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Use of Repetitive Transcranial Magnetic Stimulation for Treatment in Psychiatry

André Aleman

Department of Neuroscience, University Medical Center Groningen, University of Groningen, Groningen, the Netherlands

The potential of noninvasive neurostimulation by repetitive transcranial magnetic stimulation (rTMS) for improving psychiatric
disorders has been studied increasingly over the past two decades, This is especially the case for major depression and for
auditory—verbal hallucinations in schizophrenia, The present review briefly describes the background of this novel treatment
modality and summarizes evidence from clinical trials into the efficacy of rTMS for depression and hallucinations, Evidence for
efficacy in depression is stronger than for hallucinations, although a number of studies have reported clinically relevant improve—
ments for hallucinations too, Different stimulation parameters (frequency, duration, location of stimulation) are discussed, There
is a paucity of research into other psychiatric disorders, but initial evidence suggests that rTMS may also hold promise for the
treatment of negative symptoms in schizophrenia, obsessive compulsive disorder and post—traumatic stress disorder. It can be
concluded that rTMS induces alterations in neural networks relevant for psychiatric disorders and that more research is needed
to elucidate efficacy and underlying mechanisms of action,
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INTRODUCTION

Despite numerous research efforts to develop novel
treatments in psychiatry, the number of new effective
treatments introduced over last decades is disappointing.
One of the few novel treatment approaches that have re-
ceived empirical support concerns transcranial magnetic
stimulation (TMS). It was first proposed as a treatment for
depression in the early 1990’s and has been termed a
“paradigm shift in psychiatry” as it uses noninvasive and
nonconvulsive circuit-based physiological processes to
treat psychiatric symptoms,l) The approval of repetitive
TMS (rTMS) as a treatment for depression by the United
States Food and Drug Administration in 2008 has fueled
interest from researchers and clinicians alike.

In this review, after briefly introducing the funda-
mentals of TMS, including a brief discussion of safety and
suitability, I will summarize evidence from clinical trials
in major depressive disorder (MD) and in auditory-verbal
hallucinations in schizophrenia. These are the two only
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psychiatric domains for which more than 10 randomized
trials have been reported.z’” I will then discuss a number
of issues that deserve attention when designing an rTMS
trial or when evaluating published trials. These concern
frequency of stimulation, location, duration and blinding.

Modern TMS was introduced in 1985* and has since
then increasingly been applied for the study of brain re-
gions involved in cognitive processing” and for treatment
of psychiatric and neurological symptoms. The principle
of brain stimulation with TMS is based on Faraday’s law
of induction for time-varying currents. More specifically,
a time-varying magnetic field is generated by a current
pulse through a stimulator coil placed over the scalp. A
rapidly changing external magnetic field induces electric
current intracranially. This way, the rapid rise and fall of
the magnetic field induces a flow of current in the under-
lying brain tissue, and thus neural activation.” The diame-
ter of the induced field is of approximately 2-3 cm, the
same figure holds for the depth of stimulation, thus only
cortical regions can be stimulated directly. Several neuro-
imaging studies have confirmed activation of underlying
brain areas after TMS, for example over the motor cortex”)
or over the prefrontal cortex. Speer et al¥ observed in-
creased blood flow (as measured with H,O positron emis-
sion tomography) after 10 Hz rTMS to the left dorsolateral
prefrontal cortex (DLPFC), whereas 1 Hz stimulation de-
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creased blood flow. Indeed, frequencies of 1 Hz or lower
are generally considered to be inhibitory (i.e., they reduce
cortical excitability of the underlying area), whereas fre-
quencies of 5 Hz and higher are considered to be ex-
citatory.(’)

Although the exact mechanism of action of rTMS re-
mains to be elucidated, there is evidence that dopami-
nergic neurotransmission is involved, at least for rTMS
over prefrontal and motor areas. Such evidence comes
from animal models” as well as human studies.''” These
studies have shown increased dopamine transmission in
subcortical areas, but also in medial prefrontal areas, after
TMS.

Intensity of stimulation is usually set at a certain per-
centage of the individual motor threshold. Motor thresh-
old refers to the strength of the stimulus provided, which
is the percentage of the total machine output that is re-
quired to produce movement of thumb or fingers. With re-
gard to safety, intensities that are considerably higher than
the motor threshold of a participant are associated with a
higher risk of inducing an epileptic seizure (at least for
rTMS at frequencies > 1 Hz). It is important to note, how-
ever, that when precautions listed in internationally
agreed guidelineslz’m are taken into account, rTMS ap-
pears to be safe and well tolerated. Contraindications for
TMS are pacemaker, aneurysm clip, heart/vascular clip,
prosthetic valve, intracranial metal prosthesis, personal or
familial history of epilepsy, medications that reduce the
threshold for seizure, and high alcohol or drug consum-
ption. Pregnant women and young children are also ex-
cluded from research studies, although they might be sub-
ject to TMS for clinical or therapeutic purposes. Since the
introduction of the international safety guidelines occur-
rence of seizures has been very rare. Side effects are gen-
erally mild. They include transient headache (that re-
sponds well to analgesics), local discomfort as a con-
sequence of direct stimulation of the facial musculature,
and transient changes in the auditory threshold. The latter
can be avoided by using earplugs, which is recommended.

MAIN SUBJECTS

rTMS for Depression

The rationale for applying rTMS over the prefrontal
cortex for the treatment of depression was derived from
the hypothesis of an imbalanced relationship between pre-
frontal cortical regions and limbic regions (including ven-
tral cingulate, insula, amygdala and hippocampus) under-
lying dysregulated mood."” More specifically, evidence

of hypometabolism of the left DLPFC was hypothesized
to underlie reduced cognitive control of emotion, which
has been confirmed by neuroimaging studies.””"” The
dorsolateral frontal areas are thought to play a pivotal role
in affect regulation, for example by cognitive reappraisal
of negative stimuli. A study that applied rTMS to the left
DLPFC in healthy subjects' found less positive affect
and more monotonous speech, as is characteristic for
depression. This suggests that stimulation of the left
DLPFC does not merely improve positive mood indis-
tinctively, but concerns a key node of the emotion regu-
lation network. Interfering with coordinated processing in
this area through rTMS in normal, healthy functioning
brains could does cause imbalances in stead of restoring
function. In depressed patients, however, the circuit may
be dysfunctional due to a decreased activation of the
DLPFC.

A typical rTMS treatment of depression includes a 20-
to 40-minute session delivering 3,000 to 6,000 pulses at 10
Hz, 5 days a week for 4 to 8 weeks." Integration of the
published evidence supports the efficacy of rTMS in
depression. In a comprehensive meta-analysis of random-
ized, sham-controlled studies of rTMS treatment for de-
pression, Slotema et al? recently calculated a mean
weighted effect size of 0.55 (» <0.001), which is in the
moderate range of magnitude. This was based on 34 pub-
lished studies, encompassing a total of 1,562 patients.
Previous meta-analyses had also documented a positive
and statistically significant effect size of rTMS compared
to sham stimulation."*” Berlim er al.>" recently reported
meta-analytical integration of response, remission and
drop-out rates following high-frequency rTMS for MD.
Data from 29 randomized controlled trials were included,
totaling 1,371 patients. They reported that, after approx-
imately 13 sessions, 29.3% and 18.6% of subjects receiv-
ing rTMS were classified as responders and remitters,
respectively. This was threefold of those receiving sham
rTMS: 10.4% and 5%, respectively. The pooled odds ratio
(OR) was 3.3 (»p<0.0001) for both response and re-
mission rates. Associated number needed to treat (NNT)
were 6 and 8, respectively. These results certainly warrant
their conclusion that rTMS is associated with clinically
relevant antidepressant effects. Moreover, the studies in
the meta-analysis reported a benign tolerability profile.
Interestingly, a meta-analysis™ of studies using low-fre-
quency rTMS (1 Hz, in general) to the frontal cortex in
MD patients, also observed an improvement: 34.6% and
9.7% of subjects receiving active rTMS and sham rTMS
were classified as remitters (OR=4.76, p<0.0001;
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NNT=5). However, this concerned only 8 trials with 263
participants. Thus, the evidence base is limited and in need
of thorough replication. The findings do pose the ques-
tion, however, whether high-frequency rTMS is ex-
citatory (i.e., activating the frontal cortex), and what the
mechanism is behind similar effects on depression for
low-frequency rTMS.

Most studies of rTMS in depression included a treat-
ment-resistant group, in which it is notably difficult to ob-
tain clinical improvement. In an interesting study, George
et al.” reported a multi-center rTMS trial of 190 anti-
depressant drug-free patients with unipolar nonpsychotic
MD. They received 10 Hz rTMS to the left prefrontal cor-
tex at 120% motor threshold for 37.5 minutes (3,000 puls-
es per session) using a figure-eight solid-core coil with 3
weeks of daily weekday treatment. Trains of rTMS were
of a 4-second train duration, and 26-second intertrain
interval. Primary efficacy analysis revealed a significant
effect of treatment on the proportion of remitters (14.1%
active rTMS and 5.1% sham). The odds of attaining re-
mission were 4.2 times greater with active rTMS than with
sham. NNT was 12. Thus, rTMS is not only relevant for
treatment-resistant groups but can also be of use in im-
proving depression in other groups of patients.

rTMS for Hallucinations

The first study into rTMS for auditory-verbal hallucina-
tions in schizophrenia was published by Hoffman et
al > They targeted the left temporoparietal cortex,
which converges with Wernicke’s area, the speech percep-
tion area. This area has been shown to be hyperactive in
neuroimaging studies of hallucinations.””” The idea is to
reduce this increased excitability of left temporoparietal
cortex by stimulating daily with 1 Hz over this area. In
their study with 50 patients, half was randomly assigned to
rTMS for 9 days (with a total of 132 min of stimulation),
and the other half to sham TMS (by rotating the coil with
45 degrees). In the rTMS condition, 52% improved in se-
verity and frequency of hallucinations, whereas in the
control group this was only 17%. The effect of rTMS last-
ed for 13 weeks, on average.

In a meta-analysis published in 2007, we integrated ef-
fect sizes of published studies using a sham-controlled de-
sign and rTMS over the left temporoparietal area.’” Most
of these studies used comparable treatment parameters:
same location, intensity between 80-100% of motor
threshold and frequency of 1 Hz. Duration of treatment
varied between studies but was between 4 and 10 days,
with daily sessions of 15-20 min of rTMS. Only one center

included two daily sessions of rTMS.*"*” The mean effect
size was d=0.76, which represents a large effect. The ef-
fect did not generalize to other positive symptoms, and
was specific for hallucinations. Slotema et a/. 2 included 7
studies (they disregarded cross-over designs and only in-
cluded parallel group designs) in their meta-analysis of
rTMS effects on hallucinations and found a smaller effect
size, d=0.54, a medium effect size that was statistically
significant.

However, not all studies included in these meta-analy-
ses found an improvement of hallucinations after rTMS.
For example, Mclntosh et al® and Fitzgerald et al*
failed to find significant reduction of hallucination se-
verity or frequency in the rTMS versus sham condition
comparison. This could be partly due to low power (e.g.,
the effect size of Fitzgerald et al*® was 0.47 in the direc-
tion of improvement with rTMS), but certainly also be-
cause a substantial part of the patients do not respond.
Indeed, three recent studies also showed very modest ef-
fects of rTMS or even a lack of improvement.35'37) Of note,
Blumberger et al 7 did not stimulate the left temporopar-
ietal cortex (Wernicke’s area) but left auditory cortex
(Heschl’s gyrus). One of the largest studies to date’™ failed
to find an improvement of rTMS on hallucinations.
However, the study still included less than 25 patients per
group, implying modest power. That is, the differences in
effect sizes reported by the authors may have been statisti-
cally significant with larger samples. A recent meta-analy-
sis” integrated these three new studies with the pre-
viously published trials and reported a smaller effect size
than earlier meta-analyses, albeit still statistically sig-
nificant, d=0.44. The effect was no longer significant at
one month of follow-up.

A number of studies also investigated stimulation of the
right hemisphere (RH), as neuroimaging studies have also
implied aberrant activation of right temporal cortex dur-
ing auditory-verbal hallucinations.”*” However, studies
that included RH stimulation did not obtain stronger re-
ductions of hallucination severity than has been reported
for left hemisphere.”>*” In the study by Vercammen et
al.,”® the condition with RH stimulation also involved left
hemisphere stimulation, and was thus bilateral, i.e. pa-
tients received 10 min of left hemisphere stimulation fol-
lowed by 10 min of RH stimulation. Although this design
makes sense because neuroimaging studies have shown
increased activation on both sides,28’39) such a stimulation
could also be problematic due to the inhibitory con-
nections between homotopic areas.'” That is, inhibition
through 1 Hz rTMS of the RH area may indirectly lead to
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excitation due inhibition of callosal inhibition.*”

Frequency and Intensity of Stimulation

With regard to the frequency of stimulation, most stud-
ies for depression used 10 Hz and most for hallucinations
used 1 Hz. This is consistent with the idea of 10 Hz being
excitatory and 1 Hz being inhibitory. Notably, one study
applied 10 Hz to the left hemisphere DLPFC and 1 Hz to
the right DLPFC for treatment of depression.” The ra-
tionale for this was that 1 Hz to the RH may inhibit the RH
but, through inhibitory callosal connections, lead to acti-
vation of the left hemisphere. The results were consistent
with this line of reasoning, in the sense that this bilateral
condition showed considerable improvement of depre-
ssion.

However, the difference between slow (1 Hz) and fast
(>5 Hz) rTMS may not be so clear-cut. For example,
Montagne-Larmurier et al* used 20 Hz rTMS for im-
proving hallucinations in schizophrenia and reported ben-
eficial effects.

With regard to intensity of stimulation, most studies
stimulate at 100% of motor threshold or lower, to ensure
safety (a slightly higher risk of seizures may be present at
higher thresholds). However, in a study of 185 patients,
Johnson ez al.* concluded that stimulation at 120% of
motor threshold appears safe for a broad range of patients.
Intensities above 100% of motor threshold may be more
effective for treatment."

Location of stimulation

The most used method to localize the DLPFC area for
antidepressant rTMS without the help of neuronavigation
is the “5-cm method”. In this procedure, the motor cortical
site is localized that stimulates the abductor pollicis brevis
muscle of the contralateral hand, and then one moves 5 cm
anteriorly along the scalp surface in order to target the
DLPFC. It has been shown, however, that this method
may yield a location that is too posterior (i.e., targeting
premotor cortex) in part of the patients.46) Indeed, a num-
ber of studies have reported that using neuronavigation to
determine the key area within the DLPFC, yields superior
antidepressant efficacy compared to the 5-cm method.***

Neuronavigated rTMS has also been applied for coil
positioning in the treatment of hallucinations. More spe-
cifically, a number of studies®?” applied functional mag-
netic resonance imaging (MRI) scans to localize activated
areas during hallucinations indivually in schizophrenia
patients. They then navigated to those areas for coil place-
ment. Hoffman ez al.*” reported that delivering rTMS to

left temporoparietal sites was more effective in reducing
hallucination severity than stimulation of other locations.
Sommer et al.’” compared the functional MRI (fMRI)-
guided rTMS to the conventional positioning using the
10-20 electrode system (area in between T3 and P3). They
observed equal improvement in both conditions. Finally,
Slotema et al.”® did not find a statistical superiority of
fMRI-guided rTMS over and above the conventional
method or sham stimulation. It should be noted that a limi-
tation of the fMRI-guided method is that it relies on func-
tional scans made during hallucination periods in the scan-
ner (patients press a button to indicate periods of halluci-
nation). However, most patients do not hallucinate with
neatly alternating periods of hallucination and non-
hallucination activity, which is required for statistical
analysis of these scans. Thus, it is very difficult to apply
this in a majority of patients. A more convenient method
may be to localize speech perception cortex using a lan-
guage task (e.g., Schonfeldt-Lecuona et al.sn).

Duration of Treatment and Effects

Studies differ widely in terms of duration of treatment,
either defined as the number of sessions in which rTMS
was delivered or the number of days or weeks the treat-
ment was continued. For example, with regard to halluci-
nation treatment, Hoffman et al.>> stimulated each patient
for 9 days with a total of 7,920 pulses, whereas Vercammen
39 stimulated for 6 days, but with longer sessions and
with two sessions a day, totalling 14,400 pulses per
patient. Thus, although the former trial had a longer dura-
tion in terms of treatment days, the number of pulses was
almost half of those in the latter trial. However, whereas
for hallucinations no systematic relationship has been ob-
served between duration of treatment and efficacy, this is
certainly the case for depression. That is, studies that ap-
plied rTMS for 3 weeks or more have generally observed
stronger improvements than shorter treatments.”” It
should be noted that the evidence base for hallucination
treatment studies is small, whereas for depression much
more studies with larger numbers of participants have
been conducted. Thus, a firm conclusion can not be
reached for the hallucination treatment, but for depression
it seems safe to conclude that treatments should last pref-
erably 4 weeks or more."

Another important question regards the duration of
treatment effects. Unfortunately, most studies only report
immediate post-treatment effects, without including a fol-
low-up after periods of one month, 6 months or longer. For
depression, two large trials found that, after 6 months, on-

etal.
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ly 12-14% of patients had relapsed (cited in the article of
George and Postl)). For hallucinations, Hoffman et al®
reported a mean duration of survivorship of 13.1 weeks
(defined as return of hallucinations to 80% of baseline se-
verity). Thus, rTMS for depression seems to have a lon-
ger-lasting effect than for hallucinations in schizophrenia.
It goes without saying that more research is needed with
longitudinal designs to evaluate the duration of treatment
response and clinical factors that can help predict such
duration.

rTMS in Other Psychiatric Disorders

Other conditions for which rTMS has been studied as a
potential novel therapy include negative symptoms in
schizophrenia, obsessive compulsive disorder (OCD),
post-traumatic stress disorder (PTSD). For negative symp-
toms in schizophrenia, a meta—analysi553) of nine trials, in-
volving 213 patients, revealed a significant improvement
that was stronger for rTMS than for sham. The overall
mean weighted effect size was in the small-to-medium
range, d=0.43. Studies with a longer duration of treatment
(=3 weeks) had a larger mean effect size when compared
to studies with a shorter treatment duration. These studies
typically stimulated the left DLPFC, as in studies of de-
pression, but one could argue that the right DLPFC is also
of relevance as it has been implicated in negative
symptoms. Future studies may thus also include the right
DLPFC as a target of neurostimulation.

Only a few studies have been directed at investigating
rTMS for OCD. Jaafari et al.> reviewed 12 studies pub-
lished up to 2010, including open and randomized,
sham-controlled trials. They concluded that two brain re-
gions showed potential for improvement of OCD symp-
toms after rTMS: the supplementary motor area and the
orbitofrontal cortex. In a study that was published after
this review, Gomes et al.”” assigned 22 patients with OCD
to either rTMS or sham over the supplementary motor area
bilaterally, for two weeks, with a 3-month follow-up. At
follow-up, patients receiving active rTMS showed, on
average, a 35% reduction on the Y-BOCS, as compared
with a 6.2% reduction in those receiving sham treatment.

Even less studies have investigated rTMS for PTSD.
Watts ez al.>” randomly assigned 20 patients with PTSD to
receive either 10 rTMS sessions delivered at 1 Hz to the
right DLPFC or 10 sham rTMS sessions to the same area.
The rTMS group improved significantly more than the
sham group on two measures of PTSD symptoms, with a
symptom reduction of approximately 30%. Clearly, larger
studies are needed to confirm such effects.

Blinding

It is notoriously difficult to perform rTMS treatment in
a double blind design. The reason for this is that the person
delivering the TMS can easily become aware of the treat-
ment condition. This is by definition the case when the
sham condition involves rotation of the coil. But also
when placebo-coils are used a distinction between real
and placebo TMS can readily be made on the basis of mus-
cle twitches in the face, scalp area or extremities (in case
of motor cortex stimulation for determination of motor
threshold). The patient can also notice differences: until
recently placebo coils did not give any scalp sensation
during stimulation, whereas the opposite is true for real
TMS. This problem has been addressed in recent years
however. For example, George et al? in their depression
trial applied sham rTMS with a coil with a metal insert
blocking the magnetic field and scalp electrodes that de-
livered matched somatosensory sensations. Thus, the pa-
tients experienced scalp sensations that were similar to
those produced by the real TMS stimulation.

The issue of blinding is of particular relevance as robust
placebo effects have been shown in rTMS trials of depres-
sion”” and blinding has been shown to be partly un-
successful.”® That is, people in the real rTMS groups were
significantly more likely to think they had received real
rTMS compared with those in sham rTMS groups.

CONCLUSION

TMS is a novel treatment strategy in psychiatry for
which evidence is accumulating that it can help a subset of
patients. Specifically, 10 Hz rTMS over the left DLPFC
can improve depression. The evidence base for rTMS to
reduce auditory-verbal hallucinations is less strong, due to
a smaller number of studies. However, meta-analyses sug-
gest a statistically significant improvement of rTMS com-
pared to sham. More research is needed to corroborate
this, preferably in multi-center designs to ensure larger
samples. Research should also focus on negative symp-
toms of schizophrenia, for which some promising results
have been reported and on other conditions such as OCD
and PTSD. Finally, the neural basis of rTMS deserves fur-
ther investigation using pre- and posttreatment fMRI and
positron emission tomography scanning to elucidate the
mechanism of action.
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