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Summary

The aim of this work is to present the results ofrthierincrease obtained at the brain and intratumoral
levels through a non-invasive technique- Capacitive E¢e€tansference- (CET), developed in 1985 by Indiba
(*). A review of the literature does not provide anyerefce of cerebral and intratumoral thermometry & re
time with a non-invasive technique of intracranial hifpermia. In the 8 studied patients, the increases of
temperature in the brain, ranged between 0.7 and 1.5%ation to the depth of the thermometric probe and
the incidence angle of the external electrode. Betweemral and perilesional brain tissues, thermic irexea
was 0.3 to 0.7°C greater at tumoral level. The observdtiat in no case the surrounding brain tissue registered
a temperature over 39.2 °C supports the harmlessnésstethnique regarding the potential damage to healthy
brain tissue and seems to confirm previous data obtainednatomopathological studies in animal
experimentation performed in 1990, which showed an absenesiofi$ in tissues and organs. The greater and
somewhat more prolonged thermic increase observednatal level has been called the “greenhouse effect”.

KEY WORDS: Non-invasive intracranial hyperthermia.aBr and intratumoral thermometry. Capacitive
Electric Transference (CET). Indiba.

Introduction
Studies on the effect dfeaton tumour cells began over half a century ago. Thevitin” and “in vitro”

papers®!131417. 2000 tymour cultures, and in animal experimentation, detraied the lethal effect of
sustained temperatures of 43 °C on tumour cells.

(*) Electronic Engineering INDIBA, S.A. Barcelona.rB¢tor: Mr. José Calbet



Hyperthermia increases the known unfavourable
metabolic conditions of tumour tissues — more acid
hypoxic and ischemic medium — due to the reduce(
self-regulation of the neoformed vessels.

The biological and oncological effects of
hyperthermia on cell structures and the immune
system have been the subject of several hundre
publications, and a large numbers of authors
14711121516 5ve demonstrated the effectiveness of
hyperthermia as an adjuvant method to Radiotherapy
Chemotherapy and Brachytherapy.

In 1992° we published this new, non-invasive
intracranial hyperthermia method (CET), created anc
developed in 1985 by INDIBA, and the preliminary :
results of its action on malignant gliomas and Fig. 1 Action of CET Hyperthermia
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peritumoral cerebral oedema. 1% act.: electrical energy
There are no descriptions in literature of real- 2" act.: thermal energy
time measurements of intracranial temperature3 act.: thermal dissipation (skin and electrode)

during application of a non-invasive hyperthermia
technique. The bone structure of the skull was, until
15 years ago, an insurmountable obstacle foi
producing selective, controlled hyperthermia in the
brain, using non-invasive methods.

It is very important to remember that
Radiofrequency (RF), with frequencies in excess of 2Figure 2.INDIBA RF g h 0.
MHz, and of course Microwaves, despite producing 85 W. External moving electrodes, with insulator
hyperthermia to a greater or lesser degree, have thédielectric), with a diameter of 2.0 to 3.5 cm.
major drawback that they cause severe destruction of
tissue by moleculafriction and, for them to be used
intracranially, they require invasive techniques and  An external moving electrode acts as firet
cooling system&® plate of the capacitor and its insulating coating acts
Direct heat unlike induction of internaiemperature as thadielectric The patient’s tissues, connected to a
using electrical resistances implanted by stereotaxig€turn plate, act as thsecond plate The thermal
techniques®, apart from being an invasive method, increase is inducedinternally, and not by
does not enable homogeneous distribution of transmission from the exterior.

temperature in a tumour tissue. Induction of  The purpose of this publication is to present the
intracranial temperature by magnetic fieltfs— a results of a method of intracranial thermometry, on a

non-invasive technique — presents the majorcerebral and tumoral level, measured in real time,
drawback that it increases Intracranial Pressureduring external application of CET, and to support
(ICP). previous evidence on the harmlessness of this

It is also important to highlight the fact that RF, hyperthermia technique on health brain tissue.
between 0.1 and 0.3 MHz, produces undesirable
stimulations on the Central Nervous System (CNS), Material and methods
and this is why all diathermia devices used in surgery

use frequencies ranging between 0.45 and 0.6 MHz.  The following material was used for this study:
The non-invasive intracranial hyperthermia — RF generator device: MD-304, 0.70 MHz and

method created in 1985 (*) is based on Capacitive85 W (Fig. 2). o _ _

Electric Transfer (CET), with frequencies from 0.50 ~ — External electrodes, with insulating coating, 2

to 0.70 MHz, which do not present any of the t0 3 cm.in diameter.

drawbacks indicated above. — Return conductor plate (earth), with a larger

The CET device physically comprises an surface area than the externally applied electrode.
electron generator eold energy — which creates an
intracranial electrical field by aapacitive method,
similar to that of a capacitor (Fig. 1) which, when it
passes through the tissues — which have their own
resistance (impedance) — generates electrical power
in Watts, which is transformed into heat.
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application. There is no significant difference
Figure 3.Equipment for intracranial thermometry. between the cerebral and tumoral temperatures, and
0.5 to 1.5 °C between these and the axillary

— Pliable, insulated metal thermometric probe, temperature.

0.6 mm. in diameter, with an active tip 0.5 mm. long,
and a Hibok 16 digital electronic thermometer, RF-
shielded (Fig. 3).

Given the approval for clinical use of this
hyperthermia technigque given by the HUGTP in :
1990, and the literature on experimental studies ani 395 |88
international certificates of official recognition (**), 3 |
all that was required was to seek the correspondin
consent from the patients’ relatives to study théateig
cases included in this work. 3

A thermometric probe was inserted intracranially 375 ¥4
into all of them, following sub-total surgery for
Multiform Glioblastoma (MGB) or Anaplastic |
Astrocytoma (AA), of polar localisation, in the non- 3¢5
dominant cerebral hemisphere. In six cases, thiss
thermometric probe was positioned in the oc
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perilesional brain tissue. In the other two, a seconc Minutes
probe was inserted inside the tumour remains, in
addition to the brain probe. Figure 5. Comparative study of the cerebral

During the first 24 hours post-surgery, following temperature during CET application — unbroken line
an RX and/or CAT control of the position of the _ at different depths, perpendicularly and laterally to
probe, CET therapy was given to all the patients,the thermal sensor. Thermal decrease upon
lasting from 6 to 8 minutes, as perpendicularly ascompletion of the CET (dotted line).
possible to the position of the thermometric probe,

and the corresponding thermometer readings were  The readings for ABP, respiratory rate, edd

taken. o pCG; did not display any significant changes with
In one case, before CET application, an hourly the thermal variations.
intracranial thermometer control — cerebral and |n the selective readings of cerebral temperature,
intratumoral — was also conducted, as well as axillaryduring CET application, the most significant data
temperature and ABP. were as follows (Fig. 5):
1) The temperature increase was related to the
Results depth of the thermometric probe and the angle of

In the hourly readings of the post-operative application of the external electrode.

period — before CET application — a difference of 0.5 2) The temperature did not exceed 39.2 °C in any
to 1.5 °C was found between the axillary and cgse.

intracranial temperatures. However, no significant 3) The thermal increase, in the initial stage,
difference was noted between the intratumoral andoccurred quite qu|ck|y in several cases, followed by a

perilesional brain tissue temperatures (Fig. 4). slight fall. The initial temperature was recovered
between two and three minutes after the CET
application.

In the two cases where simultaneous readings
were taken of the cerebral and intratumoral
temperatures, regardless of the depth, it is worth
highlighting the fact that the intratumoral thermal
increase was somewhat higher (0.3 to 0.7 °C), with a
somewhat slower fall to the initial level (Fig. 6).
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Figure 6. Comparative study of the cerebral
temperature (C) — thin line — and the tumoral
temperature (T) — thick line, during perpendicular 1
and lateral CET application, in two cases. Dotted
line: decrease in temperature after completion of the
CET. Greater increase and duration of the
temperature in the tumour tissue: “greenhouse 5
effect”.

Discussion and conclusions

From an analysis of the results obtained, we 3
believe the following conclusions can be drawn:

— The cerebral and tumoral temperatures,
without CET application, show no calculable
differences, as was to be expected.

__ The thermal increase obtained in the brain —
transitory and in a limited volume — at no time g
exceeded 39.2 °C; this limit cannot in our opinion be
considered dangerous, as it is the temperature
possibly existing in the entire brain, with axillary
fever of over 39.5 °C.

Although there is no literature for definitive
conclusions to be drawn in this respect, the data
supplied and the use of CET, free from
complications, over more than a decade in our
service on cerebral tumour and ischemic lesions,7.
clearly reinforce the harmlessness of this technique.
However, we must not forget that we cannot enter an
in-depth scientific discussion of the effects of
electromagnetic fields on molecules, with the
exception of those already cited of frequencies over 2
MHz, the experimental work done by Dr. A. Ubeda g
in the Bioelectromagnetics and Biochemistry
Services of the Research Department of the Ramon y
Cajal Hospital in Madrid — with a CET device with
exclusive “athermal” effect (**) — on human primary g
lymphocytes and other healthy cell cultures, have
demonstrated that their characteristics (frequencies of
0.5 MHz) not only are not harmful, but they also

enhance their duration, while they have a significant

effect of reducing the cell population over those of
hepatocarcinomas and neuroblastomas.

observed in the brain,
following an initial increase during CET application,

we think this can be attributed to the known vascular
self-regulation of the healthy brain tissue, which
would produce a compensatory vasodilation, and
thereby improvedhermal dissipation

— With regard to the discreet thermal decrease
in several of the cases,

— The temperature difference reached, at a

similar depth, between the tumour and brain tissue,
somewhat higher in the former, and the slower
descent curve in this, could be consequent to the
lesser vascular self-regulation of the tumour tissue,
already widely described in the literature, and this
circumstance would foster more prolonged thermal
retention in the pathological tissues, which we have
called the “greenhouse effect”.
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