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Introduction

Electroencephalographic (EEG) photic driving, a steady-state
evoked potential (Regan 1989), was first reported by Andrian
and Mathews (1934). It was found that repetitive photic stimu-
lation could evoke cerebral flickering response at its fundamental
frequency or the higher harmonics. Using frequency analysis,
Walter and Walter (1949) demonstrated that the measured
response was actually a compound of multiple harmonic com-
ponents of the stimulation frequency. In many subjects, the
photic responses around 10 Hz are larger in amplitude compared
with those at neighboring frequencies (Jin et al 1995a; Rice et al
1989; Regan 1972; Montagu 1967).

Early studies showed that focal or lateralized cerebral diseases
could cause ipsilateral attenuation of the photic driving, espe-
cially if the visual pathways are involved (Kooi et al 1957; Rodin
et al 1953; Oosterhuis et al 1969). Focal lesions may also
increase the amplitude of photic driving on the abnormal side
(Brezny and Gaziova 1964; Cantor and Ilbag 1973). Vogel et al
(1971, 1974) and Kleiber et al (1972) observed that substances
known to enhance central monoamine functioning (e.g. amphet-
amine, monoamine oxidase inhibitors) block the EEG driving
response, whereas phenothiazines that inhibit the monoamine
activity increase the photic driving. Depressed patients have
greater photic driving response than normal subjects (Kleiber
1972), whereas schizophrenic patients have less response than
normal controls (Shagass 1972).
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Using the spectrum analysis (Jin et al 1990, 1995a; Rice et al
1989), we observed that the energy of EEG photic driving in the
range of alpha frequency is greatly reduced in schizophrenics.
We noticed recently that the EEG changes in schizophrenics
could be normalized by neuroleptic treatment, especially in the
clinical responders (Jin et al 1995b). In this study we intended to
replicate the previous findings and further investigate the photic
driving in depressed patients to test the sensitivity and specificity
of this procedure in a possible clinical use.

Methods and Materials

Subjects

Thirty-eight schizophrenic patients (M/F: 27/11, mean age:
31.4 = 7.7 years), 19 major depressed patients (M/F: 5/14, mean
age: 41.1 = 12.2 years), and 24 normal subjects (M/F: 10/14,
mean age: 30.8 * 9.7 years) consented in the present study.
There were no age difference among the three groups (p > .05).
Contingency analysis showed that there were more female
patients in the depressed group than in the normal or schizo-
phrenic groups (p < .01), whereas there was no significant
difference between the later two groups (p > .05). Patients had
been drug free for 5 days or more before the EEG evaluation.
Normal subjects were free of personal or family history of
psychiatric illness or illicit drug use.

EEG Measurement

Subjects were tested in a standard EEG photic driving procedure
(Jin et al 1990) including one resting condition and three photic
stimulation conditions. The fundamental frequencies of the three
pulsed stimuli were 2.4 Hz, 4.5 Hz, and 8.3 Hz, respectively.
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Table 1. Resting EEG of Patients with Depression (n = 19), Schizophrenia (» = 38), and Normal Controls (n = 24)
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Depression Schizophrenia Normal
Mean SD Mean SD Mean SD

Fz

d 2049.1¢ 12232 4563.5 1940.3 4018.6 1649.2

0 1270.0 634.8 1226.3 5254 1456.2 534.3

o 4920.2¢ 22004 2209.9 1591.9 2866.5 1828.9

B 1581.0 878.0 1688.8 1170.9 1449.0 608.5
Pz

) 2462.5¢ 1406.7 4004.2 1728.9 3360.4 1370.0

5} 1558.7" 606.9 1200.5 485.6 1350.2 615.6

a 4122.1% 1830.0 2753.1 1661.7 34143 1623.7

B 1642.7 1005.9 1712.1 1028.0 1646.6 777.9
Oz

3 1345.5¢ 812.6 4301.8 2250.1 4907.4 3036.1

6 975.9 404.8 851.7 515.0 937.1 592.6

@ 3516.2¢ 2104.2 22527 1614.7 24274 1884.1

B 2954.5¢ 1106.5 2173.9¢ 1520.6 1424.7 1109.7

ANOVA (diagnosis X band X locus): F = 6.35, p < .001.

“ Indicates the means that are significantly different from both groups (p < .05) by ¢ test.
* Indicates the means that are significantly different from one of the two groups (p < .05) by ¢ test.
 Indicates the mean that is significantly different from normal controls (p < .05) by ¢ test.

EEG electrodes were placed at Fz, Pz, and Oz and referenced to
linked mastoids. Electro-oculograms (EOGs) from outer canthi
were recorded to monitor the eye movements. Eight artifact-free
EEG epochs for each condition were converted by a fast Fourier
transform (FFT) routine. Four consecutive resting frequency
bands named & (0.6-4.0 Hz), 6 (4.1-7.0 Hz), a (7.1-12.0 Hz),
and B (12.1-35.0 Hz), and four harmonics of the EEG photic
driving in the o frequency band (7.2 Hz, 8.3 Hz, 9.0 Hz, and 9.6
Hz) were calculated.

Results

Resting Condition

Three-way analysis of variance (ANOVA) (diagnosis X band X
placement) with repeated measures of four frequency bands and
three electrode locations of the resting EEG power revealed a
significant interaction among these main effects (F, 465 = 6.35,
p < .001). The post hoc ¢ test for each individual band is
summarized in Table 1. Depressed patients exhibited signifi-
cantly higher energy in o and lower energy in & activities than
schizophrenic patients and normal controls, whereas there were
no differences of the four bands between schizophrenic and
normal subjects except for the § band in the occipital lead.

Photic Stimulus Condition

Main effect of diagnosis, electrode placement, and EEG har-
monic at each stimulus condition was tested by repeated-
measures ANOVA. Results showed an overall difference among
the groups (F, ;5 = 7.36, p < .001) and a significant interaction
among the main effects (F, .65 = 2.43, p < .01). Table 2
displays means and post hoc ¢ test for individual harmonic
variables at each electrode. Depressed patients had greater power

density of photic driving than normal subjects and schizophrenic
patients, whereas schizophrenic patients had even lower energy
than normal controls.

Separate analyses of depression data were conducted to clarify
the possible gender influences on the EEG activities, since there
were more female patients in the depressed group than the others.
Although there were no significant differences in total power of
resting EEG (F| |, = 1.76, p > .05), alpha activity (F, ;; = 3.57,
p > .05), or EEG photic driving (F| ,; = 3.67, p > .05) between
the two gender groups, female patients showed slightly lower
energy in the resting o (mean: 3744.3) and photic driving (mean:
631.3) than male patients (mean resting a: 2450.1; mean photic
driving: 996.5). Therefore, the differences between the diagnos-
tic groups with higher resting o activity and EEG photic driving
in depression cannot be attributed to the gender effect.

A discriminant function was also calculated to define a
weighted EEG component that best predicts the diagnosis to
which a case belongs. In contrast to the prior probability 33.3%,
the overall percentage of correct classification using these
functions was 71.6%. The specificity/sensitivity ratios for de-
pression and schizophrenia were 1.3 (93.9%/74.0%) and 0.8
(74.4%/92%), respectively.

Discussion

There is evidence that synchronous discharges of cortical cell
assemblies are driven by afferent thalamic inputs, which in turn
are controlled by the inhibitory inputs from the substantia
reticularis in the midbrain (Andersen and Andersson 1968;
Speckmann and Caspers 1979). Incorporating the present find-
ings with our previous hypothesis that lower EEG alpha activity
and photic driving in schizophrenics indicate a deficit of thalamic
function (Rice et al 1989; Jin et al 1990, 1995a, 1995b), we
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Table 2. EEG Photic Driving in Patients with Depression (n = 19), Schizophrenia (n = 38), and Normal Subjects (n = 24)

Depression Schizophrenia Normal
Mean SD Mean SD Mean SD

Fz

7.2 Hz 283.8 191.7 165.5¢ 1133 250.9 133.2

8.3 Hz 1119.5¢ 990.4 490.2 345.3 631.8 569.0

9.0 Hz 1437.8¢ 1401.4 386.3° 450.5 4949 407.8

9.6 Hz 905.6° 845.6 242.9¢ 338.8 3175 255.0
Pz

7.2 Hz 315.2 155.3 193.5¢ 137.7 2504 117.0

8.3 Hz 865.4 736.7 613.0 424.1 794.0 509.4

9.0 Hz 681.4° 538.1 464.5 448.8 494.1 323.7

9.6 Hz 557.1¢ 415.8 3229 3729 300.0 225.1
Oz

7.2 Hz 238.7 148.3 221.3 232.7 288.3 3324

8.3 Hz 9114 739.3 734.3 696.9 844.6 749.1

9.0 Hz 832.0¢ 5779 606.4 642.8 575.8 573.9

9.6 Hz 580.7¢ 575.5 349.7 340.0 368.0 347.6

ANOVA (diagnosis X frequency X locus): F = 243, p < .01,

“ Indicates the means that are significantly different from both groups (p < .05) by ¢ test.
b Indicates the mean that is significantly different from one of the two groups (p < .05) by ¢ test.

suggest that the increased o EEG and photic driving in depressed
patients may related to the abnormal arousal mechanisms medi-
ated by the reticular activating system (Lindsley et al 1949).
The current study replicates our previous finding of lower
EEG photic driving in schizophrenics and shows a robust
increase in the response in depressed patients. The high sensi-
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