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k _ Thermal distributions of 434 MHz Erbotherm H 69 hyperther
_ff · 'mia/di

1
atherti_nytgenerators in tissue-equivalent medium have 

4,"',r been nves Iga ed. Thermocouples were used to measure 
*'i - temperatures at a set of grid points. Cylindrical and abdominal 
y:,,_ phantoms were heated and sectioned after heating to measure 

· !¥ the temperatures at depth. Results indicate that there is po
tential for heating deep-seated tumors. The distributions were 
influenced by the number, shape and geometry of the appli-

~-/ cators employed. O 
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Microwave-induced hyperthermia employs a wide range of 
frequencies and applicator designs. The ISM frequencies 915 
and 2450 MHz, long used in diathermy (1), have found immediate 
applications in cancer therapy. However, the depth of pene
tration of these frequencies limits their use to the heating of 
superficial tumor sites. 

A recent study (2) reported successful heating of deep-seated 
tumors with 434 MHz in animals and clinical subjects with sig
nificant relief of symptoms and regression of tumors. 

Encouraged by these findings, we have attempted to char
acterize the fields produced by the _Erbe "Euro 69" 434 dia
thermy system. Moreover, it has been suggested that frequen-

f. cies below 915 MHz are better suited for heating deep-seated 
,~ tumors. The work reported here is an early stage of an attempt f · to deliver MW energy to a specific tissue volume (anatomical 
•· region). We have mapped the temperature distributions . in 

phantoms produced by a 434 MHz applicator -generator system 
using single and multiple applicators in several geometrical 
configurations. We hope our results will be useful to those in the 
clinical community who are now using or planning to use this 
system for tumor heating. 

MATERIALS AND METHODS 

:~- Models have been developed to describe the fields in bio-
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Fig. 1. Relative temperature Change in a cylindrical phantom heated 
with a single applicator. 
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logical tissue. Given the boundary conditions and shape and size 
of a biological specimen, and nature of the source's field, dis
tributions in the specimen may be calculated for simple "IDEAL" 
systems. Frequency selection and applicator design may be 
optimized for heating a given anatomical volume. 

However, it is not always possible to predict field distributions 
produced in vivo by an applicator because the biological system 
is not simple, but a complex, multilayered, inhomogeneous as
sembly of bones and fat, in various configurations such as found 
in the pelvis, spine, mesenteric fat, etc. Consequently, our initial 
approach to characterizing this system has been to experi
mentally measure the temperature distributions in muscle
equivalent phantoms and pigs (published at a later time) before 
using it clinically. 

Phantoms used in this study were made by cutting a styrofoam 
mold, 2-cm wall thickness, from 7.6-cm (3-in.) thick styrofoam 
sheets with a hot wire. A mold is.required to maintain the ma
terial's shape. Styrofoam was chosen because of its low in
sertion loss. A 30-cm (12-in.) long phantom was sectioned in 
the middle perpendicular to make measurements in the 
transverse plane. These models were filled with the tissue
equivalent material (3). Two phantoms were studied: 

1. A cylindrical phantom 24 cm tall and 20 cm in diameter 
was used to simulate the head and neck region. 

2. An abdominal phantom was constructed similar in shape 
to that of the abdominal region of the "Rando phantom" 
used in radiographic procedures to simulate a standard 
human abdomen. 

A standard Erbe Euro 69 434 MHz diathermy system consists 
of a generator which produces on the order of 200 W maximum 
forward power, with five intermediate settings. It may be coupled 
to one of the following three applicator types via a flexible 
coaxial cable: round, elongated rectangular, and semihexagonal 
applicators. The data presented here were obtained for the 
semihexagonal applicator. 

THERMOMETRY 

Temperatures were measured with a Baily 29 g thermocouple 
using a Doric series 400 digital readout. The thermocouple was 
calibrated by intercomparison with a certified precision quality 
Taylor instruments thermometer traceable to the National Bureau 
of Standards. Measurements for every heating cycle were at 60 

511 

Fig. 2. Relative temperature change in an abdominal phantom with 
two applicators. 
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Fig. 3. Relative temperature change in an abdominal phantom with 
three applicators. 

grid points, spaced according to the fall-off pattern, i.e., rapidly 
changing gradient regions of temperature were spaced closer. 
The temperature measurements were made when the micro
waves were off and the readings were corrected for the errors 
contributed by heating diffusion during the time required to make 
measurements. The maximum error due to diffusion was on the 
order of 0.2°C. Isotherms of relative change in temperature from 
the ambient temperature of the muscle-equivalent material were 
drawn by interpolating between the grid points. 

RESULTS AND DISCUSSION 

Isotherms representing relative rise of temperature from the 
phantom's ambient temperature produced by the UHF heating 
from a simple semihexagonal applicator for a cylindrical phan
tom are shown in Figure 1. The geometrical configuration of the 

. heating set-up is shown in the inset of the figure. These iso
therms are the results of 10 minutes of heating time with a 
nominal power setting of 200 W. The distribution shows nonu
niformity of heating close to the edges of the applicator. A 
change of 1.5°C is observed at a depth of 10 cm. Figure 2 shows 
temperature changes in the abdominal phantom produced from 
heating with two semihexagonal applicators arranged in a par
allel opposed configuration. The heating setup is shown in the 
insert. Heating was carried out for 15 min. at a nominal power 
setting of 200 W. Figures 3 and 4 show simulator isothermal 
distributions with three applicators arranged around the phantom. 
The difference in distributions in these figures is due to the dif
ference in spatial arrangement of the applicators. The applica
tors in Figure 4 are much "closer to the phantom than those in 
Figure 3. 

The heating patterns presented here are pertinent to the 
specific arrangement. It is understood that in the conversion of 

Fig. 4. Relative temperature change in an abdominal phantom with 
three applicators which are much closer to the phantom than those in 
Figure 3. 

microwave power into heat energy and the resulting patterns 
of temperature distribution in a medium are very much dependent 
upon the spatial distribution of the radiated energy and its sub
sequent interaction with the medium and also, up to a lesser 
extent, upon the surrounding of the source in the subject. 

It is therefore difficult to draw conclusions from these studies 
regarding the thermal distributions which these applicators will 
produce in and around tumors in man. However, these studies 
definitely demonstrate that the heating patterns may be modified 
significantly by selectively arranging the applicator medium 
configuration. The uniformity of heating can also be improved. 
Moreover, the studies demonstrate that the 434 MHz system is 
capable of heating at depths of 10 cm. But, to successfully and 
safely administer microwave heating using Erbother 69 it is 
necessary to accurately monitor tissue temperatures during 
treatment. 
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