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Abstract

Hepatocellular carcinoma is significant worldwide public health problem with an estimated annually mortality of 1,000,000 people.
Radiofrequency (RF) ablation is an interventional technique that in recent years has come to be used for treatment of the hepatocellualr
carcinoma, by destructing tumor tissues in high temperatures. Numerous studies have been attempted to prove excellence of RF ablation and
to improve its efficiency by various methods. However, the attempts are sometimes paradox to advantages of a minimum invasive
characteristic and an operative simplicity in RF ablation. The aim of the current study is, therefore, to suggest an improved RF ablation
technique by identifying an optimum RF pattern, which is one of important factors capable of controlling the extent of high temperature
region in lossless of the advantages of RF ablation.

Three-dimensional finite element (FE) model was developed and validated comparing with the results reported by literature. Four
representative RF patterns (sine, square, exponential, and simulated RF waves), which were corresponding to currents fed during simulated
RF ablation, were investigated. Following parameters for each RF pattern were analyzed to identify which is the most optimum in
eliminating effectively tumor tissues. 1) maximum temperature, 2) a degree of alteration of maximum temperature in a constant time range
(30-40 second), 3) a domain of temperature over 47 C isothermal temperature (IT), and 4) a domain inducing over 63% cell damage. Here,
heat transfer characteristics within the tissues were determined by Bioheat Governing Equation.

Developed FE model showed 90-95% accuracy approximately in prediction of maximum temperature and domain of interests achieved
during RF ablation. Maximum temperatures for sine, square, exponential, and simulated RF waves were 69.0C, 66.9C, 65.4C, and 51.8C,
respectively. While the maximum temperatures were decreased in the constant time range, average time intervals for sine, square,
exponential, and simulated RF waves were 0.4920.14, 1.00+0.00, 1.65+0.02, and 1.66+0.02 seconds, respectively. Average magnitudes of
the decreased maximum temperatures in the time range were 0.45+0.15°C for sine wave, 1.93+0.02°C for square wave, 2.94+0.05C for
exponential wave, and 1.532:0.06 C for simulated RF wave. Volumes of temperature domain over 47 C IT for sine, square, exponential, and
simulated RF waves were 1480mm3, 1440mm3, 1380mm3, and 395mm3, respectively. Volumes inducing over 63% cell damage for sine,
square, exponential, and simulated RF waves were 114mm3, 62mm3, 17mm3, and 0mm3, respectively. These results support that applying
sine wave during RF ablation may be generally the most optimum in destructing effectively tumor tissues, compared with other RF patterns.

Key words : radiofrequency (RF) ablation, finite element analysis, hepatocellular carcinoma, optimum RF pattern, bioheat goveming equation
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Fig. 1. Final finite element model developed in this study
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