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Introduction 
Capacitive hyperthermia is often used in conjunction with radiotherapy and chemotherapy for the treatment 
of cancer. It is applied by the use of electrodes, which can be either changeable or fixed. The main 
frequencies used for this electromagnetic heating modality are 8 and 13.56 MHz. In order to achieve better 
coupling of the electromagnetic energy to the body and, at the same time, cool the surface tissues, all 
devices use a water bolus between the application electrode and the body, commonly with a cooled 
circulating liquid. However, not much work has been performed until now on the treatment planning with 
such devices [1, 2]. 
 
Objectives 
The objective of the current study was to investigate the distributions of the electric field, the specific 
absorption rate (SAR) and the temperature inside a simplified numerical phantom of the human torso with 
an embedded spherical tumor, when the number, shape and positioning of electrodes were changed to 
achieve an optimized treatment. Finally, we also aimed at examining the effect of optimal positioning 
derived with the simplified model on a numerical phantom of realistic anatomy. 
 
Material/Methods 
The software platform we used for performing the numerical simulations was Sim4Life Version 4.4.2 
(Zurich Med Tech, Zurich, Switzerland), which implements the Finite Element Method (FEM). A homogenous 
numerical phantom of the torso (cylindrical with elliptical cross-section) was created. The phantom 
comprised two tissues: an internal cylinder with small and large diameters of 40 cm and 72 cm, 
respectively, which was assigned to the electric conductivity of muscle, and a cylindrical shell of 2 cm 
thickness on top, which was assigned to the properties of fat. The realistic model of ‘Ella’ from the Virtual 
Population (IT’IS Foundation, Zurich, Switzerland) was also used and studied; this model represents a 26-
year-old female with the height of 1.63 m and 57 kg. The circular electrodes simulated were of 25 cm in 
diameter. 
 
Results 
 It was confirmed that the number and size of the electrodes induce differences in electric field (SAR) 
distribution. At first, we used two electrodes with different dimensions (circular and rectangular). A different 
geometry was applied with two electrodes with different dimensions (circular and square) with which we 
achieved the maximum local SAR per 100W of absorbed power in the tumor region and lower total 
deposited power in healthy muscle and fat tissue. Using the most efficient model we performed the thermal 
simulation. Through the thermal simulations we confirmed that temperature distribution changes in 
proportion with the applied power and boundary settings. After studying the homogenous models, we 
confirmed the results with the realistic model of ‘Ella’.  
 
Conclusion 
We have shown that starting with a simplified numerical model of the torso, it is possible to achieve an 
electrode configuration, which can be used with realistic patient models to improve power deposition inside 
the tumor while sparing healthy tissues.  
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