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Abstract

The aim of this study was to evaluate the effect of repetitive transcranial magnetic stimulation (rTMS) on the left and right temporoparietal
cortex compared with sham stimulation in schizophrenic patients with treatment-refractory auditory hallucinations (AH). Thirty-nine patients
with schizophrenia with treatment-refractory AH were allocated randomly to one of three groups: daily left, right, and sham rTMS groups.
rTMS was applied to the TP3 or 4 regions with the aid of the electroencephalography 10-20 international system at 1 Hz for 20 min per day for
10 treatment days. Symptoms were evaluated using the Auditory Hallucination Rating Scale (AHRS), the Positive and Negative Symptoms
Scale (PANSS), the Clinical Global Impression—Severity (CGI-S), and Clinical Global Impression—Improvement (CGl-I) scale. For the
time effect (within-subject comparison), there were significant changes in the frequency of AHs, positive symptoms of PANSS, and CGI-I. A
between-group comparison revealed significant differences in the positive symptoms of PANSS, and CGI-I scores. Post hoc analysis revealed
that both the right- and left-side rTMS treatment groups exhibited better CGI-I scores compared to the sham-stimulated group. This study
suggests that 10 days of low-frequency rTMS applied daily for 20 min to either temporoparietal cortex significantly reduces the symptoms in
patients with schizophrenia who are having refractory AH, but the left sided rTMS is not superior to right or sham rTMS.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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Auditory hallucinations (AH) are a distressing symptom re- tion system. That is, the system itself creates speech percep-
ported by 50-80% of patients with schizophrefiih Some tion without any inputs from the outside. The neuroanatom-
researchers have suggested that the hallucinated voice mighical basis of AH is thought to involve increasing blood flow
actually be inner speech that is misperceived as stimulationof the speech perception areas of the brain, such as the su-
from the outsidd6]. Another hypothesis is that the halluci- perior temporal cortex of the dominant hemisph@®¥. In
nated voice occurs due to a malfunction of the speech percep-addition, several positron emission tomography (PET) and
functional magnetic resonance imaging (fMRI) studies have
* Corresponding author. Tel.: +82 2 37792019; fax: +82 2 7806577. suggested AH involved a distributed extensive bilateral net-
E-mail addressalberto@catholic.ac.kr (J.-H. Chae). work of cortical and subcortical arefis7,18]
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Repetitive tanscranial magnetic stimulation (rTMS) is a chair. The sham group received identical rTMS treatment as
new non-invasive technique that has being explored as athe group receiving real rTMS, but we raised the lateral wing
possible treatment for a variety of neuropsychiatric disor- of the coil 90 off the head with the edge of the medial wing
ders. It has been shown that extended-duration (>15 min),of the coil still touching the scalp. rTMS was administered
low-frequency 1 Hz) TMS reduces cortical activatigd], each day by a trained psychiatrist (K.H.J.) who purposefully
and rTMS, when applied to the left temporoparietal area at had very limited verbal interaction with the subject.

a frequency of 1Hz, reduces the frequency of occurrence The Auditory Hallucination Rating Scale (AHRS),

of AHs [8]. However, there is some evidence to show that which was developed by Hoffman et dB], was used

the pathology of AH involves not only the left, but also the to evaluate the severity of AHT&ble 9. The Posi-
right hemisphergl7]. Thus, would daily rTMS over theright  tive and Negative Syndrome Scale (PANSS), Clinical
hemisphere also reduce AH? The purpose of the double-blindGlobal Impression—Severity (CGI-S), and Clinical Global
study presented here was to evaluate whether daily rTMS forImpression—Improvement (CGI-[L5] scale were used to

10 days over the left or right temporoparietal cortex reduced evaluate clinical status. Clinical assessments were conducted
AH in treatment-resistant patients with schizophrenia. by an independent investigator who was blind to the stimu-

Thirty-nine patients with schizophrenia and treatment- lation condition at baseline, on day 5, and on day 10 (at the
refractory AH were recruited into the study. Diagnostic as- end of the trial). Assessments reflected the state of the patient
sessments were made using the Structural Clinical Interviewduring the prior 24 h.
for DSM-IV [2]. The presence of medication resistance was  Two-factor repeated-measures analyses of variance
confirmed using Lublin’s definitiofil2]: patients who have ~ (ANOVA) (subject group, time of evaluation) were performed
had atleasttwo periods of treatment with two different classes for all AHRS items, PANSS subscales (positive, negative and
of antipsychotic drugs at an adequate dosage for the minimumgeneral subscales), CGI-S and CGlI-I scores. To prevent the
period of 4 weeks each, without experiencing significant effects of multiple tests, Bonferroni’s methods of correction
symptomatic relief, and clinically significant psychopathol- were used. Post hoc analysis was performed using Scheffe’s
ogy with reduced social functioning or reduced quality of method between the three groups. For all experiments, data
life (QOL). The lower and upper age cutoffs were 18 and 60 are given as means, standard deviation (S.D.). All signifi-
years, inclusive. Patients were excluded if they had a history cance levels reported were two-tailed and the criterion for
of neurologic iliness, or substance abuse or if their estimated statistical significance was 0.05.
intelligence quotient was less than 80. They were also ex- Three study groups did not show any statistically signifi-
cluded if they were pregnant or left-handed. cantdifferencesin baseline scores of AHRS, PANSS subscale

All patients were randomly allocated to a left (13), right (positive, negative and general) and CGI-S.

(12), or sham rTMS group (seven left and seven right)  For the time effect (within-subject comparison), there
(Table ). Patients gave written voluntary informed consent were significant improvements in the frequency of AHs
for this study which was approved by the hospital’s ethics (F=10.13, d.f.=2P <0.001), positive symptoms of PANSS
committee. Then, rTMS was performed using a Neotonus (F=10.93, d.f.=2P<0.001), and CGI-If=17.64,d.f. =2,
stimulator with a figure eight solid core coil (Neotonus, At- P<0.001;Table 2andFig. 1).

lanta, GA, USA). I TMS at a frequency of 1 Hz administered For the time by treatment interaction (between-subject
to the left or right temporoparietal cortex halfway between comparison), there were significant differences in positive
T3/T4 and P3/P4, as per the International 10—20 System. Thesymptoms of PANSSK=7.41, d.f. =2,P=0.002), and the
stimulus intensity was 100% of the patient’s resting motor CGI-I (F=9.63, d.f.=2,P<0.001) score. Post hoc analy-
threshold. While receiving rTMS (or sham stimulation) treat- sis revealed that rTMS applied to the rigiit<£0.002) and
ment, which lasted 20 min per day for a 10-day period, pa- left (P=0.004) sides resulted in a better change of CGlI-I
tients were seated in a reclined, head-supported examinatiorscore compared to sham rTMBi¢. 1). A trend for a time

Table 1
Descriptive features of the patients groups
Left TMS (N=13) Right TMS N=12) Sham TMSN=14)
Age (years) 41 (10.3) 397 (6.9) 399 (8.9)
Education (grade) 10 (2.7) 118 (3.1) 119 (2.8)
Numbers of prior hospitalizations .24(3.2) 30 (1.4) 41 (2.1)
Male/female 8/5 715 8/6
Diagnosis
SPR, paranoid type 11 9 11
SPR, undifferentiated type 2 3 3
Numbers of prior ECT 5 3 4
Duration of current hospitalization (days) .235.2) 365 (3.5) 344 (4.2)

Data are given as mean (S.D.). TMS: transcranial magnetic stimulation, SPR: schizophrenia, ECT: electro-convulsive therapy.
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Table 2
Changes of Auditory Hallucinations Rating Scale across the three assessment periods of the left rTMS, right rTMS and sham rTMS trial for 10etatgs in pati
with schizophrenia

Auditory Hallucinations Rating Scale Left TMSIE 13) Right TMS N=12) Sham TMSNK=14)
Baseline Day 5 Day 10 Baseline Day 5 Day 10 Baseline Day 5 Day 10

Frequency 6.8 (3.0) 5.4(3.2) 4.6 (2.9) 5.3(3.4) 3.8(3.4) 3.1(2.5) 4.9 (3.4) 4.6 (3.0) 4.3(3.3)
Reality 3.6 (1.6) 2.7(2.0) 2.8(2.2) 2.8(1.7) 3.4(1.6) 24(1.4) 2.6 (1.7) 25(2.2) 24(21)
Loudness 25(1.1) 2.6 (1.3) 3.4(0.8) 2.7(1.3) 2.1(1.4) 2.3(0.9) 2.8(1.3) 24(1.4) 2.1(1.5)
Numbers of voices 3.7(2.2) 2.9(.9) 3.5(2.0) 3.3(2.2) 3.1(1.7) 2.6(1.4) 3.5(1.7) 3.1(1.4) 3.4(1.7)
Length 3.4(1.0) 3.3(1.2) 3.8(0.4) 2.8(1.1) 2.8(1.0) 24(1.1) 3.0(1.2) 2.6 (1.2) 24(1.3)
Attentional salience 5.8 (1.8) 4.8 (2.0) 4.8 (1.6) 4.4(1.7) 3.4(1.7) 3.8(1.5) 4.4(2.1) 5.2(1.3) 4.6 (2.0)
Distress level 3.2(1.7) 3.1(1.6) 3.2(1.5) 3.4(1.6) 25(1.1) 2.6 (1.2) 2.3(1.0) 24(1.4) 2.6 (1.6)

Data are given as mean (S.D.). rTMS: repetitive transcranial magnetic stimulation, two-factor repeated-measures analyses of variance (ANOVA).
a Significant time effectf =10.13, d.f. =2P <0.001).
b Atrend for a time by treatment effedt € 4.88, d.f.=2P=0.07).

by treatment effect was found for the attentional salience  The initial study with this method by Hoffman et §8]
of AHs (F=4.88, d.f.=2,P=0.07). The right rTMS group  found that left temporoparietal rTMS for 9 days at 90% of
showed a significantly different changing pattern compared motor threshold was effective in improving the symptoms
to the sham-stimulated group, suggesting more improvementof AH in patients with schizophrenia. However, the present
by post hoc analysis. study was not able to replicate Hoffman’s findind@§ of
Adverse effects reported by the subjects during the real robust improvement in AHs in patients with schizophrenia.
trial were headache\(=5), dizzinessN=2), and amnesia  They used a composite, patient-specific targeted symptoms
(N=1), while sham trial were headachd £ 2), dizziness scale (Hallucination Change Scale) as primary outcome
(N=1), and difficulty in concentratind\= 1). These adverse  measurd8], but we used descriptive measures of specific
effects disappeared within 10 min of the completion of each characteristics of AHs (AHRS) for the evaluation of AHs. A
rTMS treatment and were seen with both left and right hemi- possible limitation is that it would be difficult to accurately
sphere treatment. measure the hallucinatory experience, is reliant on the
Our study has demonstrated significant improvements in accuracy of self-report. There may be differences between
symptoms of patients with schizophrenia who are having the measurement for the specific characteristics and the
treatment-resistant AH following the administration of daily global estimation of AHs. In this line of thoughts, although
rTMS for 10 days over the right or left temporoparietal cortex no significant effects of rTMS on the AHRS scores in the
(i.e., T3/T4-P3/P4). These improvements were particularly present study, the global state by CGI appeared significantly
marked for the frequency of AHs, the positive symptoms of better in patients when receiving rTMS as opposed to sham

the PANSS, and CGI-I scores. TMS.
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Fig. 1. The Positive and Negative Syndrome Scale (PANSS) positive symptoms score and Clinical Gobal Impression—Improvement (CGI-I) scale showing
a significant time effect and time by treatment interaction after repetitive transcranial magnetic stimulation (rTMS) application for 10 days aRastsis
showed that right rTMS applied to the riglt € 0.002) and leftP=0.004) sides resulted in a better change of CGI-I compared to sham rTMS.
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Interestingly, Hoffman et a[8] reported that attentional  temporal cortex and left subcortical arda8]. On the con-
salience and hallucination frequency were two aspects of AHstrary, some have reported increased activation of the brain
that showed greatest improvement by rT8$. Similarly, cortex after short bursts of 1 Hz rTM3,5]. For example,
we had also found a significant time effect in the frequency Bohning et al][3] reported a fMRI study showing increased
of AHs and a trend for a time by treatment effect for the activity both locally and remotely (trans-synaptically)
attentional salience of AHs. immediately after high intensity 1 Hz stimulation. Fox et al.

In contrast, Mcintosh et a[14] recently reported that [5] observed 1 Hz TMS on primary motor cortex increased
AHs in 16 patients with schizophrenia improved from base- blood flow in the stimulated site and caused various remote
line with both real and sham TMS at 1 Hz and 80% of mo- effects by excitatory or inhibitory connectivity. This phe-
tor threshold over left temporoparietal cortex, and there was nomenon implies that the effect of rTMS can spread to the
no significant difference between real and sham treatments.opposite hemisphere through interhemispheric connections.
However, mean or median improvement of symptoms consis- Recently Li et al.[11] have shown that cortical TMS at
tently appeared somewhat better in patients when receivingl Hz causes changes subcortically as well. Finally, Strafella
TMS as opposed to sham TMS. They have speculated thatet al. [20] have elegantly shown that 10Hz prefrontal
the pathological anatomy of AHs in schizophrenia differs be- rTMS can cause changes in basal ganglia dopamine release

tween subjects.

using positron emission tomography. Thus, there are many

The results of our study, which had used higher powered potential explanations for our findings of reduced symptoms

(80% versus 100% of motor threshold) stimuli than MclIn-
tosh’s study[14], imply that rTMS applied to the right side

of schizophrenia following temporoparietal TMS, including
local or distributed changes in excitability or resting neuro-

may also significantly reduce symptoms of schizophrenia transmitters.

with AHs. Interestingly, McIntosh et gdl14] reported that the

The number of subjects in the current study was small.

PANSS positive symptoms were significantly reduced after Patients were maintained on medications. There was no

rTMS, which were similar to our results. If the mechanism
for these TMS induced auditory hallucinatory improvements
involves interaction with auditory cortex, then these findings
might suggest that the auditory circuit responsible for AH
involves both the right and left hemispheres. Alternatively,
right hemisphere stimulation might affect the left auditory
cortex through trans-callosal fibers, much like stimulation
of one cortical region can induce a mirror focus in the
opposite hemispherg]. Brain imaging studies of patients
with AH have revealed an active area in the right and left
superior temporal cortg?1], Broca’s areg13], and the left
temporoparietal corteld0]. Shergill et al[17] reported the

active TMS over another non-temporoparietal site. Thus,
these effects might occur non-specifically over any brain
region and the specificity to the temporoparietal cortex
remains to be established. Although we have usetl 90
tilting of the coil as the sham condition, it is impossible
to completely exclude the partial magnetic field effects in
cortex.

Despite this small sample with limited power, this study
found that low-frequency rTMS applied to either the right
or left temporoparietal cortex reduced symptoms in patients
with schizophrenia. It seems that the brain circuits involved
in the production of AHs and symptoms of schizophrenia

presence of active areas in the anterior cingulate cortex, rightare widespread and not confined in the left temporoparietal
thalamus, left hippocampus, and parahippocampal cortexcortex.

when subjects were experiencing AHs. These imaging
studies imply that several cortical and subcortical areas in

both the left and right hemispheres are involved in the brain Acknowledgements

circuitry responsible for AHs.

In a related case study, Schreiber etfa6] showed that
daily right prefrontal rTMS for 20 days at 10-Hz frequency
with 90% motor threshold may induce a general clinical im-
provement in brain function of patients with schizophrenia.
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associated with increased activity bilaterally in the basal gan-
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