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Purpose of review

Noninvasive brain stimulation has emerged in the last three decades as a promising treatment for patients
with antipsychotic-resistant symptoms of schizophrenia. This review updates the latest progress in the use of
noninvasive brain stimulation to treat schizophrenia symptoms.

Recent findings

Several recently published randomized-controlled trials support a long-lasting clinical effect of stimulation
techniques on schizophrenia symptoms. In addition, efforts have been made in recent months to improve
efficacy through several optimization strategies. Studies have tested new parameters of stimulation, such as
theta burst stimulation, and alternative cortical or subcortical targets and have reported encouraging results.
New forms of electrical stimulations such as alternating and random noise stimulation, have also been
studied and have shown clinical and cognitive usefulness for patients. Accelerated stimulation protocols,
and prospects could arise with deeper stimulation strategies.

Summary

Using brain stimulation to treat symptoms of schizophrenia seems promising and the great flexibility of the
stimulation parameters leaves much room for developing optimization strategies and improving its
effectiveness. Further studies need to identify the optimal parameters to maximize response rate.
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Schizophrenia is a severe chronic mental disorder
with a median lifetime risk of around 0.7% and
accounting for a substantial part of the global bur-
den of diseases (for a recent review, see [1*]). Its
clinical expression involves several symptoms that
have been commonly clustered into positive symp-
toms, such as delusions and hallucinations, and
negative symptoms, which include apathy, lack of
motivation, social withdrawal, and speech poverty.
First line treatments of schizophrenia rely on the use
of antipsychotic medications. However, approxi-
mately 10-30% of patients show a poor or partial
response to these treatments, emphasizing the need
for a renewal in the therapeutic armamentarium
of schizophrenia.

Noninvasive brain stimulation techniques have
emerged in the last three decades as promising tools
in the treatment of psychiatric disorders [2]. Among
them, transcranial magnetic stimulation (TMS) and
transcranial direct current stimulation (tDCS) are
the most widely used. TMS consists of applying a
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magnetic field with an electromagnetic coil placed
over the scalp with respect to a targeted cortical
brain region. The magnetic field leads to a modu-
lation of neuronal firing rate of the targeted area.
The most common protocols propose to deliver
multiple pulses repeated at a defined frequency
(repetitive TMS - rTMS). The effects of rTMS on
the neuronal excitability of the brain region located
under the coil depend on frequency: r'TMS delivered
at low frequency (<1Hz - LF-rTMS) can decrease
cortical excitability [3], whereas rTMS delivered at
high frequency (>5Hz - HF-rTMS) can increase
cortical excitability in the targeted brain areas [4].
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KEY POINTS

o In recent decades, noninvasive brain stimulation has
emerged as a potential treatment for schizophrenia.

e Promising evidence is presented in the literature for
using noninvasive brain stimulation techniques such as
repetitive transcranial magnetic stimulation and
transcranial direct current stimulation in the treatment of
hallucinations and negative symptoms of schizophrenia.

e The clinical use of noninvasive brain stimulation
techniques in schizophrenia is supported by the
guidelines developed by experts in the field who have
assigned a level of evidence ranging from B (probable
efficacy) to C (possible efficacy) depending on the
targeted symptoms.

o New promising strategies are being developed to
optimize the clinical effectiveness of noninvasive brain
stimulation fechniques through the use of new
stimulation parameters and brain targets.

e Important questions need to be addressed in order to
propose accurate and transferable clinical guidelines

to apply.

tDCS consists of applying a low intensity direct
current (from 1 to 3 mA) to the brain through at least
two electrodes placed on the scalp. The current that
flows from the anode to the cathode is supposed to
reach the brain and induce polarity-dependent
effects on cortical excitability. Namely, currents
entering the brain at the anode site (i.e., anodal

stimulation) are assumed to increase cortical excit-
ability beneath the electrode by depolarizing neuro-
nal resting membrane potentials, whereas currents
exiting the brain at the cathode site (i.e., cathodal
stimulation) are believed to decrease it by hyper-
polarizing resting membrane potentials [5,6]. Local
effects on cortical excitability last beyond the stim-
ulation period for both tTMS [3,4] and tDCS [7]. In
addition, acute and long-term local effects are not
only observed on the excitability of the targeted
cortical regions but also on the activity and con-
nectivity of brain regions that are functionally con-
nected to the area located under the stimulation site
(long-scale effects) [8,9]. The effects can also reach
deeper structure as revealed by an induced subcort-
ical dopamine release following stimulation of the
dorsolateral prefrontal cortex (DLPFC) [10,11].
Since neuroimaging studies have repeatedly
reported dysregulation of brain activity in specific
regions or functional networks, alteration of dopa-
mine transmission and oscillations associated with
symptoms of schizophrenia, noninvasive brain
stimulation has thus been proposed as alternative
therapeutic interventions in schizophrenia to nor-
malize brain dysfunctions. Two main applications
have been proposed: decreasing the hyperactivity of
the temporo-parietal junction (TPJ) associated with
auditory—verbal hallucinations; increasing the
hypoactivity of the prefrontal cortex associated with
negative symptoms, especially the left DLPFC
(Fig. 1). Usually, noninvasive brain stimulation
strategies have been proposed for patients with
treatment-resistant or persistent symptoms, even

Illustration of common placements of rTMS coils (panel A for auditory verbal hallucinations and panel B for negative
symptoms) and placements of tDCS electrodes (panel C for symptoms of schizophrenia, including auditory verbal hallucinations)
to target symptoms of schizophrenia based on the 10/20 EEG electrode placement system. Panel c: dark grey electrode, anode;
light grey, cathode. rTMS, repetitive transcranial magnetic stimulation; tDCS, transcranial direct current stimulation.
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those under antipsychotic medication at an
adequate dose and duration.

Since the first publication of r'TMS as a treatment
for hallucinations in 1999 [12], there has been an
exponential increase in the number of articles pub-
lished on the interest of noninvasive brain stimula-
tion for schizophrenia, both for clinical and
fundamental purposes. In April 2022, the search
equation [('t'TMS OR tDCS’) AND (schizophrenia)]
yielded 299 hits in the PubMed database. Half of these
have been published in the last 6 years, indicating the
increased interest of the scientific community in
these techniques. A recent meta-analysis including
208 randomized-controlled trials examined the effi-
cacy of both rTMS and tDCS across all mental disor-
ders and observed significant effect size for both
techniques in various mental pathologies, including
schizophrenia [13], further emphasizing the rele-
vance of investigating the effectiveness of these tech-
niquesin the treatment of psychiatric diseases. Given
the extensive literature on this topic, evidence-based
guidelines have been published on the therapeutic
use of rTMS and tDCS by groups of European and
international experts in the field. These regularly
updated guidelines are useful to help clinicians make
decisions and avoid inappropriate applications.

This review presents the state of the literature
and the latest advances in the development of non-
invasive brain stimulation interventions for the
management of symptoms of schizophrenia, with
a focus on rTMS and tDCS techniques.

According to the more recent guidelines on the use
of 1'TMS published in 2020 by European experts, a
possible efficacy (level C evidence) of LF-r'TMS on
the left TP] was proposed for the treatment of audi-
tory verbal hallucinations and HF-rTMS on the left
DLPFC for negative symptoms [14*]. Although LF-
rTMS for hallucinations retained the same level of
evidence as in the previous 2017 guidelines, it is
interesting to note that due to the publication of
recent negative findings, the level of evidence for
HE-rTMS for negative symptoms was reduced from
level B (probable efficacy) to level C, highlighting
the need for large randomized-controlled trials and
regular guideline updates. No recommendations
were made for HF-r1TMS for hallucinations and for
HF-rTMS on a site other than the DLFPC for
negative symptoms.

Since the publication of the last guidelines, new
randomized-controlled trials have been conducted
investigating alternative stimulation sites and
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proposing optimization of stimulation parameters,
mainly for negative symptoms.

For instance, investigating new target of stimu-
lation, the effects of targeting the dorsomedial pre-
frontal cortex bilaterally with HF-rTMS (10 Hz) were
recently studied in an MRI-guided randomized-con-
trolled trial including 15 patients who received active
stimulation and 14 who received sham stimulation
[15™]. Targeting the dorsomedial prefrontal cortex
was made possible by the use of a buttertly coil that
consists of two large circular coils forming an obtuse
angle and allows deeper brain targets to be reached. A
significant improvement in negative symptoms was
observed after 20 sessions of active HF-rTMS applied
bilaterally to the dorsomedial prefrontal cortex, com-
pared to sham. Although limited by a relatively small
sample size and a high heterogeneity in response
patterns, this study highlights that, as was the case
for depression [16], the dorsomedial prefrontal cortex
may also be an appropriate target in patients with
prominent negative symptoms.

Strategies of optimization of the stimulation
parameters have also been developed. In order to
decrease the duration of stimulation sessions and
obtain larger and more sustainable clinical effects
[11], shorter duration rTMS protocols, such as the
so-called theta burst stimulation (TBS), have been
proposed. TBS consists in applying bursts contain-
ing three pulses at 50 Hz repeated at 200-ms inter-
vals for 2s (i.e., at SHz, theta frequency) either
continuously (cTBS) or intermittently (iTBS, e.g.,
TBS delivered during 2s every 10s). cIBS and iTBS
show opposite effects on cortical excitability: iTBS
increases, whereas cTBS decreases neuronal firing
[17].

A recent double-blind randomized-controlled
trial reported the clinical benefit of iTBS applied
over the left DLPFC on negative symptoms in schiz-
ophrenia [18]. Patients received 20 sessions of iTBS
(two sessions per working day for 2weeks), with
each session lasting less than 10min (990 pulses).
A significant reduction of 26% was observed in the
active group compared to the sham group 6 months
after the end of the stimulation protocol, suggesting
a delayed beneficial effect of noninvasive brain
stimulation. Clinical improvements were accompa-
nied by an increase in functional connectivity
between the left DLPFC and the right midbrain,
including the ventral tegmental area, supporting
the role of dopamine transmission and frontal cor-
tex activity and connectivity in the pathophysiol-
ogy of negative symptoms. Although these findings
suggest potential clinical interest for iTBS for neg-
ative symptoms of schizophrenia, direct compari-
sons with conventional rTMS protocols are needed,
as has been developed in the field of depression [19].
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A recently published study protocol aims to pre-
cisely estimate the noninferiority of iTBS treatment
compared to conventional HF-rTMS for the treat-
ment of negative symptoms in schizophrenia [20].
This ongoing study constitutes an important step
toward establishing iTBS as an alternative treatment
for negative symptoms.

Finally, another recent study combining two
optimization strategies targeted the cerebellar ver-
mis area VII-B with MRI-guided iTBS. The choice of
the cerebellum as a target for the treatment of
schizophrenia symptoms was supported by the lit-
erature, including neuroimaging studies that
reported the involvement of the cerebellum in the
negative symptoms of schizophrenia within a fron-
tocerebellar network [21]. Although a significant
biological effect of 10 sessions of active iTBS was
observed using resting-state functional connectivity
analyses, these improvements did not translate into
clinical benefits and there was no significant supe-
riority of active stimulation over sham stimulation
[22]. This study did not replicate previous promising
findings reporting the clinical efficacy of iTBS over
the cerebellar vermis for negative symptoms of
schizophrenia [23] claiming for further studies.

Compared to the literature on rTMS, only a few
studies have examined the clinical value of tDCS
for schizophrenia. However, the latest evidence-
based guidelines for the clinical use of tDCS pro-
posed a level B evidence for frontotemporal tDCS
(with the anode placed over the left prefrontal cor-
tex and the cathode over the left TPJ) to reduce
auditory-verbal hallucinations in schizophrenia
[24™]. No level of evidence was proposed for tDCS
to reduce negative symptoms, mainly due to the
lack of studies with large effect sizes specifically
designed to investigate this effect as a primary out-
come. However, since the publication of these
guidelines, two large randomized-controlled trials
have been published, including 100 [25] and 60 [26]
patients with schizophrenia, respectively. Both
studies reported the clinical efficacy of active tDCS
over sham in reducing negative symptoms with
either a frontotemporal (anode over the DLPFC
coupled to the cathode over the TPJ) or bi-anodal
(2 anodes over the right and left DLPFC) tDCS
electrode montage. One may note that this
improvement was observed directly at the end of
tDCS treatment in the study using bifrontal tDCS
[26] while the other found efficacy of frontotempo-
ral tDCS only 6 weeks after the end of treatment [25].

0951-7367 Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

The reduction in negative symptom was maintained
during the 3-month follow-up period in both stud-
ies. Thus, it is likely that future guidelines will
recommend tDCS also for negative symptoms with
a level B of evidence.

Optimization strategies have also been proposed
in the field of electrical stimulation. For example,
other forms of current have been used, such as trans-
cranial alternating current stimulation (tACS), which
consists in applying a low-intensity alternated sinus-
oidal current oscillating at a specific frequency. tACS
issuggested to modulate brain oscillations by entrain-
ing endogenous oscillations in a frequency-depend-
ent way [27]. A recent review examined the first
findings of the efficacy of tACS in psychiatry [28"].
Only 7 publications focused on schizophrenia,
including case reports, open-label studies, and
randomized-controlled trials. The results of these
studies are difficult to summarize as tACS was admin-
istered in different frequency bands and different
clinical and cognitive outcomes were evaluated.
Nevertheless, promising applications are expected,
since all studies reported significant results despite
heterogeneous protocols, and characterization of
adequate stimulation parameters and long-term
effects need to be investigated in further studies. In
this line, a recent double-blind randomized-con-
trolled trial that included 36 patients with schizo-
phrenia investigated the clinical effects of 10 sessions
ofin-phase frontoparietal theta-tACS (6 Hz) while the
patients were simultaneously engaged in a working
memory task during stimulation [29*"]. Theta-tACS
was delivered on the left DLPFC and the left TPJ] with
0° phase difference using two 4 x 1 high definition
(HD) electrode montages with two synchronized
stimulators at each site. A greater reduction in neg-
ative symptoms was observed at the end of the 10
stimulation sessions in the active group (—13.8%)
compared to the sham group (—3.8%). This recent
study proposes several optimization strategies: the
use of HD stimulation (with 10 electrodes of 1cm
radius) instead of the two classical 7 x 5 cm electrodes,
which has the potential for more precise and longer-
lasting effects than conventional tDCS [30], the use of
theta-tACS delivered in phase (instead of the classical
DC stimulation) and the combination between stim-
ulation and cognitive task in order to control the
brain state during stimulation. Therationale forusing
in-phase stimulation, thatis, stimulating both the left
prefrontal and parietal sites at 6 Hz, was to facilitate
frontoparietal synchronization. The rationale for
combining stimulation and a cognitive task is that
an already activated neuronal network will be more
responsive to external electrical stimulation than an
inactive network [31]. Therefore, the combination of
tACS and cognitive tasks appears to be a promising
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avenue for optimizing noninvasive brain stimula-
tion.

Finally, also in an effort to find the optimal
parameters for a better response to stimulation,
the use of transcranial random noise stimulation
(tRNS) has recently emerged. tRNS consists in apply-
ing a low-intensity current oscillating at random
frequencies, typically in a range between O and
1000 Hz, but frequencies can be divided in two
ranges of low frequency-tRNS (from 0.1Hz to
100Hz), and high frequency-tRNS (from 101 to
640Hz). tRNS may show greater efficiency than
other transcranial electrical stimulation techniques
[32], allegedly through stochastic resonance, that is,
amplification of a signal by adding noise. To date,
only few case reports and only one pilot random-
ized-controlled trial have investigated the clinical
interest of tRNS in the treatment of symptoms in
schizophrenia [33"%,34,35]. The results are encour-
aging: clinical improvements have been observed,
accompanied by increased insight, which is a crucial
factor in the management of the disorder. A large
randomized-controlled trial investigating the
impact of tRNS on schizophrenia symptoms is in
progress and will allow us to better evaluate the
effectiveness of this new stimulation tool [36"].

Considerable effort has been made to reduce the
financial and time burdens associated with noninva-
sive brain stimulation treatments, including the
development of shorter protocols such as TBS proto-
cols [18"]. It was also proposed to provide a higher
number of stimulation sessions per day, ranging from
one per day in conventional use of HF-rTMS for
depression to 2 per day with LF-rTMS or frontotem-
poral tDCS for hallucinations [37,38], and up to a
higher number of sessions per day in the recent
application of the so-called accelerated protocols
[39]. Accelerated protocols were first deployed in
depression, where rapid significant clinical effects
were reported [40,41]. Following this trend, we
recently reported the safety and the efficacy of deliv-
ering 5 sessions of tDCS per day for two days in a
patient with treatment-resistant schizophrenia [42"].

To go even further in the optimization of param-
eters, we could be guided by what has been recently
reported in the field of depression. Cole and collab-
orators have developed a challenging randomized-
controlled trial with three optimization tracks: the
individualized targeting of the DLPFC region based
on resting-state functional MRI and identified as the
most functionally anticorrelated with the subgenual
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anterior cingulate cortex; the use of an accelerated
protocol with 10 sessions per day for 5 consecutive
days; the application of a higher overall pulse dose
of stimulation (90 000 pulses in total) in shorter
sessions through the use of iTBS (approximately
10min) [43"]. This protocol induced a large antide-
pressant effect with a remission rate of approxi-
mately 80% in the active group compared to 13%
in the sham group. A protocol of this type represents
a significant clinical opportunity for patients in
emergency or hospital settings due to its high effi-
cacy and rapidity of action.

Due to technical limitations of current available
noninvasive brain stimulation techniques that do
not reach such deep regions, only surface cortical
brain areas have been targeted so far. However,
targeting deeper areas has been a topic for discussion
in recent years [44""]. To date, a case report has
investigated the efficacy of deep brain stimulation
of the pars reticula substantia nigra through an
implanted electrode in a patient with schizophrenia
and has described a stable clinical improvement
[45]. A randomized-controlled pilot trial investi-
gated the impact of deep brain stimulation of the
subgenual anterior cingulate cortex or the nucleus
accumbens, a subcortical region in which excessive
dopamine activity has been described in schizophre-
nia, and concluded the efficacy and safety of deep
brain stimulation in eight patients with medication-
resistant schizophrenia [46]. In addition to the lack
of sufficient evidence, the generalization of deep
brain stimulation for the treatment of schizophrenia
is limited by its invasive nature, which requires a
surgical intervention and ethical discussion on the
ability of patients with schizophrenia to give full
informed consent with respect to their lack of
insight into the illness. We have recently seen the
emergence of a new tool with clear potential for the
treatment of neuropsychiatric diseases that should
allow us to stimulate deep areas without altering the
functioning and physical integrity of the brain
regions located above: the transcranial ultrasound
neuromodulation (for a complete review of this
technique in humans, see [47]). It would therefore
counteract difficulties associated with deep brain
stimulation and widen the field of possibilities for
the use of noninvasive brain stimulation.

rTMS and tDCS have demonstrated efficacy for the
treatment of negative symptoms and auditory
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hallucinations in patients with schizophrenia. How-
ever, how these tools are meaningful and transfer-
able into clinical settings is still under debate since
inconsistent results were observed and a significant
proportion of patients do not respond to noninva-
sive brain stimulation. Future studies should aim to
identify predictive markers of response to help iden-
tify patients who are most likely to respond. Before
translation to the clinical setting, efforts should be
made when proposing clinical guidelines to accu-
rately describe the stimulation parameters to apply
in terms of stimulation frequency, intensity, total
number of sessions, number of sessions per day, and
stimulation location (and how to appropriately
stimulate the correct region).

Acknowledgements
None.

Financial support and sponsorship
None.

Conflicts of interest
There are no conflicts of interest.

Papers of particular interest, published within the annual period of review, have
been highlighted as:

m  of special interest

mm  of outstanding interest

1. Jauhar S, Johnstone M, McKenna PJ. Schizophrenia. Lancet 2022;

mm  399:473-486.

This is an update of the latest knowledge on schizophrenia.

2. Fitzgerald PB. The emerging use of brain stimulation treatments for psychiatric
disorders. Aust N Z J Psychiatry 2011; 45:923-938.

3. ChenR, Classen J, Gerloff C, et al. Depression of motor cortex excitability by
low-frequency transcranial magnetic stimulation. Neurology 1997;
48:1398-1403.

4. Pascual-Leone A, Valls-Solé J, Wassermann EM, Hallett M. Responses to
rapid-rate transcranial magnetic stimulation of the human motor cortex. Brain J
Neurol 1994; 117(Pt 4):847-858.

5. Nitsche MA, Paulus W. Excitability changes induced in the human motor
cortex by weak transcranial direct current stimulation. J Physiol 2000;
527:633-639.

6. Nitsche MA, Nitsche MS, Klein CC, et al. Level of action of cathodal DC
polarisation induced inhibition of the human motor cortex. Clin Neurophysiol
2003; 114:600-604.

7. Nitsche MA, Paulus W. Sustained excitability elevations induced by transcranial
DC motor cortex stimulation in humans. Neurology 2001; 57:1899-1901.

8. Stagg CJ, Antal A, Nitsche MA. Physiology of transcranial direct current
stimulation. J ECT 2018; 34:144-152.

9. Beynel L, Powers JP, Appelbaum LG. Effects of repetitive transcranial
magnetic stimulation on resting-state connectivity: a systematic review.
Neurolmage 2020; 211:116596.

10. Fonteneau C, Redoute J, Haesebaert F, et al. Frontal transcranial direct
current stimulation induces dopamine release in the ventral striatum in human.
Cereb Cortex 2018; 28:2636-2646.

11. Strafella AP, Paus T, Barrett J, Dagher A. Repetitive transcranial magnetic
stimulation of the human prefrontal cortex induces dopamine release in the
caudate nucleus. J Neurosci 2001; 21:RC157.

12. Hoffman RE, Boutros NN, Berman RM, et al. Transcranial magnetic stimula-
tion of left temporoparietal cortex in three patients reporting hallucinated
‘voices’. Biol Psychiatry 1999; 46:130-132.

13. Hyde J, Carr H, Kelley N, et al. Efficacy of neurostimulation across mental
disorders: systematic review and meta-analysis of 208 randomized controlled
trials. Mol Psychiatry 2022; 27:1-11.

0951-7367 Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

14. Lefaucheur J-P, Aleman A, Baeken C, et al. Evidence-based guidelines on the

mm therapeutic use of repetitive transcranial magnetic stimulation (rTMS): an
update (2014-2018). Clin Neurophysiol 2020; 131:474-528.

This article presents the most recent evidence-based clinical guidelines for the use

of rTMS in neurological and psychiatric disorders. These guidelines suggest a

possible effectiveness of rTMS in the treatment of schizophrenia.

15. Gan H, Zhu J, Zhuo K, et al. High frequency repetitive transcranial magnetic

mm stimulation of dorsomedial prefrontal cortex for negative symptoms in patients
with schizophrenia: a double-blind, randomized controlled trial. Psychiatry Res
2021; 299:113876.

This study is the first RCT to investigate the application of HF-rTMS on dorsome-

dial PFC to treat negative symptoms in schizophrenia. A significant decrease in

negative symptoms was maintained for 4 weeks.

16. Bakker N, Shahab S, Giacobbe P, et al. rTMS of the dorsomedial prefrontal
cortex for major depression: safety, tolerability, effectiveness, and outcome
predictors for 10 Hz versus intermittent theta-burst stimulation. Brain Stimul
2015; 8:208-215.

17. Huang Y-Z, Edwards MJ, Rounis E, et al. Theta burst stimulation of the human
motor cortex. Neuron 2005; 45:201 -206.

18. Bation R, Magnin C, Poulet E, et al. Intermittent theta burst stimulation for

m  negative symptoms of schizophrenia—a double-blind, sham-controlled pilot
study. NPJ Schizophr 2021; 7:10.

This randomized clinical trial investigated the effects of iTBS in patients with

antipsychotic-resistant negative symptoms of schizophrenia. Twenty sessions of

active iTBS over the left DLPFC decreased negative symptoms (measured with the

SANS) and increased resting-state functional connectivity of the left DLPFC with

distant cerebral regions.

19. Blumberger DM, Vila-Rodriguez F, Thorpe KE, et al. Effectiveness of theta
burst versus high-frequency repetitive transcranial magnetic stimulation in
patients with depression (THREE-D): a randomised noninferiority trial. Lancet
2018; 391:1683-1692.

20. Hebel T, Langguth B, Schecklmann M, et al. Rationale and study design of a
trial to assess rTMS add-on value for the amelioration of negative symptoms of
schizophrenia (RADOVAN). Contemp Clin Trials Commun 2022;
26:100891.

21. Brady RO, Gonsalvez |, Lee |, et al. Cerebellar-prefrontal network connectivity
and negative symptoms in schizophrenia. Am J Psychiatry 2019;
176:512-520.

22. Basavaraju R, Ithal D, Thanki MV, et al. Intermittent theta burst stimulation of
cerebellar vermis enhances fronto-cerebellar resting state functional connec-
tivity in schizophrenia with predominant negative symptoms: a randomized
controlled trial. Schizophr Res 2021; 238:108-120.

23. Demirtas-Tatlidede A, Freitas C, Cromer JR, et al. Safety and proof of principle
study of cerebellar vermal theta burst stimulation in refractory schizophrenia.
Schizophr Res 2010; 124:91-100.

24. Fregni F, El-Hagrassy MM, Pacheco-Barrios K, et al. Evidence-based guide-

mm lines and secondary meta-analysis for the use of transcranial direct current
stimulation in neurological and psychiatric disorders. Int J Neuropsychophar-
macol 2021; 24:256-313.

These most recent evidence-based clinical guidelines for the use of tDCS in

neurological and psychiatric disorders suggest a probable effectiveness of fronto-

temporal tDCS in the treatment of auditory hallucinations in patients with schizo-
phrenia.

25. Valiengo L, da CL, Goerigk S, Gordon PC, et al. Efficacy and safety of
transcranial direct current stimulation for treating negative symptoms in schizo-
phrenia: a randomized clinical trial. JAMA Psychiatry 2020; 77:121-129.

26. Chang C-C, Kao Y-C, Chao C-Y, et al. Examining bi-anodal transcranial direct
current stimulation (tDCS) over bilateral dorsolateral prefrontal cortex coupled
with bilateral extracephalic references as a treatment for negative symptoms in
nonacute schizophrenia patients: a randomized, double-blind, sham-con-
trolled trial. Prog Neuropsychopharmacol Biol Psychiatry 2020; 96:109715.

27. Neuling T, Rach S, Herrmann CS. Orchestrating neuronal networks: sus-
tained after-effects of transcranial alternating current stimulation depend upon
brain states. Front Hum Neurosci 2013; 7:161.

28. Elyamany O, Leicht G, Herrmann CS, Mulert C. Transcranial alternating
m  current stimulation (tACS): from basic mechanisms towards first applications
in psychiatry. Eur Arch Psychiatry Clin Neurosci 2021; 271:135-156.
This is a comprehensive review of the mechanisms of tACS and its applications
to psychiatric symptoms based on abnormal oscillating brain, including schizo-

phrenia.

29. Chang C-C, Huang CC-Y, Chung Y-A, et al. Online left-hemispheric in-phase

mm frontoparietal theta tACS for the treatment of negative symptoms of schizo-
phrenia. J Pers Med 2021; 11:1114.

This study is the first RCT to date to investigate the efficacy of High-Definition
theta-tACS combined with cognitive training for the treatment of negative symp-
toms in patients with schizophrenia. Improvements in negative symptoms as well as
other symptoms and cognitive functions were observed in the active group
compared to the sham group, immediately after the 10 sessions and at 1-month
follow-up.

30. Kuo H-l, Bikson M, Datta A, et al. Comparing cortical plasticity induced by
conventional and high-definition 4 x 1 ring tDCS: a neurophysiological study.
Brain Stimul 2013; 6:644-648.

31. Bikson M, Rahman A. Origins of specificity during tDCS: anatomical, activity-
selective, and input-bias mechanisms. Front Hum Neurosci 2013; 7:688.

Www.co-psychiatry.com 343

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.



Psychiatry, medicine and the behavioural sciences

32. Vanneste S, Fregni F, De Ridder D. Head-to-head comparison of transcranial
random noise stimulation, transcranial AC stimulation, and transcranial DC
stimulation for tinnitus. Front Psychiatry 2013; 4:158.

33. Chang C-C, Lin Y-Y, Tzeng N-S, et al. Adjunct high-frequency transcranial

mm random noise stimulation over the lateral prefrontal cortex improves negative
symptoms of schizophrenia: a randomized, double-blind, sham-controlled
pilot study. J Psychiatr Res 2021; 132:151-160.

This study is the first RCT to date to examine the efficacy of 10 sessions of high-

frequency tRNS on negative symptoms in patients with schizophrenia. Improve-

ments in negative symptoms were observed after the end of the treatment and at
the 1-month follow-up.

34. Haesebaert F, Mondino M, Saoud M, et al. Efficacy and safety of fronto-
temporal transcranial random noise stimulation (tRNS) in drug-free pa-
tients with schizophrenia: a case study. Schizophr Res 2014;
159:251-252.

35. Palm U, Hasan A, Keeser D, et al. Transcranial random noise stimulation for
the treatment of negative symptoms in schizophrenia. Schizophr Res 2013;
146:372-373.

36. Brunelin J, Mondino M, Haesebaert J, et al. Examining transcranial random

m  noise stimulation as an add-on treatment for persistent symptoms in schizo-
phrenia (STIM'Zo): a study protocol for a multicentre, double-blind, rando-
mized sham-controlled clinical trial. Trials 2021; 22:964.

This protocol aims to investigate the efficacy of fronto-temporal high-frequency

tRNS in the treatment of symptoms in schizophrenia, in a large cohort of patients. In

addition to enlarged knowledge on possible tRNS efficacy, 1-, 3- and 6-month
follow-up would allow an estimate of the long-term effectiveness of this technique.

37. Poulet E, Brunelin J, Bediou B, et al. Slow transcranial magnetic stimulation
can rapidly reduce resistant auditory hallucinations in schizophrenia. Biol
Psychiatry 2005; 57:188-191.

38. Brunelin J, Mondino M, Gassab L, et al. Examining transcranial direct-current
stimulation (tDCS) as a treatment for hallucinations in schizophrenia. Am J
Psychiatry 2012; 169:719-724.

39. Holtzheimer PE, McDonald WM, Mufti M, et al. Accelerated repetitive tran-
scranial magnetic stimulation (aTMS) for treatment-resistant depression.
Depress Anxiety 2010; 27:960-963.

344 www.co-psychiatry.com

40. Baeken C, Vanderhasselt M-A, Remue J, et al. Intensive HF-rTMS treatment in
refractory medication-resistant unipolar depressed patients. J Affect Disord
2013; 151:625-631.

41. Baeken C. Accelerated rTMS: a potential treatment to alleviate refractory
depression. Front Psychol 2018; 9:2017.

42. Mondino M, Poulet E, Brunelin J. Moving to accelerated protocols of tDCS in

m  schizophrenia: a case report. Brain Stimulat 2021; 14:822-824.

This case study reports the tolerability and feasibility of a new accelerated protocol

of tDCS (10 sessions of tDCS, 5 sessions per day over 2 consecutive days) in a

patient with schizophrenia. Reductions in symptoms, mostly negative symptoms,

were observed at 1-month follow-up.

43. Cole EJ, Phillips AL, Bentzley BS, et al. Stanford Neuromodulation Therapy

m  (SNT): a double-blind randomized controlled trial. Am J Psychiatry 2022;
179:132-141.

The study describes a new accelerated iTBS protocol (20 sessions, 10 sessions
per day on 2 consecutive days) in patients with major depressive disorder and
reports large improvements in depressive symptoms in the active group compared
to the sham group, up to 4 weeks after completion of the protocol. These results
are of major importance in the field and establish the efficacy, tolerability and
feasibility of accelerated NIBS protocols in psychiatry.

44. Corripio |, Roldan A, McKenna P, et al. Target selection for deep brain

mm stimulation in treatment resistant schizophrenia. Prog Neuropsychopharmacol
Biol Psychiatry 2022; 112:110436.

This recent review of the literature follows an important original article (see [46])

and discusses the possible target brain regions to stimulate with deep brain

stimulation for schizophrenia.

45. Cascella N, Butala AA, Mills K, et al. Deep brain stimulation of the substantia
nigra pars reticulata for treatment-resistant schizophrenia: a case report. Biol
Psychiatry 2021; 90:e567-¢59.

46. Corripio |, Roldan A, Sarro S, et al. Deep brain stimulation in treatment
resistant schizophrenia: a pilot randomized cross-over clinical trial. EBioMe-
dicine 2020; 51:102568.

47. diBiase L, Falato E, Di Lazzaro V. Transcranial focused ultrasound (tFUS) and
transcranial unfocused ultrasound (tUS) neuromodulation: from theoretical
principles to stimulation practices. Front Neurol 2019; 10:549.

Volume 35 o Number 5 o September 2022

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.





