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EXPERIMENTAL ANIMAL STUDIES ON EFFECTS OF HYPERTHERMIA
ON THE CENTRAL NERVOUS SYSTEM: AN OVERVIEW.
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From the experimental studies reported in the literature it may be concluded that the maximum
tolerable heat dose in CNS is 42° to 42.5°C for 40 to 60 min or 43°C for 10 to 30 min. This in
spite of diversity in animal species studied, as well as the different endpoints for assessment of
effects, the different parts of CNS treated, differences in procedures used for anesthesia,
thermometry and heating techniques applied. The effects of hyperthermia are expressed
immediately or within a few days after treatment and heat injury to neural tissue apparently
results in neurological abnormalities which, unless lethal, are transient in most cases.
Histological studies show irreversible lesions after high heat dose, characterized by coagulation
necrosis. Thermal injury to normal neural tissue is repaired by fibrotic or gliotic scarring.
Surviving neuronal elements may be responsible for functional recovery from heat injury, which
is, however, dependent on the injured volume and anatomical site of the lesion. Hence, the data
indicate a correlation between the exposed volume and toxicity of the heat treatment. The
relatively high heat dose tolerated in interstitial heating can be ascribed to this volume effect,
since the heated volume of normal neural tissue generally was small and not responsible for
vital functions. Late effects, many months after treatment have not been reported.

The spinal cord data on maximum tolerable heat dose, point in the same direction as the data on
the brain. All studies show that, as with brain, the spinal cord is sensitive to heat. The maximum
tolerated heat dose of the cervical part after local hyperthermia lies in the range of 40-60 min at
A2-A2.5°C, or less than 30 min at 43°C. No late effects were reported. The observations on
neurology and heat sensitivity of the spinal cord in mice are very similar to those of the rat.
There is good evidence indicating that white matter is more heat resistant than grey matter as
data on the rat lumbosacral cord and cauda equina show that this part of the spinal cord is
slightly less sensitive to heat than the cervical and thoracolumbar spinal cord. This difference
can be explained by the smaller volume of grey matter in the lumbosacral region. Experimental
data demonstrate that heat injury to a small volume of the white matter of the cord does not
inevitably result in functional impairment and can be repaired in about one month. Still of
course the choice whether or not to exceed the critical heat dose, obtained from laboratory
studies, in clinical practice is very much dependent on the clinical situation such as anatomical
site or volume of the tissue involved and of course prior therapy.

Data on the combined effects of X-ray irradiation and hyperthermia on rodent spinal cord
clearly show that the radiation response can be enhanced with a factor of 1.1 to 1.3. In all
studies on thermal enhancement, a heat dose was administered in a well tolerated range. The
latent period for expression of late irradiation effects was slightly shortened in most of the
studies. Histopathological changes after irradiation in combination with hyperthermia were not
different from those after irradiation only. As long as there are no clinical data on effects of
combined heat and X-rays on spinal cord or on brain, it seems justified to state that the results
obtained in experimental animals on thermal enhancement indicate that when hyperthermia is
applied in the clinic with a short interval before or after radiotherapy vigilance is required. This
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is evidently the case in clinical practice where treatment of sites is involved near the spinal cord;
this may lead to unexpected sensitization of the cord. To our knowledge there are no clear
experimental data indicating an increase in adverse effects specific to the CNS after localized or
whole body hyperthermia as a result of combined treatment with chemotherapy.

Thermotolerance in CNS is evidently associated with expression of heat shock proteins. High
thermotolerance ratio's where observed in studies on spinal cord, and this indicates that a high
degree of resistance to heat treatment and other types of insult may be obtained in CNS by
preconditioning by 'mild' hyperthermia. We presume that induction of thermotolerance already
may play a role during the initial heating period to obtain WBH in large animals leading to some
degree of protection of the CNS to WBH. After WBH, lesions to CNS only occur in the
presence of other physiological derangements. In a recent report on malignant hyperthermia
damage has been observed primarily in the cerebellum.

There is now convincing evidence that the thermotolerant state of CNS also protects against
other types of injury as well: pre-treatment of rats with hyperthermia protected against spinal
cord ischemic injury

Based on the results of laboratory studies it is clear that clinical treatment of brain tumors by
combined heat and radiation requires a thorough quality assurance of the heat treatment to
prevent damage to normal brain. A precaution might be to include prophylaxis of edema in the
treated area. In this way hyperthermic treatment is feasible and first results are impressive,
although in absolute terms of gain in survival further improvement is required. Concurrent
treatment with a promising drug still has to be investigated as hyperthermia has the potential to
overcome the blood brain barrier.
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