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ranscranial magnetic stimulation (TMS) allows
for noninvasive electromagnetic modulation of
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Background: Cognitive functions were
assessed before and following a course of
repetitive transcranial magnetic stimulation
(rTMS) in patients with depression participating
in a sham-controlled, randomized trial of rTMS
as adjunct to antidepressant treatment.

Method: Forty-one medicated inpatients with
a DSM-IV diagnosis of a depressive episode were
consecutively randomly assigned to 1 of 3 groups
comparing 2 active rTMS conditions with sham
stimulation. The rTMS was applied either at high
frequency over the left dorsolateral-prefrontal
cortex (DLPFC) (10 sessions × 10 trains × 10
seconds 20 Hz at 100% motor threshold [MT],
90-second intertrain interval) or in a combined
high- and low-frequency manner to the left and
right DLPFC, respectively (10 sessions × 1 train
× 10 minutes at 120% MT). Thirty-eight patients
completed a neuropsychological test battery at
baseline and following day 14. The cognitive
assessment focused on motor skills, attention,
executive functions, learning, and memory.
Data were collected from November 1999
to August 2002.

Results: Active treatment groups did not
differ with respect to assessed cognitive measures
and thus were pooled. A comparison of short-term
changes (baseline–day 14) in neuropsychological
performance revealed a more favorable time
course of the actively treated patients for encod-
ing in the verbal memory test compared with the
sham-stimulated patients.

Conclusions: Unilateral rTMS as well as
bilateral combined rTMS revealed no detrimental
effects on cognition, as compared with the sham
group. Moreover, neither the add-on design nor
the used aggressive parameters had a negative
impact on cognitive measures in comparison with
sham. Repetitive transcranial magnetic stimula-
tion might have mild beneficial cognitive effects
partly independent of its antidepressant efficacy.
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T
distinct cortical areas.1 In addition, TMS is quite likely to
produce a change of activation in a widely distributed
transsynaptically linked neural network as demonstrated
by neuroimaging methods.2,3 Repetitive transcranial mag-
netic stimulation (rTMS) (≥ 1 Hz) has been extensively
studied in the treatment of depression.4,5 High-frequency-
rTMS (hf-rTMS) (≥ 1 Hz) over the left dorsolateral-
prefrontal cortex (DLPFC) leads to significant antidepres-
sant effects as compared with sham stimulation, but the
clinical impact remains poor.6,7 In order to improve effi-
cacy in antidepressant rTMS trials, different stimulation
paradigms such as combined bilateral hf- and low-
frequency (lf)-rTMS over the left and right DLPFC, re-
spectively, were recently theorized to be more effective.8

Much clinical rTMS research in depression has been
motivated by the search for an effective somatic treatment
with less cognitive impairment than electroconvulsive
therapy. The cognitive side effects of rTMS in depression
remain insufficiently studied, and careful monitoring of
patients with adequate neuropsychological test batteries is
critical. This monitoring is particularly important since
the effects of rTMS on behavior and cognition can outlast
the initial rTMS application.9,10

The potential risks of cognitive side effects of rTMS
may well increase when rTMS is used as “add-on”
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therapy for antidepressant medication, which can have
neuropsychological deficits of its own. In polydrug trials,
side effects can be potentiated due to interactions between
drugs.11

Data on standard neuropsychological tests have re-
vealed within-group improvements3,10,12–16 or improve-
ments in means by time × treatment interaction12,17 on sev-
eral cognitive measures in the majority of antidepressant
rTMS trials (Table 1). In the present study, some patients
received rTMS to both the right and the left prefrontal
cortex at different stimulation frequencies. With the ex-
ception of 2 reports,18,19 little is known about the safety
of bilateral rTMS application. The aggressive stimulation
parameters used, in order to enhance antidepressant out-
come, have never been carefully assessed before and
could have been a source of cognitive impairment. For
example, Loo et al.,19 using a simultaneous bilateral hf-
rTMS, described a significant initial weak deleterious ef-
fect on problem-solving skills in patients during a 3-week
trial. In consideration of the imponderability of cognitive
outcome, we sought to monitor neurocognitive aspects in
patients who underwent active treatment designed to en-
hance antidepressant outcome, in comparison with sham-
stimulated patients.

METHOD

Patients
The study was designed as a single-center, prospective,

double-blind, sham-controlled trial. Forty-one patients
with a diagnosis of a depressive episode in the course
of major depression or bipolar I disorder according
to DSM-IV criteria were consecutively chosen from a
sample of inpatients from a psychiatric ward at the Uni-
versity Hospital Innsbruck, Innsbruck, Austria. The ethics
committee of the University of Innsbruck approved the
study design. At admission to the ward, a washout of anti-
depressant medication was performed for a duration de-
pendent on the 5-fold half-life of the drug that the patient
was taking. After a complete description of the study to
the subjects, written informed consent was obtained prior
to participation. All patients received rTMS during a 2-
week time period (2 × 5 sessions with a 2-day break). In
order to speed up the expected antidepressant effect, an
“add-on” study paradigm was chosen, and antidepressant
medication was commenced on the first day of stimula-
tion and maintained throughout the stimulation period.
Dosage remained constant during the trial. Data were col-
lected from November 1999 to August 2002.

The 41 patients were randomly assigned to 1 of 3
groups: A1, A2, and C (A1 = active unilateral stimulation,
A2 = active bilateral stimulation, and C = control [sham
group]). In addition, all patients, irrespective of random-
ization, received an antidepressant drug the first day of
rTMS. Three patients, 1 from each group, terminated the

study prematurely. One patient dropped out because she
could not tolerate the uncomfortable sensation inherent to
hf-rTMS, 1 patient (group A2) was excluded because she
developed a manic symptomatology, and a third patient
was transferred to another hospital closer to his home 1
day before terminating the stimulation protocol.

Group A1. Patients (N = 12) received hf-rTMS applied
to the left DLPFC (20 Hz, 100% motor threshold (MT),
10 trains of 10 seconds’ duration with a 90-second
intertrain interval, resulting in a total of 2000 stimuli
per session for 2 × 5 days). After a 5-minute break, a low-
frequency sham stimulation was applied over the right
DLPFC.

Group A2. Patients (N = 13) underwent active hf-
rTMS of the left DLPFC as described for Group A1 fol-
lowed by active lf-rTMS over the right DLPFC (1 Hz,
120% MT, for 10 minutes, resulting in a total of 2600
stimuli per session for 2 × 5 days).

Group C. Patients (N = 13) who served as a control
group received bilateral sham stimulation, hf-rTMS to the
left DLPFC, followed by lf-rTMS to the right DLPFC.

Repetitive Transcranial
Magnetic Stimulation Procedure

Magnetic stimulator. Stimulation was performed with
a Magstim 200 Rapid Stimulator (Magstim Company
Limited, Spring Gardens, Whitland, U.K.).

Coil placement and orientation. Active stimulation
was performed with a figure 8–shaped focal coil centered
to the left and right DLPFC as defined by the individual’s
magnetic resonance imaging. Identical to the handling of
the active coil, the sham coil was placed onto the patient’s
head; the only difference was that this coil was discon-
nected from the stimulator. At the same time, a second ac-
tive coil was held 10 cm behind the patient’s head. This
coil produced the acoustic artifact as required by random-
ization group. This kind of sham stimulation was chosen
in order to avoid a sham paradigm previously described to
be somewhat active.20

Stimulation. Surface electromyographic electrodes
were attached bilaterally over the first dorsal interosseous
muscle, and the patient’s individual MT at rest was deter-
mined bilaterally. The doctor-patient interaction was stan-
dardized and was consistent for all treatment groups.

Safety. The stimulation parameters used must be con-
sidered aggressive, as they are out of range of commonly
used safety recommendations.21 Patients were informed
of this fact, and specific precautions were implemented.
Surface electrodes remained attached during stimulation
in order to enable early recognition of possible intracere-
bral stimulus spreading. Nonblinded psychiatrists per-
formed stimulation, and neurophysiological monitoring
was performed by a clinical neurophysiologist or by a
psychiatrist trained in the particular aspects of detecting
signs of seizure activity.
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Table 1. Published Studies Assessing Neurocognition in Antidepressive rTMS Trials
Author Design Number of Patients Medication rTMS Parameters

Avery et al, 199941 Randomized, double-blind, N = 4 (10 Hz) Yes (N = 4) 10 Hz at 80% MT, 10 sessions × 20
placebo-controlled N = 2 (sham) No (N = 2) trains × 5 s over LDLPFC

10,000 stimuli

Padberg et al, 199912 Randomized, double-blind, N = 9 (10 Hz) Yes (N = 15) 10 Hz at 90% MT, 5 sessions × 5
placebo-controlled N = 9 (0.3 Hz) No (N = 3) trains × 5 s over LDLPFC

N = 6 (sham) 1250 stimuli
0.3 Hz at 90% MT, 5 sessions × 10

trains over LDLPFC
1250 stimuli

Triggs et al, 199910 Open N = 10 (20 Hz) No (N = 9) 20 Hz at 80% MT, 10 sessions × 50
Yes (N = 1) trains × 2 s over LDLPFC

20,000 stimuli

Little et al, 200013 Randomized, double-blind, N = 10 (1 and 20 Hz No (N = 10) 20 Hz at 80% MT, 10 sessions × 20
placebo-controlled, crossover) Yes (N = 3) trains × 2 s over LDLPFC
crossover N = 3 (sham and 20 Hz 8000 stimuli

crossover) 1 Hz at 80% MT, 10 sessions × 20 
trains × 10 s over LDLPFC

8000 stimuli

Speer et al, 200133 Randomized, double-blind, N = 10 (1 Hz) No (N = 15) 20 Hz at 100% MT, 10 sessions × 40
placebo-controlled, N = 3 (20 Hz) Yes (N = 3) trains × 2 s over LDLPFC
crossover N = 5 (sham and 16,000 stimuli

crossover to 20 Hz) 1 Hz at 100% MT, 10 sessions × 1
train × 26 min over LDLPFC

16,000 stimuli

Loo et al, 200114 Randomized, double-blind, N = 9 (10 Hz) Yes (N = 13) 10 Hz at 110% MT, 10 sessions × 30
placebo-controlled, N = 9 (sham) No (N = 5) trains × 5 s over LDLPFC
2-week evaluation 15,000 stimuli

Moser et al, 200217 Randomized, blind, N = 9 (20 Hz) No 20 Hz at 80% MT, 5 sessions × 20
placebo-controlled N = 10 (sham) trains × 2 s over LDLPFC

4000 stimuli

Shajahan et al, 20023 Randomized, double-blind N = 5 (20 Hz) Yes 20 Hz at 80% MT, 10 sessions × 25
N = 5 (10 Hz) trains × 1 s over LDLPFC
N = 5 (5 Hz) 5000 stimuli

10 Hz at 80% MT, 10 sessions × 25
trains × 2 s over LDLPFC

5000 stimuli
5 Hz at 80% MT, 10 sessions × 25

trains × 4 s over LDLPFC
5000 stimuli
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continued

Tests Time × Treatment Interaction Within-Group Findings

Controlled Oral Word Association Test42,43 No significant differences No significant findings
Galveston Orientation and Amnesia Test44

Lateral Dominance Examination45

Rey Auditory Verbal Learning Test46

Stroop Color Word Test27

Trail Making Test A and B26

Digit Span and Digit Symbol subtests of Wechsler Adult
Intelligence Scale47

Verbal Learning Task48 Treatment groups (10 and 0.3 Hz) Significant improvement in verbal
performed significantly better on memory in the 10-Hz group but not
memory scores in comparison in the 0.3-Hz group
with sham group. Trend to decreased memory performance

in the sham group

Boston Naming Test49 Open trial Significant improvement of Digit Span
Controlled Oral Word Association Test subtest and Controlled Oral Word
Digit Span subtest Association Test following day 10
Hopkins Verbal Learning Test50 Improvement of Controlled Oral Word
Mini-Mental State Examination51 Association Test, Boston Naming
State Trait Anxiety Inventory52 Test, and Hopkins Verbal Learning Test

after 3 months

Battery A: (immediately before and after each rTMS session) No data Significant improvement in List Recall
Buschke Selective Reminding Test of Episodic Memory53 Test from pre- to post-rTMS after
Colorado Neuropsychology Battery (memory cards)54 1 week for 1 and 20 Hz
Meta-Memory Task (recall, recognition)55

Battery B: (pre- and post-rTMS after each treatment condition)
Buschke Selective Reminding Test of Episodic Memory
Category Fluency Task56,57

Continous Performance Task58

Letter Fluency Task42

Buschke Selective Reminding Test of Episodic Memory Analysis missing No deterioration in measures comparing
Colorado Neuropsychology Battery (memory cards)54 treatment condition with baseline
Continous Performance Task Significant improvement in sham
Shipley Institute of Living Scale59 condition concerning Buschke
Word and Category Fluency Test43 Selective Reminding Test relative to

baseline

Autobiographical Memory Interview60 No significant time × group …
Controlled Oral Word Association Test interaction in any of the
Digit Span subtest (backward/forward) evaluated tests
Tapping Speed Test61

Rey Auditory Verbal Learning Test
Mini-Mental State Examination
Tower of London62

Visual Paired Associates Learning63

Boston Naming Test49 Significant improvement of the …
Trail Making Test A and B actively treated group on Trail
Stroop Test Making Test B in comparison
Controlled Oral Word Association Test with sham
Digit Symbol Substitution Test47

Rey Auditory Verbal Learning Test
Line orientation
Sentence repetition

Daily tests No data with respect to treatment Pooled patients performed significantly
Auditory Verbal Learning Test64 condition better in Digit Span forward and a
Simple and complex motor speed sub-item of Test of Everyday Attention
Stress Arousal Inventory65 (visual elevator: time scored) over time.
Traffic Lights Test3

Weekly tests
Auditory Verbal Learning Test64

Digit Symbol Substitution Test
Test of Everyday Attention66

Traffic Lights Test
Wechsler Memory Scale67
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Ratings for Depression
Patients were evaluated using the 21-item Hamilton

Rating Scale for Depression (HAM-D-21)22 and the Beck
Depression Inventory (BDI)23 at baseline (day 0) and fol-
lowing stimulation (day 14). Between day 0 and day 14,
patients were evaluated at days 1, 3, 5, 7, and 10. Blinded
trained psychiatrists who underwent biweekly interrater
training performed all ratings.

Neuropsychological Measures
Neuropsychological assessment was done before

(baseline, day 0) and following (day 14) rTMS using stan-
dardized psychometric testing procedures focusing on
motor skills, attention, executive functions, learning, and
memory. Verbal memory functions were evaluated with
the Muenchner Verbaler Gedaechtnistest (MVG),24 a Ger-
man equivalent of the California Verbal Learning Test.25

This test measures learning, short-term and long-term
verbal memory, and word recognition. In order to mini-
mize practice effects, a paired alternate test form of the
MVG was used. To test psychomotor speed, attention, and
cognitive flexibility, the Trail Making Test (TMT)26 was
administered. Selective attention, set shifting, and sup-
pression of distraction were evaluated using the Color-

Word Interference Test (Stroop Test).27 The Stroop Test is
suitable for evaluating special aspects of selective atten-
tion, namely susceptibility to interference, and examines
conflicts between automated and controlled information
processing.28,29 The verbal fluency test was adapted from
the Controlled Oral Word Association Test.30 Letter flu-
ency (F, A, S) and category fluency (supermarket, ani-
mals, vegetables) were each tested in 60-second trials. The
mean number of words produced in each of the 2 trials
was the outcome of interest.

Statistical Analysis
The 3 treatment groups (A1, A2, C) were compared

with respect to patient characteristics and baseline neuro-
psychological performance and depression scores (HAM-
D-21 and BDI) by 1-way analysis of variance (ANOVA)
or χ2 test, depending on the variable type. The 2 actively
treated groups (A1, A2) were then compared regarding
neuropsychological performance, both at baseline and day
14, using 1-way ANOVA and, due to a lack of group dif-
ferences, were pooled for all further parts of the analysis.

Changes in neuropsychological parameters (day 0 vs.
day 14) were analyzed both within and between groups
(active treatment vs. sham), using paired t tests for the

Table 1. Published Studies Assessing Neurocognition in Antidepressive rTMS Trials (cont.)
Author Design Number of Patients Medication rTMS Parameters

Loo et al, 200319 Randomized, double-blind, N = 9 (active) Yes (N = 14) 15 Hz at 90% MT, 15 sessions × 24 trains
placebo-controlled N = 10 (sham) No (N = 5) × 5 s over LDLPFC and RDLPFC

27,000 stimuli

Cohen et al, 200318 Open N = 5 (20 Hz) Yes 20 Hz at 100% MT up to 10 sessions × 20
N = 5 (1 Hz) trains × 1.5 s over LDLPFC

Up to 6000 stimuli
1Hz at 100% MT up to 10 sessions × 2

trains × 60 s over RDLPFC
Up to 1200 stimuli

O’Connor et al, 200315 ECT: open N = 14 (ECT) No 10 Hz at 90% MT, 10 sessions × 20
rTMS: open N = 14 (rTMS) trains × 8 s over LDLPFC

16,000 stimuli

Martis et al, 200316 Open N = 15 No 10 Hz at 110% MT, 10–20 sessions × 20
trains × 5 s over LDLPFC

10,000–20,000 stimuli

Hoeppner et al, 200332 Placebo-controlled N = 10 (20 Hz) Yes 20 Hz at 90% MT, 10 sessions × 20
N = 10 (1 Hz) trains × 2 s over LDLPFC
N = 10 (sham) 8000 stimuli

1 Hz at 110% MT, 10 sessions × 2
trains × 60 s over RDLPFC

1200 stimuli
Abbreviations: ECT = electroconvulsive therapy, LDLPFC = left dorsolateral-prefrontal cortex, MT = motor threshold,
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former and repeated-measures ANOVA for the latter
analyses. Group differences in the short-term course
of neuropsychological measures are indicated by signifi-
cant group-by-time interactions. The distribution of sev-
eral neuropsychological measures (in particular TMT
A and B as well as Stroop 2 and 3) showed marked
non-normality and were therefore subjected to an appro-
priate normalizing transformation before performing the
ANOVAs. The relationship between neuropsychological
performance measures and depression, both at fixed time
points and in the course of time, was analyzed using
Spearman correlation coefficients (Pearson correlation
coefficients would have yielded very similar results).
Data on dropouts were analyzed using the last observation
carried forward method. Observations were carried for-
ward for a maximum time span of 4 days. All significance
levels reported are 2-tailed without adjustment for mul-
tiple testing. However, for scrutinizing group differences,
Bonferroni-corrected significance levels were calculated
additionally for group-by-time interactions.

Power Analysis
The sample size of 25 subjects receiving active treat-

ment (groups A1 + A2) and 13 control subjects (group C)

was large enough to detect, under standard assumptions
(80% power, significance level of α = .05), between-
group differences exceeding an effect size of 1.01 and
within-group differences (day 0 vs. day 14) beyond an ef-
fect size of 0.58 for the active treatment group and beyond
an effect size of 0.88 for the sham group. The sample size,
which is larger than those in most other rTMS studies,17

is therefore sufficiently high to reveal moderate within-
group differences, especially in the active treatment group,
but allows only for the detection of marked between-group
differences.

RESULTS

The 3 groups did not differ significantly with regard
to age, gender, and disease characteristics (Table 2). There
were no significant differences between the 3 groups
(A1, A2, and C) or between the pooled treatment groups
(A1 + A2) and the sham group in terms of HAM-D-21 and
BDI scores at baseline (day 0).

Safety
In general, given the seizure-induction potential of the

used paradigm, treatment conditions were well tolerated

Tests Time × Treatment Interaction Within-Group Findings

Core-measure of psychomotor retardation68 No significant difference between …
Controlled Oral Word Association Test sham and active treatment
Expanded Paired Associate Test69 over time
Mini-Mental State Examination Difference between groups in
Rey Auditory Verbal Learning Test Tower of London with sham
Tower of London group improving and actively
Visual Learning70 treated group worsening
Visual Paired Associates Learning (not significant after correction)

Mini-Mental State Examination Open trial No significant outcome in Mini-Mental
State Examination relative to baseline

Rey Auditory Verbal Learning Test Open trial Mild improvement in Letter Number
Letter Number Sequencing Task67 Sequencing Task and Transient News
Transient News Events Test71 Events Test

Simple and Choice Reaction Time43 Open trial Tests showed a significant improvement
Stroop Test over time in attention and mental speed,
Wechsler Adult Intelligence Scale-347 working memory–executive function,
Wechsler Memory Scale-Revised67 and objective memory.
Controlled Oral Word Association Test
Tests grouped into 3 cognitive domains such as attention

and mental speed, working memory-executive function,
and objective memory

Motor Agitation and Retardation Scale72 Significant improvement of slight …
D2-Test73 motor retardation following active

treatment (20 Hz or 1 Hz)

RDLPFC = right dorsolateral-prefrontal cortex, rTMS = repetitive transcranial magnetic stimulation, … = no data.
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overall. With the exception of 2 patients complaining of
headache (group A1 and C) and 1 patient exerting a manic
symptomatology (group A2), there were no adverse
events, including seizures.

Cognitive Outcomes
Unilaterally stimulated group (A1) compared with

the bilaterally stimulated group (A2). Our analysis re-
vealed no difference in any of the neuropsychological
measures between the 2 active treatment groups. Thus,
data from the 2 actively treated groups were pooled in
order to increase statistical power (Table 3).

Changes within the active treatment groups
(A1 + A2). After 2 weeks of treatment, a statistically sig-
nificant improvement in 2 neuropsychological variables,
namely Stroop 2 (p = .008) and Stroop 3 (p = .001), was
seen in the actively treated group (A1 + A2) but not in the
control group. In addition, a significant improvement
could be observed in TMT A and B, which reflects an
amelioration of psychomotor speed and set shifting abil-
ity. A trend toward better performance was also found in
verbal fluency (letter). No other significant changes in
neuropsychological performance were observed within
the treated groups, neither in terms of an increase nor a
decrease in performance (Table 3).

Active treatment groups (A1 + A2) compared with the
sham-stimulated group (C). When comparing the ac-
tively treated patients with the sham-stimulated controls,
only 1 of the neuropsychological measures showed a sta-
tistically significant group-by-time interaction, namely
MVG encoding trial 5 (p = .028). Data indicate that ac-
tively treated patients showed a significantly more favor-
able time course in this parameter than sham-stimulated
patients. This result remained significant after adjustment
for changes in depression scores (HAM-D-21, BDI) by
analysis of covariance (p = .037). However, there was no
other significant group × time interaction effect, and the

statistical significance in the MVG measure is not re-
tained after a Bonferroni correction for multiple testing.

Depression Outcomes
Both HAM-D-21 and BDI scores decreased signifi-

cantly from baseline to day 14 in the 2 active groups as
well as in the sham group (Table 2). However, there was
no significant difference between the active treatment
groups (N = 25) and the sham-stimulated group (N = 13)
in terms of a decrease in HAM-D-21 and BDI scores over
time (days 0–14).31

Correlation Between Measures
of Cognition and Depression

At baseline, only a single significant correlation be-
tween a cognitive measure and depression was found
in the total sample, namely a positive correlation between
BDI and Stroop 3 (Spearman correlation r = 0.34, p =
.050). As this result does not withstand a Bonferroni cor-
rection for multiple testing, the possibility of a chance
finding cannot be ruled out. Improvement in BDI total
score (days 0 to 14) correlated significantly with improve-
ments in Stroop 2 and 3 in the same period of time, both in
the total sample (r = 0.47, p = .012 and r = 0.40, p = .037,
respectively) and in the pooled active treatment groups
A1 and A2 (r = 0.61, p = .012 and r = 0.52, p = .041,
respectively). Moreover, in the latter group, a significant
association between improvement in HAM-D-21 scores
and improved memory performance was observed (for
MVG encoding trial 1 as well as MVG encoding trial 5
and MVG encoding trials 1–5: r > 0.5, p ≤ .046).

DISCUSSION

We analyzed neurocognitive data from 38 patients with
depression who underwent a neuropsychological test bat-
tery at baseline and following a 2-week unilateral and

Table 2. Sociodemographic Data and Patient Characteristicsa

Group A1 Group A2 Group C
(LDLPFC), (L + RDLPFC), (Sham), Total,

Variable N = 12 N = 13 N = 13 N = 38 Significance

Age, mean ± SD, y 47.33 ± 13.34 45.23 ± 11.95 47.00 ± 11.31 46.50 ± 11.90 NS
Gender, N (%)

Male 6 (50.0) 5 (38.5) 4 (30.8) 15 (39.5) NS
Female 6 (50.0) 8 (61.5) 9 (69.2) 23 (60.5)

Diagnosis/course of illness
Unipolar (%) 10 (83.3) 11 (84.6) 11 (84.6) 32 (84.2) NS
Bipolar (%) 2 (16.7) 2 (15.4) 2 (15.4) 6 (15.8)

Duration of illness, N (%)
≤ 5 years 5 (41.7) 4 (33.3) 7 (53.8) 16 (43.2) NS
> 5 years 7 (58.3) 8 (66.7) 6 (46.2) 21 (56.8)

HAM-D-21 score, mean ± SD
Baseline 31.6 ± 4.6 32.9 ± 7.1 33.7 ± 3.7
Day 14 16.8 ± 10.0 18.4 ± 8.2 21.8 ± 8.2

aRecordings of 1 patient concerning data on chronicity, number of episodes, and duration of illness are missing.
Abbreviations: HAM-D-21 = 21-item Hamilton Rating Scale for Depression, LDLPFC = left dorsolateral-prefrontal cortex, NS = not significant,

RDLPFC = right dorsolateral-prefrontal cortex.
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bilateral rTMS add-on trial using aggressive stimulation
parameters. The main finding in our study was that pa-
tients showed no deterioration in cognitive functions after
2 weeks of unilateral and bilateral rTMS compared with
sham stimulation. As revealed in Table 3, the short-term
course (day 0 vs. day 14) of all cognitive parameters was
slightly better for group A1 + A2 than for group C, surely
supporting the lack of detrimental cognitive impact of the
intervention. Our data on the within-group improvement
of TMT A and B scores parallel previous data by Moser et
al.,17 who reported a significant time-by-treatment interac-
tion in the TMT B in comparison with sham, and also par-
allel data of Hoeppner et al.,32 who reported a significant
improvement of motor retardation after active treatment
over the left DLPFC (20 Hz) or the right DLPFC (1 Hz).

Furthermore, patients in the active rTMS treatment
groups showed a more favorable time course for encoding
in the verbal memory test compared with the sham-
stimulated patients (Table 3). Given that controlling for
depressive symptomatology did not lead to changes in our
results, one might consider this finding to be independent
of the alleviation of depressive symptoms.

The finding of no deleterious effects on cognition
in the unilateral left DLPFC–stimulated sample (group
A1) are consistent with the findings of other studies
that also reported a lack of deleterious neurocognitive
impact of rTMS over the left DLPFC in depressive
patients.3,10,12–14,17,19,33 In addition, we were able to show
that a bilateral stimulation as used in the present study
(group A2) does not exert additional cognitive side effects

in comparison with unilateral stimulation (group A1) or
sham stimulation (group C). A comparable outcome was
seen in a bilateral rTMS trial by Cohen et al.18 using a
similar paradigm as that of group A2 but employing a
noncontrolled study design on a small number of patients
(N = 10) and limiting neuropsychological assessment to a
brief global screening of cognitive functions, namely the
Mini-Mental State Examination. Our study used an exten-
sive neuropsychological test battery, enrolled a larger co-
hort of patients, and applied a higher number of stimuli to
the left DLPFC (20,000 vs. 6000) (hf-rTMS) and to the
right DLPFC (32,000 vs. 1200) (lf-rTMS), thus providing
novel safety data on bilateral rTMS.

Our data are also in line with Loo et al.,19 who did not
find noxious rTMS effects on cognition in their simulta-
neous bilateral stimulation trial with 9 actively treated and
10 sham-stimulated participants. In addition to sample
size, differences from our study design include the stimu-
lation frequency (15 Hz bilateral vs. 20 Hz unilateral left
and 1 Hz unilateral right), duration of stimulation (3
weeks vs. 2 weeks), and application mode (simultaneous
bilateral stimulation vs. subsequent bilateral stimulation).
The small sample of recruited patients in the active treat-
ment group (N = 9) and the sham group (N = 10) in the
study by Loo et al.19 might have been a limitation to their
findings. The choice of these parameters was aimed at in-
creasing the antidepressant efficacy of rTMS. However,
our trial failed to show a significant advantage of these
rTMS parameters over sham stimulation in an add-on de-
sign. Testing of such bilateral rTMS parameters as mono-

Table 3. Neuropsychological Measures in Inpatients With Depression: Active rTMS (groups A1 and A2) vs. Sham Stimulation
(group C)a,b

Time-by-
Active rTMS (Groups A1 + A2), N = 25 Sham (Group C), N = 13 Treatment

Tests and Parameters Day 0 Day 14 Day 0 vs 14 Day 0 Day 14 Day 0 vs 14  Interactionc

TMT, mean ± SD
TMT A 57.5 ± 37.1 46.4 ± 27.9 p = .032 44.3 ± 25.9 41.1 ± 21.0 NS NS
TMT B 141.7 ± 68.1 119.9 ± 70.7 p = .042 119.8 ± 55.4 119.9 ± 56.0 NS NS

Stroop Test, mean ± SD
Stroop 1 (mean time of reading 47.5 ± 5.6 48.6 ± 14.2 NS 47.2 ± 18.4 53.1 ± 31.0 NS NS

color words and naming of
colors)

Stroop 2 interference 119.6 ± 30.3 102.8 ± 25.5 p = .008 114.1 ± 44.4 117.3 ± 53.0 NS NS
Stroop 3 cognitive time 72.0 ± 27.1 54.5 ± 21.4 p = .001 66.9 ± 29.5 64.1 ± 34.3 NS NS

MVG, mean ± SD
Encoding trial 1 5.3 ± 1.8 6.1 ± 2.3 NS 5.4 ± 2.4 5.6 ± 2.1 NS NS
Encoding trial 5 11.2 ± 2.9 11.9 ± 3.3 NS 12.1 ± 3.1 10.6 ± 2.8 p = .034 p = .028
Encoding trial (1–5) 43.8 ± 12.4 48.9 ± 13.1 NS 45.6 ± 10.7 44.0 ± 10.0 NS NS
Short delay-free recall 8.0 ± 3.7 8.6 ± 3.9 NS 9.2 ± 2.9 8.1 ± 3.4 NS NS
Long delay-free recall 8.6 ± 3.6 7.9 ± 4.1 NS 10.1 ± 3.1 8.0 ± 3.6 NS NS
Recognition 14.7 ± 1.3 14.3 ± 2.6 NS 15.5 ± 0.7 14.4 ± 1.4 p = .019 NS

Verbal fluency, mean ± SD
Verbal fluency-letter 27.5 ± 12.9 31.1 ± 13.5 p = .075 28.3 ± 13.1 31.4 ± 12.8 NS NS
Verbal fluency-category 37.7 ± 8.1 37.3 ± 7.8 NS 39.5 ± 8.3 40.6 ± 7.9 NS NS

aOnly cases with nonmissing values at day 0 and day 14 are included.
bNS = p > .10.
cInteraction between the factors time (day 0 vs. day 14) and treatment (active rTMS vs. sham) in a repeated-measures analysis of variance.
Abbreviations: MVG = Muenchner Verbaler Gedaechtnistest, NS = not significant, rTMS = repetitive transcranial magnetic stimulation, TMT = Trail

Making Test.
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therapy in comparison with antidepressant drug treatment
might be desirable. Our findings support the safety of
such an approach.

In regard to the question of an add-on treatment poten-
tially having more adverse effects than a single treatment
alone, we found that, although not more effective in terms
of antidepressant outcome, add-on rTMS (A1 + A2) had
no more cognitive side effects than administration of an
antidepressant with sham stimulation (C). To the best of
our knowledge, our chosen aggressive stimulation param-
eters have never been used in an antidepressant trial. Al-
though out of range of the usual parameters,21 they seem
to be safe not only in terms of a lack of seizures, but also
in terms of a lack of cognitive deterioration in the after-
math of stimulation. Low incidence of headache was seen
throughout the studied patients. This translates to an inci-
dence of headache of less than 5%, including the subject
in group C receiving sham stimulation. This incidence
is actually lower than the incidence reported in current
safety assessments of rTMS.21,34 As 1 patient in group A2
exerted symptoms of mania, it might be that the bilateral
stimulation paradigm has inherent potential of inducing
such symptoms. Alternatively, the add-on setting or the
combination of both factors is to blame for this adverse
event.

Several limitations to our data need to be addressed.
First, despite the fact that the assessed number of actively
treated patients (Table 3) is the largest ever reported,
we cannot rule out that a larger sample may reveal differ-
ing effects in neuropsychological functioning after rTMS
stimulation. The fact that we were not able to show a
group difference in antidepressant outcome might be due
to the difficult task of showing differences between 2 anti-
depressive biological intervention strategies. However,
our results suggest that rTMS is more likely to increase
than decrease neuropsychological functioning.

A second aspect addresses the add-on treatment with
antidepressants, which in the present study was done on a
naturalistic basis. More than half of patients in all groups
received citalopram: 60% in the active groups and 54% in
the sham group. Future studies using a controlled uniform
medication treatment are needed to exclude the possibility
that antidepressants might have had highly discrepant ef-
fects on cognitive measures and/or depressive symptoms.

Reports of adverse events like headache were based
on spontaneous patient reports and were not assessed
systematically, which might explain the small number of
adverse events in our study in comparison with existing
literature.

In unipolar depression, cognitive deficits are well es-
tablished and encompass a wide range of deficits. Atten-
tion, short-term memory, psychomotor speed,35 and ex-
ecutive functions36 are the domains most affected. There
is a growing body of evidence that bipolar patients in con-
trast to patients suffering from unipolar depression exert a

different profile of cognitive deficits,37,38 even outlasting
the acute phase of the disease.39 In addition, chronically
ill patients with bipolar disorder exhibit more severe cog-
nitive impairments than those patients with a more remit-
ting course of their illness.40 Although we preferentially
enrolled patients with unipolar depression (84.2%), our
data might have been confounded by a differing cognitive
output in both unipolar or bipolar depression.

CONCLUSIONS

Our results demonstrate that rTMS, conservatively
spoken, had no negative impact on cognition in a 2-week
trial. Actively treated groups even showed some improve-
ment on several neuropsychological measures in the af-
termath of the rTMS treatment. However, these improve-
ments did not reach statistical significance in comparison
with sham stimulation. Although the time × treatment
data in memory could not withstand a Bonferroni correc-
tion, rTMS might have beneficial cognitive effects inde-
pendent of its antidepressant efficacy.

The data extend prior findings as they indicate no det-
rimental effect on cognitive functioning in a stimulation
paradigm using aggressive stimulation parameters out-
side current recommended guidelines and applied bilater-
ally to both frontal lobes.

Drug name: citalopram (Celexa and others).
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