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Summary. The effects of repetitive transcranial magnetic stimulation (rTMS)
on schizophrenic negative symptoms (NS) and EEG topography were investi-
gated in this pilot study.

10 patients with predominant NS were treated with 10 Hz rTMS over the
left dorsolateral prefrontal cortex for 5 days. For NS ratings, the Scale for the
Assessment of Negative Symptoms (SANS) was used. Both ratings and EEG
recordings were obtained pre- and post-rTMS. Electrical activity changes were
computed by Low Resolution Brain Electromagnetic Tomography.

SANS showed an improvement after rTMS, from 49.0 (SD: 10.7) to 44.7
(SD: 11.8) (means). EEG frequency bands were changed fronto-temporally
(right) and were mainly decreases in delta- and beta- and increases in alpha1-
activity, as well as decreases in beta-activity in the temporal and parieto-
occipital regions (left).

Although we are aware of the limitations of this study, we assume a slight
improvement in NS. The EEG findings refer to a possible neurophysiologic
correlate of their improvement after rTMS.

Keywords: Schizophrenia, negative symptoms, repetitive Transcranial Mag-
netic Stimulation, EEG topography, Low Resolution Brain Electromagnetic
Tomography.

Introduction

Negative symptoms in schizophrenia affect the course of the disease and
impair function more than do positive symptoms. Atypical neuroleptics have
therapeutic effects on the negative symptoms which are much less pro-



nounced than on the positive symptoms. In view of the relatively higher drug
resistance rate, a search for other methods of treatment seems to be justified.

Correlations between negative symptoms and disturbed executive functions
and attentiveness point to the involvement of the prefrontal cortex in negative
symptoms (Gold, 1995). Left prefrontal hypometabolism correlated with
negative symptoms (Dolan et al., 1993). In addition, neuroimaging findings
have been correlated with the hypofrontality model of negative symptoms
(Weinberger, 1986), although the overall results are inconsistent. A better
model of the pathophysiology of negative symptoms might be based on abnor-
mal fronto-temporal interaction (Liddle, 1997).

Recent meta-analyses of up to 12 controlled trials, mostly with high fre-
quency rTMS (i.e. the 10 to 20 Hz range) in patients with Major Depression
Disorder found a modest beneficial effect of rTMS over the left DLPFC com-
pared to sham stimulation (McNamara, 2001; Holtzheimer, 2001). In contrast,
only a few studies have been performed to investigate the effects of rTMS on
negative symptoms in schizophrenia (Klein, 1999; Nahas, 2000; Schreiber,
2002). Short-term amelioration of mood has been found, particularly in
depressed and schizophrenic patients after low frequency rTMS over the left
and right DLPFC (Geller, 1995). Global improvement associated with an
improvement of cerebral perfusion was found after right prefrontal 10 Hz rTMS
(Schreiber, 2002), whereas slow right prefrontal stimulation did not affect nega-
tive symptoms (Klein, 1999). Though therapeutic effects seem inconsistent or
transient (Nahas, 2000), we hypothesize that negative symptoms, i.e. affective
and executive functions, could be improved by rTMS over left DLPFC (Moser,
2002). Our stimulation protocol was designed rather conservatively and is there-
fore more readily comparable to previous trials on this topic (Klein, 1999; Nahas,
2000; Schreiber, 2002), than oriented towards recent rTMS trials on depression.

Findings from studies on quantitative EEG in schizophrenia suggest that
patients with predominant negative or positive symptoms have different neuro-
physiological profiles, supporting the hypothesis of hypofrontality (Gerez,
1995). Low EEG activity, i.e. the delta- and theta-power over temporal (Gattaz,
1992) or frontal (Begic, 2000; Winterer, 2000; Sponheim, 2000; Knott, 2001)
regions, was found to be significantly increased in schizophrenia and particu-
larly correlated with negative symptoms. This could be regarded as a marker
that could differentiate between ‘‘positive’’ and ‘‘negative’’ schizophrenia
(Begic, 2000). Somewhat less frequently, a decrease in alpha-power has also
been found (Merrin, 1992; Merrin, 1996; Knott, 2001). Antipsychotic treatment
both decreased delta and theta EEG activity and increased beta activity in
patients with negative symptoms (Saletu, 1994) or obliterated the negative
correlation between negative symptoms and alpha power (Merrin, 1992).

There have been only a few investigations on the effects of rTMS on EEG
activity (Boutros, 2000, 2001; Loo, 2001; Graf, 2001); none of these examined
patients with negative symptoms. It could be shown that rTMS increases the
cortical activity, i.e. the peak frequency and the absolute power across scalp in
normal subjects over a period of minutes after stimulation (Okamura, 2001).
Laterality effects could also be found: application of low frequency rTMS over
the right DLPFC, unlike sham stimulation, was accompanied by an increase in

956 M. Jandl et al.



theta activity contralaterally, associated with a reduction in anxiety ratings
(Schutter, 2001).

In this open pilot study, we have aimed to assess the effects of high frequency
rTMS over the left DLPFC in schizophrenic patients with predominant negative
symptoms on the psychopathological ratings of these symptoms. We also assume
that rTMS under these conditions will lead to altered activities of the different
frequency bands in topographical EEG. On the basis of the cited previous studies
on EEG activity in negative symptoms, we assume both local effects as well as
effects in remote cortical regions. We hypothesize a decrease in low frequency
bands in anterior regions, together with an improvement in negative symptoms.
In this respect, the whole cortical volume will be examined using Low Resolu-
tion Brain Electromagnetic Tomography (LORETA) (Pascual-Marqui, 1994).

Material and methods

10 patients, 5 male, 5 female, all right-handed according to the Edinburgh Inventory (Oldfield,
1971), aged between 26 and 66 years (M¼ 42.7; SD¼ 14.0), mean duration of illness 18.1 years
(SD¼ 13.4) with diagnosed schizophrenia according to DSM-IV criteria (American Psychiatric
Association, 1994), were included in an open pilot study after their written informed consent had
been given. The protocol was approved by the Ethic Committee of the Johann Wolfgang Goethe
University Hospital in accordance with the 1964 Declaration of Helsinki of the World Medical
Association, last amended in Edinburgh in 2000. All patients were carefully screened for their
psychiatric and medical history and physically examined. Cranial Computed Tomography (CCT)
or Magnetic Resonance Imaging (MRI) was carried out if not performed previously, with the aim
of excluding structural cerebral alterations; no patient exhibited atrophic cerebral changes. We did
not assess the coil – cortex distance. Provided that there is no atrophy, the DLPFC should be
within the affected volume, with a depth of 2–3 cm (Bohning, 2000). Recent trials have found no
correlation between coil – prefrontal cortex distance and antidepressant response (Kozel et al.,
2000; Jorge et al., 2004), unlike coil – motor cortex distance and motoric threshold. Comorbidity
of other psychiatric or neurological disorders, pacemaker, history of head surgery or cerebral
seizures or hints of increased electrical excitability in resting EEG (assessed by a certified
electroencephalographer) were reasons for exclusion. Dosages of classical (n¼ 6) and=or atypical
antipsychotics (n¼ 7) and=or antidepressants (n¼ 4) were kept unchanged during a 4 week pre-
study period, as well as during the study itself. Patients were recruited consecutively from the
psychiatric wards and from the outpatient clinic. Clinically, positive symptoms were not domi-
nant. Patients were suffering more from the negative symptoms. Except for the hallucination
subscale, all positive symptoms subscales of the Brief Psychiatric Rating Scale (BPRS) (CIPS,
1986; Overall, 1972) showed not more than moderate scores (4) before rTMS.

Ratings were carried out at day 1 (pre-rTMS) and day 5 (post-rTMS): Scale for the Assess-
ment of Negative Symptoms (SANS) (Andreasen, 1989), Hamilton Depression Scale (HAMD)
(CIPS, 1986; Hamilton, 1960), Brief Psychiatric Rating Scale (BPRS), Scale for Extrapyramidal
Side Effects (SEPS) (Simpson, 1970) as well as an eight point Clinical Global Impression (CGI)
Severity Scale.

For the assessment of negative symptoms, the SANS was used and this is the primary out-
come measure. For the assessment of affective changes, the HAMD was used. To register effects
on general psychopathology, BPRS was used. Extrapyramidal symptoms (EPS) which could
interfere with the assessment of negative symptoms should be ruled out by the SEPS.

15 min EEG recordings were obtained both directly before the first stimulation (day 1) and
directly after the last stimulation (day 5). Patients were seated in a comfortable chair in a half
supine position within a sound and light attenuated examination room. All subjects were
instructed at all times in the same way to close their eyes during EEG acquisition.

Acquisitions and recordings of the EEG signals were carried out using a Neuroscan system
(SynAmps 32 channel amplifier, headbox, PC and Neuroscan software, Neuroscan Inc., El Paso,
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TX, USA). 26 Ag=AgCl scalp electrodes were positioned according to an extended ten-twenty
system (Jasper, 1958; American Encephalographic Society, 1991) at Fp1, Fp2, F7, F8, F3, F4,
FT9, FT10, Fz, T7, T8, C3, C4, CP5, CP6, Pz, P3, P4, TP9, TP10, P7, P8, P9, P10, O1, O2,
referenced to Cz. For artefact identification, horizontal and vertical electro-oculograms (EOG) as
well as a 1-channel ECG were recorded. Electrode impedance was kept below 5 kOhm. High pass
cut off was set at 0.53 Hz, low pass cut off at 70 Hz, no notch filter, digitization rate was 500 Hz.
Previous work could proof the reliability of quantitative EEG data for the different frequency
bands and scalp derivations over months (Pollock et al., 1991). Reliability was found sufficient to
allow group comparisons rather than just individual comparisons (Burgess and Gruzelier, 1993).

RTMS was administered to the patients on 5 successive days between 9 and 11 a.m. using a
Medtronic stimulator with circular coil (MagPro, MC-125, r¼ 6 cm, Medtronic GmbH,
D€uusseldorf, Germany) over the left DLPFC. The center of the anterior part of the coil (not the
center of the coil), facing the handle, was positioned over the left DLPFC, 5 cm (along and
adjacent to the surface of the scalp) anterior the site over the motor cortex, where the motor
threshold (MT) was determined. So the handle of the coil pointed in direction of (the site of) the
motor cortex (where MT was determined) but was tilted away from the head by more than 2 cm,
due to the tight contact with the scalp surface of the anterior part of the coil and the curve of the
skull. MT was defined by the reproducible acquisition of 5 out of 10 motoric evoked potentials
(MEP) of the right m. abd. poll. brev., displayed in a Jaeger Toennies Multiliner system (VIASYS
Healthcare GmbH, H€oochberg, Germany). During MT assessment, patients were asked to relax
their hands. Stimulation strength was 100% of the strength at MT; the safety guidelines of the
International Society of Transcranial Stimulation (Wassermann, 1998) were observed. Stimula-
tion frequency was 10 Hz, 20 trains, 3.5 s duration per train, inter train interval (ITI) 10 s, number
of stimuli per session 700.

EEG data were processed off-line by the Analyzer Software (Brain Products GmbH, Munich,
Germany). Raw data were filtered, high pass 0.53 Hz, low pass 30 Hz, each 12 dB=oct slope. The
continuous EEG data were segmented to 2 s epochs. After applying a semiautomatic artefact
rejection program with visual examination of all segments by an experienced electroencephalo-
grapher, 25 epochs of each patient were kept. A new data set was created for each epoch, so from
10 patients data sets were available from 25 epochs per session, each before and after 5 days
rTMS.

To compute the distribution of the current sources over the whole cortical volume from the
scalp surface potentials, we used LORETA (Pascual-Marqui, 1994, 1999). Its solution of the
‘‘inverse problem’’ is based on the assumption that neighboring neurons show the highest amount
of synchronized electrical activity and that the smoothest three-dimensional distribution of intra-
cranial electrical activity is selected out of an infinite number. The three-shell spherical head
model of this is fitted to the head geometry of the Talairach atlas of the human brain (Talairach,
1997).

Using Fourier transformation, the EEG epochs were filtered to the frequency bands: delta
(1.5–6 Hz), theta (6.5–8 Hz), alpha1 (8.5–10 Hz), alpha2 (10.5–12 Hz), beta1 (12.5–18 Hz),
beta2 (18.5–21 Hz) and beta3 (21.5–30 Hz) (Kubicki, 1979), producing data sets of all frequency
bands of each patient and each session, based on EEG power (i.e. squared amplitude).

The mean baseline and follow up rating scale values were compared using a paired t-test for
dependent samples.

For pairwise statistical comparison of the log-transformed EEG power-maps of each fre-
quency band, the paired t-test was carried out. Critical t-values of p<0.05 were calculated by
5000 randomizations (Holmes, 1996). The t-test was performed on a voxel by voxel basis
between pre-rTMS- and post-rTMS-maps. To visualize the three-dimensional cortical locations
of the differences after 5 days rTMS, the distribution of the clusters of positive and negative
t-values were displayed for each frequency band.

Results

All patients completed the protocol. No severe side effects were observed.
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Primary outcome measure: SANS-score decreased significantly during
rTMS from M¼ 49.0; SD¼ 10.7 at day 1 (baseline) to M¼ 44.7; SD¼ 11.8
at day 5 (follow up); t¼ 4.872; p<0.001 (Fig. 1).

Fig. 1. Rating scales with sum scores of each patient at day 1 (before) and day 5 (after rTMS).
SANS Scale for the Assessment of Negative Symptoms, HAMD Hamilton Depression Scale,

BPRS Brief Psychiatric Rating Scale
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Secondary outcome measures: HAMD-score decreased significantly from
M¼ 13.9; SD¼ 8.6 at day 1 (baseline) to M¼ 11.8; SD¼ 7.6 at day 5 (follow
up); t¼ 3.372; p<0.01. While changes in scores below 8 were inconsistent, all

Fig. 2. Low Resolution Brain Electromagnetic Tomography (LORETA) views of the vox-
elclusters with extreme t-values of the delta-, alpha1- and beta2-frequency band T-values (each
on top right, central views, in parentheses); transversal, saggittal and coronal slices (from left to
right) with Talairach coordinates (X, Y, Z in mm) of the delta-, alpha1- and beta2-frequency
band (from top to bottom). Regions with significant decrease of power after rTMS are displayed
in blue; regions with a significant increase are displayed in red. For clarification a non-linear

representation of color intensity is chosen
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Table 1. Significantly changed EEG power locations of the respective frequency bands. Frequencybands, extreme t-values
in descending standing, corresponding Talairach-coordinates, hemisphere (R right,L left), nearest BA (¼Brodmann-Area)
and description of brain region (GTM Gyrus temporalis medialis, GTS Gyrus temporalis superior, GpostC Gyrus post-
centralis, GFM Gyrus frontalis medialis, GFS Gyrus frontalis superior, GFI Gyrus frontalis inferior, LPI Lobulus parie-
talis inferior, GC Gyrus cinguli, GpraeC Gyrus praecentralis, LPS Lobulus parietalis superior, TL Temporal Lobe, PL
Parietal Lobe, FL Frontal Lobe, LLLimbic System,OLOccipital Lobe). Number of significantly changed power locations

of the respective frequency bands (if >10 only those ten with the most extreme t-values are listed)

Frequency band t-value Talairach-coordinates Hemisphere BA Brain region Number of

X Y Z

significantly
changed
locations

Delta (1.5–6 Hz) 3.46 53 3 �34 R 21 GTM, TL
2.98 53 �39 22 R 13 GTS, TL
2.34 60 �25 50 R 3 GpostC, PL
2.34 53 �25 43 R 2 GpostC, PL
2.34 60 �32 50 R 40 GpostC, PL
2.09 25 �4 57 R 6 GFM, FL
2.09 25 3 50 R 6 GFM, FL
2.09 32 �4 64 R 6 GFM, FL
2.09 32 �4 50 R 6 GFM, FL
2.09 25 3 64 R 6 GFS, FL

. . . . . . . . . . . . . . . 21
Theta (6.5–8 Hz) 2.56 18 59 �20 R 11 GFS, FL

2.51 53 10 �34 R 21 GTM, TL 2
Alpha1 (8.5–10 Hz) �3.36 53 24 8 R 45 GFI, FL

�3.10 46 17 �20 R 38 GTS, TL
�2.06 60 �32 1 R 21 GTM, TL
�2.06 46 �32 1 R 21 GTM, TL
�2.06 67 �39 1 R 22 GTM, TL
�2.06 60 �39 1 R 21 GTM, TL 6

Alpha2 (10.5–12 Hz) – – – – – 0
Beta1 (12.5–18 Hz) 4.19 �38 �11 �6 L 21 Subgyral, TL

3.86 �52 �4 1 L 22 GTS, TL
2.89 �24 38 �13 L 11 GFM, FL
2.89 �24 45 �13 L 11 GFM, FL
2.47 11 �4 71 R 6 GFS, FL
2.47 25 10 �41 R 38 GTS, TL
2.47 25 10 �34 R 38 GTS, TL
2.42 �45 �39 57 L 40 GPI, PL
2.42 �45 �46 57 L 40 GPI, PL
2.42 �38 �39 57 L 40 GPI, PL

. . . . . . . . . . . . . . . 22
Beta2 (18.5–21 Hz) 5.39 �59 �4 1 L 22 GTS, TL

4.33 �38 59 �13 L 11 GFM, FL
4.33 �31 59 �13 L 11 GFS, FL
2.88 �31 17 �6 L 13 Insula, FL
2.88 �31 24 1 L 47 GFI, FL
2.80 �52 �53 50 L 40 LPI, PL
2.80 �45 �46 43 L 40 LPI, PL
2.80 �45 �46 50 L 40 LPI, PL
2.80 �52 �46 50 L 40 LPI, PL
2.59 �3 �4 29 L 24 GC, LL
. . . . . . . . . . . . . . . 46

Beta3 (21.5–30 Hz) 4.63 �66 �18 1 L 22 GTS, TL
4.54 �59 �4 22 L 4 GpraeC, FL
3.21 �31 �46 64 L 7 LPS, PL
3.20 �38 �32 57 L 40 GpostC, PL
2.82 �45 45 �6 L 47 GFM, FL
2.76 �38 �81 �13 L 18 OL
2.76 �45 �81 �13 L 18 OL
2.74 �52 �67 �6 L 19 OL
2.16 �24 �11 71 L 6 GpraeC, FL
2.16 �24 �11 64 L 6 GpraeC, FL

. . . . . . . . . . . . . . . 16



scores above 8 decreased after rTMS. BPRS-score significantly decreased
from M¼ 36.9; SD¼ 8.1 at day 1 to M¼ 34.1; SD¼ 8.5 at day 5; t¼ 5.250;
p<0.001 (Fig. 1).

Additional measure: SEPS-score did not change, M¼ 2.40; SD¼ 1.84 at
day 1 and M¼ 1.90; SD¼ 1.67 at day 5.

Clinical Global Impression (CGI) Severity Scale: All patients showed a
changing score after rTMS between 4, ‘‘only little improved’’ and 2, ‘‘very
much improved’’ with an effectiveness index between 4, ‘‘slight’’ and 2,
‘‘extensive’’.

The analysis of the EEG frequency bands revealed changes after rTMS.
Significantly decreased power of the delta-, theta-, beta1-, beta2- and beta3-
frequency bands, significantly increased power of the alpha1-band; only the
alpha2-band was unchanged.

The highest excesses in differences of the delta-, theta- and alpha-bands
were found on the right side, those of the three beta-bands on the left side.

All significant changes in the frequency bands were only found in one
direction (i.e. only significant positive or negative changes all over the whole
brain volume).

Using LORETA, the statistically most pronounced changes in the single
frequency bands can be topographically assigned to the following cortical gen-
erator locations: the clearest decrease in delta power after rTMS best matched
the right medial temporal gyrus (GTM), Brodmann Area (BA) 21, according
to the Talairach coordinates. The clearest decrease in the theta band best
matched the right superior frontal gyrus (GFS) (BA 11). The highest increase
in alpha1 power after rTMS best matched the right inferior frontal gyrus (GFI)
(BA 45). All three beta bands showed decreased frequency power after rTMS,
beta1 being most pronounced in the left temporal, subgyral region (BA 21), and
beta2 and beta3 in the left superior temporal gyrus (GTS) (BA 22) (Fig. 2). On
closer examination of the voxel clusters with lower (than the above mentioned)
changes after rTMS, the most frequent changes were those in the beta2-band,
followed by the beta1-, delta-, beta3-, alpha1 and theta-bands (Table 1).

If the analysis is performed with larger cerebral regions: right (pre)frontal:
decreases in theta- and full beta-power together with an increase in alpha-
power; left temporal: decreases in delta- and theta-power together with an
increase in alpha-power and a decrease in full beta-power; right cingulum:
decrease in delta-power. Decreases in full beta-power were also found in the
left parietal, occipital and parahippocampal cortices.

Discussion

In view of the fact that there have been only very few trials on the effects of
rTMS in negative symptoms of schizophrenia, it seemed justified to plan this
trial as an open pilot study. We are also aware of its further limitations: no
placebo control, the small sample size, the concomitant medication and the
short duration of treatment, respectively. Our small sample size is also quite
comparable with previous trials on schizophrenic patients with samples of up to
15 patients (Klein, 1999); even meta-analyses on depression listed sample sizes
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of only between 3 and 35 patients per group (McNamara, 2001; Martin, 2003).
The problem of concomitant medication is also evident. Most of the previous
rTMS studies on schizophrenic as well as on depressive patients were add-on
studies (see also the meta-analyses of McNamara and Martin).

During the course of the trial, negative symptoms improved, as expressed
by a slight but significant decrease in the SANS-score. An improvement in
depressive symptoms could also be shown by a slightly decreased HAMD-
score. It seems there was a floor effect. The decrease was due to the patients
with at least mild depressive symptoms. General psychopathology, assessed
by the BPRS, improved slightly but significantly in the course of the trial.
EPS, controlled by the SEPS, remained unchanged, so there is no relevant
interference with the assessment of negative symptoms. Though the general
differences in the scores were low, clinical changes could be noticed in the
social environment of the patients (relatives and ward personnel), which cor-
responds with the CGI changes after rTMS between ‘‘only little improved’’
and ‘‘very much improved’’. Because of the limitations in the study design,
our data should be interpreted with care, although indications of positive
effects on negative symptoms in schizophrenia after rTMS over the left
DLPFC could be seen, other interpretations, such as care- or placebo-effects,
are conceivable.

It was another objective of the trial to examine the effects of higher fre-
quency rTMS over the left DLPFC on EEG topography. After 5 days rTMS,
hemispherical, regional and frequency-related changes in EEG activity could be
seen: Most changes were found right (pre)frontal (BA 6, GFM, GFS, and GFI),
being mainly decreases in the activity of delta- and beta-frequencies, as well as
increases in alpha1-frequency. (Compared with the other frequency bands,
decreases in theta-band activity were rare; no significant changes were shown
in the alpha2-band.) Apart from that, the clearest delta-band decreases were
found in the right temporal region.

If one assumes that lower EEG frequencies are associated with inhibitory
brain functions, high frequency rTMS over the left DLPFC would have a dis-
inhibitory contralateral effect, especially prefrontally and temporally. In addi-
tion, in the right prefrontal and right temporal regions, and nearly at the same
location as the delta decrease, it led to an increase in middle frequency regions
(alpha1), which are the frequency regions of relaxed resting conditions. Ipsi-
laterally, the left side was dominated by the decrease in beta-band activities, the
most pronounced effects being left temporal (GTS), parahippocampal, parietal
(GPI) and occipital. Because of that, high frequency rTMS would have an
inhibitory effect on beta activity (which is associated with excitation), with a
temporo-parietal focus. Our results too are quite inconsistent with the simplistic
assumption supported in the literature (Grafman, 2000), whereby there is a
relationship between fast rTMS and excitatory effects and low rTMS and inhib-
itory effects, respectively, since we found both inhibitory and excitatory effects
after high frequent rTMS. Also recent data are not in agreement with this over-
simplification (Fitzgerald, 2002).

Thus our results on the effects of rTMS on the lower- and middle-frequency
EEG-activities would be in accord with previous findings that increased delta-
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and theta-power and decreased alpha-power in fronto-temporal regions are
positively correlated with negative symptoms in schizophrenia (Begic, 2000;
Winterer, 2000; Sponheim, 2000; Knott, 2001; Merrin, 1992, 1996). This would
then be an indication of the neurophysiologic correlate which underlies the
improvement in negative symptoms after rTMS.

Another more general explanation of the effects of rTMS is provided
by the concept of an improvement in functional discoordinated brain states.
This was first suggested by Pascual-Marqui (1999), who found an excess
of these activities in schizophrenics compared to normal controls and con-
cluded that there was inadequate information processing. Inhibitory as well
as excitatory brain activity, are both decreased in resting EEG in favour of
alpha activity. The slightly antidepressive effect of higher frequency rTMS
over the left DLPFC that we found is not so easily interpreted, particularly
as we did not find any significant changes in brain activity at that location.
It could be important to differentiate between short term effects right after
rTMS, within a time frame of seconds up to a few minutes (Ilmoniemi et al.,
1997; Chen et al., 2003) and effects following rTMS after hours or days. The
former were found at the site of stimulation, but more general effects were
also found (Okamura et al., 2001). In contrast, it is known that only con-
tralateral effects on EEG are maintained for up to more than one hour after
stimulation (Schutter et al., 2001). It is still unclear if the existence of local
or remote effects depends on the stimulation intensity used, as cause-effect
relationships are still somewhat speculative. However, there is probable
involvement of other brain regions, especially contralateral and also limbic
regions.

Although they were in accord with the hypofrontality model of nega-
tive symptoms in schizophrenia, our EEG findings after rTMS should not be
overinterpreted, as the clinical results cannot exclude placebo effects in this
uncontrolled pilot study. Both EEG findings and clinical results should be
replicated by a sham-controlled trial with a larger sample of untreated first
episode-patients.
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