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Abstract:
Several randomized clinical trials have shown a benefit when adding hyperthermia treatment (HT) to standard
radio- and chemo-therapies for various tumor diseases. We developed the HYPERCollar3D microwave
applicator that enables inducing therapeutic temperatures in range of 40-43°C for a period of 60 minutes in
the head and neck region. Since thermometry catheters represent serious discomfort for the patient and
increases infection risks, noninvasive 3D thermometry techniques using e.g. magnetic resonance imaging
(MR) scanner is desirable. Positioning receiving MR coils as close as possible to the patient surface strongly
improves the signal to noise ratio (SNR) compared to the MR body coil. This requires integration of
the receiving coils in the hyperthermia applicator, i.e. representing an application specific design of the MRI
coils.

A. Purpose of the STSM
This one month STSM was an essential part of an overall 13 weeks training period specifically aiming to gain
theoretical knowledge and practical skills in the design of MR receive coils and its integration into
a hyperthermia treatment system. Prior this STMS researcher Tomas Drizdal received “hands on” training
th
starting by 29 of February 2016 in design and manufacturing of single and multiple surface coils arrays
supported by travel grant from René Vogels foundation. The main objectives of this STSM application were:
1.
2.
3.
4.

To demonstrate improved SNR of the surface receive coils integrated in hyperthermia applicator array
in comparison to the MR body coil.
Development of a 3D model of the “hybrid” hyperthermia applicator including MR
transmitting/receiving coils and hyperthermia antenna elements,
Verification of the heating capability of the “hybrid” hyperthermia applicator model using
hyperthermia treatment planning software,
Development of the procedure for comparison of simulated and measured B1+ and B1- fields.
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B. Work Description
Add 1) We manufactured dual channel surface 3T MR receive coils placed around a 2x2 YagiUda 434MHz
hyperthermia antenna array. YagiUda antennas were inserted into the structure containing the coil elements
and tuned in SEMCAD X (v. 14.8.6, Speag, Zürich, Switzerland) to obtain uniform specific absorption rate (SAR)
distribution in muscle phantom. Tubes for inflow and outflow of the deionized water were placed at the top of
the arrays. For the SNR images (figure 2a) we used the fast spoiled gradient echo pulse sequence with
o
extended dynamic range, 10mm slice thickness, flip angle of 30 , echo time TE=1ms, and 256x256 axial slice
resolution.
Add 2) A series of scripts in the python interface of SEMCAD X were programed allowing us an automatic
generation of the hyperthermia treatment planning setups. For several setups, we saw “interruption” for finite
difference time domain (FDTD) voxels of thin 0.75mm feeding microstrip lines for the Yagi-Uda
implementation. FDTD modelling at 0.25mm was necessary for proper voxelling of these antenna parts leading
to long calculation time. To ensure electric connectivity among antenna parts even for “coarse” grid steps
around 0.75mm, we added to the model of YagiUda antenna wires with zero thickness assigned from perfect
electric conductor (PEC) material (see figure 1 bottom line). For these wires which were also used for modeling
of MRI receive coils, SEMCAD X ensure connectivity in FDTD grid.
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Figure 1: YagiUda (top) and YagiUda including PEC wires (bottom) SEMCAD X models and their 0.25mm, 0.5mm
and 0.75mm FDTD voxelled models.
Add 3) For one of our patent models we created setups of up to 18 YagiUda antennas (two array of 3x3
antennas) and six surface MRI receive coils. For identical amplitude and phase settings we compared
the radiotherapy clinical target volume (CTV) cfSAR (cubic filter SAR) coverage for two scenarios with and
without presence of MR coils. For optimization of the amplitude and phase setting we used our in-house
developed Visualization Tool for Electromagnetic Dosimetry and Optimization, i.e. VEDO.
Add 4) In the last week of the STSM I focused on development of the testing procedure allowing comparison of
simulated and measured B1+ field. Post-processing scripts were written to analyze variable flip angle B1+
mapping technique. In this method the MRI scan is done for a range of different transition gains settings of the
MR scanner where by the flip angle map (proportional to B1+ map) is generated afterwards by pixel based
3
fitting of sin function for signal intensity of MR images. A generic 1.5T body coil model was created producing
quantitatively identical B1+ field as the real body coil in 1.5T 450w GE scanner. This allows us to compare
measured and simulated B1+ fields for the future experiments at our institute.
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C. Results
Add 1) Figure 2b shows SNR comparisons of a MR body coil of GE 750w 3T scanner and our manufactured 3T
surface coils in depth varying from 1 to 4 cm of the agar phantom surface at the center and under the antenna
locations (see figure 2a). The first two layers under the antennas in figure 2a were created by mixing agar
phantom with deionized water representing 4cm thick water bolus. In comparison to the body coil, the surface
coils provided a substantial better SNR (under the antenna: +30% to 80%; at center 0% to 40%) for both
locations confirming the benefit of using surface coils.
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Figure 2: a) MRI image acquired using the 3T surface coils at cross-section passing the center of the YagiUda
array; b) Signal to Noise Ratio (SNR) comparison of 3T MRI body coil and surface coils for the position in the
center and under one of the YagiUda antennas for depth 1-4cm of agar phantom.
Add 3) Figures 3a and 3b show encouraging cfSAR distributions for the sagittal and axial slices from VEDO
including the CTV delineation. There are minor differences in CTV cfSAR coverage for models with and without
MR coils (figure 3c). For a definitive conclusion on the interaction between the MR coils and the hyperthermia
antenna arrays further studies with more patient models and different antenna and coil arrangements are
required and will be performed in Rotterdam.
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Figure 3: a) sagittal and b) axial cfSAR slice from VEDO for hyperthermia treatment planning setup including six
channel 1.5T MRI surface coils, c) comparison of normalized CTV volume cfSAR cumulative histograms for
simulation setups with and without six channel MRI 3T surface coils.
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