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Introduction

The survival time of patients with malignant brain tumours is low due to very frequent local
recurrences. Radiofrequency capacitive hyperthermia, at 13.56 MHz, can be used as an adju-
vant treatment of the traditional radiotherapy and chemotherapy for advanced inoperable ma-
lignant brain tumours. Some clinical studies have demonstrated the efficacy of thermal treat-
ment to delay the tumour growth [1]-[6].

Thermal treatment should provide the reaching of therapeutic temperature in the entire tumour
and its surroundings, avoiding thermal damage to the functionally important healthy brain
tissues. Temperature can be controlled with a small number of implanted probes, but this way
seems to be excessively invasive and in contrast with the choice of non-invasive capacitively
coupled hyperthermia.

The proposed treatment planning method is based on numerical simulations that predict the
temperature distribution on 3D geometric model derived from CT or MR images of the pa-
tient.

Method

The anatomical model of the patient brain is obtained from a CT data set of a patient with a
glioblastoma. The mesh has been obtained using the Amira package (Amira-TGS). The di-
electric and thermal properties of tissues have been derived from literature [7] and shown in
Table 1.

Table 1.

Electric and thermal properties used for the calculations
o e k p c F
Bolus 0.5 80 6 1000 4180 0.0
Bone 0.028 10 0.44 1800 1300 0.13
Gray matter 0.4 280 0.6 1020 3500 7.01
White matter 0.3 170 0.6 1020 3500 2.00
Tumor 0.25 130 0.6 1020 3500 4.34
Cerebrospinal | ) o5 80 0.6 1020 3500 0.0
fluid

As the wavelength of the RF electromagnetic field in tissues is much greater than the depth of
the treated region, the quasi-static electric field approximation can be applied solving the
Laplace equation to describe the electric power density distribution in the brain. To describe
the evolution of temperature in human tissues the bio-heat transfer equation (BHTE) formu-
lated by Pennes [8] has been used:

pc%=V-(kVT)+0E2—cb%(T—E) (1)
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where E is the rms value of the electric field, calculated solving the electric conduction prob-
lem; p is density [kg/m’]; ¢ is specific heat [J/kg K]; k is thermal conductivity [W/m KJ; T is
temperature [K]; ¢, is specific heat of blood [J/kg K]; and W}, is blood mass flow rate [kg/s
m’] and T}, temperature of blood [K].

The electric field and temperature distribution are computed using a FEM code. The elec-
trodes voltages were chosen to obtain a total absorbed power of about 100 W. The heating
time was set at 2100 sec, the temperature of bolus bags at the constant value of 10°C and the

ambient air at 22°C.

Conclusions

Result of electric potential distribution obtained during a capacitive hyperthermia treatment is

shown in fig.1.
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Figure 1: Electric potential (as contour) and current density (as colormap) distribution.

Some other electric and thermal results will be presented. The proposed treatment planning
based on FEM simulation could represent a valid method to investigate the efficiency of the
thermal treatment and the most suitable devices.
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