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Abstract

Objectives: High frequency oscillations have been suggested as a correlate of cognitive processes and have recently also been implicated

in aberrant forms of information processing. The present study investigated whether magnetoencephalographic (MEG) gamma band activity

(20±71 Hz) can serve as an index of cognitive processes in the absence of external stimulation and to what extent gamma activity differs

between healthy people and schizophrenia patients.

Methods: The amount and topography of MEG power in the gamma band range was examined in 15 schizophrenia patients and 15 healthy

comparison subjects while performing a complex mental arithmetic task and at rest.

Results: In healthy subjects a left frontal and left fronto-temporal increase in gamma power was observed during mental arithmetic.

Schizophrenia patients either failed to display such a task effect (30±45 Hz) or had reversed lateralization with enhanced activity over right

frontal and right fronto-temporal regions under cognitive demands (45±71 Hz). In the frequency band from 60 to 71 Hz patients showed less

gamma at fronto-temporal, posterio-temporal and occipital sites irrespective of the task.

Conclusions: These results indicate, ®rst, that gamma topography can index cognitive activation in a very complex and purely internal

task. Second, groups differed in the pattern of activation during the task, a result which may be consistent with working memory dysfunction

in schizophrenia. Third, the general topographic difference between healthy subjects and patients is in line with the notion of abnormalities in

the thalamocortical circuit in schizophrenia. q 2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

High frequency electromagnetic activity (.20 Hz), also

referred to as the gamma band, has repeatedly been shown

to be a correlate of a wide range of cognitive processes, both

in animals (e.g. Gray et al., 1989; Singer and Gray, 1995)

and in man (MuÈller et al., 1996; Tallon-Baudry and

Bertrand, 1999). An increase in gamma band activity has

been observed when `gestalt' like stimuli (Tallon et al.,

1995; Keil et al., 1999) are processed. Moreover, gamma

band activity may be modulated by attentional demands

(Gruber et al., 1999; MuÈller, 1998, 2000) and by memory

load during the delay phase of a working memory task and

may thus index rehearsal processes in memory (Tallon-

Baudry et al., 1998). In language processing, the synchro-

nized ®ring of cell assemblies at high frequencies has been

shown to be sensitive to manipulations of word-class and

lexical categories (PulvermuÈller, 1999).

In studies investigating the role of high frequency activity

in cognitive processes, gamma band is generally induced by

the manipulation of physical stimuli. There is a lack of

evidence that an increase of gamma activity can be induced

by a cognitive task in the absence of external stimulation as

would be expected if gamma activity were an ubiquitous

index of cognitive processes in humans. Still, in the absence

of any kind of external stimulation, coherent ®ring in the

gamma range has been observed. Llinas and colleagues

(Llinas and Pare, 1991; Llinas and Ribary, 1993) demon-

strated the occurrence of coherent high frequency activity

during REM sleep but not in non-REM sleep in humans.

Furthermore, they conjectured that such activity may be

generally related to information processing and conscious

experience (Llinas et al., 1998) and speculated that abnor-

mal states of consciousness and experiences in the absence

of external input, such as hallucinations, might be accom-
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panied by gamma band activity gone awry (Llinas et al.,

1999).

Indeed, recent research has revealed a possible link

between the increase of fast EEG/MEG activity in the

brain and altered information processing in schizophrenia.

In this illness information processing de®cits as well as at

times profoundly altered perceptual processes like delusions

and hallucinations are well documented, both by cognitive

and psychophysiological studies (for a review see Stein-

hauer et al., 1991). Several older studies had reported

increases in fast EEG activity in schizophrenia (Kennard

et al., 1955; Itil et al., 1972; Giannitrapani and Kayton,

1974) and while, due to technical limitations, the results

of these studies have been debated, in recent years interest

in high frequency activity in schizophrenia was rekindled.

For instance, Sperling et al. (1996) reported a bilateral

increase in magnetoencephalographic activity in the 12.5±

30 Hz range at temporal sites in 3 schizophrenic patients

with auditory hallucinations. Furthermore, a study by

Baldeweg et al. (1998) describes the case of a patient with

intense somatic hallucinations in whom the sources of

gamma band electroencephalographic oscillations were

mainly localized in somatosensory regions of the right

hemisphere. Yet, the incidence of different patterns of

gamma band activity in schizophrenia is not well documen-

ted, even though several studies report an increase in high

beta activity in schizophrenia (Pascual-Marqui et al., 1999;

Serafetinides, 1984) or a more anterior localization of beta

generators (Dierks et al., 1995) and in spite of the fact that

the above mentioned studies indicate that high frequency

oscillations may be a correlate of hallucinatory experiences.

Such studies as well as considerations about the general

nature of gamma band activity as a neural signature of

higher cognitive functioning give momentum to the hypoth-

esis that spectral gamma band activity may re¯ect some

aspect of both normal and erratic information processing.

However, this possibility has not been systematically inves-

tigated.

Using high resolution MEG, the present study addresses

two questions. First, can gamma activity serve as a sensitive

index of cognitive processing in a task that is performed

purely internally, in the absence of external stimulation?

Second, is the amount and topography of gamma activity

altered in schizophrenia, possibly re¯ecting information

processing mechanisms characteristic of this illness? If so,

this would provide further evidence that gamma band activ-

ity is an index of cognitive processing and, moreover, might

be a promising neural marker of characteristic forms of

information processing in schizophrenia.

Two 5 min periods of spontaneous MEG were recorded

from schizophrenia patients and healthy comparison

subjects. Subjects were asked to (A) relax with their eyes

open and try to rid themselves from any intruding thoughts

and (B) perform a mental arithmetic task. A complex task

was chosen which poses heavy demands on working

memory as subjects have to continuously remember their

results while trying to determine the next value to add. This

appears particularly suitable for the purpose of the present

study since previous research has shown gamma band activ-

ity to be sensitive to manipulations of working memory load

(Tallon-Baudry et al., 1998) and many studies demonstrated

working memory de®cits in schizophrenia (e.g. Goldman-

Rakic, 1994, 1999; Gold et al., 1997; LoÈw et al., 2000).

2. Methods

2.1. Subjects

Fifteen DSM IV diagnosed schizophrenia patients (4

females, 11 males; mean age 30.2 years, SD 6.5 years)

and 15 healthy controls (mean age 35.8 years, SD 9.4

years) matched for gender and educational status volun-

teered to participate in this study. All subjects were right-

handed as determined by the Edinburgh Handedness Ques-

tionnaire (Old®eld, 1971). Participants had no history of

neurological disorder. Comparison subjects had no history

of psychiatric disease. Patients were inpatients at a state

psychiatric hospital and had been diagnosed by a psychia-

trist or clinical psychologist. Thirteen of the schizophrenia

patients were receiving neuroleptic medication (typical anti-

psychotics only) at the time of testing. The mean chlorpro-

mazine equivalent was 128.36 mg/day (SD 83.38, min 0.0,

max 344.60). Five of the patients were additionally receiv-

ing anticholinergics and one was additionally taking an anti-

depressant. Patients' clinical symptoms were evaluated on

the day of testing by means of the Brief Psychiatric Rating

Scale (Overall and Gorham, 1962, as modi®ed by Lukoff et

al., 1986) and the PANSS (Kay et al., 1987) and SANS

(Andreasen, 1981) symptom scales. Scales were adminis-

tered by the patients' therapist (clinical psychologist or

psychiatrist). The average BRPS score was 40.4 (min 31,

max 68), the mean PANSS-P score was 14.2 (min 7, max

29), PANSS-N was on average 17.93 (min 7, max 25), mean

PANSS-G was 34.2 (min 24, max 50) and the SANS scores

varied between 3 and 85 (mean 50.33). All participants were

informed about the goal of the study and gave written

consent prior to the experiment and received a ®nancial

bonus for taking part in the experiment.

2.2. Procedure

A whole-head magnetoencephalogram was recorded

using a 148 channel whole-head magnetometer (Magnes

2500 WH, Biomagnetic Technologies Inc.) while subjects

were lying comfortably in a lit, magnetically shielded room.

For artifact control, horizontal and vertical electrooculo-

grams and electrocardiograms were co-registered. Prior to

measurement participants were familiarized with the

recording environment, informed about the tasks and

given practice in the arithmetic task. The arithmetic task

required assigning to each letter of a nursery rhyme its

position in the alphabet as a numerical value and adding
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up the values of all letters consecutively for the 5 min

recording time. The nursery rhyme was familiar to all

subjects. Participants were instructed to be as accurate as

possible rather than trying to add up the entire rhyme. If a

subject's reported sum did not differ by more than 20% from

the actual value at a given position in the rhyme, it was

decided that the subject had successfully engaged in the

task. Subjects whose reported sum differed by more than

20% from the actual result were excluded from the experi-

ment. For the resting condition, subjects were instructed not

to follow any particular train of thought but to try to relax as

much as possible. After each block, participants had to

report their calculated result and the position in the rhyme

they had reached. They were also interviewed about their

strategies and experience. The experimenter obtained a

qualitative performance measure by rating participants'

performance on a scale from 1 to 10 based on the detail

and vividness of their reports. Under both conditions,

subjects were instructed to ®xate a colored spot attached

to the ceiling of the room. Experimental conditions were

counterbalanced across subjects.

2.3. Data analysis

2.3.1. Behavioral measures

The reported sum, the subjects' percentage error and

independent performance ratings were recorded as perfor-

mance measures. Performance differences between groups

were assessed using t tests.

2.3.2. Magnetoencephalographic recording

MEG data were acquired with a sampling rate of 678.17

Hz and a band pass ®lter of 0.1±200 Hz. After reduction of

external noise and elimination of low frequency drifts, a

correction algorithm implemented in the FOCUS software

was applied to eliminate the in¯uence of ocular activity on

the MEG. Hereafter, data were visually inspected and the

remaining movement, heart beat and muscle artifacts were

marked as bad and omitted from further processing. To

obtain a stable estimate and to ensure good data quality,

only subjects with at least 100 artifact-free epochs were

included in the analysis. The preprocessed data were trans-

formed into the frequency domain by means of FOCUS' fast

Fourier transform (FFT). A sliding cos2 FFT window of 1.5

s (1024 sample points) with 50% overlap was used. The

combination of 50% overlap and multiplication of the

window by cos2 ensures that all time

points contribute equally to the mean power spectrum

as cos2�x�1 sin2�x� � 1. A mean power spectrum was

obtained for each subject and condition by averaging across

epochs. The resulting mean power spectrum was divided

into the following frequency bands: Alpha, 8±12 Hz;

Beta1, 13±20 Hz; Beta2, 21±29 Hz; Gamma1, 30±45 Hz;

Gamma2, 46±60 Hz (the range from 48 to 50 Hz was

excluded to avoid possible electrical interference); and

Gamma3, 61±71 Hz. Due to hardware problems, 8 out of

148 channels had to be excluded from the analysis. For

statistical analysis, the remaining 140 channels were

grouped into the following 5 channel groups for each hemi-

sphere: frontal, fronto-temporal, posterio-temporal, central

and occipital (see Fig. 1).

Overall power differences between tasks and subject

group and interactions thereof were analyzed with repeated

measures analyses of variance (ANOVA) with the between

factor group and the within factors task, hemisphere and site

for each frequency band. Interaction effects involving the

effect of task on topography were analyzed with repeated

measures ANOVAs. For topographic analyses data were

normalized according to the procedure suggested by

McCarthy and Wood (1985). Power values at each sensor

were transformed according to the following rule

xinew � ximeas 2 min

max 2 min

where xinew is the normalized value at sensor i, ximeas is the

measured value at sensor i and max and min are the maxi-

mum and minimum across sensors.

Where appropriate, signi®cance levels are reported with

Huynh±Feldt epsilon adjusted degrees of freedom. Post-hoc

analyses were performed using Newman±Keuls tests.

3. Results

3.1. Task performance

The average absolute result reported in the arithmetic task

was 173.48 (SD 62.04) for healthy subjects and 144.53 (SD

77.98) for patients. The numerical difference in perfor-

mance between the groups did not reach statistical signi®-

cance (t�28� � 1:125, P . 0:10). Task accuracy was

compared as the difference between the reported result

and the actual result in percent. This error percentage was

6.6% (SD 6.48) for controls and 5.61% (SD 6.53) for

patients (t�28� � 1:24, P . 0:10). Experimenter observed

qualitative performance ratings for the arithmetic task

were 9.5% (SD 0.99) for controls and 8.9% (SD 1.6) for

patients (t�28� � 1:55, P . 0:10). The patients generally

received lower ratings for their ability to relax during the

resting condition. Comparison subjects received average

ratings of 9.2% (SD 1.27), while the value for patients

was 8.27% (SD 1.69) (t�28� � 1:94, P � 0:06).

3.2. MEG data

3.2.1. Effects of task and group on overall MEG power

In the frequency range between 21 and 29 Hz (Beta2),

patients tended to display more overall magnetic activity

than controls (F�1; 28� � 3:21, P � 0:08). Apart from this

trend, there were no differences in overall neuromagnetic

activity between patients and controls in any of the analyzed

frequency bands. Likewise, there were no general effects of

task on overall neuromagnetic activity or interactions
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between task, group and overall neuromagnetic activity in

any of the analyzed frequency bands.

3.2.2. Effects of task and group on scalp distributions

Table 1 shows how task and group interacted with MEG

topography in the analyzed frequency bands. Fig. 2 depicts

the power distribution in the gamma range recorded from 5

channel groups in each of the hemispheres separately for

healthy subjects (Fig. 2A) and for the schizophrenic patients

(Fig. 2B).

In the alpha range, no signi®cant effects of either

task or group on MEG topography were observed. Task

interacted with recording site in the Beta1 and Beta2

bands (F�4; 112� � 3:57, P � 0:01 and F�4; 112� � 4:56,

P , 0:01, respectively). For both frequency bands, post-

hoc tests showed that the mental arithmetic led to a signi®-

cant enhancement in activity at all but central sites

(P , 0:05).

For Gamma1 we found a 4 way interaction of task £
hemisphere £ site £ group (F�4; 112� � 3:1, P , 0:05).

This interaction was due to a left frontal and left fronto-

temporal gamma enhancement during mental arithmetic in

controls (P , 0:01) which was absent in patients.

In the Gamma2 band an interaction of task £ hemisphere £
site £ group was also observed (F�4; 112� � 3:22,

P , 0:05), which stemmed from a signi®cant right fronto-

temporal increase in activity in patients during mental arith-

metic (P , 0:05), whereas in controls right fronto-temporal

J. Kissler et al. / Clinical Neurophysiology 111 (2000) 2079±20872082

Fig. 1. Schematic illustration of the MEG sensor layout and the 10 channel groups. Channel groups are labeled with capital letters: (A) left frontal; (B) left

fronto-temporal; (C) left posterio-temporal; (D) left occipital; (E) left central; (F) right frontal; (G) right fronto-temporal; (H) right posterio-temporal; (I) right

occipital; (J) right central.



activity was increased during rest (P , 0:05). Moreover, as

evident from an interaction of task £ hemisphere £ group

(F�1; 28� � 0:07, P , 0:1) there was also a trend for patients

to show left hemispheric enhancement during mental arith-

metic and right hemispheric enhancement during rest, while

the opposite tended to be true for comparison subjects.

In the Gamma3 band topography interacted with group

(F�4; 112� � 3:00, P , 0:05). This effect was due to a

general activity reduction at fronto-temporal, posterio-

temporal and occipital sites in patients (P , 0:05). Fig. 3

shows this task-dependent difference in power topography

between healthy subjects (top row) and schizophrenia

patients (bottom row).

The groups also differed with respect to the task effects on

MEG activity in the two hemispheres (F�1; 28� � 4:82,

P , 0:05). Post-hocs revealed that controls displayed

more activity in the right than in the left hemisphere during

rest (P , 0:01) and greater left than right hemispheric activ-

ity during mental arithmetic (P , 0:01). Patients, by

contrast, displayed no asymmetry at rest and a right hemi-

spheric enhancement during mental arithmetic (P , 0:01).

The effect of task on the scalp distribution in the two hemi-

spheres differed between the two groups (F�4; 112� � 3:5,

P , 0:05). Healthy subjects showed a left frontal

(P , 0:05) and fronto-temporal (P , 0:05) enhancement

in activity during mental arithmetic, whereas patients

showed a right fronto-temporal enhancement during mental

arithmetic. This topographic difference is illustrated in Fig.

4. Furthermore, generally task affected the scalp distribution

(F�4; 112� � 2:5, P , 0:1), indicating a general widely

spread enhancement of activity during mental arithmetic.

In summary, in all frequency bands above 30 Hz, healthy

subjects showed a left frontal and fronto-temporal enhance-

ment of activity during mental arithmetic which was either

absent or reversed in schizophrenic patients. This pattern is

illustrated in Fig. 2 which shows the activity distribution for

the 3 gamma bands separately for the two groups. Also,

controls exhibited more right than left hemispheric activity

at rest, and greater left than right hemispheric activity

during mental arithmetic. In patients, by contrast, the

enhancement under cognitive activation was more right

hemispheric.

3.3. Medication effects

Spearman rank correlations were calculated between

gamma power at rest and chlorpromazine equivalents in

order to determine the effect medication had on gamma

activity. The following correlation coef®cients were

obtained: Gamma1, r � 0:01, P � 0:97; Gamma2,

r � 0:02, P � 0:99; Gamma3, r � 20:04, P � 0:87. None

of these reached statistical signi®cance.

4. Discussion

The present study served two purposes. On the one hand,

we investigated the extent to which gamma band activity

can be induced by a purely mental task, i.e. by cognitive

activity in the absence of external stimulation. On the other

hand, we tested whether such task-dependent activation

would differ between healthy subjects and schizophrenia

patients. The ®rst issue is important as the assumption that

gamma activity can serve as a general indicator of cognitive

processing regardless of stimulation has not been explicitly

tested. The second issue is of general interest because of

considerations about gamma activity as a potential indicator

of differential information processing in schizophrenia

patients and controls. More speci®cally, however, the work-

ing memory task we used could have been especially indi-

cative as working memory de®cits have widely been

reported in schizophrenia (Goldman-Rakic, 1994, 1999;

Gold et al., 1997; LoÈw et al., 2000).

With regard to topographic effects of the experimental

manipulation, we were clearly able to show that the arith-

metic task led to topographical differences in the gamma

range. A frontal and fronto-temporal enhancement in

gamma power was evident while subjects were performing

calculations compared to at rest. This result is consistent with

a previous report by Tallon-Baudry et al. (1998) in demon-

strating frontal gamma enhancement in a task that draws on

working memory. In healthy subjects the mental arithmetic

task led to a left lateralized enhancement of gamma activity

over left frontal and fronto-temporal sites (see Figs. 2A and

3A). Differences between the report by Tallon-Baudry et al.

(1998) and our study are probably due to differences in task

and stimulation. In contrast to their study we did not ®nd a

signi®cant occipital task effect which could be explained by

the absence of visual stimulation in our study. For healthy
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Table 1

Effects of task and group on MEG topographies in the high frequency bands

Frequency band Effect F value P valuea

Beta1 Group £ site 0.18 0.68

Task £ site 3.58 0.01**

Task £ hemisphere £ group 2.00 0.17

Task £ hemisphere £ site £ group 0.65 0.56

Beta2 Group £ site 1.40 0.24

Task £ site 4.56 0.003**

Task £ hemisphere £ group 3.45 0.07

Task £ hemisphere £ site £ group 2.08 0.12

Gamma1 Group £ site 1.5 0.21

Task £ site 2.01 0.12

Task £ hemisphere £ group 3.54 0.07

Task £ hemisphere £ site £ group 3.07 0.03*

Gamma2 Group £ site 1.97 0.12

Task £ site 0.55 0.64

Task £ hemisphere £ group 3.47 0.07

Task £ hemisphere £ site £ group 3.22 0.02*

Gamma3 Group £ site 3.00 0.03*

Task £ site 2.58 0.06

Task £ hemisphere £ group 4.82 0.04*

Task £ hemisphere £ site £ group 3.46 0.01**

a *P , 0.05, **P , 0.01.



subjects the difference in lateralization in frontal areas

between their study and ours can be similarly explained,

theirs being a visual task whereas we used a task with a strong

verbal and covert articulatory component.

The present results concerning the task effect in controls

are in line with theoretical considerations about the archi-

tecture of working memory (Baddeley, 1986; Goldman-

Rakic, 1999) and brain imaging studies of working memory

(Smith and Jonides, 1999; Ungerleider, 1995). From these

studies it has emerged that storage of verbal materials acti-

vates Broca's areas and left supplementary and premotor

areas, whereas storage of spatial material and object attri-

butes leads to activation in right premotor areas and prefron-

tal cortex. However, a direct comparison of the results of

brain imaging studies and EEG/MEG topography is dif®cult

because of possible localizatory ambiguities underlying

such scalp topographies and as the different methodologies

measure different aspects of brain activity.

Schizophrenia patients, by contrast, did not show this

effect in the Gamma1 frequency range and instead displayed

a reversed asymmetry with greater right frontal and fronto-

temporal activation in the Gamma2 and Gamma3 bands (see

Figs. 2B and 4). An absence of left lateralization during

working memory activation has been observed in a recent

study by LoÈw et al. (2000), where the contingent negative

variation (CNV) was observed to shift towards left frontal

sites under working memory challenge in control subjects

but not in schizophrenia patients. While these authors inter-

preted the results as being related to patients' dif®culties in

activating working memory, our results may suggest an

J. Kissler et al. / Clinical Neurophysiology 111 (2000) 2079±20872084

Fig. 2. Bar chart (means and standard errors) of normalized gamma power over different regions of the scalp in controls (A) and patients (B) at rest (open bars)

and during mental arithmetic (shaded bars). Regions are abbreviated as follows: L, FR, left frontal; L, FT, left fronto-temporal; L, PT, left posterio-temporal; L,

C, left central; L, OC, left occipital; R, FR, right frontal; R, FT, right fronto-temporal; R, PT, right posterio-temporal; R, C, right central; R, OC, right occipital.



alternative interpretation: as patients and control subjects

did not differ in performance measures we may actually

observe a compensatory mechanism as the task we used

challenges working memory, yet it is rather complex and

non-speci®c in that it allows subjects to form different stra-

tegies. Alternatively, the difference in lateralization while

performing the task may ®t in with other reports of reduced

brain asymmetry in schizophrenia (Crow, 1998; Rockstroh

et al., 1998) and represent a trait-like aspect of the illness

(Crow, 1997).

J. Kissler et al. / Clinical Neurophysiology 111 (2000) 2079±2087 2085

Fig. 4. Difference map showing Gamma3 topography (61±71 Hz) in healthy comparison subjects minus gamma topography in schizophrenia patients. Power

values are transformed according to McCarthy and Wood (1985). The blue areas indicate reduced activity in patients.

Fig. 3. Difference map showing normalized gamma power (30±45 Hz) in the mental arithmetic task minus normalized power at rest for controls (top row) and

patients (bottom row). Power values are normalized according to McCarthy and Wood (1985). The red areas indicate an increase in power during cognitive

activation.



The tendency for patients to display more MEG power in

the Beta2 is analogous to ®ndings in previous studies

(Kennard et al., 1955; Giannitrapani and Kayton, 1974;

Serafetinides, 1984; Dierks et al., 1995; Sperling et al.,

1996; Pascual-Marqui et al., 1999). However, in our study

this effect was not very strong, suggesting that overall high

frequency excess may be more related to the acute, positive

symptoms as the patients who participated in the present

study were relatively well remitted.

Gamma topography differed between the groups in the

highest examined frequency band. Scalp distribution was

more central in patients than in controls. Patients had rela-

tively less gamma bilaterally at fronto-temporal, posterio-

temporal and occipital sites while there was no difference at

frontal and central sites. Previous research indicates the

involvement of thalamocortical loops in the generation of

gamma activity (Ribary et al., 1991; Llinas and Ribary,

1993) and tentative connections have been established

between thalamic bursts and positive symptoms or neurop-

sychological de®cits (Jeanmonod et al., 1996; Llinas and

Ribary, 1993) which both occur in schizophrenia. Evidence

from molecular research also suggests the involvement of

networks of inhibitory neurons in the thalamocortical loop

in gamma range ®ring of pyramidal cells (Whittington et al.,

1996). Thus, the present ®ndings appear consistent with

other research suggesting abnormalities in the thalamocor-

tical loop leading to disinhibitory phenomena in schizophre-

nia (Jones, 1997). While the exact mechanisms mediating

such abnormalities are unclear at present, abnormalities in

thalamocortical oscillations may well underlie our present

®ndings and ®t into an overall picture of aberrant inhibitory

activity in schizophrenia.

The effects of neuroleptic medication are a source of

concern in most electrophysiological studies of schizophre-

nia. Such a concern may have been heightened in the present

study because of recent reports that patients treated with the

atypical antipsychotic clozapine had signi®cantly elevated

levels of high frequency activity in comparison to patients

treated with haloperidol (Sperling et al., 1999), which could

have been either caused by the medication or due to some

other illness-related process more prevalent in the clozapine

than in the haloperidol group. In our study none of the

patients were receiving atypical antipsychotics and two

were without medication. Also, chlorpromazine equivalents

did not correlate with the amount of gamma. Even though

some of our patients were additionally receiving anticholi-

nergics and the effect of interactions of neuroleptics with

anticholinergics is largely unknown and may complicate

interpretations, this suggests that different patterns of

gamma activity can arise in schizophrenia independently

of neuroleptic medication.

The possibility of artifact contamination is another ever

present issue in studies addressing the functional signi®-

cance of high frequency brain activity. While this possibility

can hardly be completely ruled out, the patterns of results

can be used to argue against such contamination. We

observe the strongest task effects at left frontal and fronto-

temporal sites in controls and at right frontal and fronto-

temporal sites in patients. Both the location and the later-

alization of the effect make an artifact contamination less

likely as high frequency artifacts are more commonly

observed in temporal and occipital regions and more so in

patients. In the present study, however, patients displayed

relatively less gamma at temporal and occipital sites. More-

over, group-speci®c differences in lateralization under

cognitive demands would appear unlikely if effects were

artifactual.

In summary, we successfully demonstrated that gamma

band activity can be enhanced by a cognitive task without

external stimulation and thus can re¯ect aspects of cognitive

functioning both in healthy people and in schizophrenia

patients. Both groups showed a frontal and fronto-temporal

increase in high frequency MEG activity which, however,

was left lateralized in controls but lateralized to the right in

patients. High frequency activity also tended to be increased

in schizophrenia patients and the topographies of this activ-

ity differed between the two groups, suggesting that

abnormalities in the thalamocortical loop may be responsi-

ble for some features of the illness.
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