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EYXAPIXTIEX

Me v oAoKANp®ON TNG OMA®UATIKNG LoV €pYyaciag, m omoia ekmovnOnke oto TAAIGIO TOL
TPOYPAULOTOS LETATTVYLOKMV 6ToLd®V «Nevpoamokatdstacn» tov Tunuatog g latpikng tov
[Movemotpiov Occcariog, o N0ela va evYOPIETHO® OAOVG OGOVS GLVEBAANY GTNV OAOKATP®OT)
mg.

Apycd, €va peydro guyapiot® otov emPAaémovia Kabnynt) pov kot Avaminpoty Kadnynt
Yoypatpikng, kopo Xprotodoviov Nikdrao yio tnv moAdtiun Pondeta tov 610 GYedacUd TG
TapoHGOS EPYOCING, TNV EMIGTNUOVIKY TOV KoB0odNynor kabdg Kot Yo T TapoTNPNOELS Kol TO
xpOVo mov d1€DecE.

®a MBeha emiong va gvyapiomom tov Edwkevdpevo Poylatpikng kot Yroyneo Addktopa,
Awokdémovro NiwkOrloo yw v vmootipiEn tov, TV KoHBOdNYNoN TOV KOl TIS TOAVTILESG
TOPOTNPNCELS TOVS GE OAN TO GTAOL0 EKTOVNONG THG TAPOVCAG EPYACTOG.

‘Eva 1dwitepo euyaptotd o€ 6Aovg Toug Kabnyntéc tov PeTantuylokoy TPOYPAUUATOS Yol TIG
TOAVTYLEC YVAOOELS TTOV OV TPOGEPEPAY KATE T SLAPKELN TNG POITNONG HOV.

Téhog, Bo NBeLa VoL EVYOPICTIC® TNV OWKOYEVELXL LLOL YOl TV OUEPLOTY] YO, VITOUOV KOl

omp&n Toug Kab  OAN TN JIEPKELD TOV GTOVODV LOV.

[Tatepdxmn N'ewpyia
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Abstract

Background: Auditory hallucinations (AH) are a symptom commonly found in schizophrenia and
schizophrenia spectrum disorders. Although most cases respond well to antipsychotic medication,
about 25% of patients remain resistant to treatment. The purpose of this systematic review was to
collect the existing knowledge on the efficacy of repetitive transcranial magnetic stimulation
(repetitive TMS, rTMS) in alleviating AH in patients with schizophrenia or schizophrenia

spectrum disorders.

Methods: The PubMed Database was systematically searched by two independent researchers for
studies assessing the efficacy of rTMS in AH among patients with schizophrenia or schizophrenia
spectrum disorders. The reference lists of selected titles were also searched for additional
publications. Studies were included according to established inclusion and exclusion criteria.
Results were synthesized according to the target of stimulation and were then further grouped with

regards to the rTMS approach used.

Results: A total of 28 randomized, sham-controlled studies were included in the final analysis.
The majority of studies delivered rTMS over the left temporoparietal cortex, generating diverse
results. The data over other regions were fairly limited thus, no strong conclusions can be yet

drawn.

Conclusion: It is still unclear whether rTMS can prove beneficial in treating AH of patients with
schizophrenia or schizophrenia spectrum disorders. Further research with randomized, double-
blind, sham-controlled trials, employing the same TMS parameters is needed to assess the

therapeutic value of rTMS paradigms.

Keywords: auditory hallucinations; schizophrenia; schizophrenia spectrum disorders; rTMS;

systematic review;
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Iepiinyn

Ykomog: Ot axovoTikég yevdaiohnoelg eivor €vo COUMTOUO TOV OTOVTOTOL GLYVO OTN
oxlloPpéveLn KOt OTIC O10TOPYES TOL PAGLOTOG TNG oXLoppEvelas. MoAovoTL | TAELOVOTNTO TOV
TEPMTMOGEDV OVTATOKPIVETOL KAAL GTNV AVIWVYWOGCIKN ay®yn, mepimov 1o 25% twv acbevav
napopévouy avlektikol oe avti. O GKOTOG GLTNAG TNG GUGTNUATIKNG OVOGKOTNONG NTOV 1|
GUAAOYN TNG LRAPYOVOOS YVAGONG CYETIKO HE TNV OMOTEAECUATIKOTNTO TOV ETOVOANTTIKOD
drakpaviokov poyvntikov epediopov (repetitive TMS, rTMS) oty avTIHETOTION TOV 0KOVGTIKOV

yevdausOnoemv ce acBeveic e oyloppévela N e datapoyés ToL PAGHATOS THG OXLLOPPEVELOC.

Mé0odor: H Pdon dedopévov PubMed epevvinke ocvotnuatikd amd 600 aveEaptnToug
EPELVNTEC Y10 HEAETEC TOL AELOAOYOVV TNV amoTelespoTKOTNTO TOL I'TMS otV avTipet®Tion
TOV AKOLGTIK®OV Yyevdacsinoemy oe acbeveig pe oylloppévela N dSaTapayés ToV PAGIATOS TNG
oyloppévelnc. Emmiéov dnpocievcelg avalnminkay otic Moteg PIBAIOYPAPIKOV avapopdY TOV
emieypévav Tithov. Ot peréteg emALyONKOV COLPOVO LLE SOUOPPOUEVO KPLTHPLo £VTAENG Ko
omoxkAeopov. To amotedéopata oLVTEONKAY GOUEMOVO HE TOV OTOYO TNG OEYEPONSG Kot

opadomomOnKay TEPULTEP® GE GYEOT e TNV TPOGEYYIon Tov I'MTMS mov ypnoyomoOnke.

Amoteréopato: TNV TEAIKY] OVOALGYN CLUTEPIMNEONKAY GLVOAMKE 28 TLYOMOTOIMUEVEC,
e eyyoueveg pe swovikn mopéppfaon perétes. H mieiovotta tov peretdv epdppooce rMS otov
apLoTePO KPOTAPOPPEYLATIKO PAOL, TapdyovTag d1popovpeva omotedécpata. Ta dedopéva yio
GAAeC TEPLOYEG NTOV TEPLOPICUEVO, EMOUEVOS OEV UTOPOVV akoun va e&oyfobv ac@aAn

GLUTEPACULATA.

Yopmépaocpa: Agv eivar okoun cagég eav 10 IMMMS pmopel vo amodeyBel enmeerés oy
OVTILETOTIOT TOV AKOLOTIK®V YevdaicsOncemv o€ acbeveic pe oyloepévela 1 pe dLoTapayEs Tov
QAacHaTog TG oYLoPPEVELNG. ATOTEITAL TEPAITEP® EPEVVOL LLE TUYOLOTOMUEVES, OITAG TVQALG,
ereyyopeveg pe ewovikn mapépPacn dokipes ypnoyonotdvag idteg TMS moapapétpovg yia v
a&loddynon g Bepanevtikng a&iog Tov rITMS TpoTtokOAL®V.

AEEEIG-KAEWOLA: OKOVOTIKEG YeLOGONGELS, OYLoPPEVELD, dLOTAPOYES GYLLOPPEVIKOV PACUOTOG,

EMOVOANTTTIKOG OLOKPAVIOKOG LLOyVITIKOG EPEDIGLOG, GLGTNLATIKT AVALGKOTN O
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INTRODUCTION

Auditory hallucinations (AH), are defined as the perception of sound in the absence of
corresponding external stimuli (Blom, 2015). They can occur across a wide range of
neuropsychiatric disorders and they are commonly found in the setting of schizophrenia and
schizophrenia spectrum disorders. They typically occur in 50-70% of schizophrenic patients
causing significant levels of distress. The first treatment option for auditory hallucinations is
antipsychotic treatment which in the majority of cases, successfully relieves these symptoms;
however, it may lead to severe physical or neurological side effects such as weight gain, diabetes,
myocarditis and seizures (De Berardis et al., 2018; Schultz et al., 2007). Moreover, about 25% of
AH cases remain resistant to antipsychotic treatment (Shergill et al., 1998). Hence, new therapeutic
approaches are urgently needed.

Transcranial magnetic stimulation (TMS) is a safe and relatively painless, non-invasive brain
stimulation technique that generates brief magnetic fields when an electric current passes through
an electromagnetic coil placed over the scalp (Burke et al., 2019). These magnetic fields are
capable of inducing electric currents in the brain which, depending on their frequency, may have
inhibitory (< 1 Hz) or excitatory (> 1 Hz) effects (Aleman, 2013). When TMS is applied
repetitively in trains (repetitive TMS, rTMS) it has the capacity of inducing changes in the neurons
that can outlast the stimulation period, thus it has gathered increasing interest as a potential
treatment strategy for the symptomatic relief of several disorders, including AH in schizophrenia
and schizophrenia spectrum disorders. There is evidence for TMS therapeutic application in
neurological and psychiatric disorders (Aloizou et al., 2021, Petsani et al. 2021, Ntakou et al.,
2022, Pateraki et al, 2022).

Theta-burst stimulation is a recently developed form of rTMS which involves the application
of 3 bursts of high-frequency (50 Hz) stimulation, with an interburst interval of 200 ms (5 Hz, 80%
AMT). It can be applied either continuously or with an intermittent pattern; when TBS is
administered continuously (cTBS) (i.e. 300 pulses over 20 seconds or 600 pulses over 40 seconds)
it has been shown to induce strong inhibitory effects, whereas when TBS is applied with an
intermittent pattern (intermittent TBS, iTBS) (i.e. 30 pulses of TBS applied in 2 seconds, repeated
every 10 seconds for a total number of 600 pulses) excitatory effects have been observed (Huang
et al., 2005).

The purpose of this systematic review was to gather the existing knowledge on the use of rTMS
in the alleviation of AH in patients with schizophrenia or schizophrenia spectrum disorders and

determine whether it can prove beneficial in this context.

10
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MATERIALS AND METHODS

Study Search
A systematic review was conducted based on the recommended Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) Guidelines.

The PubMed Database was searched with the following string: ((TMS) OR (Transcranial
Magnetic Stimulation) OR (RTMS) OR (Repetitive Transcranial Magnetic Stimulation)) AND
((Schizophrenia) OR (Schizoaffective disorder)) AND (Auditory Hallucinations). No restrictions
with regards to language, publication date, or any other were applied. Titles and abstracts were
screened by two independent researchers in order to find relevant articles. For the selected titles,
full-text articles were retrieved and reference lists of each were searched for additional

publications.

Eligibility Criteria

Studies that fulfilled the following criteria were considered for inclusion:
Sham-controlled trials of repetitive transcranial magnetic stimulation
Patients with a primary diagnosis of schizophrenia or schizophrenia spectrum disorder
diagnosed according to standardized criteria (e.g. DSM-1V, ICD-10)
At least one auditory hallucination-specific assessment is reported (e.g. the Auditory
Hallucinations Rating Scale (AHRS), or the Auditory Hallucination Subscale of the
Psychotic Symptom Rating Scale (AH-PSYRATS))

Studies that met the following exclusion criteria were not carried out further in the analysis:
The study is not in accordance with a parallel type of study design, nor with a crossover
one
Data on patients with schizophrenia or schizophrenia spectrum disorder provided

cumulatively with other disorders

Evaluation of Risk of Bias
The revised version of Cochrane Risk of Bias Tool 2.0 (RoB 2.0) was used for the evaluation of

the risk of bias of each study. In RoB 2, a fixed set of signaling questions is used to assess the

11
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methodological characteristics in each of the following domains that bias could stem from: (1)
Randomization process, (2) Deviations from the intended intervention, (3) Missing outcome data
(4) Measurement of the outcome (5) Selection of the reported result. For crossover studies, an
extra set of questions is used to evaluate bias arised from period and carryover effects (Domain
S). After responding to each set of questions, each of the aforementioned domains is classified as
“High Risk”, “Some Concerns”, or “Low Risk”. Finally, the study is assigned an overall risk of

bias which is based on the sum of all the aforementioned domains.

Data Extraction
The following information were extracted from each study:

Authors and year of publication, study design, number of participants, TMS protocol, nature of

sham stimulation, timepoints of assessment, AH rating scales used, AH outcome.

Reporting of Data
Studies were categorized according to the region that was used as the target of active stimulation.

In cases where real stimulation was performed in more than one area, the study was mentioned in
all corresponding sections. Articles were further grouped according to the TMS protocol used (e.g.
LF-rTMS, HF-rTMS, cTBS). A brief description of each study was generated (including the
number of patients, the patients’ diagnosis, TMS parameters, number of sessions, scale of

assessment of AH and AH outcome) followed by a brief commentary.

RESULTS

Study selection
The full search strategy appears in Figure 1. Literature search in the PubMed Database generated

196 results, 110 of which were excluded as they were deemed irrelevant for the purpose of this
review. Of the remaining 86 studies, 1 full-text article could not be retrieved. Articles were
individually screened for adherence to the established inclusion and exclusion criteria. Based on
the eligibility criteria, 26 case-studies, 20 clinical trials that did not include a sham group, and 6
studies that evaluated datasets of patients that were already included in another study were
excluded. Moreover, 2 were study protocols, 1 study did not include diagnostic criteria, 1 study

did not report auditory hallucinations separately to other positive symptoms, 1 study had a

12
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retrospective design and 1 study was not in accordance with either a parallel or a crossover design.
Thus, 27 studies were included and 1 more study was detected from screening of the reference

lists of relevant articles. In total, 28 studies were included in the final analysis.

s
E Records identified from PubfMed
b= (m=196)
=]
=
Records excluded after reading
Reizords screened title andfor abstract
(n =196} {n=110)
Reports sought for retrieval Reports not retrieved
@ {n = 86) n=1)
: |
@ Reports excluded:
Reports assessed for eligibility Case Studies (n = 26)
(n = 85) —_— Absence of sham (n = 20)
Study Protocols (n = 2)
Absence of AH scale (n = 1)
Retrospective study (n=1)
Dataset of patients already
included in a different study {n
= ﬁj
Absence of diagnostic criteria
L -] Studies included in review in=1)
=
- n=27)
% Reports of included studies
£ {n=27)

Figure 1: Complete research strategy in the PubMed Database

Study Characteristics
Of the 28 studies included in the final analysis, 18 had a parallel design and 10 had a crossover

design. The majority (n=22) employed LF-rTMS (1 Hz), two studies delivered HF-rTMS (20 Hz),
two cTBS (50 Hz), one deep TMS (1 Hz) and one used both LF- and HF-rTMS in different arms.
Stimulation sites included the left temporoparietal cortex (n=20), the right temporoparietal cortex
(n=4), the bilateral temporoparietal cortex (n=3), Broca’s area (n=1), bilateral Broca’s area
(Broca’s area and right homologous region) (n=1), Wernicke’s area (n=1), right homologous to

Wernicke’s region (n=1), the Heschl’s gyrus (n=1) and the left superior temporal gyrus (n=1).

13
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Moreover, one was fMRI-guided to the site of maximal activation as detected during an AH
episode, two were fMRI-guided over the most activated areas during a language task and one
targeted 3 to 6 areas that exhibited the most AH-related prominent activation, again indicated by
fMRI. The variable motor threshold (MT) varied greatly between the protocols, ranging from 80
to 115% MT. The number of sessions also was highly heterogeneous between the studies ranging
from 1 to 24. All studies used a figure-of-8 coil, except for the study that employed deep TMS,

where H1 coil was used. The characteristics of all included studies can be found in

APPENDIX

Table 1: Characteristics of studies investigating rTMS over the LTP Table 2: Characteristics of
studies investigating rTMS over the RTP Table 3: Characteristics of studies investigating rTMS
over the Bilateral TP and Table 4: Characteristics of studies investigating alternative areas and

protocolsof the

APPENDIX grouped together according to the region used as the target of stimulation.

Risk of bias of included studies
Out of 28 included studies, 15 had a high risk of bias and 13 were labeled as “Some concerns”.

The methodological limitation most commonly found (n=21) was the lack of information of a pre-
specified analysis plan (Domain 5) (n= 23), followed by whether the randomized allocation

remained concealed until participants were assigned to interventions (Domain 1) (n=21).
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SYNTHESIS OF THE RESULTS

RTMS over the LTP

Low-frequency stimulation
Gathering neuroimaging findings have demonstrated a hyperactivation in the left temporoparietal

cortex (LTP) in patients experiencing AH. Hence, it seems plausible that the administration of
protocols inducing inhibitory effects, such as low-frequency rTMS, could prove beneficial in
alleviating AH. The first study to pioneer this intervention was conducted by Hoffman et al. (1999)
with a crossover design. Three patients with schizophrenia or schizoaffective disorder received
either active rTMS (1 Hz, 80% MT) or sham over the LTP. For clinical assessment of AH, a
narrative description was provided at the time of admission to the hospital which was used as a
baseline measure and was assigned the score of 10. The morning after each session, a reassessment
was conducted generating a severity rating of the AH, with O corresponding to no AH. The
improvement in AH following real stimulation was greater than that of sham and in 2 out 3 cases
even outlasted the treatment for at least 2 weeks (Hoffman et al., 1999). These results were later
replicated in another crossover study with a slightly bigger sample size. More specifically, the
administration of 4 sessions of either sham or active LF-rTMS (1 Hz, 80% MT) in 12 patients
with schizophrenia or schizoaffective disorder (2:1 ratio) led to a significant amelioration solely
in the active stimulation group (Hoffman et al., 2000). Contradicting results were observed
however in a later study employing identical TMS parameters. Mclintosh et al. (2004) enrolled 16
patients in a crossover study and delivered 4 sessions of LF-rTMS (1 Hz, 80% MT) over the LTP.
Clinical assessment of AH was conducted using the Hallucination Item of Positive and Negative
Syndrome Scale (PANSS-P3) as well as a 10-point Likert scale rated in the same way as described
above. As opposed to previous findings, no significant differences were detected between the two
stimulation conditions (Mclntosh et al., 2004). Interestingly, when Chibbaro et al. (2005) delivered
4 sessions of real LF-rTMS (1 Hz, 90% MT) or sham over the LTP of 16 patients with paranoid
schizophrenia, a significant improvement was detected in both groups. However the real group
demonstrated a significantly better change compared to sham at the follow-up assessments, with
the last evaluation being performed 2 months after stimulation cessation (Chibbaro et al., 2005).
Moving on, Hoffman et al. (2005) extended the treatment duration and delivered 9 sessions of
either sham or real LF-rTMS (1 Hz, 90% MT) over 9 consecutive weekdays in fifty patients with
a primary diagnosis of schizophrenia or schizoaffective disorder. In this double-blind parallel
study, assessment was conducted at baseline and 24 hours following stimulation at days 3, 6 and

9 using the Hallucination Change Scale (HCS) and the Auditory Hallucinations Rating Scale
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(AHRS). A significant decrease in HCS was produced in both groups however, HCS scores in the
active group were found to be significantly lower at Days 6 and 9 compared to sham. With regards
to the AHRS, no significant alterations were observed except for the subitem of frequency in the
active group (Hoffman et al., 2005). In a crossover study published in the same year by Poulet et
al. (2005), 10 patients diagnosed with schizophrenia and medication-resistant AH received 10
sessions (twice a day for 5 days) of sham or real stimulation (1 Hz, 90% MT) over the LTP.
Assessment of AH was conducted on a daily basis during the trial with the AHRS and then 30, 60,
and 90 days after treatment cessation. AHRS scores in the active group were found significantly
improved compared to sham and in 5 out 7 labeled as “responders” (>20% improvement in AHRS
scores compared to baseline), were maintained for at least 2 months (Poulet et al., 2005). In line
with these, encouraging results were also obtained in a double-blind, parallel study conducted by
Brunelin et al. (2006). Twenty-four patients with schizophrenia were randomly assigned to receive
sham or active stimulation (1 Hz, 90% MT) twice a day for 5 successive days. Ten sessions of
rTMS led to a significant amelioration in the AHRS scores of the active group, whereas sham
remained unaltered (Brunelin et al., 2006).

In a randomized, controlled trial conducted by Fitzgerald et al. (2005) 32, of 33 patients
enrolled, with a primary diagnosis of schizophrenia or schizoaffective disorder were assigned to
receive 15 minutes of either real or sham rTMS (1 Hz, 90% RMT) for 10 consecutive weekdays.
AH were assessed using the HCS, the auditory hallucinations subscale of the Psychotic Symptoms
Rating Scales (PSYRATS-AH) and PANSS-P3. None of the aforementioned scales demonstrated
a significant improvement, except for the variable of the PSYRATS-AH “loudness of voices”
(Fitzgerald et al., 2005).

In a parallel, double-blind study 39 patients with schizophrenia were randomly allocated to
receive sham stimulation, or real stimulation (1 Hz, 100% RMT) over the LTP, or real stimulation
over the right temporoparietal cortex (RTP) once a day for 10 days. The AHRS measured at
baseline, at day 5 and at day 10 of stimulation revealed no significant differences between the 3
groups (Lee et al., 2005). In accordance with these, Jandl et al. (2006) recruited 16 patients with
schizophrenia or schizoaffective disorder and medication-resistant AH in a crossover, double-
blind randomized controlled trial (RCT). Of those, 14 patients received rTMS (1 Hz, 100% MT)
over the LTP, over the RTP, or sham rTMS for 5 consecutive days. Assessment took place after
each session and then 1, 2 and 4 weeks after treatment cessation using the PSYRATS-AH. The
means sum score of PSYRATS-AH did not demonstrate significant improvement in any group.
However, in the left stimulation group 5 subjects were labeled as complete or partial responders

(defined as a 30% and 50% decrease of the PSYRATS-AH respectively) as opposed to sham where
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none of the patients was identified as a responder (Jandl et al., 2006). The superiority of active
versus sham stimulation was also failed to be reported in a study conducted by Saba et al. (2006).
Sixteen patients diagnosed with paranoid schizophrenia were randomly allocated to receive 10
sessions of sham or active LF-rTMS (1 Hz, 80% MT). PANSS-P3 scores which were assessed at
baseline and following the last session demonstrated a significant improvement in both active and
sham groups (Saba et al., 2006). Negative results were also generated in a double-blind, pilot study
with a longer treatment duration (de Jesus et al., 2011). In this parallel study, 17 patients with
refractory schizophrenia were enrolled and were randomly allocated to receive 20 sessions (over
a four-week time span) of active (1 Hz, 90% MT) or sham rTMS. Clinical evaluation of AH, which
was conducted with the AHRS, demonstrated no significant improvement of active compared to
sham. Somewhat surprising results were obtained when Van Lutterveld et al. (2012) enrolled 24
patients with a primary diagnosis of schizophrenia, schizoaffective disorder, or psychosis not
otherwise specified (NOS). Patients were randomly assigned to receive one session of stimulation
(1 Hz, 90% MT) over the LTP, RTP or sham, in a crossover study, with a one-week washout
period. Clinical assessment of AH, which was performed with the HCS and the AHRS before and
after each session, revealed significant improvement in all groups. Interestingly, the improvement
observed in the HCS of the sham group was found to be significantly greater than that of the left
group (van Lutterveld et al., 2012).

Bais et al., 2014 enrolled 51 patients diagnosed with schizophrenia and medication-resistant
AH who were randomly allocated to one of three treatment arms: (i) LF-rTMS (1 Hz, 90% RMT)
over the LTP, (ii) LF-rTMS over the temporoparietal area (TP) bilaterally and (iii) sham
stimulation over the LTP, performed twice a day for six days. AH severity was assessed using the
AHRS and Positive and Negative Affect Scale (PANAS) adapted for hallucinations. Twelve
sessions of active or sham stimulation led to a significant reduction in mean AHRS and PANAS
scores of all groups, with LF-rTMS over the LTP failing to demonstrate any superiority compared
to the others (Bais et al., 2014). In a more recent randomized, controlled trial 10 patients with
schizophrenia were enrolled and assigned to receive 10 daily sessions of stimulation (1 Hz, 90%
RMT) of either the LTP or the vertex (control group). The PSYRATS-AH, which was used for the
evaluation of the AH and was performed at baseline and following the last stimulation session,
revealed no significant differences between real and control groups (Aubonnet et al., 2020).

In a different LF-rTMS paradigm, Gornerova et al. (2023) randomly allocated 19 patients with
schizophrenia in an active (0.9 Hz, 100% MT) or sham stimulation over the LTP for 10 consecutive
workdays. AHRS revealed a significant improvement in the active group as opposed to sham
(Gornerova et al., 2023).

17

Institutional Repository - Library & Information Centre - University of Thessaly
20/10/2024 10:24:45 EEST - 3.141.4.50



Lastly, the efficacy of low-frequency deep TMS has also been evaluated in the same context.
Rosenberg et al. (2012) enrolled 18 patients with schizophrenia and administered deep TMS (1
Hz, 110% MT) for 10 consecutive days. AH were assessed at baseline and after the last rTMS
sessions using the AHRS. The results obtained referred only to 10 out of 18 patients, given the fact
that 8 patients (4 in each group) dropped out before completion of the treatment. In the subset of
patients that completed the study, no significant differences were reported between the two
stimulation conditions (Rosenberg et al., 2012).

To sum up, the efficacy of low-frequency stimulation protocols over the LTP remains
controversial up to date. Earlier studies have produced somewhat encouraging results paving the
way towards extensive testing of low-frequency paradigms which however, failed to consistently
report improvement in AH. This incongruence in findings could be partly attributed to the high
heterogeneity characterizing the rTMS protocols. Indeed, different TMS paradigms varied greatly
in terms of motor threshold, nature of sham stimulation, treatment duration and number of stimuli.
Therefore, although these results suggest that LF-rTMS protocols that target the LTP might be
beneficial in this context, larger studies, with definitive rTMS approaches are needed in order for

safe conclusions to be drawn.

Alternative stimulation paradigms
Given the inconsistent findings generated by the administration of low-frequency stimulation

§protocols over the LTP, Kimura et al. (2016) aimed to investigate whether a high-frequency
stimulation protocol over the same region would prove more beneficial in the treatment of AH.
Hence, an RCT with a parallel design was conducted, where 30 patients with schizophrenia and
medication-resistant AH, were randomly allocated to receive either sham or real HF-rTMS (20
Hz, 80% RMT) twice a day for 2 successive days (day 1 and day 2). Assessment was conducted
with the AHRS and scores were obtained at baseline, and at days 3, 10, 17 and 31. No significant
alterations were observed in any of the aforementioned evaluations for neither group (Kimura et
al., 2016).

In a different stimulation paradigm, Koops et al., (2016) administered continuous theta-burst
stimulation (cTBS), which is known to induce inhibitory effects, over the LTP to explore its
efficacy in the alleviation of AH (Koops et al., 2016). More specifically, 64 patients diagnosed
with schizophrenia, schizoaffective disorder, schizophreniform disorder, or psychosis NOS were
treated with 10 sessions (twice a day for 5 successive days) of sham or real cTBS (60 seconds

stimulation train with a 3-pulse burst at 50 Hz repeated every 200ms) at 80% MT. At the end of
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the trial, both groups demonstrated significantly reduced AHRS scores compared to baseline and
no significant main effect for the treatment group was observed (Koops et al., 2016).

To our knowledge, these are the only sham-controlled stimulation protocols, other than LF-
rTMS, that have been applied over the LTP. Albeit the above protocols failed to demonstrate an
amelioration in AH, no safe conclusions can be reached given the paucity of relevant studies.

RTMS over the RTP
As mentioned, in the section RTMS over the LTP, Lee et al. (2005) in the sham-controlled trial

also included a group who received LF-rTMS over the RTP. Albeit, AHRS scores failed to reveal
any significant differences between the 3 groups, the right stimulation was found more improved
in the sub-item of attentional salience compared to sham, demonstrating a trend towards
significance (Lee et al., 2005).

When 14 patients were randomized to receive active (1 Hz, 100% MT) or sham stimulation
over the LTP or RTP in a double-blind, crossover RCT, no significant beneficial effect in AH was
obtained from neither of the aforementioned conditions (Jandl et al., 2006). In similar vein, Saba
et al. (2006) also failed to detect a significant improvement in PANSS-P3 following 10 sessions
of LF-rTMS (1 Hz, 80% MT) over the LTP, RTP or sham of 16 patients with paranoid
schizophrenia (Saba et al., 2006). In a crossover RCT, 24 patients received sham or active LF-
rTMS (1 Hz, 90% MT) over the LTP or RTP and reported significant improvement in all groups
(van Lutterveld et al., 2012).

Collectively, these 4 studies do not support the use of stimulation over the RTP for AH

improvement; however, reports are still fairly limited to reach a strong conclusion.

RTMS over the Bilateral TP

Kim et al., (2014) enrolled 24 patients diagnosed with schizophrenia or schizoaffective disorder
and persistent AH, in a crossover RCT. Patients were randomly assigned to one of the following
treatment groups: (i) LF-rTMS (1 Hz, 100% MT) over the bilateral TP, twice a day (once for each
side, 3 hours apart) for 5 days, (ii) HF-rTMS (20 Hz, 100% MT) over the bilateral TP, twice a day
for 3 days and (iiif) HF-rTMS (20 Hz, 100% MT) to Broca’s area and its right homologue twice a
day for 3 days. Assessment was performed at baseline, 24 hours after the stimulation on Day 1 and
Day 3 or 5 (for LF-rTMS) using the AHRS and HCS. All groups demonstrated a significant

decrease over time in both scales; however, no superior effect of any of the active TMS paradigms
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was found superior to sham (Kim etal., 2014). As previously mentioned, Bais et al. (2014) enrolled
51 patients with a primary diagnosis of schizophrenia and randomly allocated them to receive LF-
rTMS (1 Hz, 90% RMT) over the LTP, LF-rTMS over the bilateral TP or sham stimulation over
the LTP. For bilateral TP, stimulation was performed over the LTP for 10 minutes and then was
shifted to the RTP for 10 additional minutes. Based on the AHRS and PANSS adapted for
hallucinations scores, bilateral stimulation was not superior to either the LTP or sham (Bais et al.,
2014). Encouraging results were generated in a more recent parallel RCT, where cTBS was
employed. In this study, 59 patients with schizophrenia were randomly assigned in a real or sham
stimulation group. In total, 20 sessions of cTBS were applied over the bilateral temporoparietal
cortex (twice a day, once for each hemisphere, 5 days a week for 2 weeks). Active stimulation led
to a significant amelioration in all scales used to assess the severity of AH, namely PSYRATS-
AH, AHRS and positive symptoms of PANSS (Tyagi et al., 2022).

To our knowledge, only the aforementioned studies have explored the efficacy of stimulation
over the bilateral temporoparietal cortex in a randomized, sham-controlled manner. Negative
results were obtained from studies incorporating LF- or HF-rTMS paradigms; however, cTBS

seems to be more promising in this context.

Other Areas/Protocols
One of the protocols explored in the randomized, sham-controlled study by Kim et al. (2014)

(RTMS over the Bilateral TP) included the delivery of HF-rTMS (20 Hz, 100% MT) over Broca’s
area and its right homologue (located at the crossing between T3-Fz and F7-Cz for the left
hemisphere and crossing between T4-Fz and F8-Cz for the right) twice a day for 3 days. With
regards to AH, no significant improvement was reported between active stimulation and sham
(Kim et al., 2014).

In an earlier study, researchers sought to investigate whether the application of LF-rTMS over
individually-determined, fMRI-guided regions would be more efficacious in the alleviation of AH
compared to sham. In this crossover study, 11 patients with paranoid schizophrenia and
medication-resistant AH received active stimulation (1 Hz, 90% MT) above the left superior
temporal gyrus (STG) (BA 22, 41/42) corresponding to the left primary auditory cortex, the
Broca’s area (BA 44/45) and control stimulation over the parieto-occipital region, in a randomized
order. Each stimulation protocol was performed once a day for 5 consecutive days, with a 2-days
wash out period. In 4 out of 11 patients, regions of interest were fMRI-guided, whereas in the

remaining 7 structural MRI in conjunction with a neuronavigation system was used. Assessment
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of hallucination severity was conducted twice a day using items from the Haddock self-rating
scale. Disappointingly, no significant differences were reported between the three stimulation
conditions. Only a trend for improvement was exhibited in 4 patients of the left STG; interestingly,
these were the same patients who underwent fMRI for target localization (Schonfeldt-Lecuona et
al., 2004).

In an interesting, crossover study conducted by Hoffman et al. (2007) 16 patients with
schizophrenia or schizoaffective disorder and intermittent or continuous hallucinations were
enrolled and received sham and/or active LF-rTMS (1 Hz, 90% MT) in a randomized order. The
first 5 patients received a 3-day block of sessions of stimulation over each one of the 3 identified
most prominent cortical sites (activation maps were generated for intermittent hallucinators and
Wernicke’s referenced correlation maps for continuous hallucinators, based on fMRI data) and a
sham stimulation condition. Clinical assessment of AH was conducted using an individualized
HCS at baseline and after each 3-day block. For the remaining patients (n=11), the protocol was
modified in order for up to 6 sites (and a sham site) to be stimulated; at first, two days of real
stimulation were performed over one of the six most prominent cortical sites or over the sham site
and HCS was assessed. If HCS revealed an at least 10% reduction, two more sessions were
performed over the same area (active or sham); if not, stimulation was carried on over the next
site. This process was repeated until either 24 sessions of active stimulation were delivered or the
six most prominent cortical sites received active stimulation. Based on the HCS assessment, the
only region that demonstrated a significantly greater improvement in AH over sham was the LTP.
Improvement was also observed in 3 out of 5 patients that received stimulation over the right or
left primary auditory cortex. However, negative results were obtained following stimulation of
more anterior sites in STG or of sites anterior to Wernicke’s area. With regards to stimulation over
Broca’s area, results were in accordance with the previous reports, as no consistent improvement
was observed (Hoffman et al., 2007). In a larger RCT 51 patients with a primary diagnosis of
schizophrenia, schizoaffective disorder, bipolar disorder or psychosis NOS were randomly
assigned to one of the three treatment arms: (i) real stimulation (1 Hz, 90% MT) over the LTP, (ii)
real stimulation (same parameters) fMRI-guided over the site with the maximal activation during
an AH or, (iii) sham stimulation for 15 consecutive weekdays. When results were limited to the
subset of patients afflicted by schizophrenia, no significant improvement was reported between
active (fMRI-guided and not) and sham stimulation (no other data were reported separately)
(Slotema et al., 2011).

FMRI findings have associated AH with increased activity in Wernicke’s area as well as its

right homologous regions. In an RCT conducted by Hoffman et al. (2013), 83 patients with
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schizophrenia or schizoaffective disorder were assigned to a real (1 Hz, 90% MT) or sham
intervention group, with a 2:1 ratio. Patients received 3 blocks of 5-sessions with initial stimulation
sites either Wernicke’s area or its right homologous region located via structural MRI (1:1 ratio).
Stimulation was then shifted to the next site for the 2" 5-session block. And lastly, a 3" 5-session
block was performed to the site which generated the greater results according to the HCS (in case
of no difference, Wernicke’s area was chosen as the site of the 3™ block stimulation). Assessment
was conducted at baseline and after each 5-session block with the HCS and AHRS. Following the
1%t block of stimulation, when analyses were performed for the whose MT could consistently be
detected, two interesting findings were observed; patients with low-salience AH were significantly
more improved when stimulation was performed over the Wernicke’s area whereas, patients with
high-salience AH were significantly more improved when stimulation was performed over the
right homologous region, relative to sham. Following 15 sessions of rTMS, the only variable
significantly improved in active compared to sham stimulation was frequency. When the analysis
was limited to patients whose MT could be consistently detected, HCS of the active group was
also found significantly reduced compared to sham (Hoffman et al., 2013).

In a study conducted by Paillére-Martinot et al. (2017), 27 patients with schizophrenia or
schizoaffective disorder and medication-resistant AH were randomly assigned to receive 10
sessions of active (1 Hz, 100% MT) or sham rTMS over a language perception area, identified by
fMRI during a language recognition task. In 14 patients the language perception area was located
at the superior temporal gyrus (STG), whereas in the remaining 13 the middle temporal gyrus was
identified. AH severity was assessed using the hallucination subscale of the Scale for the
Assessment for Positive Symptoms (SAPS) and AHRS. With regards to the stimulation condition,
no significant differences were reported between the two however, when patients experiencing
external AH were compared to those experiencing internal AH improvement in the 1% was
significantly greater compared to the last, regardless of stimulation condition (Paillére-Martinot et
al., 2017).

In a more recent study, Dollfus et al. (2018) enrolled 74 patients with schizophrenia or
schizoaffective disorder of whom 59 completed the trial and randomly assigned them to receive 4
sessions (twice a day for 2 days) of either active (20 Hz, 80% RMT) or sham rTMS over the site
that demonstrated the maximal activation during a language task as indicated by fMRI. In all cases,
the area of interest was located at the crossing between the projection of the ascending branch of
the left lateral sulcus and the left superior temporal sulcus. AH were evaluated using the AHRS at
baseline, following the 2" stimulation session and then at days 7, 14, 21 and 30. Primary outcome

of the study was the percentage of patients demonstrating a greater than 30% reduction in AHRS
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scores, obtained from two consecutive assessments. Disappointingly, the primary outcome did not
differ significantly between the 2 groups. However, the percentage of patients demonstrating a
>30% AHRS decrease was found to be significantly different in active compared to sham at days
1 and 14 (Dollfus et al., 2018).

Blumberger et al. (2012), aimed to explore whether the incorporation of priming in a low-
stimulation paradigm would optimize the efficacy in alleviating AH in patients with schizophrenia
or schizoaffective disorder. Fifty-one patients with refractory AH were randomly allocated to
receive 20 sessions of real or sham rTMS over the Heschl’s gyrus, which has demonstrated
increased activation during AH (Dierks et al., 1999; van de Ven et al., 2005). Patients in the active
stimulation groups received LF-rTMS either with or without priming. In patients assigned to the
priming group 10 minutes of 6 Hz (90% RMT) preceded the administration of 10 minutes of 1 Hz
(115% RMT). No-priming group received 20 minutes of LF-rTMS (1 Hz, 115% RMT). The
severity of AH was evaluated using the PSYRATS-AH, AHRS and HCS at baseline, weekly and
one month after treatment cessation. No significant differences were found between the three
stimulation conditions (Blumberger et al., 2012).

The number of studies exploring rTMS over more specific sites and especially via the use of
neuroimaging techniques is still fairly limited and scarce findings are reported with regards to each

region individually.

DISCUSSION

A systematic search and analysis were conducted summarizing the currently available data on the
efficacy of sham-controlled studies employing rTMS, deep TMS and cTBS in alleviating AH in
patients with schizophrenia or schizophrenia spectrum disorders. The initial search in the PubMed
database yielded 196 results, 27 of which were included in this analysis. One study identified from
a different source was also included. The majority of studies investigating the efficacy of rTMS in
the treatment of AH have employed LF-rTMS paradigms. LF-rTMS (=< 1 Hz) is believed to
induce inhibitory effects in the stimulated area by exerting LTD-like alterations in the underlying
neurons. Considering that AH have been associated with increased activity and deficits in
inhibitory circuits, it seems plausible that LF-rTMS could prove beneficial in this context. Early
evidence postulated that the left temporoparietal cortex is a potential culprit in the pathophysiology
of AH given its hyperactivation in patients with schizophrenia experiencing AH (Shergill et al.,
2000; Silbersweig et al., 1995). Those findings prompted early researchers to perform low-

frequency stimulation paradigms over this area. To date, numerous studies have examined the
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efficacy of rTMS over the LTP primarily via the use of low-frequency rTMS protocols, with only
two studies investigating HF-rTMS and cTBS in this context, yielding diverse results. Among the
included studies that targeted the LTP (RTMS over the LTP), only 7 studies reported a positive
outcome compared to sham. This inconsistency in reports is of no surprise, given the considerable
heterogeneity between the studies in TMS parameters (intensity, treatment duration, number of
stimuli).

Moreover, in the vast majority of studies, LTP was determined as the region halfway between
T3 and P3, according to the International 10-20 EEG coordinates (Klem et al., 1999). Although
cost-effective, this standardized targeting method has been associated with an inter-individual
variability (Koessler et al., 2009; Scrivener and Reader, 2022) which could lead to inaccurate site
determination; taking into account earlier evidence demonstrating a proportional association
between TMS’ effects and the stimulation-to-target distance (Cohen et al., 1990; Fadini et al.,
2009) it is of great importance to use personalized targeting methods, such as brain imaging
techniques, in order to optimize rTMS’ efficacy.

Moving on, the RTP has also been incriminated in the manifestation of AH; indeed, an earlier
study observed an activation during AH which was more predominant over the right hemisphere.
Thus, 4 studies chose the RTP as the target of stimulation, whereas 3 studies applied stimulation
over both LTP and RTP, bilaterally. Out of 4 studies exploring the former, all included low-
frequency (1 Hz) stimulation paradigms but only one reported a mild positive outcome. In bilateral
TP, two studies used LF-rTMS generating negative results whilst one reported a significant
improvement following active cTBS, suggesting it might be of higher therapeutic value.

AH have been associated with speech perception and language processing areas (Shergill et al.,
2000; Silbersweig et al., 1995), therefore some studies have also evaluated the delivery of
stimulation over speech-related areas, either fMRI-guided or not. Two studies have applied LF-
rTMS over Broca’s area (one of which fMRI-guided) and one more study has delivered HF-rTMS
over Broca’s area and its right homologous region (bilateral Broca’s), none of which demonstrated
improvement in AH severity. When Wernicke’s and right homologous region were stimulated
successively in three alternating 5-sessions blocks, only hallucination frequency was found
significantly reduced. Additionally, the stimulation of Heschl’s gyrus either with or without
priming also failed to generate positive results.

Lastly, two studies have employed fMRI-guided paradigms for the delivery of LF-rTMS over
the sites exhibiting maximal AH-related activity, one of which demonstrated a significant

improvement when stimulation was applied over the LTP.
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In conclusion, rTMS has demonstrated a potential clinical utility in AH for patients with
schizophrenia or schizophrenia spectrum disorders; however, given an important amount of studies
reporting otherwise no strong conclusions can be yet drawn. In order to further elucidate this, more
sham-controlled, ideally multi-center RCTs should be designed with more definitive rTMS
approaches for the optimized stimulation paradigms to be detected.
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APPENDIX
Table 1: Characteristics of studies investigating rTMS over the LTP
Authors, Study Diagnosis No. of TMS Target No. of Sham Time of AH AH Risk
Year Design Patients  Protocol sessions Assessments  Assessment  outcome of
bias
(Hoffman et  Cross- SCH, 3 1Hz,80% T3P3 4 Coil Baseline and Individualiz ~ Greater High
al., 1999) over SAD of MT tilted each morning ed RS reduction
45° after each following
TMS session active
stimulation
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(Hoffman et  Cross- SCH, 12 1Hz,80% T3P3 4 Coil Baseline and Individualiz ~ Significant High
al., 2000) over SAD of MT tilted the morning edRS reduction
45° after each after active
TMS session compared to
and undefined sham
follow up stimulation
after  trials, p<0.006)
last follow up
2 months after
last rTMS
session
(MclIntosh Cross- SCH, 16 1Hz,80% T3P3 4 Coil At  baseline PANSS-P3  No Some
etal., 2004) over SAD, SCP MT tilted and attheend and a 10- significant conce
45° of weeks 1 point Likert difference ms
and 2 scale to  between real
measure the and  sham
intensity of  groups
AH
(Chibbaro et  Parallel SCH 16 1Hz,90% T3P3 4 Coil At baseline, A composite Significant Some
al., 2005) RMT tilted after the 4™ scale that improveme  conce
450 session and assesses the nt in both rns
the 1%, 2", 3 severity of real
and 4t 6t 8" AH (p=0.001)
week after and sham
rTMS (p=0.01)
groups, with
the real
group
reporting a
significantly
better
change
when
compared to
sham group
from the 1%
week
follow-up
(p=0.03) to
the gh
(p=0.0000)
(Fitzgerald Parallel SCH, 32 1Hz,90% T3P3 10 Caoil At baseline, HCS, No Some
et al., 2005) SAD RMT tilted after 5and 10 PSYRATS-  significant conce
45° treatment AH, improveme  rns
sessions and PANSS-P3 nt in either
after 10 active group
treatment except for
sessions if the variable
they initially of the
received sham PSYRATS
stimulation hallucinatio
n subscale
“loudness of
voices”
(Significanc
e at a level
between
0.01 and
0.05)
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(Hoffman et  Parallel SCH, 50 1Hz,90% T3P3 9 Coil At  baseline HCS, HCS: Some
al., 2005) SAD MT tilted and 24 hours AHRS Significantl  conce
45° following Day y lower for rns
3,6and9 the  active
group
compared to
sham at Day
6 (p=0.015)
and at Day 9
(p=0.01).
AHRS: The
only
variable
significantly
improved
was
frequency
(p<0.0001)
solely in the
active group
(Lee et al.,, Parallel SCH 39 1 Hz, T3P3 10 Coil At baseline, AHRS No Some
2005) 100% tilted on Day 5 and significant conce
RMT 90° on Day 10 difference mns
of active
compared to
sham
(Poulet et Cross- SCH 10 1Hz,90% T3P3 10 Sham At baseline, AHRS Significant Some
al., 2005) over MT coil daily during improveme  conce
the trial and nt of active rns
30, 60, and 90 group
days after the compared to
end of the sham; In 5
trial. out of 7
responders
scores
remained
improved
for at least 2
months
(Brunelin et  Parallel SCH 24 1Hz,90% T3P3 10 Sham At baseline AHRS Significantl ~ Some
al., 2006) MT coil and after y reduced conce
rTMS AHRS score  rns
sessions in active
compared to
sham
(Jandl et al.,  Cross- SCH, 14 1 Hz, T3P3 5 Caoil At  baseline PSYRATS- No High
2006) over SAD 100% MT tilted and after each AH significant
45° stimulation difference in
and after 1, 2 the  mean
and 4 weeks sum  score;
after treatment five
cessation responders
in the left
stimulation
group, none
in sham
(Saba et al., Parallel SCH 16 1 Hz, T3P3 10 Sham At  baseline PANSS-P3  No High
2006) 80% MT coil and after the significant
last TMS main effect
treatment for
session treatment
group.
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(de Jesus et Parallel SCH 17 1Hz,90% T3P3 20 Coil At baseline, at AHRS No High
al., 2011) MT tilted day 7, 14, 21, significant
45° 28 and day 60 improveme
nt of active
compared to
sham
(Rosenberg  Parallel SCH 10 1 Hz, 45 cm 10 Sham At baseline AHRS No High
etal., 2012) 110% MT  posterio coil and within 24 significant
rly of hours after the differences
the left last session between real
motor and sham
cortex groups
and 6.5
cm
laterally
towards
the left
shoulder
of the
patient
(van Cross- PNOS, 24 1Hz,90% T3P3 1 Centr Before and HCS, Significant Some
Lutterveld over SCH, MT o- after each AHRS improveme conce
etal., 2012) SAD occipi  session nt in al rns
tal scales in all
cortex of the 3
groups.
Significantl
y  greater
improveme
ntin HCS in
the  sham
group
compared to
the left
group
(Bais et al., Parallel SCH 47 1Hz,90% T3P3 12 Sham At baseline, AHRS, No Some
2014) RMT coil immediately PANAS for significant conce
after hallucinatio  main effect rns
treatment, 4 ns for the
weeks and 3 treatment
months  after group.
treatment
cessation
(Kim et al.,, Cross- SCH or 23 1 Hz, T3P3 6 or 10 Coil At  baseline, Active Some
2014) over SAD 100% MT tilted 24 hours after stimulation  conce
or 20 Hz, 45° the was not rns
100% stimulation on significantly
MT Day 1 and greater than
Day 3 or 5 sham
(only for LF)
(Kimura et Parallel SCH 30 20 Hz, T3P3 4 Sham At baseline, at  AHRS No Some
al., 2016) 80% RMT coil Day 3, Day significant conce
10, Day 17 differencein rns
and Day 31 active
(Day 1 was versus sham
defined as the group
day of the first
stimulation
session)
(Koops et Parallel SCH, 64 cTBS (50 T3P3 10 Sham At baseline, at AHRS, Significantl  High
al., 2016) SAD, Hz, 80% coil the end of the PSYRATS- vy reduced
PNQOS, MT treatment and AH PSYRATS-
SCP one month AH
after the last (p=0.002)
treatment and AHRS
(p<0.001) in
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both  (real
and sham)
groups. No
significant
main effect
for the
treatment
group
(Aubonnet Parallel SCH 10 1 Hz, T3P3 10 Verte At  baseline PSYRATS- No High
et al., 2020) 100% X and one week AH significant
RMT after differences
completing between the
the 10 2 groups
sessions
(Gornerova  Parallel SCH 19 09 Hz, T3P3 10 Coil At  baseline AHRS Significant Some
et al., 2023) 100% MT tilted and after the improveme  conce
90° 1% and 2 nt of active rns
week of compared to
stimulation sham

(p=0.014)

SCH: Schizophrenia, SAD: Schizoaffective disorder, SCP: Schizophreniform, BD: Bipolar disorder, PNOS: Psychosis not otherwise specified
T3P3: midway between T3 and P3, according to the International 10-20 EEG coordinates

RS: Rating Scale, PANSS-P3: Hallucination Item of the Positive and Negative Syndrome Scale, HCS: Hallucination Change Scale, PSYRATS-AH: Auditory
Hallucinations of The Psychotic Symptom Rating Scale, AHRS: Auditory Hallucinations Rating Scale, PANAS: Positive and Negative Affect Scale

Table 2: Characteristics of studies investigating rTMS over the RTP

Authors, Study Diagnosis No. of TMS Target No. of Sham Time of AH AH outcome  Risk  of
Year Design Patients  Protocol sessions Assessments  Assessment bias
(Leeetal.,, Parallel SCH 39 1 Hz, T4P4 10 Coil At baseline, AHRS No significant  Some
2005) 100% tilted on Day 5 and differences concerns
RMT 90° on Day 10 between the
three groups
(Jandl et Cross- SCH, 14 1 Hz, T4P4 5 Coil At baseline PSYRATS-  Significant High
al., 2006)  over SAD 100% MT tilted and after each AH difference
45° stimulation (p=0.018) in
and after 1, 2 feature
and 4 weeks “response  to
after treatment treatment”
cessation
(Saba et Parallel SCH 16 1 HzZ, T4P4 10 Sham At  baseline PANSS-P3 No significant  High
al., 2006) 80% MT coil and after the difference
last TMS between
treatment groups
session
(van Cross- PNOS, 24 1Hz,90% T4P4 1 Centr Before and HCS, Significantly Some
Lutterveld over SCH, MT o- after each AHRS greater concerns
et al., SAD occipi  session improvement
2012) tal in HCS in
cortex sham  group
compared to
left group
SCH: Schizophrenia, SAD: Schizoaffective disorder, PNOS: Psychosis not otherwise specified
T4P4: midway between T4 and P4, according to the International 10-20 EEG coordinates
AHRS: Auditory Hallucinations Rating Scale, PSYRATS-AH: Auditory Hallucinations of The Psychotic Symptom Rating Scale, PANSS-P3: Hallucination
Item of the Positive and Negative Syndrome Scale, HCS: Hallucination Change Scale
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Table 3: Characteristics of studies investigating rTMS over the Bilateral TP

Authors, Study Diagnosis No. of TMS Target No. of Sham Time of AH AH Risk  of
Year Design Patients Protoco sessions Assessment  Assessme  outcome bias
| S nt
(Bais et Parallel SCH 47 1 Hz, T3P3 12 Sham At baseline, AHRS, No Some
al., 2014) 90% and coil immediately PANAS significant concerns
RMT T4P4 after for difference
treatment, 4 hallucinati  between
weeks and 3 ons groups
months after
treatment
cessation
(Kim et Cross- SCH or 23 1 Hz, T3P3 6or10 Coil Prior to  AHRS, No Some
al., 2014)  over SAD 100% and angled initiation, HCS significant concerns
MT T4P4 45° 24 hours difference
or after the between
20 Hz, stimulation groups
100% on Day 1
MT and Day 3 or
5 (only for
LF)
(Tyagi et Parallel SCH 59 cTBS T3P3 20 Sham At baseline, AH Significant High
al., 2022) (50 Hz, and coil attheend of RS, group*time
80% T4P4 the PS interaction
RMT) treatment YR (p<0.001) in
and 2 weeks AT both scales
after the last  S-
treatment AH,
PA
NS
S-
PS
SCH: Schizophrenia, SAD: Schizoaffective disorder
T3P3: midway between T3 and P3, according to the International 10-20 EEG coordinates, T4P4: midway between T4 and P4, according to the International
10-20 EEG coordinates

AHRS: Auditory Hallucinations Rating Scale, PANAS: Positive and negative Affect Scale, PSYRATS-AH: Auditory Hallucinations of The Psychotic
Symptom Rating Scale, PANSS-PS: Positive Symptoms of Positive and Negative Syndrome Scale

Table 4: Characteristics of studies investigating alternative areas and protocols

Authors, Study Diagnosis No. of TMS Target No. of Sham Time of AH AH Risk of
Year Design Patients  Protocol sessions Assessments  Assessment  outcome bias
(Schonfel — Cross- SCH 11 1Hz,90% Broca's 5 Midline  Twice perday  Haddock No High
dt- over MT area, left parieto- self-rating significant
Lecuona STG (f occipital scale improveme
et al., MRI or region nt of active
2004) structur stimulation
al MRI) compared to
sham
(Hoffman  Cross- SCH, 16 1Hz,90% Most Ranging  Caoil At  baseline HCS Significantl  High
et al., over SAD MT promine from 12 tilted and after each y  greater
2007) nt to 24 450 3-day block improveme
sites (f nt of LTP
MRI) versus sham
(p=0.009)
and anterior
temporal
regions
(p=0.028)
33

Institutional Repository - Library & Information Centre - University of Thessaly
20/10/2024 10:24:45 EEST - 3.141.4.50



(Slotema Parallel SCH, 51 1Hz,90% T3P3 or 15 Coil At baseline, at AHRS Analyses High
et al., SAD, BD, MT site  of angled the end of the limited to
2011) Psychosis maxima 90° first, second, SCH:
NOS | and last week Active (i.e
hallucin as well as 3 fMRI-
atory months  after guided and
activity the end of the not) not
during rTMS trial superior to
an AH sham
(fMRD)
(Blumber  Parallel ~ SCH, 51 Priming: 6 Heschl’ 20 Coil At baseline, PSYRATS- No High
ger et al., SAD Hz, 90% s angled weekly and AH, AHRS, significant
2012) RMT and gyrus (s 90° one  month HCS improveme
1 Hz, tructural after treatment nt
115% MRI) cessation
RMT
No
Priming: 1
Hz 115%
RMT
(Hoffman  Cross- SCH, 83 1Hz, 90% Wernick 15 Coil At  baseline HCS, Only High
et al.,, over SAD MT e’s area, angled and after each AHRS hallucinatio
2013) right 450 5-session n frequency
homolo block significantly
gous improved in
(structur active
al MRI) versus sham
following
15 sessions
(Kim et Cross- SCH or 23 20 Hz, Broca’s 6 Coil Prior to AHRS, Active Some
al., 2014)  over SAD 100% area and angled initiation, 24 HCS stimulation  concern
MT right 45° hours after the was not s
homolo stimulation on significantly
gous Day 1 and greater than
(crossin Day 3 or 5 sham
g (only for LF)
between
T3-Fz
and F7-
Cz for
the left
hemisph
ere and
crossing
between
T4-Fz
and F8-
Cz for
the
right)
(Paillere- Parallel SCH, 27 1 Hz, Langua 10 Sham At  baseline Hallucinatio No Low
Martinot SAD 100% MT  ge coil andonthelast n Subscale significant
et al., percepti TMS of  SAPS, difference
2017) on area treatment day ~ AHRS, between
(fMRI) PSYRATS groups
to  assess
specific
AVH

characteristi
cs
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(Dollfus Parallel SCH, 59 20 Hz, Area of 4 Sham At baseline, AHRS No High
et al., SAD 80% RMT  maxima coils after day 1 of significant
2018) | rTMS,  after difference in
languag day 2 of I TMS the
e task- and at days 7, percentage
evoked 14, 21 and 30 of
activatio responders
n between
(fMRI) active and
sham groups
except for
Day 14
(p=0.016)

SCH: Schizophrenia, SAD: Schizoaffective disorder, BD: Bipolar disorder, PNOS: Psychosis not otherwise specified
T3P3: midway between T3 and P3, according to the International 10-20 EEG coordinates

HCS: Hallucination Change Scale, AHRS: Auditory Hallucinations Rating Scale, PSYRATS-AH: Auditory Hallucinations of The Psychotic Symptom Rating
Scale, SAPS: Scale for the Assessment for Positive Symptoms
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