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Coil design and simulation analysis of magnetic induction hyperthermia in rats

GUO Siwei, LU Mai
Key Lab of Optoelectronic Technology and Intelligent Control of Ministry of Education, Lanzhou Jiaotong University, Lanzhou
730000, China

Abstract: A Helmholtz coil is selected to generate the alternating magnetic field, and the relevant model is established with a
rat brain tumor as the research object. Based on the Pennes bioheat transfer equation, the electromagnetic field distribution
and temperature field distribution are calculated in COMSOL simulation software, and the factors affecting the outcome of
magnetic induction hyperthermia are analyzed. The results show that both magnetic field distribution and temperature field
distribution meet the requirements for magnetic induction hyperthermia. The magnetic field distribution in the tumor
treatment area is uniform, and the central magnetic induction strength is 12.847 mT. The temperature rise in the tumor area is
significant, and the temperature at the tumor center is 46°C or above, basically reaching the treatment temperature. The
therapeutic efficacy of magnetic induction hyperthermia is affected by the number of turns, current, radius and spacing,
magnetic field frequency and other parameters. The study provides reference for the clinical application of magnetic
induction hyperthermia and the coil design.
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Figure 1 Helmholtz coil model
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Figure 3 Rat brain tumor model in COMSOL software
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Table 2 Biological tissue dielectric parameters

at 100 kHz frequency

ARL7/EE 5K o/S m! AT A HL R

kK& 0.065 80 15357.00
WUA 0.36190 8089.20
fiiSEs 0.020 80 227.64
b: BRI LSRR A1 0.10780 2664.70
KT 0.489 70 5933.80

=1 Fe,O, B AR FHXSH

Table 1 Parameters related to Fe;O, magnetic nanoparticles
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Table 3 Thermophysical parameters of biological tissues
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Table 4 Thermophysical parameters of magnetic fluid, tumor tissue and mixed area
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Figure 4 YZ-plane electromagnetic field distribution of the rat model
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Figure 5 XZ-plane electromagnetic field distribution of the rat model
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Figure 6 Effects of coil turns and current on magnetic field
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Table 5 Dielectric parameters of biological tissues in the brain at different frequencies
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B3R o/S -m! AAX L EE SR o/S m! MR BSEe/S m! AR R B o/S m! RN L AL
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80 0.0521 17598 0.3578 8654.8 0.0207 237.42 0.1060 3140.9
120 0.078 1 13522 0.366 1 7648.2 0.0208 220.61 0.1092 2337.8
140 0.0890 12014 0.3704 7277.2 0.0209 215.17 0.1105 2098.3
R6 ZIBEHLLBETFEINE T INA LRI EE i R R B /N R 10 223 A/m, B AAR(8)
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Figure 8 YZ—plane temperature field distribution and isotherms of the rat model
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Table 7 Heating power and tumor tissue temperature at different frequencies of Helmholtz coil
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Table 8 Heating power and tumor tissue temperature at different magnetic field strengths of Helmholtz coil

b sE R A - m! W IE S5 1 A AT /W - kg! PG RIREEPC BRI RRLEE/PC
6134.0 5.373 3x10° 41.787 39.414
8178.7 8.047 7x10° 44.113 40.555
10 223.0 1.075 5%10¢ 46.468 41.710
12 268.0 1.346 9x10° 48.829 42.869
14313.0 1.618 5%10° 51.191 44.028
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