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Histological changes and clinical outcomes after gamma knife surgery
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Summary

Gamma knife surgery (GKS) has been increasingly utilized to manage a wide variety of

indications including arteriovenous malformations, brain tumors, Parkinson disease, or fo-

cal epilepsy. In clinical, practice, GKS is thought to be a safe and effective treatment for

these diseases, even if patients are old or at high risk ; however, little is understood about

the alteration of biological properties induced by gamma irradiation during procedures us-

ing this device. In recent studies using animals, it has been shown that low—dose gamma ir-

radiation promotes survival of injured neurons in the central nervous system via homeosta-

sis—driven proliferation of T cells, whereas a high dose causes marked degeneration of the

capillary endothelial cells, consequently inducing edema and necrosis in the irradiated

area. More recently, GKS has also been employed to treat intractable pain control, such as

trigeminal neuralgia, thalamic pain and cancer pain. Some investigators have suggested

that gamma irradiation may relieve completely these pains by increasing the levels of f—en-

dorphin in both blood and cerebrospinal fluid. Thus, it is very important to conduct further

basic experiments to determine the optimal treatment protocol using GKS for various dis-

eases across many fields.
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Fig.1: Leksell Gamma Knife, Model C-APS
This is a form of radiosurgery, with 201 carefully fo-
cused beams of radiation from Cobalt-60 sources.

Fig.2 : The Regis—Valliccioni frame, which was especially
designed for GKS experiments in animals. The rat
fixed in the frame was subjected to both MRI imag-
ing and gamma radiation.
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Fig.3 : Morphological effects of radiation on the brain

: No change was seen on 13 days after radiation.

: Petechia was seen in the irradiated area on 19 days after radiation.

: Around the irradiated area, necrosis lesion and petechia were seen on 4 weeks after radiation.
: Necrosis lesion was seen on 4 weeks after radiation when stained with GFAP.

gow»

No necrosis lesion was seen (A) ; however, fibrous astroglial cells in the irradiated side (B) were larger than
those in control side (C), when the images were magnified.
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Fig.5 : Tracks of rat behavior
Tracing of rat movement at 4 weeks after 150 Gy radiation before (A) and after (B) apomorphine administrar-
tion. The total length of the trace during the pre—drug period (A) was calculated as the spontaneous activity.
Characteristic circling behaviors were seen during post—drug period (B).
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Fig.6 : Rat teeth on 9 months after irradiation

A : Irradiated side B: Control side
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Fig.7 : Target planning on the MRI images.
The target of the radiation was determined with refer-

ence to the visible structures on the MRI image.
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Fig.8 : The licking and lifting time after formalin injection
in the control and GK experimental groups. The
data represent the mean + S.D. (n=5) of licking
times measured for an every 3—min interval.
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Fig.9 : Diagram of treatment planning for trigeminal neu-
ralgia
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Fig.10 : Gamma planning image, showing the target for trigeminal neuralgia.
The anatomical relationship between trigeminal neuron, blood vessel, and brainstem was displayed by the 2 D image (A) and
3 D image (B), respectively. The target area of 4 mm diameter covers trigeminal neuron on the retro gasserian.
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