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Objective: A randomized double-blind cross-over trial was conducted in patients with persistent auditory hallucinations (AHs) 
to investigate whether bilateral repetitive transcranial magnetic stimulation (rTMS) at the temporoparietal area or Broca’s area 
is more effective at high- or low-frequencies compared to a sham condition.
Methods: Twenty three patients with persistent AHs who remained stable on the same medication for 2 months were enrolled. 
They were randomized to one of four conditions: low-frequency (1 Hz)-rTMS to the temporoparietal area (L-TP), high-frequency 
(20 Hz)-rTMS to the temporoparietal area (H-TP), high-frequency (20 Hz)-rTMS to Broca’s area (H-B), or sham.
Results: All the four rTMS conditions resulted in significant decrease in the scores under the auditory hallucination rating scale 
and hallucination change scale over time. However, there were no significant treatment effects or interaction between time and 
treatment, suggesting no superior effects of the new paradigms over the sham condition.
Conclusion: Our findings suggest that bilateral rTMS at the temporoparietal area or Broca’s area with high- or low-frequency 
does not produce superior effects in reducing AHs compared to sham stimulation.
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INTRODUCTION

According to the Diagnostic and Statistical Manual of 
Mental Disorders 4th edition, text revision (DSM-IV-TR),1) 
hallucination is “a sensory perception that has a compel-
ling sense of reality of a true perception, but occurs with-
out external stimulation of the relevant sensory organ.” 
Auditory hallucinations (AHs) of a conversational or 
commanding nature are classified as first-rank symptoms 
of schizophrenia. AHs are found most often in patients 
with schizophrenia, with a prevalence of 75% in that 
population.2) Moreover, 25-50% continue to experience 
them despite medication.3,4) The experience of voices can 
impact on quality of life, self-esteem, anxiety, depression, 
suicide attempts, and cognitive function.5-7)

Repetitive transcranial magnetic stimulation (rTMS) 

has recently been investigated as a potential new treatment 
for patients with treatment-resistant AHs. Low-frequency 
rTMS (≤1 Hz) has an inhibitory effect on motor cortical 
excitability in healthy individuals.8,9) High-frequency 
rTMS (＞1 Hz) reduces intracortical inhibition in healthy 
individuals10) and promotes long-term neuroplasticity.11) 
Since the first successful report by Hoffman et al.,12) many 
trials with different paradigms have yielded various 
results. Two recent reviews concluded that rTMS applied 
at the left temporoparietal area with a frequency of 1 Hz 
yielded a moderate mean-weighted effect size, ranging 
from 0.44 to 0.63, indicating superiority of this paradigm; 
however, the results for other rTMS paradigms are 
disappointing.13,14) Nevertheless, it should be noted that 
only a few investigations with other rTMS paradigms 
have been carried out. Critical questions with regard to 
other paradigms are as follows. First is whether bilateral 
rTMS is more effective than unilateral rTMS. Most trials 
have involved the administration of rTMS to the left tem-
poroparietal cortex, but the relative importance of left or 
right hemispheric stimulation has only been minimally 
explored. There is some evidence to show that the pathol-
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Table 1. Demographic and clinical characteristics

　Characteristic Data (n=22)

Sex (male/female) 14 (63.6)/8 (36.4)

Age (y) 36.6±9.46

Education (y) 13.2±3.68

Family status

Single 18 (81.8)

Married  3 (13.6)

Divorced 1 (4.5)

Occupation

Student  3 (13.6)

No 17 (77.3)

Yes 2 (9.1)

Familial psychiatric history (yes/no)  2 (9.1)/20 (90.9)

Duration of illness (mon) 130.86±101.70

Handedness

Left-handed 0 (0.0)

Right-handed 21 (96.4)

Ambidextrous 1 (3.6)

Antipsychotic medication 

(chlorpromazine equivalents)

983.56±635.20

Diagnosis

Schizophrenia, paranoid type 20 (90.9)

Schizoaffective disorder 1 (4.5)

Psychotic disorder NOS 1 (4.5)

Rating scale scores

AHRS 23.91±5.61

PANSS

Positive 19.64±3.85

Negative 19.27±3.06

General 39.18±6.01

Total  78.09±11.18

CDSS  5.05±5.07

Data are presented as number (%) or mean±standard deviation.
NOS, not otherwise specified; AHRS, Auditory Hallucination Rating 
Scale; CDSS, Calgary Depression Scale for Schizophrenia; PANSS, 
Positive and Negative Symptom Scale.

ogy of AHs involves not only the left, but also the right 
hemisphere. AHs were associated with activation in the 
inferior frontal/insular, anterior cingulate, and bilateral 
temporal cortex (with greater responses on the right), the 
right thalamus and inferior colliculus, and the left hippo-
campus and parahippocampal cortex.15) Hence, we as-
sumed that bilateral rTMS would be more effective than 
unilateral rTMS. Second, although the effect size at other 
brain regions was lower (0.33) compared to that of the left 
temporoparietal area (0.44),13) should trials targeting other 
brain areas be further investigated. Neuroimaging studies 
of patients with AHs have identified activation in various 
brain regions other than temporoparietal area such as the 
anterior cingulate,15,16) Broca’s area,17,18) hippocampus, and 
parahippocampal gyrus,19) and primary auditory cortex.20) 
Third, are there subtypes of patients with AHs or specific 
brain areas where high-frequency rTMS exerts superior 
effects? Two studies have reported positive results by de-
livering high-frequency rTMS at the posterior part of the 
left superior temporal sulcus or left temporoparietal 
cortex.21,22) From our clinical experiences, it seems that 
AHs generally tend to be reduced or suppressed when the 
patients talk to someone. Therefore, we hypothesized that 
the activation of Broca’s area by high-frequency rTMS 
would reduce the severity of AHs. Fourth, will radically 
different paradigms such as theta burst stimulation (TBS), 
be more promising for the treatment of AHs? TBS was in-
troduced as a patterned rTMS paradigm with brief stim-
ulation sessions capable of generating lasting and re-
versible modulatory aftereffects on cortical motor 
neurophysiology.23) Since continuous TBS, consisting of 
50-Hz bursts of three sub-threshold stimulations repeated 
at 5 Hz, has inhibitory effects on corticospinal excit-
ability,23) it has been used to treat AHs, with clinical ef-
fects comparable to that produced by 1 Hz TMS.24)

The present study used a randomized double-blind 
cross-over design to assess the effects of rTMS to bilateral 
temporoparietal areas and Broca’s area, compared to a 
sham-control.

METHODS

Subjects
Thirty patients with persistent AHs were recruited. 

Prior to participation, patients received written and oral 
information on the procedures and informed consent was 
obtained. Three patients refused to participate. Inclusion 
criteria were: 1) meeting the DSM-IV criteria for schizo-
phrenia or schizoaffective disorder, 2) persistent AHs last-

ing more than 6 months despite adequate trials of at least 
two antipsychotic agents (each for ＞6 weeks, with 
dose-equivalent to ≥risperidone 6 mg),25) and 3) no 
change of dosage of antipsychotic medication for 2 
months before inclusion. Patients were required to remain 
on their psychotropic medication at steady dosages during 
the trial. The age range of the patients was 18 to 50 years. 
Exclusion criteria included a history of epileptic seizures, 
head trauma or mental retardation, or the presence of in-
tracerebral or pacemaker implants, or pregnancy. Three 
patients were excluded for having mental retardation and 
one for a history of head trauma. Finally, twenty three pa-
tients were included and randomized, of which 22 com-
pleted the study. Among them, 21 were right-handed and 
one patient was ambidextrous according to the Edinburgh 
handedness inventory.26) Eight patients were taking cloza-
pine and continued to take it during treatment (Table 1).
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rTMS Protocols
All patients received randomly scheduled treatment. A 

Latin square design with four modules (three active mod-
ules and one sham-control module) was used for 
randomization. Each module was performed twice a day 
(right and left sides, spaced by more than 3 h) for three or 
five days. The interval between different modules was at 
least three days. This interval was chosen based on other 
studies where 227) or 428) days was used. The active mod-
ules were 1) low-frequency (1 Hz)-rTMS to the tempor-
oparietal area (L-TP), 2) high-frequency (20 Hz)-rTMS to 
the temporoparietal area (H-TP), and 3) high-frequency 
(20 Hz)-rTMS to Broca’s area (H-B). The sites for the 
sham-control module were counterbalanced between the 
temporoparietal and Broca’s areas and the stimulation coil 
was tilted at 45° from a tangent to the head so that the front 
edge of the coil remained in contact with the head. This 
method reproduces sound and some somatic sensation 
(e.g., vibration and, at times, contraction of scalp muscles) 
that resemble active stimulation, while generating intra-
cerebral voltages approximately 1/3 of those of active 
TMS.29,30) High-frequency rTMS was delivered con-
tinuously over 5 s with 25-s inter-train intervals, and each 
session of high-frequency rTMS lasted 10 min (twice a 
day for three days, total pulses=12,000). A low-frequency 
rTMS session lasted 20 min and the total pulses were the 
same as the high-frequency rTMS (twice a day for five 
days, total pulses=12,000). Stimulation was administered 
at 100% intensity of the motor threshold. Motor threshold 
was taken as the lowest TMS stimulus required to induce 
visible movement of the abductor pollicis brevis muscle in 
the relaxed hand on five out of ten occasions. The coil was 
held tangentially to the skull with the handle pointing 
dorsally. The temporoparietal stimulation was ad-
ministered exactly halfway between the left temporal (T3) 
and left parietal (P3) sites, and between the right temporal 
(T4) and right parietal (P4) sites. Broca’s region (left 
Brodmann areas 44 and 45) was localized as the crossing 
point between T3-Fz and F7-Cz. The right hemisphere ho-
mologue of Broca’s area was localized as the crossing 
point between T4-Fz and F8-Cz according to the interna-
tional 10-20 electroencephalogram (EEG) system.31) The 
antipsychotic medications were continued without dose 
changes during the study.

Clinical Evaluations
Efficacy was measured using the Auditory Hallucina-

tion Rating Scale (AHRS)32) and Hallucination Change 

Scale (HCS) as the primary outcome measures. Each pa-
tient generated a narrative description of their AHs occur-
ring for the 24-hour time period prior to initiation of the 
trial, which was set as their baseline score (for the HCS, 
scored as a 10). HCS and AHRS scores were ascertained 
again 24 h after stimulation on day 1, 3, or 5 (only low-fre-
quency modules) of the trial immediately preceding the 
new session by requesting that the patient generate a new 
narrative description of their AHs occurring in the past 24 
h. For the HCS, follow-up severity scores ranged from 0, 
corresponding to no hallucinations, to a maximum score 
of 20, corresponding to hallucinations twice as severe as 
baseline. Secondary outcome measures were the Positive 
and Negative Syndrome Scale (PANSS)33) and Calgary 
Depression Scale for Schizophrenia (CDSS).34) Measure-
ments were conducted within a week before and after the 
rTMS treatment. The two raters (Yeo and Hwang) were 
blinded to rTMS modules, randomized, and inter-rater re-
liability was good with correlation coefficients of 0.72. As 
the operators were not blinded to the protocol, they were 
not involved in the ratings. Adverse events were evaluated 
using the adverse events record form containing 9 items 
(headache, local pain, dizziness, memory difficulty, nau-
sea, transient hearing changes, burns from scalp electro-
des, meaningful mood changes, and other biological tran-
sient effects) which were the most commonly reported ad-
verse reactions in previous rTMS studies. In addition, ad-
verse events spontaneously reported were also recorded. 
Each evaluation was conducted right after each rTMS ses-
sion, except for memory difficulty, which was measured 
on the subsequent days.

Statistical Analysis
Data obtained were analyzed with the Statistical 

Package for the Social Sciences (SPSS) version 12.0 for 
Windows (SPSS Inc., Chicago, IL, USA). A repeated- 
measures analysis of variance (ANOVA) was conducted 
on the AHRS and HCS scores to determine any differ-
ences from pre- to post-rTMS between the four rTMS 
conditions. Separately, paired-samples t tests were con-
ducted on the AHRS and HCS scores to assess significant 
changes from pre- to post-treatment for each of the four 
rTMS modules independently. Paired-samples t tests were 
also conducted on the PANSS and CDSS scores to assess 
significant changes after completion of all the treatment 
schedules. Results were considered significant if p＜0.05 
(two-tailed). To compare the percentage of responders be-
tween the modules, Fisher’s exact test was employed. 
Response to treatment was defined as an improvement in 
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Fig. 1. The change of auditory hallucination rating scale (AHRS) scores (A) and hallucination change scale (HCS) scores (B) in the four 

repetitive transcranial magnetic stimulation (rTMS) modules.

L-TP, low-frequency temporoparietal area stimulation module; H-TP, high-frequency temporoparietal area stimulation module; H-B, high-fre-

quency Broca’s area stimulation module; Sham, sham control module.

Table 2. Comparison of the effects of four rTMS modules over time

Pre-rTMS Post-rTMS

p value

Time Treatment
Time×

Treatment

AHRS

L-TP 19.91±8.30 17.82±8.96 0.002 0.942 0.765

H-TP 20.41±7.04 18.27±9.02

H-B 18.77±7.74 17.95±8.44

Sham 20.91±6.57 18.55±8.62

HCS

L-TP 8.50±2.56 7.32±3.00 0.001 0.985 0.491

H-TP 8.41±2.22 7.77±2.43

H-B 8.36±2.44 7.68±2.66

Sham 8.00±2.41 7.68±2.55

Data are presented as mean±standard deviation. 
rTMS, repetitive transcranial magnetic stimulation; AHRS, Auditory 
Hallucination Rating Scale; HCS, Hallucination Change Scale; 
L-TP, low-frequency temporoparietal area stimulation module; 
H-TP, high-frequency temporoparietal area stimulation module; 
H-B, high-frequency Broca’s area stimulation module; Sham, 
Sham control module.

AHs, consisting of at least 20% reduction of the AHRS to-
tal scores from baseline.

RESULTS

Treatment Efficacy
The repeated-measures ANOVA revealed that there 

were no differences between the four rTMS modules. 
Although they all showed significant decreases of the 
AHRS and HCS scores over time (p＜0.001), there were 
no significant treatment effects or interaction effects be-
tween time and treatment (Table 2). Further analysis in-
cluding the order of treatment as a covariate did not yield 

significant results. Separate paired t tests in each module 
revealed that the AHRS and HCS scores decreased sig-
nificantly in the L-TP module. However, there was also a 
significant change of the AHRS scores in the sham 
module. There was no significant improvement on the 
AHRS and HCS scores in the H-TP and H-B modules 
(Fig. 1). The PANSS positive, general, and total scores 
were significantly improved after the completion of treat-
ment schedules but the PANSS negative score and CDSS 
score did not change significantly (Table 3).

In the L-TP and H-TP modules, six of 22 patients were 
responders (27.3%), whereas two patients in the H-B 
module (9.1%) and three patients in the sham module 
(13.1%) were responders. Fisher test revealed no sig-
nificant difference between the numbers of patients re-
sponding to each of the four rTMS modules.

Adverse Effects 
Generally, the treatment was well tolerated and no seri-

ous adverse effects such as seizures were reported. 
Adverse effects reported during the treatment are outlined 
in Table 4. We counted the number of patients reporting 
adverse effects during each stimulation module. The most 
common adverse effect was local pain at the site of stim-
ulation, especially in the H-B module, reported by seven 
patients (31.8%). Other common adverse effects were diz-
ziness and headache. One patient reported toothache on 
the same side as the stimulation site. In the sham module, 
only local pain and headache were reported. All these 
symptoms were transient and lasted only a few minutes af-
ter stimulation.
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Table 4. Adverse effects

L-TP H-TP H-B Sham

Headache 1 1 1 1

Local pain 5 5 7 4

Dizziness 2 1 3 0

Memory difficulty 0 0 0 0

Nausea 0 0 0 0

Transient hearing changes 0 0 0 0

Burn 0 0 0 0

Meaningful mood change 0 0 0 0

Toothache 1 1 1 0

Data are given as number of patients. 
L-TP, low-frequency temporoparietal area stimulation module; 
H-TP, high-frequency temporoparietal area stimulation module; 
H-B, high-frequency Broca’s area stimulation module; Sham, 
sham control module.

Table 3. Change in scores before and after the completion of 
treatment schedules

　 Pre-rTMS Post-rTMS t p value

PANSS 

Positive 19.64±3.85 17.77±2.54 2.886 0.009

Negative 19.27±3.06 18.55±2.92 1.919 0.069

General 39.18±6.01 38.09±4.87 2.124 0.046

Total  78.09±11.18 74.41±9.18 2.858 0.009

CDSS  5.05±5.07  4.55±5.40 1.176 0.253

Data are presented as mean±standard deviation. 
rTMS, repetitive transcranial magnetic stimulation; PANSS, Positive 
and Negative Symptom Scale; CDSS, Calgary Depression Scale 
for Schizophrenia.

DISCUSSION

In spite of substantial evidence pointing to a moderate 
effect size of L-TP on the left side for reducing AHs, we 
assumed that different paradigms should be further exam-
ined in terms of bilaterality, sites, and frequency of 
stimulation. To test whether bilateral rTMS at the tempor-
oparietal area or Broca’s area with high- or low-frequency 
is more effective than the sham condition, we conducted a 
randomized double-blind cross-over design in patients 
with persistent AHs. Disappointingly, we observed no sig-
nificant differences in the improvement of AHs between 
the four rTMS modules. In other words, the effects of dif-
ferent paradigms on the temporoparietal area or Broca’s 
area were not superior compared to the sham condition.

rTMS was mostly applied to the left temporoparietal 
area. However, functional magnetic resonance imaging 
(fMRI) studies show that in approximately 50% of pa-
tients hallucinatory activation involves the right 
hemisphere.35) The right hemisphere is considered to be 
involved in the nonlinguistic aspects of language process-
ing, such as emotional prosody and non-literal meaning 
comprehension.36) Moreover, decreased language laterali-
zation has been reported in schizophrenia, indicating an 
increase in language-related activity in the right hemi-
sphere37) in these patients. This led to the hypothesis that 
when language activity is derived from an unusual site (i.e., 
from contralateral homologue areas in the right hemi-
sphere), inhibition of language perception might be more 
prone to failure. This may make inner speech become per-
ceived as AHs.35) All these findings prompted us to assume 
that bilateral stimulation would be more effective in alle-
viating AHs as compared to unilateral stimulation. 
However, we did not include a control for bilaterality (i.e., 
unilateral stimulation); hence, our results only indicated 
that bilateral stimulation to either the temporoparietal area 
or Broca’s area did not have superior effects compared to 

the sham stimulation condition. Similarly, one random-
ized controlled study reported that bilateral stimulation to 
the temporoparietal region was not as effective as unilat-
eral stimulation in reducing hallucination frequency.38)

Broca’s area is one of the main areas of the cerebral cor-
tex responsible for producing language. McGuire et al.18) 
first reported that blood flow in Broca’s area was sig-
nificantly greater during hallucinations than in a non-hal-
lucinating state. This finding was considered as supporting 
evidence for the inner-speech model of AHs, especially 
generation abnormalities of inner speech.39) However, sev-
eral other imaging studies have failed to replicate the find-
ing that inferior frontal gyrus (including Broca’s area) acti-
vation is associated with the experience of AHs.19,40) This 
may partly explain that only a few studies have been con-
ducted to confirm the effects of rTMS on Broca’s area in 
patients with AHs. Until now, two studies27,41) have re-
ported negative results when rTMS was delivered to 
Broca’s area. It is, however, of note that most of the partic-
ipants in the two studies had chronic schizophrenia, and 
low-frequency stimulation was used. Although we ob-
tained similar negative results, this is the first trial using 
bilateral high-frequency stimulation targeting Broca’s 
area and its right homologous area.

Typically, low frequency rTMS has been used in the 
treatment of AHs, based on the fact that low frequency 
rTMS produces an inhibitory effect when applied to the 
sensory motor cortex.42) However, we were particularly 
interested in applying high-frequency stimulation given 
that it decreases metabolism in the target area,43) suspends 
higher cognitive functions44) such as speech production,45) 
and improves pathological conditions including neuro-
pathic pain and tinnitus.46) Moreover, this method has an 
advantage in terms of reducing treatment duration, i.e., 
∼2-3 days compared to 2 weeks with low-frequency 
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stimulation. Montagne-Larmurier et al.22) reported that a 
significant reduction in global severity and frequency of 
AHs between baseline and post-treatment day 12 was ob-
served in patients with AHs receiving high-frequency (20 
Hz) rTMS to the left temporoparietal cortex for 2 days. 
Unfortunately, we observed no significant effects of H-TP 
compared to the sham condition. The discrepancy may be 
due to the methodological difference in localizing the 
stimulation site. They used fMRI to localize the posterior 
part of the left superior temporal sulcus whereas we sim-
ply used the 10-20 EEG system. It is worthnoting that no 
serious side effects, such as seizures, were observed with 
the high-frequency modules (H-TP and H-B). In general, 
high-frequency stimulation modules were well tolerated 
except for local pain most frequently noted in the H-B 
module (Table 4).

This study has several limitations. First, as the interval 
between the modules was usually 3-5 days, carryover ef-
fects may have come into play as a confounding factor. 
The long-term efficacy of rTMS is known to be over a 
number of weeks.47,48) Nevertheless, as the present study 
was exploratory in nature, we shortened the interval with 
the concern that long interval would increase a drop-out 
rate. In addition, to extract this order effect, an ANCOVA 
was carried out. However, it made no difference, indicat-
ing a low likelihood of an order effect. Second, sham stim-
ulation in this study was administered with active rTMS 
coils with their front edge touching the scalp at 45°. This 
procedure is not exempt from criticism. Indeed, in a dou-
ble-blind controlled study in depressed patients, the au-
thors failed to find a significant difference between real 
and sham TMS treatment, with the sham group demon-
strating an improvement of about 25%.49) Using a sham 
coil at the same location, strength, and frequency could be 
more useful for comparing active rTMS and sham in fu-
ture studies. Third, the efficacy of targeting Broca’s area 
with rTMS may be questioned because the anterior part of 
the temporalis muscle lies above Broca’s area, limiting 
conductivity of the rTMS. To avoid this problem, deep 
TMS capable of penetrating ∼4.5-5.5 cm into the brain 
could be considered. Fourth, the duration of illness of the 
participants was more than 10 years. Had we recruited pa-
tients with a more recent onset, the results may have been 
different. With these caveats in mind, our results should be 
interpreted cautiously. The strengths of our study are its 
double-blind randomized controlled design and it being 
the first attempt at targeting Broca’s area with high-fre-
quency stimulation.

In conclusion, our findings suggest that bilateral rTMS 

at the temporoparietal area or Broca’s area with high- or 
low-frequency does not produce superior effects in re-
ducing AHs compared to sham stimulation. Nevertheless, 
efforts searching for optimal conditions using different 
paradigms should be continued.
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