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The ultimate objective of our experiment is to obtain the precise distribution of temperature in
malignant tumors occurring in cerebral parenchyme of human beings when we will carry out
interstitial hyperthermia in the near future. To achieve this purpose, first of all, it is necessary to
make an attempt at performing interstitial hyperthermia in vivo under the similar condition of
human beings. Therefore, we chose cats as materials much alike tissue characteristics of human
beings. Moreover, it is also necessary to get the basic data from dynamic phantom in order to
standardize and compare results obtained from interstitial hyperthermia carried out in cats.

By having performed these experiments we got the following results.

1)} On doing interstitial hyperthermia with 915 MHz microwave, the possible treated volume was
2 cm by 2 cm by 6 cm according to 50% specific absorption rate (SAR).

2) The distribution of temperature within non-circulated static phantom was much the same
as power density in air, but we observed that the temperature, within 5~10 minutes, rose to more
higher than 55C not measured with Ga-As fiberoptic thermistor which was not impeded by
microwave after performing interstitial hyperthermia.

3) Within dynamic phantom in which normal saline was circulating, temperature reached
steady state which was maintained for more than 45 minutes through transit period in 5§ minutes

after starting interstitial hyperthermia.

4) When we interrupted circulation in the dynamic phantom, we observed that temperature

rose to the same level as in the static phantom.

5) We could carry out interstitial hyperthermia safely when we used the generating power
below 5 watts. Abrupt interruption of circulation caused a rapid increase in temperature. Times
taking to rise to maximum 55C were 15.2 minutes (SE 0.4), 9.7 minutes (SE 0.3), and 6.3 min-
utes (SE 0.4) respectively with generating powers of 5, 10, and 15 watts.
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INTRODUCTION

Recently there has been a growing interest in the
use of hyperthermia as a new modality for cancer
therapy. It has been demonstrated that hyperther-
mia can be effective and safe method in the treate-
ment of locally-advanced malignant tumors, when it
is used alone or combined with radiation therapy
and/or chemotherapy~®.

In contrast to a malignant tumors, there is a
major difficulty in hyperthermia induction, great
effectiveness of hyperthermia in controlliing the

EEEL AYAEH SRAL AAAT Bx2 o) RolF,

especially when its heat is delivered with external
applicators. Hyperthermia with external applicators
makes it.easy to treat the skin cancer or cancer
located at the area of 2-5 cm below the skin. As a
result, burn and skin necrosis cannot be
avoided!s7—1,

The epoch is beginning to be made for control-
ling the superficial and deep-seated malignant
tumors with the clinical application of interstitial
hyperthermia, even though invasive, which it can
safeguard the maximum normal tissue and cause to
obtain a maximum therapeutic effects by reducing
the treatment volume to a minimum as possible as
it cans~%11),

There are two types of interstitial hyperthermia.



First, with interstitial applicators, microwave
antennae or radiofrequency electrodes are surgi-
cally implanted into the tumor.

Second, with ferromagnetic seeds, ther-
moseeds are surgically implanted permanently into
the tumor to create a deep uniform heating with a
low-frequency magnetic induction field®?%19,

Several reports have suggested that the maxi-
mum therapeutic effect of hyperthermia could be
obtained in combination with interstitial or external
radiotherapy.

The purposes of our experiments were to obtain
the experimentai data about hyperthermia of cere-
bral cortex, to analyze the factors involved in the
temperature distribution in vivo and to determine
the appropriate control of temperature distribution
by making dynamic and static phantoms and usmg
them as human tissue alike.

Based upon these experimental data, we will try
to apply the hyperthermia, especially interstitial, to
in vivo tumors in the near future.

METHODS AND MATERIALS
1. Characteristics of Microwave Antenna

The microwave antenna, which we used, is sin-
gle node type made for being operated with 915
MHz microwave. The junction is separated 3.5 cm
from the end of antenna and the length of antenna
is 35 cm. The distance to multi-channel distributor
(MCD) is 120 cm and MCD is connected with 915
MHz generator through coaxial cable. 915 MHz
generator has 4 channels, each of which can pro-
duce the maximum 100 watts respectively.

Power density of such an antenna in the air was
measured with Narda Broadband Isotropic Radia-
tion Monitor (Model 8611) and Model 8662 probe
(Fig. 1).

2. Measurement of Temperature

When interstitial hyperthermia with microwave,
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Fig. 1. Measurement method of power density
produced by 915 MHz microwave interstitial
antenna.

was carried out thermal distribution in the treated
volume was calibrated by using Sensortek clinical
thermometer (Model TM-10A) and 3-inched
Copper-constantan thermocouple general pur-
pose probe (HF1) as a standard temperature.

We used 4 point Ga-As thermistor to maintain
thermal stability, which was not impeded by ther-
mosentry 1200 and 4 microwaves. We connected it
with IBM PC and put in operation every day with the
method of single point calibration at 43C and/or
broad range calibration (19°C~56C) and, there-
after, we used it in the experiment.

We regarded the failure level when deviation
from standard temperature was more than 0.1C
and warning level when more than 0.05C.

Specific absorption rate (SAR) was calculated
by using methods of Christensen and Roemer.

3. Phantoms

Dynamic phantom was designed and made for
ourselves.

We made the Lucite box in which contained two
vertically separated compartments. One compart-
ment was regarded as phantom by using conden-
sed sponge. Normal saline of 37°C temperature ran
through the lower part of one compartment into
another compartment and draind out.

In order to protect the loss of heat by the atmo-
spheric (room) air, we kept the air from permeating
into the phantom by using Polyethylene of low
linear density (Fig. 2).

4. Vital Tissues in Vivo

Malignant tumors originating from cerebral cor-
tex are considered to be one of the most effective
tumors when treated with intersititial hyperthermia.

As a basic study for confirming this fact, we tried
to perform the interstitial hyperthermia with opera-
tive method and used cerebral cortices of cats with
2.5~3 kg body weights as materials (Fig. 3).
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Fig. 2. Design of dynamic phantom for hyperthermia.



We have observed the behavioral changes of
cats for at least 2 months after interstitial hyperther-
mia and pathologic findings in the cerebral cortices
obtained from a smali number of cats.

Prior to performance of the coming study about
tumorous tissues in vivo, we observed the change
of temperature when interrupted the biood circula-
tion abruptly by injecting Entobar and concentrated
KCI solution directly into the heart and we consid-
ered it as a model of tumorous tissues in vivo.

Various factors influencing on increase in tem-
perature were turned out by performing interstitial
hyperthermia quantitatively in the cerebral cortices
isolated after autopsy.

RESULTS
1. Power Density in Air

Figure 4 represents that power density in air for
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Fig. 3. Design of interstitial hyperthermia for cat
brain.

915 MHz microwave antenna with generation power
of 1 watt showed western pear shape of 2¢cm, 2 cm,
and 6 cm in diameters when SAR 50% was consid-
ered as a standard (Fig 4).

2. Distribution of Temperature in the Static Phantom

The static phantom, in case that generating
power of microwave antenna was 5 watts, showed
that the shape of its temperature distribution was
similar to that of power density in air when SAR
50% was considered as a standard.

As the time went by, however, continuous
increase in temperature reached more higher than
55C of limiting temperature that could be mea-
sured with Ga-As thermistor (Fig. 5).

3. Distribution of Temperature in the Dynamic Phan-
tom

While normal saline was flowing under the con-
dition of 37°C temperature, the distribution of tem-
perature which was measured within the dynamic
phantom, in case that generation power of micro-
wave antenna was 5 watts, reached plateau within
early 10 minutes, and this equilibrium state
continued for more than 1 hour. When the flow of
normal saline was stopped abruptly, the tempera-
ture continued to increase up to more higher than
limiting temperature measured with Ga-As thermis-
tor like in the static phantom (Fig. 6,7).

4. Safety on doing Interstitial Hyperthermia of Cere-
bral Cortices of Cats

We performed craniectomies in cats with body
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Fig. 4. Power densities in air for 915 MHz microwave interstitial antenna.
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TEMPERATURE IN STATIC PHANTOM
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5. Temperatures changes in static phantom during 915 MHz microwave

TEMPERATURE OF DYNAMIC PHANTOM
DURING INTERSTITIAL HYPERTHRMIA
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Fig. 6. Temperatures changes in dynamic phantom during 915 MHz micro-
wave interstitial hypethermia.
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weights of 25~3.0 kg. One cat was dead during
operation and so interstitial hyperthermia could not
be carried out. The cause of death might be prob-
ably an active bleeding. Another cat developed
ipsilateral hemiparesis on the following day after
interstitial hyperthermia and it was, we thought, due
to intracranial hematoma having occurred during
operation.

5. Distribution of Temperature on doing Interstitial
Hyperthermia of Cat Brain

At the start of our experiment, we used HCI

-+—B

-Ketamine as an anesthetic which was injected into
the muscle, resulting in stage I narcosis. Recently
we maintained the narcotic state of cats with
Entobar (2,46, (1H,3H,5H)-pyrimidinetrione-5-
ethyl-5 (1-methylbutyl) monosodium salt) injected
into the peritoneal cavity.

After cat was fixed with fixation device invented
by neurosurgical department of our hospital, right
frontoparietal craniectomy was carried out. Sixteen
gauged blind-ended catheter was penetrated
through the exposed right cerebral hemisphere in
order that the junctional area of microwave antenna
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TEMPERATURE DISTRIBUTION IN PHANTOM
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Fig. 7. Temperature distribution in dynamic phantom during 915 MHz micro-

wave interstitial hyperthermia.

TEMPERATURE DISTRIBUTION
IN LIVING CAT(PERPENDICULAR TO JUNGCTION)
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Fig. 8. Temperatures changes in living cat brain during 915 MHz microwave

interstitial hyperthermia.

might be located in the center of right cerebral
hemisphere.

Parallel to this catheter, another with 16 gauge
blind-ended catheter was inserted 0.5 cm superior-
ly and the other inserted perpendicularly to them.
The precise location of these catheters was verified
with simulator in our department.

Thereafter, we carried out intersitial hyperther-
mia and measured' the distribution of temperature,
resulting in the equilibrium or steady state of 437,
maximum temperature, with generating power of 5
watls.

This steady state maintained for 45 minutes, and

its distribution involved the entirety of ipsiiateral
cerebral parenchyme as treated volume in cases of
50% SAR (Fig. 8~10).

6. Change of Temperature on doing Interstitial
Hyperthermia of Cat's Cerebral Cortices Before
and After Interruption of Circulation

On doing interstitial hyperthermia of cat’s cere-
bral cortex, Entobar and concentrated KClI solution
were injected into heart to interrupt blood circula-
tion in a moment. The temperature in the cerebral
cortex, measured with Ga-As fiberoptic thermistor,
was found to be more higher than limiting tempera-
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TEMPERATURE DISTRIBUTION IN LIVING CAT
(parallei to antenna;0.5 cm apart)
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Fig. 9. Temperature distributions in cat brain perpendicular to antenna junc-
tion during 915 MHz microwave interstitial hyperthermia.

TEMPERATURE OF LIVING CAT BRAIN
DURING INTERSTITIAL HYPERTHERMIA
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Fig.10. Temperature distributions in cat brain alorig antenna during 915 MHz
microwave interstitial hyperthermia.

ture of 55°C within 5 minutes (Fig. 11).

After cats were decapitated with the catheters in
their original positions, microwave antennae
applied heat to three catheters with generating
powers of 5,10 and 15 watts respectiely. The results
of heating were that temperatures reached the
limitimg temperature of 55°C in 15.2 minutes (SE .
4), 9.7 minutes (SE .3), and 6.3 minutes (SE .4)
respectively (Fig. 12).

DISCUSSION

Many efforts have incessantly been made to

improve the treatment results of malignant brain
tumors known to be incurable by only external
irradiation.

Owing to the development of diagnostic tools
such as CT and MRI, we could know the precise
locations about malignant brain tumors and so
many a method has been studied to irradiate more
radiation dose to the tumors than the surrounding
normal tissues.

Recently we started to perform a stereotactic
brain implantation with Ir-192. On the basis of this
technique, ‘we decided to perform a interstitial
hyperthermia only or combined with interstitial ir-
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TEMPERATURE OF CAT DURING HYPERTHERMIA
{ARTIFITIAL CARDIAC ARREST AT 25MIN.)
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Fig. 11. Temperature change in cat brain during 915 MHz microwave inter-
stitial hyperthermia (sacrified after 25 minutes of static period of

hypethermia).

TEMPERATURE OF SACRIFIED CAT BRAIN
DURING INTERSTITIAL HYPERTHERMIA
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Fig.12. Temperature changes in sacrified cat brain during 915 MHz micro-
wave hyperthermia with various power (5,10,15 Watts).

192 implantation'®,

To do this, it is necessary for us to know the
precise distribution of temperature within both
tumors and surrounding normal brain tissues and
subsequent complications due to thermal injury.

First of all, we made a dynamic phantom similar
to human beings’ tissues for ourselves and perfor-
med interstitial hyperthermia. On the basis of it, we
performed interstitial "hyperthermia in living cat
brain to elucidate the temperature distribution and
the effect of circulation on the temperature.

In case of no circulation (in static phantom), as
heat was applied, temperature rose continously up
to the level not measured with Ga-As thermistor. in
dynamic phantom with circultation of normal saline
as a substitute for blood, temperature reached the
equilibrium state or plateau phase within early 10
minutes and there was no further rising in tempera-
ture.

To the contrary, when we interrupted the circu-
lation, temperature rose up to more higher than the
limiting temperature, 55°C, not measured with
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Ga-As thermistor as well as in static phantom.

Next, we observed that the temperature reached
maximum of 43°C with generating power of 5
watts when performed in living cat brain. But when
we interrupted the blood cirulation by injecting
Entobar and concentrated KCI solution into the
heart in a moment, the temperature rose rapidly up
to more higher than 55C within 5 minutes.

After decapitation, we measured the lapse of
time within which temperature reached the limiting
one, 55°C, under variable generation powers (5,10
and 15 watts). The result was that the higher gener-
ating powers, the shorter time elapsed to reach the
limiting temperature.

Therefore, we could conclude that circulation
might play an important role in reducing thermal
damage by dissipating heat over limiting temper-
ature of normal tissue tolerance and so decreasing
complication rate subsequent to interstitial hyper-
thermia.

In the near future we will repeat the above-
mentioned experiment in the state of the presence
of tumor transplantable experimentally, and find
out the mechanism which may control the distribu-
tion of temperature and increase the blood flow or
vascular volume on the cellular level'®).
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