

The gradient of voltage gives the electric field: 

𝐸 = −∇𝑉 (2) 

 

The total electric current is defined as: 

𝐽 = 𝜎𝐸 (3) 

 

The heat generated via RF is represented as 𝑄𝑒𝑥𝑡 , this heat is 

calculated as volumetric heat generation rate Q (W/m3): 

𝑄𝑒𝑥𝑡 =
1

2
𝑅𝑒𝑎𝑙(𝐽∗. 𝐸) 

(4) 

 

The electrical and thermal parameters are taken from literature 

(Trujillo and Berjano 2013) of electrodes and the liver tissue. 

Above 350 Hz, the alternating current is treated as direct 

current (Barauskas, et al. 2008). Where, 𝐸,V, and σ  are an 

electric field (V/m), an electric potential(V) and  electrical 

conductivity (S/m) respectively. 

 

Heat Transfer Physics 

The heat transfer mechanism can be described using Penne’s 

bioheat equation, which depends on Fourier law of heat 

conduction. Bioheat transfer equation is an approximation to 

the heating transfer process in the tissues.  

In the liver tissue region, the applied bioheat equation can be 

expressed as: 

  

𝜌𝑐
𝜕𝑇

𝜕𝑡
=  q + 𝑞𝑏  + 𝑄𝑚𝑒𝑡 + 𝑄𝑒𝑥𝑡   (5) 

  

q = ∇(−𝑘∇𝑇) 

 

 (6) 

𝑞𝑏 =  𝜌𝑏 𝑐𝑏 𝜔𝑏(𝑇𝑏 − 𝑇) 

 

(7) 

In the equation 5, on the Left side of equation 𝜌 (kg/m3), c 

(J/(kg.K)) are dthe ensity of the tissue and specific heat of the 

tissue respectively. On the other hand , 𝑄𝑚𝑒𝑡  (W/m3) is the heat 

sources from metabolism, 𝑄𝑒𝑥𝑡  (W/m3) is spatial heating, q is 

heat due to conduction and 𝑞𝑏 heat due to blood perfusion. 

Also in equation 6 and 7, k(W/(m.K)) - thermal conductivity,  

𝜌𝑏(kg/m3) – dethe nsity of the blood,  𝑐𝑏(J/(kg.K)) – blood’s 

specific heat, 𝜔𝑏(s-1 ) - Blood’s perfusion rate and 𝑇𝑏(K) - 

arterial blood temperature. The bioheat equation used in RFA 

can be modified for the examination of the thermal impact due 

to large vessels. The employed equation can be explained as: 

 

𝜌𝑐
𝜕𝑇

𝜕𝑡
=  q + 𝑞𝑏  + 𝑄𝑏𝑖𝑜  (8) 

Thermal lesion calculation can be expressed as: 

 

Ω(𝑡) = 𝐴1 ∫ exp 
𝑡

0

(
∇𝐸

𝑅𝑇(𝜏)
) 𝑑𝜏 

(9) 

where Ω(𝑡) is the damaged tissue factor, R (J/mol.K) - 

universal gas constant and 𝐴1 (s-1) - frequency factor. It is also 

known that the blood perfusion rate is slower in damaged tissue 

compared to healthy tissue of the liver. The blood perfusion rate 
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of liver carcinoma is 2.11 x 10-3 s-1 whereas the perfusion rate 

of healthy tissue is 6.40 x 10-3 s-1 (Jain and Ward-Hartley, 

Tumor Blood Flow-Characterization, Modifications,and Role 

in Hyperthermia 1984). Also,  𝑄𝑏𝑖𝑜 is the metabolism heat 

source (W/m3).  𝜃𝑑 , is fractia on of the necrotic tissue that can 

be calculated as: 

 

𝜃𝑑 = 1 − exp (Ω) (10) 

 

Simulation Model 

The proposed model is based on electro-thermal analysis, 

which is solved using Multiphysics solver. In this simulation, 

the hepatic liver under the study is a cylinder of height 100 mm 

and radius 5 mm as illustrated in figure1. In this model, five 

cylindrical electrodes in a matrix form are placed at the center 

of the bigger cylinder. The diameter and length of electrode 1.5 

mm and 60 mm respectively. Where the four electrodes are a 

positive probe and one is a negative probe. These electrodes 

modeled into two parts: 30 mm electrode base and 30 mm 

active electrode tip having a conical tip of 1 mm. Electrical and 

thermal properties of tissue are represented in table 1.  

 

 

Figure 1: 3 D geometric model 

 

Table 1: Electrical and Thermal parameters of the various 

component used in the model (Tungjitkusolmun, et al. 2002). 

Components Density 

 

Heat 

Capacity 

Thermal 

Conductivity 

Electric 

conductivity 

Electrode 

Tip 

6450 840 18 1 X 108 

Electrode 

Base 

70 1045 0.026 1x10-5 

Tissue 1060 3600 0.512 0.333 

 

The assumption is all the surfaces of the electrodes are 

equipotential since electrodes are perfect conductors as 

compared to the tissue. Since the insulation is supposed to be 

perfect, these domains are neglected in modeling. The electric 

insulation boundaries are described in equation 11. 

 

The boundaries condition of the Electrical interface: 

𝑉 = 0 on cylindrical wall and also at one central 

 electrode; 

𝑉 = 𝑉0  on electrode surface 

𝑛. 𝐽 = 0  at remaining boundaries 

(11) 

The boundaries condition of the Thermal interface: 

𝑇 = 37 0𝐶 on the cylindrical wall               

𝑛. 𝑞 = 0    on remaining boundaries 

(12) 

 

RESULT 

A 3D model is simulated in FEM Solver and results are 

reported. In the previous section of the paper, the focused 

heating of the targeted tissue because of Joule heating effect 

has been explained. Also, the necrotic tissues and the 

distribution of temperature are reported in the below figures. 

Figure 2 shows the tip temperature of the electrodes. Here in 

figure 2, we can analyze that the tip temperature increases with 

the increase in time and become constant at 750C. We have 

implemented matrix form of Radiofrequency ablation for 

complete coagulation of entire ablation zone. Further, the 

active part of the electrode can be varied within certain limits 

and distance between two electrodes can be changed up to a 

certain margin.  

 

Figure 2: Electrode tip temperature 

 

 

Figure 3: Fraction of necrotic tissue at three different points 
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Finally, Figure 4 shows the fraction of necrotic tissue at three 

different points above the electrode arm. For better 

understanding the effect of the heating process, we evaluated 

the necrotic tissue at three points to visualize the necrotic 

process in figure 3. Further, the first (the blue color) and second 

(the green color) point is adjacent to the electrodes and the last 

one is on the exterior boundary of ablation. The tissue damage 

is presented in figure 3. Further, with a specific end goal to 

favor the higher execution of proposed model, the simulation 

uses the constant values as material’s properties for example 

electrical and thermal conductivity and blood perfusion. In 

addition, temperature of the tip is represented in figure 2. Also, 

the temperature distribution along the electrodes is depicted in 

figure 3. 

 

Figure 4: Fraction of necrotic tissue 

 

CONCLUSIONS 

The simulation is performed using FEM solver. It is observed 

that temperature distribution is uniform near the electrodes.  In 

this paper, the computational model is explained to restrict the 

directional temperature diffusion in the liver tissue. Also, the 

calculation of the necrotic tissue is performed to verify the 

number of cells killed in this process. The results verify that the 

affected cells are damaged and killed by heating under the Joule 

effect in the direction of electrodes. We have also computed 

numerically the process of thermal ablation in the treatment 

method. By using multiple electrodes, the temperature 

distribution is uniform and number of cells died in fewer 

seconds of time. In Future work, we will compare the 

computation model with real data from clinical experiments to 

validate our simulation. 

 

REFERENCES 

[1] Lee, Jeong Min, Joon Koo Han, Hyo Cheol Kim, Se 

Hyung Kim, Kyung Won Kim, Seung Moon Joo, and 

Byung Ihn Choi. 2007. "Multiple-electrode 

radiofrequency ablation of in vivo porcine liver: 

Comparative studies of consecutive monopolar, 

switching mono-polar versus multipolar modes." 

Investigative Radiology 42: 676-83. 

[2] Solazzo, Stephanie A, Muneeb Ahmed, Zhengjun Liu, 

Andrew U Hines-Peralt, and S Nahum Goldberg. 

2007. "High-power generator for radiofrequency 

ablation: larger electrodes and pulsing algorithms in 

bovine ex vivo and porcine in vivo settings." 

Radiology 242 (3). 

[3] Ahmed, Muneeb, Christopher L Brace, Fred T Lee, 

and S Nahum Goldberg. 2011. "Principles of and 

advances in percutaneous ablation." Radiology 258 

(2): 351–369. 

[4] Barauskas, Rimantas , Antanas Gulbinas, Tomas 

Vanagas, and Giedrius Barauskas. 2008. "Finite 

element modeling of cooled-tip probe radiofrequency 

ablation processes in liver tissue." Computers in 

Biology and Medicine 38 : 694 – 708. 

[5] Berjano, Enrique J, Fernando Burd´ıo, Ana C 

Navarro, Jose M Burdıo, Antonio Guemes, Oscar 

Aldana, Paloma Ros, et al. 2006. "Improved perfusion 

system for bipolar radiofrequency ablation of liver: 

Preliminary findings from a computer modeling 

study." Physiological measurement 27 (10). 

[6] Brace, Chris. 2011. "Thermal tumor ablation in 

clinical use." IEEE PULSE.  

[7] Cobelli, Francesco De , Paolo Marra, Francesca Ratti, 

Alessandro Ambrosi, Michele Colombo, Anna 

Damascelli, Claudio Sallemi, et al. 2017. "Microwave 

ablation of liver malignancies: comparison of effects 

and early outcomes of percutaneous and 

intraoperative approaches with different liver 

conditions." Med Oncol 34-49. 

[8] Ei, Shigenori, Taizo Hibi, Minoru Tanabe, Osamu 

Itano, Masahiro Shinoda, Minoru Kitago, Yuta Abe, 

et al. 2014. "Cryoablation Provides Superior Local 

Control of Primary Hepatocellular Carcinomas of[2 

cm Compared with Radiofrequency Ablation and 

Microwave Coagulation Therapy: An Underestimated 

Tool in the Toolbox." Ann Surg Oncol 22: 1294–300. 

[9] Eisele, Robert M, Peter Neuhaus, and Guido 

Schumacher. 2008. "Radiofrequency ablation of liver 

tumors using a novel bipolar device." Journal of 

Laparoenoscopic & Advanced Surgical Techniques 

18 (6). 

[10] Jain, Rakesh K, and Kimberly Ward-Hartley. 1984. 

"Tumor Blood Flow-Characterization, 

Modifications,and Role in Hyperthermia." IEEE 

Trans. Sonics Ultrasonics 31 (5). 

[11] Jain, Rakesh K, and Kimberly Ward Hartley. 1984. 

"Tumor Blood Flow-Characterization, Modifications, 

and Role in Hyperthermia." IEEE transactions on 

sonics and ultrasonics SU-31 (5). 

[12] Kok , H, P Wust, and P Stauffer. 2015. "Current state 

of the art of regional hyperthermia treatment planning: 

a review." Radiation Oncology. London, England. 

196. 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 10 (2018) pp. 8654-8658 

© Research India Publications.  http://www.ripublication.com 

8658 

[13] Lee, Kit-fai , John Wong, Joyce Wai-yi Hui, Yue-sun 

Cheung, Charing Ching-ning Chong, Anthony Kong-

wai Fong, Simon Chun-ho Yu , and Paul Bo-san Lai . 

2017. "Long-term outcomes of microwave versus 

radiofrequency ablation for hepatocellular carcinoma 

by surgical approach: A retrospective comparative 

study." Asian Journal of Surgery 40: 301-308. 

[14] Li, Xin , Liang Zhang, Weijun Fan, Ming Zhao, 

Ligang Wang, Tian Tang, Hua Jiang, Jianlei Zhang, 

and Yanfeng Liu. 2011. "Comparison of microwave 

ablation and multipolar radiofrequency ablation, both 

using a pair of internally cooled interstitial 

applicators: Results in ex vivo porcine livers." Int. J. 

Hyperthermia 27 (3): 240–248. 

[15] Liu, Z, M Ahmed, A Sabir, S Humphries, and S N 

Goldberg. 2007. "Computer modeling of the effect of 

perfusion on heating patterns in radiofrequency tumor 

ablation." Int. J. Hyperthermia 23 (1): 49–58. 

[16] Liu, Zhengjun , Muneeb Ahmed, Debra Gervais, 

Stanley Humphries, and S Nahum Goldberg. 2008. 

"Computer Modeling of Factors that Affect the 

Minimum Safety Distance Required for 

Radiofrequency Ablation Near Adjacent Nontarget 

Structures." J Vasc Interv Radiol 19: 1079–1086. 

[17] Lu, David S. K., Steven S Raman, Darko J Vodopich, 

Michael Wang, James Sayre, and Charles Lassman . 

2002. "Effect of vessel size on creation of hepatic 

radiofrequency lesions in pigs: Assessment of the 

‘heat sink’ effect." Am J Roentgenol 178: 47–51. 

[18] M, Anbar. 1998. "Clinical thermal imaging today." 

IEEE Eng Med Biol 25-33. 

[19] Miklavcˇic, D, G Sersˇa, E Brecelj , J Gehl, D Soden , 

G Bianchi, P Ruggieri, C R Rossi, L G Campana , and 

T Jarm. 2012. "Electrochemotherapy: technological 

advancements for efficient electroporation-based 

treatment of internal tumors." Med Biol Eng Comput 

50: 1213–1225. 

[20] Mulier, Stefaan , Miao Yi, Peter Mulier, Benoit 

Dupas, Philippe Pereira, Thierry de Baere, Riccardo 

Lencioni, et al. 2005. "Electrodes and multiple 

electrode systems for radiofrequency ablation: A 

proposal for updated terminology." European 

radiology 15 (4): 798-808. 

[21] Mulier, Stefaan , Yansheng Jiang, Jacques Jamart, 

Chong Wang, Yuanbo Feng, Guy Marchal, Luc 

Michel, and Yicheng Ni. 2015. "Bipolar 

radiofrequency ablation with 2 × 2 electrodes as a 

building block for matrix radiofrequency ablation: Ex 

vivo liver experiments and finite element method 

modelling." Int J Hyperthermia 31 (6): 649–665. 

[22] Ruxsapong , P, P Phasukkit , S Tungjitkusolmun, S 

Prasantamrongsiri, and A Sanpanich. 2013. "Airflow 

analysis of radiofrequency ablation for asthma therapy 

by using 3D finite element method." Biomedical 

Engineering International Conference .  

[23] San D, Zhong, and L Jing . 2002. "Monte Carlo 

method to solve multidimensional bioheat transfer 

problem." nt J of Computation and Methodology 42: 

543-567. 

[24] Trujillo, Macarena, and Enrique Berjano. 2013. 

"Review of the mathematical functions used to model 

the temperature dependence of electrical and thermal 

conductivities of biological tissue in radiofrequency 

ablation." Int J Hyperthermia 29 (6): 590–597. 

[25] Tungjitkusolmun, Supan, S Tyler Staelin, Dieter 

Haemmerich, Jang-Zern Tsai, Hong Cao, John G 

Webster, Fred T Lee, David M Mahvi, and Vicken R 

Vorperian. 2002. "Three-Dimensional Finite-Element 

Analyses for Radio-Frequency Hepatic Tumor 

Ablation." IEEE TRANSACTIONS ON 

BIOMEDICAL ENGINEERING 49 (1). 

[26] Weisbrod, Adam J, Thomas D Atwell, Matthew R 

Callstrom, Michael A Farrell, Jayawant N Mandreka, 

and J William Charboneau. 2007. "Percutaneous 

radiofrequency ablation with a multiple-electrode 

switching-generator system." Journal of Vascular and 

Interventional Radiology 18 (1): 528–532. 

[27] Wong, Sandra L., Pamela B. Mangu, Michael A 

Choti, Todd S Crocenzi, Gerald D Dodd III, Gary S 

Dorfman, Cathy Eng, et al. 2010. "American Society 

of Clinical Oncology 2009 Clinical Evidence Review 

on Radiofrequency Ablation of Hepatic Metastases 

From Colorectal Cancer." Journal of Clinical 

Oncology 28 (3). 

[28] Xu, Ming, Xiao-hua Xie, Xiao-yan Xie, Zuo-feng Xu, 

Guang-jian Liu, Yan-ling Zheng, Guang-liang Huang, 

Wei Wang, Shu-guang Zheng, and Ming-de Lu. 2013. 

"Sorafenib suppresses the rapid progress of 

hepatocellular carcinoma after insufficient 

radiofrequency ablation therapy: An experiment in 

vivo." Acta Radiology 199-204. 

[29] Yeung, Enoch SL, Max WY Chung, Keedon Wong, 

Clement YK Wong, Enoch CT So, and Albert CY 

Chan. 2014. "An update on irreversible 

electroporation of liver tumours." Hong Kong Med J 

20 (4): 313–16. 

[30] Yhamyindee, P, P Phasukkit, S Tungjitkusolmon S, 

and A Sanpanich. 2012. "Analysis of heat sink effect 

in hepatic cancer treatment near arterial for 

microwave ablation by using finite element method." 

Biomedical Engineering International Conference .  

 


