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Changes in the Averaged Evoked Potentials (AEP)
of the Patients with Brain Tumors during

Therapeutic X-Irradiation

Takeru Minamisawa, Takehiko Tsuchiya, Hideo Eto and Goro Yamamoto*

Division of Radiation Hazards, National Institute of Radiological Sciences
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Abstract

Effects of fractionated X-irradiation on the averaged evoked potentials (AEP) to photic stimulation
in ten patients with brain tumors were studied. Doses of 2,450 to 5,050 R, fractionated into 50 to 250 R

per day, 4 to 5 times per week, were administered to the brain tumors. Two hundred evoked potentials

were averaged in the CAT 400B.

Seven wave components, most particularly IV, V and VI, were observed in the first 200 msec of the

AEP in the waking subjects. ‘Three components (IV, V and VI) of the AEP of six subjects decreased in

amplitude immediately after initial irradiation with 50 to 150 R. These components rermainecd gross

ly

unaltered for 24 hours after exposure. Their amplitude in most subjects gradually decreased during the
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course of the radiation therapy. Changes in the AEP after the end of irradiation were investigated in three

subjects. No consistent patterns were found.

Introduction

There have been many reports on physiological changes in the central nervous system after substan-
tially lower doses of irradiation than those required to produce detectable structural damage®!”19,  (Cas-
ter and Armstrong? detected EEG changes in rats following 700 R X-irradiation. We have reported
a decrease in the visual evoked potential after X-irradiation of 250 to 1,000 R in rabbits!®1?,

Tonizing radiations are widely used for treatment of brain tumors. We had recently the opportunity
to record the EEG of patients who were treated with X-rays for brain tumors. In the past decade comput-
er techniques have been developed which make it possible to dissect out from total EEG activity the re-
sponse to specific stimuli. The visual evoked potentials have been studied most extensively as the response
to a specific stimulus. In this paper we described changes in the averaged evoked potentials (AEP) to

photic stimulation of the patients with brain tumors during fractionated therapeutic X-irradiation.

Methods

Ten patients with brain tumors served as subjects for this experiment. Seven of the patients suffered
from hypophyseal tumor. The subject was seated in an electrically shielded, sound-deadened and darken-
ed room. The head of each subject was measured and fitted with silver disc electrodles attached with ben-
tonite paste. ‘The electrodes were placed bilaterally at Oy, Oy, Py and P, according to the international 10-
20 system. An ear-ground lead was used for referential recording. The EEG and the photic evoked po-
tential were amplified by an electroencephalograph (Nikkor, ME-40D). Two hundred evoked potentials
were averaged in the CAT 400B (Computer of Average Transients) at analysis time of 1 sec, and the AEP
were recorded photographically. Flashes were presented. at a frequency of 0.3 c/sec to both eyes by a pho-
tic stimulator (Nikkor, ME-IPS). The lamp was placed 100 cm in front of the subject’s eyes. The AEP
were taken before irradiation and immediately, 2, 5 and 24 hours after initial and final irradiation. The
recordings were repeated each time the therapeutic dose was increased, according to the same schedule that
was employed after intial irradiation. The AEP of some subjects were also recorded several months after
the end of exposure. Doses of 2,450 to 5,050 R, fractionated into 50 to 250 R. per day, 4 to 5 times per week,

were administered to the brain tumors. The field of the radiation included a part of the reticular formation.

The clinical data and recording schedule of the AEP in ten patients are summarized in Table 1.

Results
Seven wave components were observed in the first 200 msec of the AEP in the waking subjects. The
peak latency of these components before irradiation differed from subject to subject, as is shown in Table
2. Componets I, IT and 1II could be identified only in case 4 and 9, whereas component IV was taken
from all subjects. The AEP of cases 4 and 8 did not have component V, and component VI was not ob-
served in cases 7, 9 and 10. It was very difficult to decide each peak latency of the components of case 9,
because these were very small and curved. Recordings of case 1 were begun when the first increased dose

was administered. We employed only components IV, V and VI for the present study. The amplitude
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Table 1. Clinical data and recording schedule of the AEP in ten patients.
Recordings of the Averaged Evoked Potentials Portion of
Case I 1I 111 v End of . Irradiation  Source
Sex Date _[rradiation - Daysafter ™gggor
Age : Total Dose ~ Irradiation
Single Dose (R) (R) (cm)  Direction
Cumulative Dose (R)
No. 1 Nov. 29 Dec. 19 Dec. 26 Dec. 27 Head 6 MeV
Female 100 200 4,700
39 250 3,300 6x10 L&R
No. 2 Jan. 9 Jan. 13  Jan. 20 Feb. 10 Feb. 10 Feb. 15 Hypophysis 6 MeV
Male 50 100 200 250 4,650 Mar. 18
54 0 200 1,000 4,400 May 2 7% T L&R
No. 3 Feb. 16 Mar. 7 Mar. 7 Mar. 14 Hypophysis “Co
Male 100 200 2,450
74 0 2,250 6 % 6 Rotation
No.4 Mar. 1 Mar. 10 Mar. 31 Mar. 31 Apr. 27 Hypophysis 6 MeV
Female 50 150 250 4,650 May 30
46 0 750 4,400 Jul 4 6 x6 L&R
No.5 Mar. 13 Mar. 28  Apr. 20 Apr. 20 Apr. 22 Hypophysis 6 MeV
Female 50 200 250 4,500 May 28
14 0 1,200 4,250 5 % 5 L&R
No.6  Apr. 18 May 13 May 26 May 27 Jul 4 Hypophysis 6 MeV
Male 50 150 200 5,050 Qct. 3
33 0 1,050 4.650 S5x5 L&R
No. 7 Apr. 21 May 9  June 2 Jun. 2 Head 6 MeV
Male 50 150 200 5,000
15 0 1,200 4,800 7%x55 L&R
No. 8 Apr. 26 June 2 Jun. 3 Jul 11 Head #Co
Female 50 200 4,450 Ju 26
9 0 4,050 4 x 4
No.9  May 11 June 19 Jun. 19 Jul 25  Hypophysis 6 MeV
Female 50 200 5,050
46 0 4,800 8 X5 L&R
No. 10 May 17 May 31  Jun. 26 Jun. 26 Jul 25  Hypophysis 6 MeV
Female 50 200 250 5,000 Qct. 3
33 0 1,200 4,800 5x 5 L&R

of these components was measured from base line to peak.
Effects of initial irradiation

The changes in the amplitude of components IV, V and VI of the AEP during the 24 hours after ini-

tial irradiation of 50 R or 100 R are shown in Table 3 and Fig. 1.

All components of the AEP, except in

cases 4 and 10, decreased in amplitude immediately after irradiation. These components remained gross-

ly unaltered for 24 hours after exposure.

Component V of case 5 dropped to about one-third of control _

value in amplitude 5 hours after irradiation and IV of case 7 decreased by a half, but all components of most
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Table 2. Schematic drawing of the AEP and peak latency (in msec) of seven components
of the AEP in ten patients.

e A

~, .
@Mﬁt 1 1I 11 v v VI VII
Case _\
1 75 100 120 172 197
2 105 132
3 87 107 142
4 50 60 90 123 195
5 59 126 147 177
6 97 137 167
7 57 87 102
8 85 175
9 50 65 70 97 117
10 70 97 117

Table 3. Changes in the amplitude of components IV, V and VI of the AEP during

the 24 hours after initial irradiation.
Component VI,

a) Component IV, b) Component V. c)
The value before irradiation is shown as 1009,

a)
Dose Before After Initial Irradiation (hours)
Case (R) Irradiation 0 2 5 24
3 100 100 90.2 81.7
4 50 100 153.3 120.3 167.2 130.0
5 50 100 85.7 90.5
6 50 100 96.6 112.1 91.4 81.9
7 50 100 51.2 45.7 52.7
8 50 100 39.8 80.3
10 50 100 113.6
b)
Dose Before After Initial Irradiation (hours)
Case (R) Irradiation 0 2 5 24
3 100 100 83.3 95.8
5 50 100 313
6 50 100 93.1 100.9 69.8 90.5
7 50 100 85.1
10 50 100 222.2
c)
Dose Before After Initial Irradiation (hours)
Case (R) Irradiation 0 2 ) 24
3 100 100 72.7 89.1
4 50 100 108.0 130.0 126.0 134.0
5 50 100 71.4 74.5 69.4
6 50 100 86.0 94.2 92.6 88.4
8 50 100 e 75.0
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a) b)
Fig. 1, Changes in the AEP after initial irradiation with 50 R.
a) Before irradiation. b) Five hours after irradiation.
Calibration: 100 msec, 10 V.

subjects remained at approximately 70-90%, of control. ~Although the exact value could not be taken from
case 2 because an artifact, both IV and V showed a tendency for amplitude to decrease after exposure.
On the contrary, all components of cases 4 and 10 increased in amplitude after irradiation. The changes
in the three components of the AEP observed during the 24 hours after the first increased dose irradiation
were fairly similar to those of initial exposure.
Effects of cumulative dose

The changes in the amplitude of components IV, V and VI of the AEP during the course of therapy
with repeated doses are shown in Figs. 2 and 3. All components of all of the subjects except case 4 general-

ly decreased in amplitude with repeated until final exposure. The amplitude of IV and VI of cases

Fig. 2. Changes in the AEP during fractionated irradiation. a) Before irradiation. b) One
day after irradiation with 1,200 R. ¢) One day after irradiation with 4,800 R. Cal-
ibration: 100 msec, 10 pV.

3 and 8 and VT of case 6 showed a slight decrease during irradiation treatment. Component IV of cases 1
and 10 gradually decreased in amplitude with repeated dosage and reached about 509 at the end of thera-
py- Theamplitude of component IV of cases 2 and 7 declined rapidly, followed by little change there after.
To repeat, subjects showed considerable individual differences in the manner in which their AEP were
affected by the X-irradiation.
Delayed effects of fractionated irradiation

The changes in the amplitude of components IV, V and VI of the AEP during the 7th through the
130th days after the end of therapy are shown in Table 4. The amplitude of all components of case 3, and
both IV and V of case 5, which showed the decreased value at the final irradiation day, exceeded control
level on the 7th and the 38th days after final exposure, respectively. On the other hand, the amplitude of

all components of case 6 and VI of case 5 remained below control through the 38th day after exposure.
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Fig. 3. Changes in the amplitude of components IV, V and VI of the AEP during
fractionated irradiation. a) Component IV. b) Component V. c¢) Compo-
nent VI. The value before irradiation is shown as 1009%,.

In case 6, the value on the 130th day was very similar to that observed on the 38th day.

Discussion

Effects of initial irradiation

The findings of the present study are in agreement with previous observations!®!? that in rabbits the
visual evoked potential decreased after X-irradiation of 250 to 1,000 R.  Grigor’yev® also reported that the
strength of the photic EEG response was decreased immediately after 50 to 100 R of therapeutic X- or gam-
ma-irradiation. Changes of the early response of the visual cortex after exposure of 200 to 1,200 R have
been reported by several investigators?11®,  According to Monnier and Hélsi'®, the early response de-
creased in latency and in culmination time after exposure. This early response is considered to be identi-
cal with the primary response described by Ciganek?®, who assumed that the primary response had the char-
acter of a potential produced by a specific pathway, and that the secondary response consisted of poten-
tials produced by non-specific pathways. A close relationship between the level of reticular activity and the
amplitude of the secondary response of the visual cortex has been reported by Fuster and Docter®?, and Mas-
sopust and Wolin'®. Components IV, V and VI in this experiment, the visual evoked potential of pre-

vious papers!®17, all appear to be homologous to the secandary response of Ciganek®. In this experiment,
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Table 4. Changes in the amplitude of components IV, V and VI of the AEP during
the 7th through the 130th days after final irradiation. a) Component IV, b)
Component V. ¢) Component VI. The value before irradiation is
shown as 1009,.

a)
Final After Final Irradiation
Before Irradiation
Case Irradiation Day days
3 100 100.0 7 180.4
5 100 114.3 38 120.4
6 100 65.5 38 83.6
6 100 65.5 130 82.7
b)
Final After Final Irradiation
Before Irradiation
Case Irradiation Day days
3 100 72.9 7 112.5
5 100 62.5 38 118.8
6 100 62.1 38 78.3
6 100 62.1 130 72.4
c)
Final After Final Irradiation
Before Irradiation
Case Irradiation Day days
3 100 83.6 7 131.8
5 100 53.1 38 50.0
6 100 81.0 38 72.2
6 100 81.0 130 98.3

the field of the radiation included the reticular formation. From these considerations, it appears that the
decrease of the amplitude of the AEP in this experiment may be related to the changes of the activity of the
reticular formation.
Effects of cumulative dose

Some psychological investigators reported that repeated irradiation had cumulative effects on the cen-
tral nervous system'®. The present study indicating that the three components of the AEP showed a tend-
ency to decrease in amplitude as a function of repetitive irradiation supports that conclusion. Hékans-
son et al.” demonstrated that during fractionated irradiation treatment following operation for malignant
cerebral tumors, the cerebral electrical activity in the slow frequency range increased, even in that part
of the brain that was not influenced by direct irradiation. Haley® also reported that in cats brains irra-
diated with 50 R per week developed sporadic 4 to 5 cps activity irnmediately after the first 50 R dose
and that this activity continued until sacrifice, by which time the animal has received a total of 1,350 R.
However, Hékansson and Lindgreb® reported that the EEG of patients with brain tumors was normalized
during the first half of the daily therapeutic X-irradiation. Girgor’yev® also pointed out that the changes

of the photic EEG response and the EEG activity of human patients which occurred within 9 hours after
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a single irradiation gradually disappeared during the course of additional radiation therapy. From the
results of cats irradiated with 0.3 to 20 kr, accumulated according to various exposure schedules, Schoen-
brun et al.?” reported that there was radiation tolerance to fractionated doses in the central nervous system.
The results reported here indicate that repeated irradiation had cumulative effects on the brain electrical
activity. The differences noted between our studies and those of the above workers could be based on dif-
ferences in experimental design and techniques.
Delayed effects of fractionated irradiation

We have found no consistent results in the changes of the AEP after final exposure. In one of three
subjects, the amplitude of the AEP decreased on the 130th day after exposure. Although there is little in-
formation available in the literature about the changes of brain electrical activity after repeated exposure,
electrophysiological studies on long term effects after a single ionizing radiation have been made by many
workers®101DIN, - Ross ef al.1 stated that the EEG of monkeys showed focal abnormalities consisting ei-
ther of continuous, slow activity or of burst of fast, high amplitude wave up to 8 months after head irradia-
tion with 1,500 R. The third and the fourth surface positive waves of the visual cortical response were
altered markedly 2 days to 2 years after irradiation with massive doses of protons or deutrons!®. We
have reported that the visual evoked potential of rabbits irradiated with 250 R and 500 R decreased on
day 10 after exposure!™. From the above considerations, it seems likely that the effects of repeated irra-
diation last for a long time after exposure.

The present experiments did not give us enough information considering the mechanism of repeated

irradiation on brain electrical activity. These aspects are being currently investigated in adult rabbits.
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