
 

Abstract— A possibility of hyperthermia treatment using a 
magnetic resonance imaging (MRI) is discussed. A resonant 
circuit consisting of a closed connection of an inductor and a 
capacitor raised its temperature by an applied magnetic field. 
As the resonant circuit is heated efficiently, it can be used as an 
implant for the hyperthermia. It was indicated that a RF pulse 
of a commercial MRI system under normal diagnosis procedure 
could be used for the excitation source. 

I. INTRODUCTION

YPERTHERMIA is a therapeutic procedure of raising 
the body temperature for cancer treatment. Although 

various established treatments of surgical operation, 
radiotherapy and chemotherapy suffer from risks of scar and 
harmful side effects, the hyperthermia has an advantage that 
those risks are reduced. The hyperthermia elevates the local 
temperature to between 42.5 and 44 °C to kill cancer and 
most normal tissues are not damaged at the temperature 
below 44 °C. When the body temperature rises, the heat is 
dissipated by cooling through blood circulation. A sluggish 
blood flow in the cancerous tissues leaves them vulnerable at 
the elevated temperature. This process of killing the cancer is 
safe for surrounded healthy tissues. 

A technique for local heating is essential in terms of 
capability of warming the cancerous tissue locally as 
compared with whole body heating. Among various warming 
methods proposed for the local heating, the hyperthermia 
using implants is expected to warm cancerous tissue in deeply 
located and to avoid risk of burn. The implants of tiny 
elements inside of the body are heated up by an external 
energy source. A combination of magnetic materials as the 
implants and a magnetic field applied from outside of the 
body has attracted much attention [1,2]. Recently 
fundamental research using magnetic nanoparticles has been 
also popular [3]. In order to minimize harmful effects 
associated with high frequency magnetic field to the body, the 
external magnetic field should be less intense with lower 
frequency as possible. It is expectable to use a resonance 
circuit for the implant, which generates heat efficiently by the 
applied external magnetic field [4]. It was found that the 
resonant circuit was heated up to 40 °C by the weak applied 
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magnetic field of 3.4 μT at 63.9 MHz [5]. It has been also 
proposed to use a RF pulse (high frequency magnetic field) 
from a magnetic resonance imaging (MRI). As a preliminary 
result, RF magnetic field of the MRI with a low duty factor 
could raise the circuit temperature up to 13 °C. In this paper, 
the temperature rise of the resonant circuit excited by RF field 
of the MRI is clarified and an advantage of implant 
hyperthermia using the MRI equipment is discussed. 

II. IMPLANT HYPERTHERMIA USING MRI 

A. Resonant circuit implants delivered through catheter 
In case that size of implants is as small as 1mm, it is 

possible to deliver them to a tumor through a catheter as 
illustrated in Fig.1. This delivery method offers a cancer 
treatment with less scar, which can not be achieved by 
surgical operation including endoscopic resection. A risk of 
infectious disease can be also reduced. A resonant circuit is 
one of the promising implant from the viewpoints of its size 
and high heat efficiency. 

The resonant circuit used in this study was consisted of a 
closed connection of an inductor and a capacitor. When an ac 
magnetic field is applied to the inductor coil, a current flows 
by an electromotive force induced in the coil, v as shown in 
Fig. 2. An electric power consumed in the circuit, P in active 
power, is described as 

2
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Z
r

P s=                                                              (1) 

where Z and rs are impedance and residual resistance of the 
circuit, respectively. In case that the frequency of the applied 
ac field equals to the resonant frequency of the circuit, the 
power P is described as 
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because the reactance in )1( srCj
LjZ ++=

ω
ω  is zero. 

As the electromotive force induced in the coil, v is 
proportional to the frequency of the applied magnetic field, 
higher frequency is preferable for a higher temperature rise. 

B. RF pulse of MRI 
MRI is operated under a combination of strong dc and 

weak ac magnetic fields. The magnetic-flux density of the dc 
field in commercial MRI system is typically 0.2-2 T. MRI 
images of higher resolution can be obtained by using the 
higher dc magnetic filed. The frequency of the ac field is 
determined by a gyro-magnetic ratio of a detecting atom 
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Fig. 2.  Resonant circuit consisting of closed connection of inductor
and capacitor (a) and its equivalent circuit under ac magnetic field
(b). 
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Fig. 1.  Implants of resonant circuits delivered to a tumor through a
catheter.

(normally hydrogen) and the strength of the dc field. The 
gyro-magnetic ratio of hydrogen is 42.6 MHz/T. This 
frequency is also referred as Larmor frequency or frequency 
for nuclear magnetic resonance (NMR). The dc filed strength 
of the commercial MRI equipment used in this study was 1.5 
T. The 1.5-T type MRI equipment is widely distributed to 
hospitals. The corresponding ac frequency was 63.9 MHz. In 
order to observe recovery and decay of hydrogen nuclei 
magnetic moment, the ac field is applied as a pulse consisting 
of modulated sinc waveform [5]. So, the ac field in the MRI is 
called the RF pulse. The strength of the RF pulse is usually a 
few μT, but its duty ratio is quite low comparing with a 
continuous wave. Although this field strength is smaller than 
the terrestrial magnetism, its high frequency promotes the 
enough heating of the resonant circuit. 

C. Temperature rise and MRI image 
A temperature rise of a resonant circuit excited by a RF 

pulse of MRI was measured. The circuit was consisted of an 
inductor (2.07 μH) and a capacitor (3.0 pF). Its resonant 
frequency was 63.9 MHz. The diameter and number of turn 
of the coil were 15 mm and 6, respectively. The dimension of 
the capacitor was 2 mm × 3.5 mm × 0.63 mm. The 
temperature rise of the circuit was measured by an optical 
thermometer using laser and optical fiber, which was not 
affected by a magnetic field with high frequency. The circuit 
was covered by polyurethane material as a thermal insulation. 
The sensor tip was attached to the coil. Preliminary results of 
the temperature rise of the circuit excited by an ac magnetic 
field with continuous waveform have been reported [5]. It 
was found that the highest temperature rise was obtained 

when the frequency of the applied field matched to the 
resonant frequency of the circuit. 

The 1.5-T type commercial MRI system was used. The 
center frequency of the modulated RF magnetic field was 
63.9 MHz. The magnetic field of the modulated RF pulse was 
applied to the circuit under a normal procedure for the MRI 
diagnostics. The direction of the inductor coil was adjusted to 
the x-, y- or z-axis, where the z-axis was parallel to the 
direction of the dc magnetic field in the configuration of the 
MRI system. The RF pulse was applied in the directions of 
the x- and y-axes which were perpendicular to the z-axis.
Figure 3 shows the temperature rise of the circuit as a 
function of the duration of the MRI operation. The circuit 
raised its temperature up to 10 °C after 5 min when the coil 
was aligned to x- or y-axis which was parallel to the direction 
of the RF pulse. The temperature did not rise in case that the 
RF magnetic field did not penetrate the coil aligned to z-axis.

Because the inductor acts as a magnet, the resonant circuit 
implant might degrades the MRI images as artifacts. Figure 4 
shows the T1-weightened MRI image of a piece of pork meat 
with an inserted resonant circuit. Although the part of the 
tomographic image around the circuit was blackened, the 
surrounding part was clearly imaged enough for diagnosis. 
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Fig. 3.  Temperature Rise of resonant circuit (L=2.07mH, 
C=3.0pF) excited by RF pulse of MRI. 
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Fig. 4.  T1-weighted MRI image of a piece of pork meat with 
inserted resonant circuit implant. 

6374



D. Field strength and frequency for hyperthermia 
It is preferable to use a weak magnetic field with low 

frequency for safety to human body. It is expectable to use a 
resonance circuit. It has been reported that the product of 
magnetic field and its frequency, H⋅f should not be exceeded 
4.85×108 A/m⋅s [6]. The temperature rise up to 40 °C was 
obtained in the resonant circuit excited by a magnetic field of 
3.4 μT at 63.9 MHz with a continuous wave [5]. The product 
of H⋅f in this case was below the line of 4.85×108 A/m⋅s as 
shown in Fig. 5. It was also confirmed that the resonant 
circuits with their resonant frequency of 100 kHz order 
exhibited the significant temperature rise. 

The RF magnetic field in the MRI is applied with sinc 
waveform of its modulated frequency (sinc frequency) at 1 
kHz order. In order to collect tomographic images, the 
strength of the dc field is gradient along a required special 
direction. The frequency of the RF field is modulated 
approximately in the range of 63.9 ±1 MHz as to match the 
NMR frequency under the gradient dc field strength. The 
duty factor and the field strength of the RF pulse are restricted 
with an index of specific absorption rate (SAR) in 
consideration of any influence of metal in the body like dental 
metal, and a normal organization. Therefore the product of 
H⋅f for the MRI pulse under a normal diagnosis sequence is 
less than the calculated value for the continuous wave. 

III. CONCLUSION

The hyperthermia treatment using a resonant circuit as an 
implant and a MRI system as an excitation source is discussed. 
It was found that the resonant circuit raised its temperature 
efficiently by the external magnetic field. The temperature 
rise of 10 °C was obtained by an applied magnetic field of RF 
pulse under a normal diagnosis procedure of the MRI system. 
It is advantageous that the commercial MRI equipment can be 
used for the hyperthermia because the therapeutic procedure 

can be repeated after confirming results from the MRI 
diagnosis. 

REFERENCES

[1] I. Tohnai, Y. Goto, Y. Hayashi, M. Ueda, T. Kobayashi and M. Matsui,  
“Preoperative thermochemotherapy of oral cancer using magnetic 
induction hyperthermia (Implant Heating System: IHS),” Int. J. 
Hyperthermia, vol.12, pp. 37-47, 1996. 

[2] M. Jojo, A. Murakami, F. Sato, H. Matsuki, and T. Sato, “Consideration 
of handy excitation apparatus for the inductive hyperthermia,” IEEE 
Trans. Magn.,  vol. 37, pp. 2944-2946, July 2001. 

[3] Q. A. Pankhurst, J. Connolly, S. K. Jones and J. Dobson, “Applications 
of magnetic nanoparticles in biomedicine,” J. Phys. D: Appl. Phys.,  vol. 
36, pp. R167-R181, 2003. 

[4] Y. Kotsuka, K. Orii, H. Kojima, K. Kamogawa, and M. Tanaka, “New 
wireless thermometer for RF and microwave thermal therapy using an 
MMIC in an Si BJT VCO Type,” IEEE Trans. MTT, vol. 47, pp. 
2630-2635, Dec. 1999. 

[5] M. Morita, T. Inoue, T. Yamada, Y. Takemura, T. Niwa, and T. Inoue, 
“Resonant circuits for hyperthermia excited by RF magnetic field of 
MRI,” IEEE Trans. Magn., vol. 41, pp. 3637-3675 2005. 

[6] W. J. Atkinson, I. A. Brezovich, and D. P. Chakraborty, “Usable 
frequencies in hyperthermia with thermal seeds,” IEEE Trans. Biomed. 
Eng., vol. BME 31, pp. 70-75, Jan. 1984. 

Fig. 5.  Product of strength and frequency of applied magnetic field 
used for hyperthermia. 

6375


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


