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■ Abstract Background This placebo-controlled study
was designed to investigate the influence of two diffe-
rent stimulation procedures of repetitive transcranial
magnetic stimulation (rTMS) on depressive symptoms
in patients with depressive disorders. Furthermore, ef-
fects on cognitive functions and psychomotor function-
ing were tested.Methods Thirty patients with depression
(22 females and 8 males; mean age of 56.4 years) were
included. They were treated with a stable dosage of
antidepressant medication. They received either high
frequency rTMS (20 Hz) over the left dorsolateral
prefrontal cortex (LDLPFC), low frequency rTMS (1 Hz)
over the right dorsolateral prefrontal cortex (RDLPFC)
or sham stimulations (10 patients in each group) as add
on treatment at 10 days within 2 weeks. Depressive
symptoms were registered by means of observer ratings
(Hamilton Depression Rating Scale – HDRS) and self re-
ports (Beck Depression Inventory – BDI). Psychomotor
retardation was investigated by the Motor Agitation and
Retardation Scale and cognitive function by d2 test. Re-
sults and conclusions Differences between the rTMS pro-
cedures regarding depressive symptoms could not be
found. Motor abnormalities, however, significantly im-
proved exclusively after real stimulation procedures. Pa-
tients with less severe deficits in psychomotor speed and
concentration responded more intensively than patients
with severe deficits.

■ Key words repetitive transcranial magnetic

stimulation (rTMS) · depression · motor retardation ·
concentration · psychomotor speed

Introduction

Since transcranial magnetic stimulation (TMS) was de-
scribed by Barker et al. (1985) as a non-invasive tool for
the investigation of the motor cortex, repetitive applica-
tions of this method (repetitive transcranial magnetic
stimulation = rTMS) were used to study their influence
on various brain functions. rTMS allows focal stimula-
tion of cortical areas up to 2 cm under scalp and influ-
ences the cortical metabolism (George et al.1996) as well
as regional cerebral blood flow (rCBF) (Paus et al. 1998;
Pecuch et al. 2000). Its effects were registered not only at
the site of stimulation, but also in the network of inter-
connected areas, likely by mechanisms such as trans-
synaptic spread (Kimbrell et al. 1999).

An increased cortical excitability has been observed
in humans after high-frequency (> 5 Hz) rTMS (Pas-
cual-Leone et al. 1993) as indicated by an increase of the
amplitude of motor evoked potentials (MEP) (Berardelli
et al. 1998) and a decrease of motor threshold (Pascual-
Leone et al.1994).Stimulation with lower frequencies in-
duces long-lasting inhibitory effects (Chen et al. 1997;
Wassermann et al. 1996). It was assumed that rTMS
could serve as a test for potential treatments in several
neuropsychiatric disorders (Belmaker and Fleischmann
1995).

In psychiatric patients, a frontal hypometabolism
was often described. For example dysfunctions of the
left dorsolateral prefrontal cortex (LDLPFC), temporal,
basal ganglia and anterior cingulate regions (decrease of
rCBF and cerebral glucose metabolism) were found in
depressed patients (Baxter et al. 1989; Bench et al. 1995;
Paus et al. 1998; Pecuch et al. 2000). These areas have
been the main target for rTMS as a therapeutic tool in
depression. Some researchers (George et al. 1995; Kim-
brell et al. 1999; Speer et al. 1998) observed a successful
treatment of depression in combination with a reversal
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of hypometabolism and hypoperfusion by means of
high frequency rTMS. Kimbrell et al. (1999) reported a
better antidepressant response to 20 Hz rTMS in associ-
ation with the degree of baseline hypometabolism,
whereas response to 1 Hz rTMS was associated with
baseline hypermetabolism.

Unfortunately, most of the studies in depressive pa-
tients varied concerning stimulation parameters, con-
comitant medication and patient sample characteristics.
Stimulation frequency is one of the most discussed pa-
rameters, which frequently varied between different
studies. Pascual-Leone et al. (1996) first described the
antidepressant effect of high frequency rTMS (10 Hz).A
similar rTMS protocol were successfully used by Figiel
et al. (1998) especially in younger patients (< 65 years),
by Grunhaus et al. (2000) in patients with major depres-
sion without psychotic symptoms, by Eschweiler et al.
(2000) in accordance with hemodynamic responses and
by Avery et al. (1999). In contrast, Padberg et al. (1999)
and Loo et al. (1999) have not found a significant reduc-
tion of depression after 10 Hz rTMS in comparison to
sham stimulation.

Based on the findings of available data of 20 Hz rTMS
studies,similar different results were found.George et al.
(1996), Berman et al. (2000) and Triggs et al. (1999) re-
ported a significant improvement of mood in patients
with depressive disorders. In contrast, Garcia-Toro et al.
(2001) found that real 20 Hz rTMS in combination with
antidepressant medication resulted in a similar antide-
pressant effect as sham rTMS. Furthermore, Mosiman
et al. (2000) could not show any significant mood
changes in healthy male subjects.

The only few existing reports about 1 Hz rTMS over
the right dorsolateral prefrontal cortex (RDLPFC)
demonstrated an improvement of depression (Feinsod
et al. 1998; Klein et al. 1999).

Comparisons of different stimulation frequencies
were performed by Speer et al. (2000), Kimbrell et al.
(1999) and Padberg et al. (1999).Speer et al. (2000) found
that 20 Hz rTMS over the LDLPFC was associated only
with an increase of blood flow measured by positron
emission tomography (PET). In contrast, 1 Hz rTMS was
associated with a decrease in regional cerebral blood
flow (rCBF). When assessing clinical depressive symp-
toms Padberg et al. (1999) found only a clinically mar-
ginal improvement after slow (0.3 Hz) rTMS, but not af-
ter high frequency rTMS or sham stimulation.

In some of these studies, patients were mainly stimu-
lated without medication, as far as this was possible
(Berman et al.2000; Figiel et al.1998; Kimbrell et al.1999;
Pascual-Leone et al. 1996; Triggs et al. 1999). rTMS was
used as an add-on treatment in de novo or medication
resistant patients in other investigations (Avery et al.
1999; Garcia-Toro et al. 2001; George et al. 1997; Grun-
haus et al. 2000; Klein et al. 1999; Loo et al. 1999; Padberg
et al. 1999).

We found only a few reports about investigations of
the influence of rTMS on cognitive performances. None
of the patients in the study by Little et al. (2000) showed

a deterioration of cognitive test batteries. An improve-
ment in a list-recall test from pre- to post-rTMS was
observed after either 1 Hz or 20 Hz rTMS. Trends for im-
provement of neuropsychological performance (Con-
trolled Oral World Association Test, Rey Auditory – Ver-
bal Learning Test and more), probably due to training
effects, were reported by Loo et al. (2001).

The aim of our study was to compare clinical effects
of two different stimulation procedures with sham stim-
ulation as add-on treatments in patients with depressive
disorders.Are there differences in changes of severity of
depression, in concentration abilities and in psychomo-
tor retardation between groups of patients treated with
various procedures of rTMS?

Methods

■ Subjects

Thirty depressive, right-handed in-patients (22 females, 8 males) 
with a mean age of 56.4 ± 11.1 years have been included in this inves-
tigation. Diagnoses were made by means of the Structured Clinical
Interview for DSM IV (American Psychiatric Association 1994; First
et al.1995).Patients with other relevant medical illness were excluded.
Every patient received an antidepressant medication in a constant
dosage over two weeks before and during the stimulation period. Af-
ter comprehensive information about the study, the subjects signed a
written informed consent concerning their participation in the study.
The patients were unfamiliar with TMS procedures.The subjects were
randomly (lottery method) allocated to receive either high-frequency
rTMS over LDLPFC, low-frequency rTMS over RDLPFC or sham
stimulation on 10 out of 12 days (2 weeks with five sessions each
week). Ten patients were included in each group (Table 1).

■ rTMS

A repetitive transcranial magnetic stimulator “Maglite r 25”
(medtronics), connected to a flat figure-eight-shaped coil, was used
for the application of rTMS. Before rTMS was applied over prefrontal
areas, the optimal stimulation location for producing motor evoked
potentials (MEPs) in the right or in the left first dorsal interosseus
(FDI) muscle was chosen. The stimulation threshold (ST) for the con-
tralateral FDI muscle was determined at rest. It was defined as the
lowest stimulation intensity which produced a MEP response of at
least 50 µV amplitude measured peak to peak in 5 of 10 stimuli. RTMS
was applied 5 cm anterior to the determined region of optimal stim-
ulation location. We applied high-frequency rTMS with parameters
essentially according to George et al. (1997) with some modifications.
Twenty 20 Hz trains of 2 s duration with an inter-train-interval of 60 s
were applied over the left dorsolateral prefrontal cortex (LDLPFC).
Subsequently, the subjects received stimulation at 90 % of ST. For the
low-frequency rTMS we used the parameters described by Klein et al.
(1999). Two 1 Hz trains of 60 s duration with an inter-train-interval of
3 minutes were applied over the RDLPFC. The stimulation was per-
formed with 110 % of ST. In contrast to the study by Klein et al. (1999),
the coil was not a round but also a figure-eight-shaped coil. The sham
stimulation consisted of the same conditions as the 20 Hz rTMS, ex-
cept that the coil was placed with an angle of 90° in relation to the
head. The outer edge of the coil remained in contact with the scalp,
only.

■ Clinical ratings

Severity of depression was assessed by means of Hamilton Depres-
sion Rating Scale (HDRS) (21-item version) (Hamilton 1961). Fur-
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thermore, we asked the patients to rate themselves their severity of
depression by Beck’s Depression Inventory (BDI) (Beck et al. 1961).
Alterations of motor phenomena have been investigated by means of
the Motor Agitation and Retardation Scale (MARS) (Sobin et al.1998).
This scale was developed to provide a comprehensive and non-re-
dundant measure of the motor abnormalities associated with agita-
tion and retardation among depressives. It provides a reliable and
valid scale for the clinical assessment of 19 abnormal motor behav-
iors such as motility, locomotion, gesture, mimic, speech characteris-
tics and tremor. These clinical ratings were used at the beginning of
rTMS and on follow-ups on day five, at the end of treatment as well as
two, four and eight weeks after the last rTMS treatment. The d2-test
(Brickenkamp 2002; Düker and Lienert 1959) was performed in order
to assess psycho-motor speed and concentration. It is the most widely
used test for measuring this type of psychological performance in
German-speaking countries. Particular letters have to be crossed out
within 14 lines of 47 letters during 20 seconds for each line. The fol-
lowing figures were measured: a) the total number of processed let-
ters as expression of uncorrected speed performance (GZ); b) the to-
tal number of processed letters minus the total number of mistakes as
an expression of a concentration attention strain (GZ-F); c) the con-
centration performance – the total number of letters which were cor-
rectly crossed through in the sense of a concentration attention strain
corrected with precision (KL). This test was performed at the begin-

ning and at the end of rTMS treatment-period and on follow-up two,
four and eight weeks after the end of treatment period. The rater was
a psychiatrist, who was blind to the stimulation procedure.

Clinical response was defined as ≥ 50 % improvement of baseline
scores (HDRS, BDI) between pre- and post-treatment assessments.

■ Data analysis

For statistical analysis, multiple analyses of variance with stimulation
group and responding status as dependent variables and the rating
scores as independent variables, t-tests, and non-parametric correla-
tion coefficients (Spearman Rho) have been calculated by the SPSS
program. MANOVA and multiple regression analyses were applied to
search for predictive variables from baseline related with severity of
depression at the last assessment.

Results

Twenty-nine out of the 30 patients who initially had
been included in the study completed the treatment
phase. One female patient from the 20 Hz rTMS group

Table 1 Characteristics of the patients

No. Age Sex Stim DSM-IV Time since Number Duration of Medication Dosage Response according
Diagnosis 1st episode of episodes current episode to BDI

1 69 f 1 296.33 32 years 8 1 month Trimipramine 150 mg no

2 56 f 2 296.53 30 years 7 2 months Amitriptyline 150 mg yes

3 67 m 3 296.33 6 years 2 3 months Doxepin 125 mg no

4 34 f 2 296.33 6 years 12 3 months Venlafaxine 300 mg no

5 37 f 2 296.33 15 years 6 2 weeks Doxepin 150 mg no

6 57 f 1 296.33 12 years 5 2 months Venlafaxine 300 mg no

7 55 f 1 296.33 28 years 11 4 months Trimipramine 350 mg no

8 60 f 3 296.33 7 years 6 6 months Venlafaxine 300 mg no

9 72 f 1 296.23 6 months 1 6 months Amitriptyline 150 mg no

10 67 f 1 296.33 3 years 3 4 months Citalopram 40 mg yes

11 61 f 2 296.33 14 years 6 2 weeks Mirtazapine 60 mg no

12 58 f 1 296.33 31 years 12 2 months Reboxetine 8 mg yes

13 49 f 2 296.22 3 months 1 3 months Citalopram 20 mg no

14 58 m 2 296.33 13 years 4 2 months Trimipramine 200 mg no

15 49 f 2 296.33 7 years 6 6 months Venlafaxine 300 mg no

16 43 m 2 296.23 1 month 1 1 month Nefazodone 400 mg no

17 57 f 1 296.33 13 years 3 1 month Mirtazapine 30 mg no

18 61 f 3 296.33 33 years 6 1 month Mianserin 120 mg yes

19 74 f 3 296.22 1 year 1 1 year Venlafaxine 150 mg yes

20 70 f 2 296.33 18 years 4 1 month Venlafaxine 100 mg no

21 64 m 1 296.33 10 years 4 6 weeks Maprotiline 150 mg no

22 56 m 1 296.33 9 years 4 3 months Trimipramine 225 mg no

23 58 f 3 296.33 7 years 5 2 months Citalopram 40 mg no

24 43 m 3 296.53 23 years 20 6 months Venlafaxine 150 mg no

25 52 f 3 296.33 9 years 3 4 months Mirtazapine 60 mg no

26 61 f 1 296.33 16 years 5 2 months Mirtazapine 60 mg no

27 63 f 3 296.33 3 years 8 10 months Clomipramine 300 mg no

28 30 m 3 296.33 2 years 4 2 months Trimipramine 250 mg no

29 63 f 2 296.33 9 years 4 1 month Trimipramine 300 mg no

30 48 m 1 296.33 2 years 2 7 months Trimipramine 250 mg no

f female; m male; stim stimulation procedure of rTMS: 1 = 20 Hz rTMS over LDLPFC, 2 = 1 Hz rTMS over RDLPFC, 3 = sham-stimulation
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refused to continue after 6 days, because of insufficient
effectiveness and headache. The other 29 patients did
not report about side effects.

■ Treatment response according to BDI

Two of the nine patients who were treated by 20 Hz
rTMS over the LDLPFC were classified as responders
based on their self-reported severity of depression
(BDI).The reduction of the score between pre- and post-
treatment assessments was 82 % and 59 %, respectively.
Only one patient of the 1 Hz rTMS group (RDLPFC) re-
sponded (with 78 % reduction). Two patients of the
sham-stimulation group responded, one of them
showed a score reduction of 54 %, the other one of 71 %.

Significant reductions of the baseline compared with
the post-treatment BDI-score were found in all of the
three stimulation-groups. Within the two real stimula-
tion groups, a reduction of the BDI-scores could already
be observed after five days (20 Hz group: day five:
t = 3.38; p = 0.008; end of treatment: t = 3.22; p = 0.011; 1
Hz group: day five: t = 2.41; p = 0.039; end of treatment:
t = 2.59; p = 0.029), whereas the improvement was obvi-
ous only at the end of treatment (t = 3.67; p = 0.005)
within the sham-stimulated group (Fig. 1).

■ Treatment response according to HDRS

The number of responding patients was higher com-
pared with those who were classified as responders con-
cerning the self-rating of the severity of depression. Five
patients of the 20 Hz rTMS group were responders com-
pared with three patients of the 1 Hz rTMS group and
five patients of those who have been sham-stimulated.
The averaged reduction of baseline score was 61.8 %.

Only one of the patients was classified as responder
according to both BDI- and HDRS-score criteria.

The HDRS scores were significantly reduced among
the 20 Hz rTMS group and sham-stimulation group (20
Hz group: day 5: t = 2.58, p = 0.030; end of treatment:
t = 3.02; p = 0.015; sham-stimulation group: day 5:
t = 2.91, p = 0.017; end of treatment: t = 4.78; p ≤ 0.001),
whereas the improvement was not statistically signifi-
cant in the 1 Hz rTMS group (t = 1.48; p = 0.18) (Fig. 2).

■ Treatment response according to MARS

Patients of the sham-stimulated group showed on ave-
rage no reduction of psychomotor retardation. Within
the 20 Hz rTMS group, the improvement of MARS scores
was already statistically significant after 5 days (t = 3.33;
p < 0.001) with a further improvement at the end of
rTMS-treatment (t = 6.98; p < 0.001). The MARS-scores
of the patients of the 1 Hz rTMS group showed a reduc-
tion exclusively after 10 days (t = 2.73; p = 0.023) (Fig. 3).

Fig. 1 Comparison of pre- to post-treatment BDI scores. Within the two real stim-
ulation groups, a reduction of the BDI scores could already be observed after five
days (20 Hz: day five: t = 3.38; p = 0.008; end of treatment: t = 3.22; p = 0.011; 1
Hz: day five: t = 2.41; p = 0.039; end of treatment: t = 2.59; p = 0.029), whereas the
improvement was obvious only at the end of treatment (t = 3.67; p = 0.005) within
the sham-stimulated group. * p ≤ 0.05; ** p ≤ 0.005

Fig. 2 Comparison of pre- to post-treatment HDRS scores. The HDRS scores were
significantly reduced among the 20 Hz rTMS group and sham-stimulation group
(20 Hz: day 5: t = 2.58, p = 0.030; end of treatment: t = 3.02; p = 0.015; sham-stim-
ulation: day 5: t = 2.91, p = 0.017; end of treatment: t = 4.78; p ≤ 0.001), whereas
the improvement was not statistically significant in the 1 Hz rTMS group (t = 1.48;
p = 0.18). * p ≤ 0.05: *** p ≤ 0.001

Fig. 3 Comparison of pre- to post-treatment MARS scores. Within the 20 Hz rTMS
group, the improvement of psychomotor retardation was already statistically sig-
nificant after 5 days of treatment with rTMS (t = 3.33; p < 0.001) with a further im-
provement at the end of rTMS treatment (t = 6.98; p < 0.001). The MARS scores of
the patients of the 1 Hz rTMS group showed a reduction exclusively after 10 days (t
= 2.73; p = 0.023). * p ≤ 0.05; *** p ≤ 0.001
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■ Concentration

Concerning concentration and psychomotor speed (test
d2), there was an increase for the patients in each stim-
ulation group of the KL score (20 Hz: t = –8.17; p < 0.001;
1 Hz: t = –4.04; p = 0.005; sham-group: t = –4.67;
p = 0.002) between baseline and the end of stimulation.
Furthermore, significant differences were found for the
GZ-F score within the 1 Hz group (t = –5.95; p = 0.001)
and the sham-stimulated group (t = –2.81; p = 0.023).

■ Group differences based on HDRS response criteria

The results of MANOVA (PILLAI’S Trace) showed nei-
ther any significant main effects of response
(F(7/14) = 1.4; p = 0.284 and 2.99; p = 0.096) or of the
kind of stimulation (F(14/30) = 0.92; p = 0.551 and 0.72;
p = 0.499) nor any significant interrelationships within
the data of baseline assessment and day five
(F(14/30) = 0.70; p = 0.753 and 0.98; p = 0.916). However,
the post hoc test of the comparison between the various
groups indicated differences between responders and
non-responders at baseline concerning the total number
of processed letters (GZ; F(1) = 5.63; p = 0.028) and the
total number of processed letters minus the total num-
ber of failures (GZ-F; F(1) = 5.86; p = 0.025) implying
higher scores of the non-responders each. At the end of
treatment, the MANOVA showed a main effect of re-
sponse (F(7/13) = 4.65; p = 0.008) which was expected
because of the response criteria. This effect is due to sig-
nificant differences for the HDRS scores (F(1) = 21.61;
p < 0.001), the GZ score (F(1) = 7.52; p = 0.013) and GZ-
F score (F(1) = 6.95; p = 0.016). Non-responders, on ave-
rage, reported higher HDRS scores as well as higher GZ
scores compared with the responders at the end of treat-
ment. The variance of all clinical ratings of the baseline
assessment are able to explain 30 % of the variance of the
HDRS score at the last stimulation day (multiple regres-
sion; method: enter (r2 = 0.30; F(6/19) = 1.35; p = 0.284).

■ Group differences based on BDI response criteria

The results of MANOVA (PILLAI’S Trace) pointed to the
significant main effect of response (F(7/14) = 3.45;
p = 0.023). There were no significant main effects of the
kind of stimulation procedure (F(14/30) = 0.88;
p = 0.589) and no significant interrelationships within
the data of baseline assessment (F(14/30) = 1.64;
p = 0.126). The post hoc test of the comparison between
the various groups indicated differences between re-
sponders and non-responders at baseline concerning
the total number of processed letters minus the total
number of mistakes (GZ-F; F(1) = 4.94; p = 0.038) im-
plying higher scores of the non-responders. At the end
of stimulation, the MANOVA showed a significant main
effect of response (F(7/13) = 7.59; p = 0.001) which was
also expected because of the response criteria. This ef-

fect is mainly due to significant differences between the
BDI scores (F(1) = 10.65; p = 0.004). Furthermore, we
found a significant interaction between response and
stimulation (F(14/28) = 2.18; p = 0.038) based on inter-
actions concerning the GZ-F score (F(2) = 4.71;
p = 0.022) and KL score (F(2) = 5.79; p = 0.011). The
main effect of the stimulation procedure did not reach
the 5 % level of significance (F(14/28) = 1.99; p = 0.059).
Fifty-one per cent of the variance of the BDI scores at the
end of treatment were explained by the variance of all
clinical ratings from baseline assessment (multiple re-
gression; method: enter (r2 = 0.51; F(6/19) = 3.33;
p = 0.021).

However, a slight tendency was found indicating a re-
lationship between treatment-response according to
BDI criteria and age of the patients.The responders were
on average 63.2 ± 7.3 years of age, whereas the non-re-
sponders were 55.0 ± 11.3 years (t = 1.54; p = 0.13).

We could not find any difference in the baseline
HDRS concerning the age of the patients and between
responders and non-responders. Responders (n = 13)
showed a baseline score of 23.1 ± 5.4 points compared
with 22.4 ± 4.3 points of the non-responders (n = 17 –
t = 0.42; p = 0.67). Responders were of age 58.7 ± 9.0
years and non-responders of 54.6 ± 12.4 years (t = 0.99;
p = 0.33).

Discussion

We presented findings of a preliminary and explorative
comparison study of two different stimulation proce-
dures of rTMS (20 Hz rTMS over LDLPFC versus 1 Hz
rTMS over RDLPFC) with sham stimulations. The inter-
pretation of our results is mainly limited by the small
sample size. However, we could not find any substantial
differences in the severity of depression between the
groups according to clinical ratings at baseline as well as
at follow-ups of the stimulation. A decrease of depres-
sive symptoms was found after all stimulation proce-
dures. A moderate response rate after rTMS in each
group was found independent of the stimulation proce-
dure.

Our finding that patients of the real stimulated
groups did not substantially differ from the sham stim-
ulated patients might be explained by enhanced placebo
effect of rTMS (Kaptchuk et al. 2000) due to its impres-
sive name, its ability to cause involuntary movements as
if by magic, its discomfort, and its bulky and sophisti-
cated-looking equipment (Wassermann and Lisanby
2001, p. 1370).

We found a low agreement between self-rating scores
and scores of the rating of others, i. e., only one patient
could be classified as responder according to both BDI-
and HDRS-score criteria.

The 20 Hz rTMS over LDLPFC seems to be more ef-
fective than the 1 Hz rTMS over RDLPFC or sham stim-
ulation, because these patients already “responded” on
day 5 (according to BDI).
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Similar results emerged from the analysis of psy-
chomotor retardation exclusively for really stimulated
patients. This could be interpreted as an effect of rTMS
on the dopamine release in the caudate nucleus,
mesolimbic and mesostriatal system as previously de-
scribed by Keck et al. (2002) and Strafella et al. (2001).

Psychomotor speed and concentration, measured by
the d2 test, was improved in all groups. Differences be-
tween the groups according the response dependent on
the kind of stimulation procedure could not be found.

The combination of all clinical baseline parameters
(severity of depression, psychomotor retardation and
psychomotor speed and concentration) were able to ex-
plain 30 % (HDRS) and 51 % (BDI) of the variance of de-
pression at the end of treatment.

It is difficult to explain whether these results were dif-
ferent from those of other authors, who described sub-
stantial response after similar techniques and treatment
characteristics of high frequency rTMS as well as low
frequency rTMS. In contrast to the study by Klein et al.
(1999), we used not a circular coil but a figure-eight-
shaped coil. These two types differ regarding the stimu-
lated area under the coil. The figure-eight-shaped coil
produces a more focal area, while the circular coil pro-
duces a more diffuse stimulation of cortical area. This
could be a possible reason for the higher response rate
in this study. It could be postulated that a circular coil is
generally more effective in the stimulation of either the
left or the right hemisphere because of the non-speci-
ficity of the underlying area. Up to now, it is not clear
which cortical area of frontal lobe has to be stimulated
to get an antidepressant response.

Furthermore, open questions refer to the stimulation
parameters and number of treatment sessions. We used
the parameters like George et al. (1996) with some mod-
ifications in the high frequency stimulation group of the
present study. Nevertheless, we found no significant im-
provement of depressive symptoms compared with a
sham stimulation group, which is in agreement with
Garcia-Toro et al. (Garcia-Toro et al. 2001).

Cognitive effects of rTMS have been rarely investi-
gated. According to our knowledge, only a few studies
exist which consider cognitive side effects of this
method. The aim of these was to determine possible ad-
verse cognitive side effects because high frequency
rTMS was reported to induce specific neuropsychologi-
cal deficits such as errors in a delayed response task
(Pascual-Leone and Hallett 1994), recall deficits (Graf-
man et al. 1994) or speech arrests (Pascual-Leone et al.
1991). In contrast, Padberg et al. (1999) reported that
verbal memory and reaction performances were not im-
paired after rTMS and that verbal memory performance
was improved after fast (10 Hz) rTMS. Little et al. (2000)
described an improvement on a list-recall test between
pre- and post-assessments after 1 Hz and 20 Hz
rTMS. Loo et al. (2001) used neuropsychological tests to
examine frontal lobe functions. There was no significant
mean deterioration in any of these tests after 10 Hz

rTMS over LDLPFC. After 4 weeks of stimulation, there
was no worsening and some non-significant improve-
ment in neuropsychological test scores. An association
between these scores and severity of depression mea-
sured by HDRS, however, was not found.

In our study, we found an improvement of psy-
chomotor speed and concentration in all groups. Diffe-
rences between responders and non-responders at base-
line were demonstrated implying more severe
retardation in non-responders. Furthermore, a signifi-
cant interaction between response and stimulation pro-
cedures was observed. It could be concluded that pa-
tients with less severe deficits in psychomotor speed and
concentration responded more intensively on rTMS
than patients with severe deficits. The current working
hypothesis is that high frequency rTMS enhances
synaptic efficacy (Kimbrell et al. 1999) and increases
rCBF (Paus et al. 1998). If rTMS improves synaptic effi-
cacy and rCBF in LDLPFC in depressive patients, this
could result in better cognitive frontal functions in these
patients. Our results showed that rTMS is not able to im-
prove severe retardation in psychomotor speed in con-
trast to only slight retardation.

In summary, the results of our preliminary data
points to the necessity of further research to be able to
answer the still open questions regarding stimulation
procedures of rTMS, location of stimulation and of the
number of treatment sessions. Furthermore, future in-
terest should be focussed onto particular depressive
symptoms which are influenced by rTMS.
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