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Introduction

Optimal regional hyperthermia systems operate in a coherent radiative mode with the electric
field along the body axis, at a frequency around 140 MHz. To allow 3D control of the focus
and to ensure efficient power coupling to the patient, the gap between the antenna and the
patient must be filled with a water bolus. This design has been investigated by Paulsen et al.
[1] and Kroeze et al. [2] using finite difference time domain (FDTD) modeling and has been
show to be the optimal design for regional hyperthermia.

Hyperthermia treatment planning can be used to find the optimal phase amplitude settings for
an individual patient. However, it is essential that temperature feedback is present during
treatment to guarantee the optimal settings. On line MRI may supply the actual anatomy for
planning, temperature feedback and treatment response assessment. Gellerman et al. [3] used
a regional hyperthermia inset system in a standard 1.5 T MRI system. Due to the different
frequencies used for both systems, they could be rf decoupled and used independently.

Design

The required rf frequency for regional hyperthermia is close to the Larmor frequency for a 3
Tesla MRI system (128 MHz). We propose a hybrid system in which a single 128 MHz pha-
sed array antenna is used for both excitation and regional hyperthermia. This gives the unique
capability to quantify the antenna behavior in hyperthermia mode and map the actual hy-
perthermia fields [4]. Such a system could be built as an inset into a standard 3T clinical
scanner which then would no longer use its rf body coil, or it can replace the rf body coil of a
clinical scanner completely.

The benefits of the water bolus and the multiple antenna rings for hyperthermia apply equally
well for imaging. I.e. the body cooling and the additional longitudinal control that supplies
additional freedom in SAR and B1 " control for MRI [5]. The phased array capabilities of the rf
antenna in a hybrid system can be used to optimize the B;" homogeneity and consequently
improve the image quality at 3T.

Methods and Results

To test the hyperthermia and MRI performance of the proposed hybrid system, its rf system
was simulated using our hyperthermia treatment planning system [6]. A finite difference time
domain (FDTD) code allows the computation of the SAR and B; " distribution in realistic pa-
tients.
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Conventional MRI : Water filled MRI ! Water filled MRI, optimized
SD=16,7% ! SD=114%

For comparison purposes an air based conventional 3T MR transmit coil is also simulated [5]
and the results are compared with the water based hybrid system. Simulations show that the
homogeneity in the 9 cm thick body cross-section that we indicated as the region of interest
has a standard deviation of 35.5% and 16.7% for respectively the water filled and the conven-
tional MRI in standard quadrature drive.

However, it is found that phase amplitude optimization can improve the standard deviation of
the B;" homogeneity to 11.4%. Furthermore, it is shown that the system has sufficient SAR
control for hyperthermia treatment of pelvic tumours .

Conclusions

The simulations of the total system give insight into the feasibility of the hybrid
MRI/hyperthermia concept. In the near future we will investigate more aspects of this design
such as signal-to-noise, power amplifier requirements and the capabilities of SAR reduction
for MR imaging only.

The shown hybrid system may provide heating controlled by simultaneous non-invasive
thermometry. The use of 128 MHz (3T) for both applications provides a unique possibility for
treatment response assessment using fMRI.
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