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ABSTRACT

Background: Several studies reported on the effec-
tiveness of 1 Hz repeated transcranial magnetic sti-
mulation (rTMS) over the temporoparietal cortex
(TPC) on refractory auditory hallucinations (AH) in
schizophrenia but little is known about the long-term
therapeutic effect of this tool. Aim: The aim of this
study was to evaluate rTMS’ impact on auditory hal-
lucinations (AH) and cognitive functions in patients
with schizophrenia with a three-month follow-up.
Methods: In a randomized double blind sham con-
trolled study, 26 patients with refractory schizophre-
nia received 1 Hz rTMS applied on TPC for four
weeks. rTMS was given to patients over one month
with five rTMS sessions each week. Patients were
evaluated via AHRS (Auditory Hallucination Rating
Scale, Hoffman et al.), PANSS (Positive and Negative
Syndrome Scale, Kay et al. 1988), and CGI (Clinical
Global Impression) before treatment by rTMS every
week during the first month, and every month until
the third month. Results: Neither clinical nor cogni-
tive differences were found between rTMS and pla-
cebo. Conclusion: 1 Hz rTMS using parameters men-
tioned above has no statistically significant effect on
AH; although evidences about the potential benefit of
rTMS in the treatment of AH negative results suggest
the need for further studies in this area.
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1. INTRODUCTION

Repeated transcranial magnetic stimulation is a non-in-
vasive brain stimulation tool, which has shown efficiency
in the treatment of some resistant neuropsychiatric dis-
orders, particularly depression and auditory hallucinations
in schizophrenia. Five meta-analyses have reported the
effectiveness of 1 Hz repeated transcranial magnetic stimu-
lation (rTMS) over the temporoparietal cortex on refrac-
tory auditory hallucinations (AH) in schizophrenia [1-4].

However, little is known about the long-term thera-
peutic effect of rTMS on auditory hallucinations. Hoff-
man et al. [5] reported that the average duration of a sus-
tained reduction in AH severity of at least 20% relative to
baseline scores was 19.7 weeks in a study of 50 patients.
In a randomized, double blind, controlled study, Poulet et
al. [6] reported that after 5 days of low frequency rTMS, 5
of the 7 patients who responded to active treatment
maintained clinical improvement for at least two months.
Recently, Montagne-Larmurier et al. [7] reported short
successful treatment (2 days) of AH in an open pilot study
of 11 patients using high frequency rTMS (20 Hz), which
was then maintained over a 6-month follow-up. Thus, the
duration of the effect of rTMS would appear to be be-
tween 2 and 6 months. However, some recent negative
studies with larger samples reduced the global result of
this therapeutic tool [8].

In our study, the aim was to evaluate the effectiveness
of one month of 1 Hz neuronavigated rTMS on AH in
patients with schizophrenia with a three-month follow-up.

2. MATERIALS AND METHODS
2.1. Subjects
Twenty-six outpatients, between the ages of 18 and 65,
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meeting the diagnostic criteria for schizophrenia (DSM-
IV criteria) with refractory auditory hallucination (a fail-
ure of treatment with two different antipsychotics, of
which at least one was atypical) were included in this
study.

The exclusion criteria were: suicide risk, pregnancy,
history of seizures, neurosurgery or head trauma, use of
pacemaker or intracranial metallic clip, neurological dis-
ease, other psychiatric disorder or an unstable medical
condition, an estimated IQ of <80, current substance
abuse, or an inability to provide informed consent. The
protocol was approved by the local ethics committee
(Ambroise Paré Hospital, France) and all patients pro-
vided written informed consent to be included in the
study.

2.2. rTMS Protocol

This is a randomized double-blind sham-controlled study.
Subjects were assigned randomly to undergo TMS
treatment (n = 13) or sham treatment (n = 13). Patients
were treated with rTMS, applied to the left temporo-
parietal cortex (LTPC). The TMS coil was positioned on
the left LTPC through a neuronavigation method using the
Brainsight Software system (version 1.7.6; Rogue Re-
search Inc., Montréal, Canada). 360 pulses were admin-
istered daily at a frequency of 1 Hz, at 100% of the motor
threshold (MT) through 6 trains of 60 seconds, with an
inter-train interval of 30 seconds. rTMS was given to
patients over the period of one month with five rTMS
sessions each week. Each session lasted 8.5 minutes.
rTMS stimulation was carried out with a Magstim Super
Rapid (INOMED) stimulator system with figure-eight 70-
mm coils. The sham coil has the same shape and produces
a sound similar to the active one.

The MT was defined as the minimal TMS intensity
required to elicit motor evoked potentials (MEPS) of at
least 50 pV peak-to-peak amplitude, under muscle re-
laxation, in 5 out of 10 consecutive trials using a MagPro
device to deliver TMS and Myto device for EMG re-
cording.

2.3. Clinical Measures

All patients were evaluated by AHRS (Auditory Hallu-
cination Rating Scale, Hoffman et al., 2005), PANSS
(Positive And Negative Syndrome Scale, Kay et al., 1988),
and CGI (Clinical Global Impression) before treatment by
rTMS every week during the first month, and every month
until the third month.

2.4. Cognitive Evaluation

The impact of the TMS on the cognitive functions of all
the subjects at day 0 (base line) and after four weeks (M1)
was evaluated by a neuropsychological battery containing
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7 cognitive tests (California Verbal Learning Test (CVLT),
Verbal and visual Digit spans tests (WAIS-R), Trail
Making Test A and B, Stroop Test, Wisconsin Card Sort-
ing Test, Hanoi Tower, and Verbal Fluences).

2.5. Statistical Analysis

A students-test and chi-squared tests were used to com-
pare the demographic and clinical characteristics of the
two groups. To compare the overall effect of treatment
over time in the two groups, a set of repeated analysis of
variance (one for each dependent variable) using the
ANOVA approach was employed with treatment as be-
tween group factor and time as the within-subject factor.

3. RESULTS

There are no significant differences between active and
placebo groups regarding socio-demographic data (age:
mean 35.90, (SD 13.25) vs 35.60, (SD 12.35), p > 0.05;
sex-ratio (women/men) (%): 33.35 in active group vs
36.35 in placebo group), illness duration, and psycho-
metric evaluations (AHRS, PANSS, CGlI) (p > 0.05).

rTMS treatment was well tolerated and no serious ad-
verse effects were reported by subjects except transient
headaches (in three patients with). In this study no dif-
ference was found between rTMS treatment and the sham
treatment (placebo) in all endpoints in the psychometrics
tests (AHRS, PANSS and CGI).

Cognitive assessment will also not show significant
differences between active and placebo groups from
baseline and a month after the first treatment (M1) and it,
for each of the cognitive dimension (p > 0.05).

4. DISCUSSION

Our double blind study does not show any efficacy of
rTMS treatment compared with a sham treatment in the
occurrence of AH, but it contributes data on the absence
of negative effects of this tool on the cognitive functions
in the schizophrenic population [9]. This result does ena-
ble any conclusion to be drawn concerning efficacy or not
of rTMS on AH, due to the relatively small sample size
leading to a lack of power (Beta risk). Nevertheless, there
are several hypotheses that we will now discuss relating to
factors that could have contributed to this negative re-
sult.

The first factor contributing to the lack of efficacy
could be the low number of stimuli delivered to the pa-
tients. In this study 360 stimuli a day were delivered, with
a total number of 7200 over four weeks. Most studies
describing a positive effect of rTMS on AH used a higher
total number of stimuli, ranging from 7920 to 24,000. The
pattern of stimulation used in our study was chosen to
deliver the least painful, the safest, and the most com-
fortable stimulation. We think that there might be a mini-
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mal total number of stimuli (delivered in a short period)
required to trigger a benefit of rTMSon AH.

Secondly, the patient’s description of his or her own
symptoms i.e. AH, could be biased, since many psychotic
patients don’t consider AH as a symptom or problem,
especially when the symptom has a pleasant and agree-
able valence [10]. We suggest that it would be helpful to
evaluate the patient’s insight before treatment and train
them to identify, evaluate, and report his or her own
symptoms using psycho-educational sessions to improve
the trustworthiness of their reports. Then, the measurable
instrument would be optimized to become highly sensi-
tive to any changes in AH.

A further complication is that different studies use dif-
ferent scales (PANSS, AHRS or HCS) to assess the effect
of rTMS on AH. Regarding literature HCS seems to be
the more scale oriented with positive studies than others: 5
studies, 4 positives [5,11-13] and 1 negative: [14] while
AHRS was associated with only 2 positive studies [2,15]
and PANSS with one positive study [16].

Thirdly, the stimulation design used in this study con-
sisted of 1 Hz rTMS with “intertrain breaks” between the
train stimulations. We speculate that this “intermittent
stimulation” may have had a less beneficial effect than a
“continuous stimulation design”. Contrary to our conclu-
sions, De Jesus et al. [17] speculated that their negative
results were due to their continuous train (without breaks),
arguing that most positive publications used stimulation
trains with breaks. The influence of breaks in rTMS trains
on treatment outcome is not well known. It may be that
the physiological effect of an intermittent rTMS train is
different from a continuous train. Besides, the theta burst
stimulation presented by Huang et al. [18] has shown that
its use with continuous design causes an inhibitory effect,
while an intermittent theta burst is excitatory. Coupling
continuous and intermittent rTMS with neuroexcitability
and EEG measures could perhaps show the possible dif-
ferences in neuromodulatiory effects between these two
approaches to stimulation treatment.

Finally, we think that use of rTMS in AH should be
integrated in an algorithm. This should not only specify
the place rTMS should have in the treatment of AH, but
also the adjustment of the rTMS target since several fMRI
studies showed great inter-individual differences in acti-
vation patterns during hallucination phenomena. In fact,
approximately 50% of the patients’ activation during AH
was predominantly present in right-hemispheric areas
[19]. That is why we believe that the use of the LTPC as
the specific target for rTMS to treat AH should be recon-
sidered.

Furthermore, the area of the brain targeted by rTMS
also needs to be clearly defined since the LTP region
appears to have a significant level of inter-individual
variability and lack of precision. The use of neuro-navi-
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gation systems, even if it allows more reproducibility and
precision, must more clearly define the area targeted.
Indeed, teams that have used this system have targeted a
broad range of brain regions, especially when nonfunc-
tional MRI was used.

5. CONCLUSIONS

To summarize, the absence of superiority of rTMS versus
sham treatment in this study significantly influenced our
use of rTMS in the treatment of AH. We suggest that, to
optimize its efficacy, rTMS should be delivered power-
fully over a short period of time; patients need more
support to better recognise their own symptoms to im-
prove the assessment, and that the neuronal target of
rTMS needs to be better studied and defined.

As suggested by Slotema et al. [8] following the nega-
tive results of rTMS use in their study, we think that it is
important that better clarity is included in future studies of
rTMS use in the treatment of AH. Furthermore, it would
be beneficial to create a decisional algorithm to be used
for non-responders to the rTMS classical protocol, for
example reconsidering other stimulation paradigms (theta
burst stimulation, high-frequency rTMS), other cortical
targets (controlateral TP3 for example) or other stimula-
tions techniques (e.g. tDCS).
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