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Abstract

Obijective: To examine the evidence for therapeutic effect of fast frequency repeated transcranial magnetic
stimulation (stimulation at >1 Hz; FF-rTMS) on depression.

Method: All available information published in English was considered.

Results: A large body of animal studies indicates that FF-rTMS has the capacity to influence behaviour and
biochemical actions, including the regulation of gene expression, in a manner similar to that of electroconvul-
sive shock (ECS) and antidepressant medication. There have been eight blind sham controlled studies. In one,
the active stimulus may have been inadequate. In another, the sham may have been active. The remaining six
studies all showed a significant antidepressant action for the active treatment. Two blind comparisons of FF-
rTMS and ECT also indicate a useful antidepressant action for TMS.

Conclusion: The evidence strongly supports an antidepressant effect for FF-rTMS. The next step is to increase
the efficacy of this treatment. That may involve increasing the dose (number of pulses and/or intensity) and

number of treatment sessions (German J. Psychiatry 2001; 4:43-50).
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Introduction

ranscranial magnetic stimulation (TMS) is a new

Ttechnology which applies the principles of elec-

tromagnetism to deliver an electrical field to the

cortex of the brain. It is in regular use as an investiga-

tional tool in basic and clinical neurophysiology. The aim

of this paper, however, is to examine some of the evidence
suggesting that TMS has p otential as an antidepressant.

By convention, repetitive stimulation at a particular site
may be designated rTMS, but this is not mandatory. Addi-
tionally, when the repetitive stimulus is applied at 1 Hz or
slower, the term slow frequency (SF-rTMS) may be used
[1], and when the stimulus is applied at greater than 1 Hz,
the term fast frequency (FF-rTMS) may be used [1]. SF-

rTMS applied to the right prefrontal appeared to have an
antidepressant effect in an open study [1] and a 70 patient
placebo controlled [2]. FF+TMS, however, has been more
extensively examined, and this review will focus on that type.

FF-rTMS has been suggested as a potential treatment for a
range of neuropsychiatric disorders, but the large majority of
research energy has been focused on the effect of this tech-
nigue on major depression.

Animal Studies

In 1995, Fleischmann et al.[3] compared the effects of FF-
rTMS and electroconvulsive shock (ECS) on animal models
of depression in rats. They found that FF-rTMS and ECS had



similar effects on the characteristic behaviour of apomor-
phine-treated animals, the immobility time in the Porsolt
swim test and the seizure threshold. The Porsolt swim test
results and the anticonvulsant effects have been con-
firmed [4,5]. FF-rTMS and ECS have also been shown to
have similar effects on brain monoamines [6], beta-
adrenergic receptors [7], cyclic AMP [4] and gene expres-
sion in supportive [8] and neuronal tissue [9] of rodents.
In comparison to sham treated and control rats, FF-rTMS
was associated with a significant increase in serotonin 1A
and N-methyl-D-aspartate (NMDA) receptors [10].

More recently, a German group [11] found that FF-
rTMS mediated a neuroprotective effect against oxidative
neuronal cell death in rats. They [12] then found that FF-
rTMS increased both brain derived neurotrophic factor
(BDNF) protein and mRNA and cholecystokinin (CCK)
MRNA in rodent brain, in the manner of antidepressant
medication and ECS. Most recently [13] they developed a
method of providing FF-rTMS such that the resultant
current density in rat brain is comparable to that which
occurs with this treatment in the human brain. Applying
this technology, they found that FF-rTMS produced be-
havioral and neuroendocrine changes in a rat line bred
for high anxiety-related behaviour which are comparable
to those induced by antidepressant drug treatment. Fi-
nally, others [14] have recently found that TMS has simi-
lar effects on the function of the hippocampal cells of the
rat, as do the antidepressants mianserin and desipramine.

Thus, animal studies indicate that TMS has the capacity
to influence behaviour and biochemical actions, including
the regulation of gene expression, in a manner similar to
that of ECS and antidepressant medication. For reviews
see Belmaker and Grisaru [15] and Lisanby and Belmaker
[16].

Introductory Clinical Evidence

FF-rTMS delays the onset of rapid eye sleep (REM) in
normal subjects [17]; this is encouraging, as reduced REM
latency is one of the most robust makers of depression
[18]. FF-rTMS significantly increases the regional cerebral
blood flow (rCBF) of the left anterior cingulate in de-
pressed individuals, when the coil is placed over the left
prefrontal cortex [19]; this is encouraging, as reduced
rCBF in the cingulate and associated limbic structures is a
feature of depression [20].

FF-rTMS at greater than motor threshold intensity ele-
vated plasma thyroidstimulating hormone (TSH) in
healthy males in a placebo controlled trial [21]. This is of
interest as TSH is elevated by sleep deprivation, which has
an antidepressant effect. More recently, in a placebo con-
trolled study of patients with major depression, a single
session of FF-rTMS produced a significant elevation of
TSH and mood [22].

44

FFrTMS to the left prefrontal cortex increases the release
of endogenous dopamine in the ipsilateral caudate nucleus
[23]. This ["*C]raclopride and positron emission tomography
study is important as dopamine has been implicated in k-
pression, as well as schizophrenia and addiction.

Evidence of an antidepressant action for FF-rTMS comes
from a number of open studies [24,25]. There have been case
reports of good recoveries by individuals [26]. There is evi-
dence that FF-rTMS can induce mania [27]. The ability of FF-
rTMS to normalize abnormal dexamethasone suppression
test results in depression, an objective measure of clinical
remission, has been demonstrated [28]. Also, FF-rTMS
treatments have been substituted for ECT treatments, in
courses of ECT, without loss of antidepressant effect [29].

In a survey of the experience and attitudes of 48 patient
who had received FFrTMS for major depressive disorder,
either as a treatment option or as a study subject, 63% be-
lieved TMS had been helpful, 87% would recommend it to a
family member, and 90% stated TMS was preferable to hav-
ing, or the prospect of having, ECT [30].

Important Open Study

Some open studies have been mentioned. One other is of
particular importance. In 1995, George et al. [31] reported
the first use of FF-rTMS in the treatment of depression in
humans. It was a landmark paper as it established some
methodological features. A figure of eight shaped coil was
used, which focused the electric field beneath the mid-point.
All subsequent FF+TMS studies have used this coil arrange-
ment. They applied stimulation to the left prefrontal cortex.
This was based on three observations, 1) that FF+TMS in-
creases the excitability of neurons, 2) that major depression is
frequently associated with under activity of the left prefrontal
cortex, and 3) unpublished pilot studies indicated this a-
rangement gave the best results. It is probable that in the
future, the frequency and site of stimulation used in the
treatment of depression will be tailored for the individual,
based on imaging studies. To the present, all FF-rTMS studies
have used left prefrontal stimulation. They treated medica-
tion-resistant patients; this too has become a feature of all
subsequent FF-rTMS studies. They stimulated the prefrontal
cortex with a stimulus intensity of 80% of the motor thresh-
old on five days. (The motor threshold is the smallest inten-
sity which, when applied to one side of the motor cortex,
causes motor activity in the hand of the other side.) Subse-
guent studies have varied the intensity and the number of
days of treatment. They treated six patients and the depres-
sion scores for the group improved significantly. Two patients
showed robust improvement, two showed slight improve-
ment and two showed no improvement. These results were
encouraging. It is argued that this was an open study and
these may have been placebo responses, however, it must also
be registered that these patients suffered medication-resistant



depression, which is relatively unlikely to exhibit strong
placebo responses.

Blind Sham Controlled Studies

In 1996 Pascual-Leone et al.[32] published the first
blind placebo controlled study of FF-rTMS depression.
This was a cross over study. Stimulation was at 90% of
motor threshold. Seventeen patients received sham or
active stimulation over the left and right prefrontal cortex
and active stimulation was also applied at the cortex. All
patients received each experimental condition for one
week, followed by three weeks of observation, such that
each patient remained in the study for five months. Active
FFrTMS over the left prefrontal cortex (but no other
treatment condition) resulted in a significant reduction in
the group depression score. Eleven patients experienced
pronounced improvement, but this faded over the follow-
ing two weeks. This remains the most successful study to
date.

In 1997, George et al.[33] conducted a double blind
cross over study. Twelve depressed patients received sham
and active FFrTMS at 80% of motor threshold for two
weeks. Compared to sham, active treatment significantly
improved the group depression score. However, on an
individual basis, the active treatment led to a 25% or
greater reduction in depression scores in only five pa
tients. These results indicated that FF-rTMS could reduce
the symptoms of depression, but left doubt about clinical
utility.

In 1999, Padberg et al. [34] conducted a blind compari-
son of SFrTMS, FFrTMS and sham, in 18 depressed
patients who were divided into three groups. They used
90% of motor threshold and 250 stimuli per day, for five
days. There was no significant difference in the effects of
FF-rTMS and sham. However, this study has a methodo-
logical limitation. The number of stimuli provided at each
session (250) was only 25% and 32% of the daily stimuli
provided by the previous studies [32,33] and as little as
12.5% of the daily stimulation of some subsequent studies
[35]. Accordingly, adequate active stimulation was not
provided.

Also in 1999, Loo et al. [36] compared FF-rTMS and
sham in two groups of nine patients suffering depression.
Both groups improved significantly, but there was no
significant difference between them. Thus, FF-rTMS was
found to be no more effective in the treatment of depres-
sion than sham. The improvement in the sham treated
patients was surprising, given that they suffered medica-
tion-resistant depression and such conditions are not
expected to medication-resistant depression and such
conditions are not expected to demonstrate strong pla-
cebo responses. Recently, Lisanby et al. [37], using single
pulses and electrodes placed on the prefrontal cortex of

rhesus monkeys, showed that sham of the type used by Loo et
al. creates a voltage across contact sites of 76% of active
stimulation. This may have been be greater in the Loo et al.
study as stimulation was provided at 10 Hz, and summation
of neuronal response to FF+TMS has been demonstrated
[38]. Loo et al. used 110% of motor threshold and George et
al. [33] have demonstrated that an antidepressant effect with
80% of motor threshold. Thus, the sham used by Loo et al.
may have been active, which could explain why their “sham”
treated medication-resistant patients improved. This view
may be contested, however, as Loo et al (2000) [39] studied
the motor cortex and various positions of the active coil and
concluded that their sham of the previous year reduced the
stimulation level to less than 50% for most subjects, albeit
with several caveats.

In 2000, Berman et al. [40] reported a comparison of sham
and active FF-rTMS in two groups of 10 patients. These pa-
tients had failed to respond to a median of four medication
trials and were drug free during the study. Stimulation was at
80% of motor threshold and 10 treatment sessions were
provided. The decrease in group depression scores was Sig-
nificantly greater for active treatment compared to sham.
Four patients receiving FF-rTMS and none of the sham group
obtained clinically useful reductions. The authors described
these results as “clinically modest”, however, it should be
remembered that these patients had failed to respond to
various antidepressants and a response in four of 10 is not
inconsequential.

Also in 2000, Eschweiler et al. [41] reported a comprehen-
sive blind study of the effect of FF-rTMS and sham on mood
and prefrontal haemodynamic function in twelve patients
with major depression who were taking antidepressant medi-
cation. They found that FF-rTMS resulted in significant re-
duction in depression scores. Moreover, they defined re-
sponse as a 30% reduction in depression scores, and using
this criterion, five out of 12 receiving FF-+TMS but only one
out of 10 receiving sham, achieved this status.

Again in 2000, George et al. [35] reported a double blind
placebo controlled study of FFrTMS at 100% of motor
threshold. The active treatment was at 5 Hz for one half and
20 Hz for the other half of the group, but these will be con-
sidered together. Response was defined as 50% reduction in
depression scores. FFrTMS resulted in significantly more
responders (9/20) than did sham (0/10). Considering the
change in group means, compared to sham, active treatment
resulted in significantly greater reduction on the Beck De-
pression Inventory and the Hamilton Anxiety Rating Scale,
but not the Hamilton Depression Rating Scale.

In 2001, Garcia-Toro et al. [42] reported a blind trial of FF-
rTMS and sham in 40 patients suffering from medication-
resistant depression. Stimulation was at 90% of motor
threshold and stimulation was provided on 10 days. FF-rTMS
induced a significantly greater decrease in group depression
scores than did sham. Five of those receiving FF-rTMS but
only one of those receiving sham, experienced a decrease of
50% of depression score. In an open continuation, nine
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patients who had received but failed to respond to FF-
rTMS accepted a further 10 sessions at 110% of motor
threshold and three of them achieved a 50% decrease in
depression score.

These studies are summarized in Table 1. There have
been eight blind sham controlled studies. Six studies,
involving 131 patients have shown FF+TMS has an anti-
depressant action. One study showed no antidepressant
action for either FF-rTMS or sham, but used a very small
number of stimuli and should therefore be discounted.
The final study showed an antidepressant action for both
FF-rTMS and sham. The sham used in this study may
have been active. Thus, all unproblematic, controlled
sham controlled studies to the present, indicate an anti-
depressant action for FF-rTMS.

Comparisons With ECT

There have been three comparisons of FFrTMS and
electroconvulsive therapy (ECT). In 2000 the first was an
open study by Grunhaus et al. [43]. They randomly assigned
40 patients into two groups and treated one with unilateral
ECT and the other with FFrTMS at 90% motor threshold
for up to 20 treatment sessions. Overall, patients responded
significantly better to ECT. However, when patients were
divided in groups according to the presence or absence of
psychosis, those with psychosis (19 patients) responded
significantly better to ECT, but those without psychosis (21
patients) responded equally to FF-rTMS.

Pridmore et al. [44] reported a blind study of 32 patients
randomly assigned to either FF-rTMS or unilateral ECT. FF-
rTMS was at 100% and was continued as long as improve-
ment continued. Those who achieved remission received
13.1 (SD=3.1) treatments. Three measures of depression were
used, and overall, ECT demonstrated a significant treatment

Table 1. Blind controlled studies of FF-rTMS in major depression

Study Type No. Pati- Results Comments
ents
1. Pascual-Leone et Double blind, sham 17 FF-rTMS to DLPFC associated Antidepressant action
al, 1996. [32] controlled, multiple cros- with significantly reduced de- demonstrated
sover pression scores
2. George et al, Double blind, sham 12 FF-rTMS significantly superior to  Antidepressant action
1997. [33] controlled, crossover sham. demonstrated
3. Padberg et al, Double blind 18 No significant change with any Only 250 stimuli per
1999. [34] 3 parallel streams, sham condition: sham, SF-rTMS or day.
SF-rTMS, FF-rTMS. All others have used
FF-rTMS 800-2000 stimuli per
day
4. Loo et al, 1999. Double blind 18 Both sham and Sham may have been
[36] sham controlled cross- FF-rTMS showed significant active (Lisanby et al,
over improvement. 2001. [37]; Loo et al,
No sig. difference 2000. [39])
5. Berman et al, Double blind 20 FF-rTMS signif. greater reduc- Antidepressant action
2000. [40] sham controlled tion of mean scores. demonstrated
parallel 40-45% reduction
FF-rTMS, 4/10.
Sham, 0/10.
6. Eschweiler et al, Double blind 12 FF-rTMS, signif. reduction in Antidepressant action
2000. [41]) sham controlled mean depression scores. Sham, demonstrated
cross-over worsening of mean scores.
30% reduction
FF-rTMS, 4/10.
Sham, 1/10.
7. George et al, Double blind 30 FF-rTMS, signif. more respond-  Antidepressant action
2000. [35] sham controlled (20, FF- ers. demonstrated
parallel rTMS Response = 50% decrease in
10, sham) score.
FF-rTMS, 9/20.
Sham, 0/10.
8. Garcia-Toro et al, Double blind 40 FF-rTMS, signif. reduction in Antidepressant action

2001. [42]
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Sham controlled

mean
depression scores.
Sham, no change.
50% reduction
FF-rTMS, 5/17.
Sham, 1/18.

demonstrated



advantage. However, the number achieving remission
(Hamilton Depression Rating Scale score of </= 8) was
the same (11 of 16 patients). The mean improvement on
the Hamilton Depression Rating Scale favored ECT, but
was not significantly different from that of FF-rTMS.

Grunhaus et al. [45] are reporting a blind, comparison
of FF-rTMS and ECT in the treatment of nondelusional
major depression. FF-rTMS was provided at 90% of motor
threshold and continued for 20 sessions. Response was
defined as decrease in depression scores of 50 %, and
remission was defined as a final Hamilton Depression
Rating Scale score of =/< 10. Response rate was not sig-
nificantly different (12 for ECT; 11 for FF-rTMS) and the
remission rate was the same (6 for both groups).

These blind studies are summarized in Table 2. In one
blind trial FF-rTMS was shown to have an antidepressant
effect approaching that of ECT. In the other, in non
delusional major depression, FF-rTMS had an antidepres-
sant effect the same at that of ECT. Seventy two patients
were involved in these studies. However, blinding is diffi-
cult in difficult to achieve in these studies, and these re-
sults must be viewed cautiously. Further comprehensive
studies will be necessary before a final position can be
confidently stated.

Future Directions

There would appear to be strong evidence from blind,
sham controlled studies that FF-rTMS has antidepressant
effects. However, these results have been disappointingly
small in some studies. It may be that the intensity of
stimulation, the number of stimuli per session and the
number of treatment sessions, are important. In the above
cases the intensity and number of treatment session were
as follows: George et al. [33], 80% and 10 days, and Ber-
man et al [40] 80% and 10 days. In a later study, George
et al. [41] obtained much better results when they n-
creased the intensity to 100% and doubled the number of
stimuli per day (form 800 to 1600). Another important
factor is the level of treatment resistance of the subjects.

Table 2. Blind comparison studies of FF-rTMS and ECT

Even the most effective antidepressant, ECT, has limited
effectiveness in severely treatment resistant patients.

Pridmore et al. [44] and Grunhaus et al. [45] obtained bet-
ter results than expected. They used 100% and 90% respec-
tively, and extended treatment beyond 10 sessions (Pridmore
etal, 12.2 (SD+3.4); Grunhaus et al., 20).

Two studies [36,12] gave patients, on the completion of
blind studies, further open treatments. In both instances,
improvement continued. An open study by Lyndon [25] has
shown that nonresponders plateau after a few days, while
responders continue to improve for up to 20 treatment ses-
sions.

In the future, it may be possible to tailor TMS treatment
according to imaging results [46]. It is possible that areas of
the cortex found to be under and over active areas could be
treated differently. Further clinical studies simply using
higher intensities, greater numbers of stimuli per session and
greater numbers of treatment sessions, may demonstrate
improved treatment outcomes.

Investigations are required to determine whether there is a
particular profile of patients which responds well to FF-
rTMS. Other remaining questions include the period for
which the antidepressant effect of FF-rTMS is sustained, and
whether medication has a place in combination with FF-
rTMS in the acute treatment and alone, following the acute
treatment, as a prophylactic. The issue of maintenance FF-
rTMS is still to be addressed.

Summary

A large number of animal studies and introductory clinical
studies suggest that FF-rTMS has an antidepressant action.
There have been eight blind sham controlled studies. In one
too few pulses may have been provided, such that the active
stimulus may have been inadequate. In another, the sham
may have been active. All of the remaining six studies showed
a significant antidepressant action for the active treatment.

There have been two blind comparisons of FF-rTMS and
ECT. In one, FF-rTMS was shown to have an antidepressant

Study Design No. Results
Patients
Pridmore et al, Blind, 32 Overall, ECT signif. advan- Antidepressant action,
2000. [44] parallel comparison with tage. approaching ECT in major
ECT Mean reduction on HDRS not depression.

signif. different

Remission: both groups 11/16
Grunhaus et al, Blind, 40 Response: 50% depression Antidepressant action,
submitted for parallel scores reduction Equivalent to ECT in non-

publication. [45] Comparison with ECT

ECT, 12

FF-rTMS, 11

Remission: final HDRS =/<10
- 6 for both groups

delusional major depres-
sion.
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effect approaching that of ECT. In the other, in non-
delusional major depression, FF-+TMS had an antidepres-
sant effect the same at that of ECT.

The evidence strongly supports an antidepressant effect
for FF+TMS. Maximizing this effect is a task for the fi-
ture. The evidence suggests that higher doses (stimulation
intensity and number of stimuli per day) and greater
numbers of treatment sessions should be investigated.
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