
A SYSTEM FOR PRODUCING LOCALIZED 
HYPERTHERMIA IN BRAIN TUMORS THROUGH MAGNETIC 
INDUCTION HEATING OF FERROMAGNETIC IMPLANTS. 

Certain brain tumors, such as glioblastoma multiformate Grade IV 
which is universally fatal, have been identified as candidates 
for treatment with hyperthermia combined with ionizing radiation 
following the usual surgical debulking. This tumor contains 
radioresistant hypoxic cells which spread into normal brain 
tissue along microscopic tracts. In vitro data support the 
hypothesis that hypoxi'C cells may be particularly sensitive to 
the combination therapy. Thus, we are developing a magnetic 
induction system for producing localized hyperthermia in these 
intracranial tumors. Differential heating is achieved through 
use of small (1-2 mm diameter) ferromagnetic seeds which can be 
stereotactically imbedded in residual tumor at the time of 
craniotomy. The dependence. of differential implant heating on 
the power source frequency has been characterized and indicates 
use of frequencies below 2MHz. Thermographic analysis of tem
perature distributions induced in phantom models has been 
performed for various implant materials, sizes, geometries and 
array configurati"ons. The thermal conductivity and electrical 
properties of the phantom brain tissue were verified empirically 
and were used to construct simple mathematical models. Tempera
ture distributions induced in single seed phantoms are consis
tent with the theoretically expected dependence on the inverse 
radial distance from the seed. In particular, Trial 16 showed 
a temperature differential greater than 4 °c out to five seed 
radii (1 cm) from the implant site with no significant direct 
heating of the phantom by the RF field .. A description of the 
coil and system design is provided with special attention to 
the final impedance matching network. Trials on animals will be 
followed by application to humans as soon as confidence with the 
technique and apparatus can be established from these laboratory 
experiments. 



,, .. .1 .. , 
Certain brain tumors would be excellent candidates for the 

use of adjuvant hyperthermia with x-i rradi ati on which normally 
follows initial surgical debulking. In particular, glioblastoma 
multi'forme grade IV contains radioresistant hypoxic cells which 
surround the necrotic core and spread into normal brain tissue 
along microscopic tracts. Previous in vitro data substantiates 
the sensitivity of hypoxic tumors tohyperthermic kill. Heat in 
conjunction with radiation may improve survival rates which are. 
presently near zero. Thus a system is desired for producing a 
well controlled temperature field in soft brain tissue enclosed 
in bone . 

. A magnetic induction heating system is under development 
which achi~ves differential tumor heating through use of small 
(1-2 diameter) bi-Ocompatitle ferromagnetic implants. These 
seeds can Be stereotacttcally imbedded in residual tumor during 
tti.e craniotomy or through small holes in the skull as described 
By Heath., John, and Fontana (1) et al. The apparatus consists 
of a helical inductinn cotl with a double tuned coupling trans
former. Vari'aole capacitors on both the primary and secondary 
of th.e transformer permH matching into a wide range of load 
impedances. The coupling transformer and heating coil both are 
constructed from 3/8 11 tuofog to permit water cooling. Phantom 
Brain ttssue s·imi'lar to that developed by Guy (2) was mixed with 
in order to match the thermal and electrical conductivities to 
those of cat brafo. An apparatus developed by Bowman and 
co 11 eagues (3) was used for the therma 1 conductivity measurements. 
The electrical properti~s were verified using an impedance 
5rtdge and a probe similar to that described by Hahn and 
Stavros· (4) . 

The dependence of seed heating on the power source frequency 
was studi~d for various implant materials and sizes. Results 
indicate use of frequencies below 2MHz in order to obtain sub
stanti'al differential heating between the seeds and the brain 
·tissue directly. Temperature distributions induced in phantom 
mod~l& coritaini~g various arrays of implant materials were 



analyzed with a thermographic camera. Heating patterns induced 
in single seed phantoms were found to be consistent with the 
theoretically expected dependence on the inverse radial distance 
from the seed. Thus a simple mathematical model of the brain 
used in calculations of power deposition into the brain via the 
implants. Although heating efficiency is low, large portions 
of 100 cm3 phantoms placed in a 10 cm diameter heating coil have 
been elevated at least at 4 °c/min. using strong ferromagnetic 
implant materials with less than lOOW. Work is now in progress 
with l.5kW available power so that decreased implant size and 
full scale heating coils are possible. The thermographic 
studies of arrays of implants will be used to specify optimum 
spacing versus size requirements to achieve a uniform specific 
absorption rate over a specified volume of interest. 

Future efforts inc 1 ude anima 1 tri a 1 s to be fo 11 owed by 
clinical application to humans once confidence with the technique 
and apparatus ts established . 

.!!!. vivo studi.es may lead to the use of higher frequencies 
where moderate whole brafn heating can be combined with a lesser 
degree of differential heating of the seeds. Extension of the 
technique to other anatomkal sites and to tissue heating by 
direct induction will be pursued sObject to clinical demands. 
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