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Abstract

Schizophrenia is a chronic, debilitating psychiatric disorder that has an immense impact on the
patients, their families, and the entire society. Schizophrenia is characterized by positive symptoms
(e.g., hallucinations, delusions), negative symptoms (e.g., apathy, reduced emotional response), as well
as a variety of cognitive dysfunctions. While positive symptoms are often successfully treated with
antipsychotic medications, negative symptoms and cognitive impairments tend to be more treatment
refractory. Moreover, the occurrence of persistent, systemic side effects in schizophrenia patients
taking antipsychotic medications significantly affects their compliance. Thus, more targeted,
symptom-specific treatment interventions are critically needed in schizophrenia. Transcranial
Magnetic Stimulation (TMS) allows to directly and noninvasively reach the cortical surface. TMS can
therefore target specific cortical areas, which are involved in some of the symptoms or cognitive
dysfunctions commonly experienced by schizophrenia patients, while at the same time minimizing
systemic side effects. Furthermore, it has been shown that repetitive stimulation (rTMS) delivered at
low frequency (< 1 Hz) or high frequency (>1 Hz) can respectively increase or decrease neural
excitability, including the brain regions involved in the pathophysiology of schizophrenia. Because of
these unique features, over the past two decades there has been a burgeoning of studies investigating
rTMS as a treatment tool in schizophrenia. In this review, we will systematically analyse these data,
focusing on studies that examined the effects of rTMS on positive, negative and cognitive symptoms.
Specifically, we will present main findings from these rTMS studies, highlight their strengths and
pitfalls, and we will then discuss how these findings may contribute to develop more effective, TMS-

based treatment interventions in schizophrenia.
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Introduction

Schizophrenia is a severe and chronic psychiatric disorder
which affects 0.4%-1% of the population worldwide [1].
Schizophrenia has an important economic impact, both on
individual patients and on the entire community, and is
characterized by a multitude of symptoms that can be clinically
distinguished in positive, negative and cognitive symptoms
[2,3]. Since the serendipitous discovery of the first
antipsychotic medication (chlorpromazine) in the 1950s,
numerous other pharmacological compounds have been
developed for schizophrenia [4]. Thanks to these medications,
the management of symptomatology of schizophrenia and
related disorders has achieved significant results, particularly in
relation to treatment of positive symptoms, whereas they are far
less effective for managing negative symptoms and cognitive
dysfunctions [5-7]. Moreover, since antipsychotic medications
do not have a specific mechanism of action, but operate more
on a systemic level, a substantial number of patients report
significant, persistent side effects [5]. Therefore, more specific
and localized interventions have been investigated to
ameliorate treatment interventions in schizophrenia.

Transcranial ~ Magnetic ~ Stimulation (TMS) is a
neurophysiological technique that utilizes a magnetic field to
influence membrane potentials of cortical neurons. This non-
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invasive procedure is capable of directly evoking cortical
neural potentials, which can then be recorded on the scalp
using high-density electroencephalography, a characteristic that
makes TMS a unique instrument for investigating the
neurophysiological abnormalities of schizophrenia and other
psychiatric disorders [6]. Moreover, since TMS is capable of
altering membrane neural potentials, TMS can be used to
modulate cortical excitability and, as a result, affect neural
networks that are impaired in psychiatric conditions [8].

Recently, many studies have investigated the use of TMS as a
treatment tool, because of several distinctive features. First, it is
not-invasive and well-tolerated; the patient is awake during the
whole treatment and no anesthesia is required. Only mild side
effects are usually reported, like headaches and scalp pain,
whereas the induction of seizure is extremely rare, especially
when following safety guidelines. Second, unlike
pharmacological intervention, no systemic side effects are
usually observed [9]. Third, TMS can directly stimulate
discrete cortical regions, which allows targeting specific brain
networks and symptoms. Lastly, repetitive TMS (rTMS) can
cause alterations in cortical excitability beyond the stimulation
period, thus suggesting a therapeutic potential for such
intervention [10].
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rTMS consists of trains of magnetic pulses, which are able to
promote cortical functional reorganization. Intensity, frequency
and total number of pulses are stimulation variables that
influence direction and degree of cortical plasticity [11]. In
particular, high frequency rTMS (>1 Hz) appears to increase
cortical excitability, while low frequency stimulation (< 1 Hz)
seems to reduce it [12]. Therefore, rTMS is supposed to induce
durable potentiation or depression in neural synapses, which
may lead to lasting effects in cortical function [11]. Even
though the therapeutic mechanism of rTMS has still to be fully
elucidated, one of the most studied process underlying rTMS
efficacy is the increased dopamine release in subcortical and
cortical areas of the brain after rTMS treatment, which has
been found in both animal and human studies [13-15]. Finally,
rTMS has been employed as a treatment tool for many
psychiatric conditions, including depression, obsessive
compulsive disorder and post-traumatic stress disorder [8,16].

In this article, we will review studies investigating the
effectiveness of rTMS in treating all categories of
schizophrenia symptoms. We will present the main findings
from these studies, which employed different stimulation
patterns and targeted various cortical regions. Finally, we will
discuss the implications of these findings in the treatment of
schizophrenia.
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Methods

We used the search terms “(TMS OR Transcranial Magnetic
Stimulation) AND (schizophreni*) AND (treatment OR
therapy)” to conduct an online literature search using the
MEDLINE database (1996-2017). Our screening process is
presented in the Prisma Chart of Figure 1. First, articles were
selected based on their title and abstract and we excluded
articles whose primary focus was to evaluate
neurophysiological alterations in schizophrenia as well as
studies that were not related to schizophrenia, or that were not
written in English. We also removed case studies and studies
with small sample sizes (N<15), since we aimed to collect the
findings of studies using moderate to large samples of patients.
Moreover, since we organized the articles based on the
treatment of specific group of symptoms (positive, negative
and cognitive), we excluded those articles that did not
specifically address the treatment of a group of symptoms or
cognitive dysfunctions. Major findings from these selected
studies, including stimulation parameters and targeted cortical
area, are reported in Table 1. Furthermore, the efficacy of
rTMS treatment was compared to sham or a different active
stimulation protocol, and both primary and secondary
outcomes were reported whenever available (see Table 1 for a
summary of these findings).
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Figure 1. Screening process is presented in the Prisma Chart.
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Results cognitive dysfunction in schizophrenic patients using rTMS
were selected (see Figure 1 for additional details). A summary

The abovementioned search yielded 439 articles. After of our findings is presented in Table 1.

reviewing all articles, a total of 48 studies related to the
treatment of auditory hallucinations, negative symptoms and

Table 1. A summary of previous findings.

Symptoms References Sample Stimulation Active/Sham (A/S) Additional Findings

Primary outcome

Auditory Verbal [21] SZ/SAD=24 1 HzB; left TPC; 9 ss HCS: | A;=S Significant decrease in
Hallucinations (AVH) hallucination ~ frequency  and
attentional salience of
hallucinations in the active group

over time.

[33] SZ/SAD=16 1 HzB; left TPC; 4 ss PANSS-HS: |A; | S

[34] SZ=39 1 HzB; left/right TPC; 10 AHRS:=A;=S Left and right active rTMS
ss resulted in better global CGI-I,

PANSS-HS and frequency of AVH
compared to the sham group.

[22] SZ=16 1 HzB; left TPC; 4 ss SAH: | A;=S (over time) Over time and long term
improvement in SAPS and SANS
scores only in active rTMS group.

[23] SZ/SAD=51 1 HzB; left TPC; 9 ss HCS: || A; S CGl was significantly improved in
the active, compared with sham,
rTMS group following treatment.

[39] SZ/SAD=33 1 HzB; left TPC; 10 ss HCS: |A; | S

[24] SZ=24 1 HzB; left TPC; 5 ss AHRS: | A;=S SAPS did not improve neither in
active or in sham stimulation
group.

[25] SZ=40 1 HzA; left TPC; 10 ss AHRS: | A;=S

[40] SZ=18 1 HzA; left/right TC/ AHRS:=A;=S Decrease of MADRS in active

COS; 1 ss each site stimulation group.
[35] SZ=36 1 HzB; left/bilateral TPC; AHRS: | A; | S Bilateral rTMS resulted in
6ss greatest self-reported
improvement of AVH.
Hallucination  frequency was
significantly reduced only in the
left rTMS group.
[36] SZ=18 1 HzB; left TPJ; 6 ss PANSS-HS:=A;=S
[37] PP=62 1 HzB; left TPC (AVH- AHRS: | A; | S No significant difference between
RAR); 15 ss groups in PANSS-HS.

[38] Sz=17 1 HzB; left TPC; 20 ss AHRS:=A;=S Significant reduction in BPRS
scores in active group compared
to control group.

[26] SS=24 1 HzA; leftright TPC/ AHRS: | A; |S In reducing AVH-severity

COS; 1 ss each site stimulation of TPCs had same
effectiveness of control-site.

[20] SZ/SAD=30 1 Hz/TBSB; Spt Area; 10 AHRS: | A;=S Significant blood flow reduction in

Ss primary auditory cortex, left
Broca's area and cingulate gyrus
only in active stimulation group.
No significant difference between
the two protocols.

[41] SZ/SAD=24 1 Hz/TBSA,; Spt Area; 10 AHRS: - Before TMS difference in left STG

ss blood flow between responders

and non-responders. Association
with response to TMS. No
difference in improvement or

J Brain Neurol 2017 Volume 1 Issue 1 16



Graziano et al.

response between the two
protocols.

[42] SZ/SAD=24 1 Hz/TBSA, Spt Area; 10 AHRS/PANSS: - TBS had equal clinical effects

ss compared to 1 Hz TMS.

[28] SZ/SAD=83 1 HzB; Wiright W; 15ss  HCS: |A; |S Improved HCS in patients whose
motor threshold was detected
consistently. Improvement in CGlI
and AVH frequency.

[27] SZ=47 1 HzB; left/bilateral TPJ; PANSS-HS:=A;=S No difference between left and

6 ss bilateral stimulation. Reduction of
AHRS over time on each group.
[43] SZ=18 1 Hz/20 HzA; AVH-RAR; AHRS: | Significant reduction in AVH after
8 ss week 1 of treatment in both
protocols. No  superiority of
treatment type.

[29] SZ/SAD=22 Bilat 1 Hz TPC/20 Hz AHRS/HCS: | A; | S

TPC/20 Hz BrocaB ; 3-5
ss

[44] SZ=40 1 HzC; left TPC; 10 ss AHRS: | No difference between protocols,
except for AVH loudness in
priming group at follow up.

[46] SZ=15 20 HzA; left temporal AHRS: - Temporal Scalp to Cortex

lobe; 2 ss Distance and temporal and
primary hand motor cortex Grey
Matter Density predicted
treatment efficacy. Reduction of
AVH was greater when the
distance from cortical temporal
region was shorter.

[30] PP=64 TBSB; left TPC; 10 ss AHRS: | A; | S Reduction of PANSS positive and
general subscales in all groups.

[31] SZ=30 20 HzB; left TPJ; 2 ss AHRS: | A; | S No significant difference between
sham and active stimulation
group in BPRS or CGI-S.

[32] Sz=27 1 HzB; LPA; 10 ss SAPS: | A; | S More improved patients with
external AVH than patients with
internal AVH.

Negative symptoms (NS)  [58] SZ=20 10 HzB; left DLPFC; 10 PANSS-NS: || A; | S
ss
[56] SZ/SAD=20 o /3 Hz/20 HzB; bilat PANSS-NS: || A(a); | S Individualized a - TMS was
DLPFC; 10 ss associated with a significant
reduction of PANSS-NS relative
to the other 3 conditions.
[62] SZ=16 20 HzB; left DLPFC; 10 PANSS-NS: | A; | S Association of Sham TMS with
ss improvement over time on the
positive and negative subscales
of the PANSS and MADRS.

[63] SZ=17 10 HzB; left DLPFC; 10 PANSS-NS:=A;=S No significant change in negative

Ss symptoms (immediately or 2
weeks post TMS).

[57] SZ=22 10 HzB; left DLPFC; 15 PANSS-NS: || A; | S Significant decrease in SANS

Ss score in active stimulation group.

[64] SZ/SAD=15 10 HzB; bilateral PFC; SANS:=A;=S No significant changes in total

15 ss PANSS score or CDSS score
were found.

[55] SZ=48 1 Hz/10 HzB; left SANS: | A (10 Hz);=S No significant change in the 1 Hz

DLPFC; 20 ss or placebo rTMS groups in SANS
score.

[59] SZ/SAD=25 20 HzB; bilateral SANS:=A;=S No improvement in CDSS after

DLPFC, 20 ss

TMS.
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[49] SZ=40 10 HzB; left DLPFC; 15 SANS: || A; | S
ss
[50] SZ=93 10 Hz/20 Hz/TBSB; left PANSS-NS/SANS: | A;=S TBS protocol showed higher
DLPFC; 20 ss reduction of NS. No significant
difference between 10 Hz and 20
Hz groups.
[51] SZ/SAD=32 10 HzB; bilateral SANS: | A;=S SANS improvement was present
DLPFC; 15 ss up to 3 months follow-up. No
change in PANSS-NS.
[52] SZ=117 10 HzB; left DLPFC; 20 PANSS/SANS: | A;=S Improvement of NS in TMS group
Ss persisted up to 24 weeks. No
improvement in CGI-S.
[60] Sz=127 10 HzB; left DLPFC; 15 PANSS-NS: | A; | S No difference of improvement in
ss the two groups for DS. Small
improvement in Positive
Symptoms at day 21.
[53] SZ/SAD=24 10 HzB; bilateral SANS: | A;=S Increased task related activation
DLPFC; 15 ss in TMS group in the right DLPFC
and the right medial frontal gyrus.
In the left posterior cingulate,
decreased activation in the active
and increased activation in the
sham group.
[54] SZ=47 10 HzB; left DLPFC; 20 SANS: | A; =S (over time) No difference in SANS score at
ss the end of treatment between 2
groups. Improved SANS score in
TMS after 8 weeks.
[61] SZ=73 10 HzB; left DLPFC; 15 PANSS-NS:=A;=S Volume gains in the left
ss hippocampal, parahippocampal
and precuneal cortices and NS
improvement in the active rTMS
group showed a  positive
correlation. NS responders only
in the active rTMS group.
[66] SZ=40 TBSB; cerebellar PANSS-NS: || A; | S Greater improvement in TMS
vermal; 10 ss group on CDSS.
Cognitive Dysfunction [62] SZ=16 20 HzB; left DLPFC; 10 AVLT/TMT A, B:=A;=S
(CD) ss
[63] Sz=17 10 HzB; left DLPFC; 10 HVLT: 1 A; =S (at 2 weeks) There was no difference in the
ss HVLT score between sham and
active rTMS group at the end of
treatment.
[64] SZ/SAD=15 10 HzB; bilateral PFC; TMT A, B:=A;=S
15ss
[55] SZ=48 1 Hz/10 HzB; left WCST:=A;=S
DLPFC; 20 ss
[70] SZ=25 10 HzB; left PMFG; 15 0,1,2-back:=A;=S No activation differences (fMRI)
Ss over time in any sample.
[72] Sz=27 20 HzB; bilateral 3-back accuracy: 1 A;=S Improvement on 3-back accuracy
DLPFC; 20 ss (working memory performance) in
TMS group (comparable to HC).
No change in 1-back accuracy.
[60] Sz=127 10 HzB; left DLPFC; 15 TMT A, B:=A;=S
ss
[73] SZ=36 10 HzB; left DLPFC; 10 FART: 1 A;=S No correlation with  clinical
ss improvement.
[51] SZ/SAD=32 10 HzB; bilateral VFT: 1 A (fluency); =S Improvement in Semantic Verbal
DLPFC; 15 ss Fluency up to 4 weeks. No

improvement in AVLT, TMT A, B,
WSCT.
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[71] SZ=156

10 HzB; left DLPFC

TMT A, B; WCST: 1A 1 S

[74] SZ=35

10 HzB; left DLPFC

FART: - In TMS group the decrease in the
delta-band activity (associated
with  hypofrontality in  SZ)
originated in right prefrontal
cortex and correlated with
improvement in facial affect

recognition.

Acronyms’: AHRS=Auditory Hallucination Rating Scale;
AVH-RAR=AVH related activation regions; AVLT=Auditory
Verbal Learning Test; CDSS=Calgary Depression Scale for
Schizophrenia; CGI-I=Clinical Global Impression-
Improvement; CGI-S=Clinical Global Impression-Severity;
COS=control site; DLPFC=dorsolateral prefrontal cortex;
FART: Facial Affect Recognition Task; HCS=Hallucination
Change Scale; HVLT=Hopkins Verbal Learning Test;
LPA=Language Perception Area; MADRS=Montgomery-
Asberg Depression Rating Scale; PANSS=Positive and
Negative Symptoms Scale; PANSS-HS=PANSS Hallucination
Subscale; PANSS-NS=PANSS negative symptom scores;
PMFG=posterior middle frontal gyrus; PP=psychotic patients;
SAH=Severity of Auditory Hallucinations; SANS=Scale for
the Assessment of Negative Symptoms; SAPS=Scale for the
Assessment of Positive Symptoms; SMG=supramarginal
gyrus; SPT=Sylvian parietotemporal area; STG=superior
temporal gyrus; VFT=Verbal Fluency Test; SZ=Schizophrenic
Patients; TMT=Trail Making Test; TPC=temporo-parietal
cortex; W=Wernicke; WCST=Wisconsin Card Sorting Test;
A=only active; B=active and sham rTMS; C=priming and
sham priming ; |/ ?7=significant reduction/increase;==no
significant variation; | |=significant higher reduction.

Positive symptoms

We found many studies that targeted positive symptoms with
rTMS treatment, and all of them focused on medication-
resistant Auditory Verbal Hallucinations (AVH). In treating
AVH, rTMS’s main target was the temporal cortex, based on
the assumption that AVH manifestations are caused by
hyperactivity of the temporal lobe [17]. The other main target
was the left or bilateral Temporo-Parietal (TP) junction [18]. In
these articles the primary outcome was assessed mostly using
the Auditory Hallucination Rating Scale (AHRS) and the
Hallucination Change Scale (HCS). Please see Table 1 for
additional details.

We found that twenty-one studies used sham stimulation,
another type of stimulation, or a control stimulation site for the
active rTMS. Among these studies, six showed a significant
clinical improvement in the active stimulation group when
compared to the sham stimulation/control site stimulation,
whereas fifteen did not.

Of the studies reporting a clinical improvement, one targeted
the sylvian parietotemporal area, a sensorimotor language
region that connects the sensory and motor speech systems
[19]. This study employed 1 Hz rTMS and Theta Burst
Stimulation (TBS), and found that both stimulations yielded a
significant improvement in AVH scores, with no statistical
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difference between them. In both treatment groups, a reduction
of blood flow in primary auditory cortex, left Broca's area, and
cingulate gyrus was detected, and the reduction of primary
auditory cortex blood flow was associated with an
improvement in AVH scores [20]. In the other five studies the
authors used 1 Hz rTMS on the left TP cortex, and the primary
outcome (HCS/Severity of Auditory Hallucinations scale) was
found to be improved in the active stimulation group after
rTMS [21-25]. One study did not find an immediate response
to TMS, but reported an improvement over time of the severity
of auditory hallucination, of the Scale for the Assessment of
Negative Symptoms (SANS) and Scale for the Assessment of
Positive Symptoms (SAPS) scores in only the active group
[22].

Fifteen studies failed to establish a statistical difference in
AVH improvement between active rTMS and a sham/control
stimulation, even though a reduction in AVH was commonly
reported across treatment groups [26-40]. Ten of these studies
targeted the left or bilateral TP region and employed 1 Hz
I'TMS, whereas the remaining five studies used slightly
different stimulation parameters. Specifically, one study
selectively stimulated left or right TP cortex using the centro-
occipital cortex as control site and did not find any difference
between stimulation sites, whereas another study used the
vertex as control site for right and left temporal cortex rTMS
[26,40]. A third study stimulated an individually selected
language perception area, identified using a language auditory
task during fMRI, while a fourth study targeted Wernicke’s
region or Wernicke’s right homologous site [28,32]. Finally, in
the last of these four studies rTMS targeted alternatively
bilateral TP regions or Broca’s area with different stimulation
patterns (1 Hz TP or 20 Hz TP or 20 Hz Broca’s area),
although none of these stimulation paradigms was found to be
more effective than sham [29]. Overall, although none of these
fifteen studies reported a significant improvement of primary
outcome measures, four found an improvement of secondary
outcome scales, in particular in AVH severity [28,34,35,38].

We also found four studies that compared the effect of two
different r'TMS protocols on AVH, and all reported no
statistically ~ significant differences between stimulation
protocols [41-44]. In two of these studies, 1 Hz rTMS was
compared to TBS, both applied to the sylvian parietotemporal
area, and the responders (n=9), identified as the patients with a
50% decrease in hallucination scores, differed from the non-
responders (n=15) because they had higher cerebral blood flow
in left superior temporal gyrus [41,42]. In another study a 20-
minutes, 1 Hz rTMS was compared with 13 trains of 20 Hz
rTMS, with both protocols being performed for a week over
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cortical areas that showed higher bold activation while
participants were experiencing AVH. In this study, both TMS
groups experienced a decrease in AVH at the end of treatment,
with no significant difference across groups [43]. In the last of
these four studies, 40 participants with recent onset
schizophrenia were treated with 1 Hz rTMS, following priming
or sham priming stimulation [44]. Priming is a new technique
consisting of high-frequency stimulation (6 Hz) followed by
low frequency (1 Hz) rTMS. Past studies showed that
pretreatment stimulation could augment the effect of the low
frequency treatment, and that it was more effective than sham-
priming TMS of dorsolateral prefrontal cortex for depressive
symptoms [45]. In contrast, in this last study both protocols
had the same efficacy in treating AVH over time, although
pretreatment priming was associated with a stronger reduction
of AVH loudness during follow up [44].

Finally, one study targeting positive symptoms employed high-
frequency (20 Hz) rTMS (rather than 1 Hz) to the left TP
region and correlated anatomical features of skull and brain
with response to rTMS in schizophrenia patients with AVH
[46]. An association between temporal scalp-to-cortex distance
and treatment efficacy was found, together with a correlation
between treatment efficacy and grey matter density both in
temporal and primary hand motor area.

Negative symptoms

Negative symptoms are frequently resistant to antipsychotic
medications, which makes it extremely relevant to find
treatment alternatives in schizophrenia [5]. The cortical region
most commonly targeted by TMS is the dorsolateral prefrontal
cortex (DLPFC), since neuroimaging studies have shown a
correlation between reduction of cerebral blood flow in that
area and higher prevalence of negative symptoms in
schizophrenia [47]. Moreover, a PET study performed on
schizophrenia patients with negative symptoms showed a
decrease in glucose consumption in temporal and prefrontal
cortices and a higher metabolic use of glucose in the cerebellar
cortex [48].

We included seventeen studies that evaluated rTMS efficacy in
treating negative symptoms in schizophrenic patients.
Functional parameters typically chosen as primary outcome
measure were the scale for the assessment of negative
symptoms (SANS) and PANSS (Positive and Negative
Symptoms Scale) negative symptoms subscale.

We found sixteen studies that employed rTMS active and sham
stimulation on the left or bilateral DLPFC to treat the negative
symptoms of patients with schizophrenia. Of these studies, ten
reported that the group receiving active rTMS reported a
significant improvement in negative symptoms compared to
sham, whereas six did not. All studies with positive findings
targeted the DLPFC with 10 Hz TMS, including three studies
that compared the effect of different rTMS protocols on
negative symptoms [49-58]. In one of them, a 10 Hz protocol
was compared with 1 Hz rTMS in fifty-eight schizophrenic
patients [55]. While 10 Hz stimulation significantly reduced
SANS score, no difference was found between 1 Hz rTMS and
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sham. In the second study, ninety-three patients were divided
in four groups and underwent 10 Hz, 20 Hz, TBS or sham
stimulation respectively [50]. All patients treated with active
rTMS had a reduction of SANS, PANSS general
psychopathology and PANSS negative symptom subscale,
although the TBS group experienced a larger decrease in
symptoms compared to the 10 and 20 Hz rTMS groups. The
last of these three studies compared the effect on negative
symptoms of four different protocols: individualized alpha
TMS, 3 Hz stimulation, 20 Hz stimulation and a sham
protocol, and found that the alpha stimulation was superior to
the other protocols in reducing PANSS negative scores [55].
While most studies reported an improvement in negative
symptoms at the end of the treatment intervention with rTMS,
some established a delayed effect on negative symptoms. For
example, one study found that the active rTMS group did not
experience an improvement in SANS scale up to 4 weeks, but
at 8 weeks the score was significantly better than the sham
group [54]. Another study established a significant
improvement on negative symptoms after 6 weeks of active
rTMS, which persisted up to 24 weeks of assessment, whereas
no difference in the Clinical Global Impression (CGI) scale
was found [52].

Six studies failed to find an improvement on negative
symptoms in active rTMS compared to sham stimulation
[59-64]. Two of those studies employed 20 Hz rTMS on
bilateral DLPFC, whereas the remaining studies used 10 Hz
rTMS on the left DLPFC, except for one that targeted bilateral
DLPFC [59-64]. While most of these investigations were
conducted on a relatively small group of patients (N<25), a
couple had relatively large sample sizes. Specifically, in one
study enrolling one hundred twenty-seven schizophrenia
patients the authors found no difference between active and
sham rTMS on negative symptoms, neither at day 21 nor 105,
although a small, significant improvement in positive
symptoms was found in the active rTMS group at day 21 [60].
The other study, which included seventy-three schizophrenia
patients, found that left hippocampal, parahippocampal and
precuneal cortices’ volume gain correlated with a decrease in
negative symptoms only in the active rTMS group, although
active stimulation was not better than sham stimulation in
treating negative symptoms [61].

Outside of DLPFC, rTMS was used in one study to target the
cerebellum, since cerebellar circuits have been implicated in
the pathophysiology of the negative symptoms of
schizophrenia [48,65]. This study compared TBS and sham
stimulation of the cerebellar vermis in forty patients with
schizophrenia and found that those receiving TBS showed a
greater improvement both in negative and depressive
symptoms [66].

Cognitive dysfunction

Cognitive impairments are core features of schizophrenia,
which are associated with poor occupational and social
functioning and predict long-term disability in those patients
[67]. Working memory (WM) deficits in particular have been
consistently associated with schizophrenia and are thought to
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depend on dysfunctions in DLPFC activity [68,69]. Thus,
DLPFC has been the main target for rTMS protocols aimed at
ameliorating cognitive functioning in schizophrenia.

Overall, eleven articles employed rTMS in schizophrenia to
ameliorate cognitive dysfunctions, with the left DLPFC as the
main target area. The most relevant neuropsychological tests
and eventual improvement are reported in Table 1. Six studies
found no significant differences between rTMS and sham
stimulation in improving cognition, whereas five studies
reported that the active stimulation was more beneficial
[51,55,60,62-64,70-74]. Of these five studies, one showed that
20 Hz rTMS yielded an increase in 3-back accuracy in
schizophrenia patients, which was found to be comparable to
healthy subjects’ performances [72]. In another study, facial
affect recognition was reported to be improved after
stimulation of left DLPFC with 10 Hz rTMS, whereas the same
stimulation paradigm improved verbal fluency and verbal
memory in different groups of schizophrenic patients
[51,63,73]. Finally, the last of these studies found a correlation
between improvement in facial affect recognition and a
reduction in delta-band activity during resting EEG, which is
usually elevated in schizophrenia patients because of the
decreased metabolism in their prefrontal lobes [74]. Despite
these encouraging findings, it is important to point out that the
six studies with negative results employed similar rTMS
paradigms, and that two of those studies were conducted on
large sample sizes of schizophrenia patients.

Conclusion

In this article we reviewed studies employing rTMS as a
treatment tool in schizophrenia patients. Positive symptoms,
negative symptoms and cognitive dysfunctions were primarily
targeted, and the main findings from these studies were
presented above. In what follows, we will briefly discuss how
these findings may contribute to develop more effective TMS-
based therapeutic interventions in schizophrenia.

TMS and positive symptoms: Among positive symptoms,
medication-resistant auditory verbal hallucinations were most
commonly investigated, with a rTMS protocol targeting the TP
cortex at 1 Hz. Several recently published reviews and meta-
analyses have found an improvement after rTMS treatment,
although results were inconsistent across studies, to the extent
that one of these reviews reported negative findings in eight
out of eighteen studies, whereas another one clearly stated that
there was a large heterogeneity across studies [75-77]. Here we
found that the majority of these studies failed to find a
difference between rTMS and sham stimulation, as well as
between two different rTMS protocols. Several factors likely
account for this outcome. First, we applied stringent criteria to
assess positive and negative findings, by identifying as positive
only an improvement in the scale chosen as primary outcome
measure. Second, previous reviews cited several studies with
fairly small sample size, whereas we selected only those with
at least 15 participants. Third, recent articles showing negative
results were not included in those reviews. Notably, although
there is no strong evidence that rTMS is more effective than
sham stimulation, factors like scalp to cortex distance and grey
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matter density, which are known to influence the response to
TMS, have not been accounted for in these treatment studies
[46]. It was also recently shown that regional blood flow is
associated to response to active stimulation, which implies that
a pretreatment MRI scans may help identify those patients that
would benefit from rTMS [41]. Therefore, future treatment
trials that account for these variables, and possibly optimize
stimulation parameters accordingly, should increase the
beneficial effects of rTMS on the positive symptoms of
schizophrenia patients.

TMS and negative symptoms: TMS treatment studies of
refractory negative symptoms targeted primarily DLPFC with
10 Hz rTMS. One review found an improvement in negative
symptoms in five studies out of ten [77]. Furthermore, a meta-
analysis performed on seven studies showed no improvement,
whereas another review found a modest improvement in
negative symptoms, which is in line with the results of our
study [76-78]. In our review, we reported that most of these
studies found that active stimulation was more beneficial than
sham, although with some variability. Moreover, one study
comparing three different active stimulation protocols found
TBS to be superior to 10 and 20 Hz rTMS [50]. Thus, various
rTMS paradigms have shown to ameliorate negative symptoms
in schizophrenia, and TBS of DLPFC appears the most
promising pattern of stimulation to date. However, future
studies in larger groups of patients, including investigations
comparing the effectiveness of different rTMS paradigms in
double blind, randomized clinical trials, are needed to fully
establish the effectiveness of these treatment interventions.

TMS and cognitive dysfunctions: These TMS studies mostly
targeted left DLPFC using a high-frequency stimulation of 10
Hz. Although we found that studies involving a large group of
patients report negative findings, one study that targeted
bilateral DLPFC wusing 20 Hz showed a significant
improvement in working memory in schizophrenia patients
[72]. We believe these findings are encouraging, since another
meta-analysis found a positive effect of rTMS on working
memory, and a second review found an indication of rTMS
beneficial effect on visual, verbal and working memory
[79,80]. Nonetheless, future studies employing large samples
of participants are required to evaluate if this effect is actually
replicable or just restricted to a limited group of patients.
Furthermore, given the small number (N=11) of studies
conducted so far, future work will help identify which aspects
of cognitive functioning may be more responsive to rTMS
treatment interventions.
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