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SUMMARY

Introduction. Schizophrenia is a chronic, severe and complex 
mental disorder. Although antipsychotic medications are effective in 
reducing positive symptoms, their impact on negative and cognitive 
symptoms is limited. Treatment resistance is common, affecting about 
10% of patients at disease onset and up to 40% in chronic stages. 
In response to these challenges, neuromodulation techniques have 
been developed, allowing targeted modulation of brain networks and 
potentially benefiting the treatment of therapy-resistant symptoms. 
This review examines recent studies on neuromodulation approaches 
for schizophrenia. It focuses on methods such as repetitive transcranial 
magnetic stimulation (rTMS), deep transcranial magnetic stimulation 
(dTMS), transcranial alternating current stimulation (tACS). The 
analysis will focus on the efficacy of these methods in improving 
positive and negative symptoms, cognitive impairaments.
Aim. To review the most recent scientific literature on the effectiveness 
of neuromodulation techniques in the treatment of schizophrenia, and 
to evaluate their impact on clinical symptoms, including effects on 
positive and negative symptoms of schizophrenia, cognitive functions, 
and treatment outcomes.
Methods. A narrative literature search and analysis were conducted 
using the PubMed database in December 2025, applying keywords 
related to schizophrenia and non-invasive neuromodulation 
techniques (rTMS, dTMS, tACS, and tDCS), identifying 855 records. 
Publications were selected in multiple stages using filters for the last 
,,10 years”, ,,English” language, ,,human” studies, and predefined 
inclusion criteria. Titles and abstracts were screened, duplicates 
and low-priority studies were excluded, and 39 publications were 
ultimately included in the final analysis.
Results. The reviewed studies show that non-invasive 
neuromodulation techniques have variable efficacy in schizophrenia. 
rTMS demonstrates the strongest evidence, particularly high-
frequency stimulation of the left DLPFC, which effectively reduces 
negative symptoms and shows some cognitive benefits, while effects 
on auditory hallucinations remain inconsistent. dTMS has not shown 
reliable efficacy for positive symptoms or cognition. tACS and tDCS 
appear safe and promising, with preliminary evidence suggesting 
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SANTRAUKA

Įvadas. Šizofrenija yra lėtinis, sunkus ir kompleksinis psichikos 
sutrikimas. Nors antipsichoziniai vaistai vertinami kaip veiksmingi 
mažinant teigiamus sutrikimo simptomus, jų poveikis neigiamiems ir 
kognityviniams simptomams yra gana ribotas. Gydymo atsparumas 
yra dažnas - apie 10 proc. pacientų nuo sutrikimo pradžios ir iki 40 
proc. lėtiniuose sutrikimo etapuose. Dėl šių iššūkių buvo pradėti 
taikyti  neuromoduliacijos metodai, kurie leidžia tikslingai veikti 
smegenų tinklus ir gali būti naudingi gydant vaistams atsparius 
sutrikimo simptomus. Šioje apžvalgoje nagrinėjami naujausi 
tyrimai apie neuromoduliacijos metodus, taikomus šizofrenijos 
gydymui. Dėmesys skiriamas tokiems metodams kaip pasikartojanti 
transkranijinė magnetinė stimuliacija (rTMS), gilioji transkranijinė 
magnetinė stimuliacija (dTMS), transkranijinė kintamosios srovės 
stimuliacija (tACS) ir  transkranijinė tiesioginės srovės stimuliacija 
(tDCS). 
Tikslas. Apžvelgti naujausią mokslinę literatūrą apie 
neuromoduliacijos metodų veiksmingumą gydant šizofreniją, įvertinti 
jų poveikį klinikiniams simptomams, apimant poveikį teigiamiems, 
neigiamiems šizofrenijos simptomams ir kognityvinėms funkcijoms 
bei gydymo rezultatams. 
Metodologija. Literatūros paieška ir analizė buvo atlikta naudojant 
PubMed duomenų bazę 2025 m. gruodį, taikant raktažodžius, 
susijusius su šizofrenija ir neinvazinės neuromoduliacijos metodais 
(rTMS, dTMS, tACS ir tDCS), identifikuojant 855 įrašus. Publikacijos 
buvo atrenkamos keliais etapais, taikant filtrus paskutinių ,,10 metų” 
laikotarpiui, ,,anglų” kalba, ,,žmogaus” tyrimai ir iš anksto nustatytus 
įtraukimo kriterijus. Buvo peržiūrėti straipsnių pavadinimai ir 
santraukos, pašalinti pasikartojantys ir mažesnio prioriteto tyrimai, o 
galutinei analizei įtrauktos 39 publikacijos.
Rezultatai. Apžvelgti tyrimai rodo, kad neinvazinės 
neuromoduliacijos technikos pasižymi nevienodu veiksmingumu 
gydant šizofreniją. rTMS turi stipriausią įrodymų bazę, ypač taikant 
didelio dažnio stimuliaciją kairiajame DLPFC, kuri veiksmingai 
mažina neigiamus simptomus ir rodo tam tikrą teigiamą poveikį 
kognityvinėms funkcijoms, tačiau poveikis klausos haliucinacijoms 
išlieka nevienareikšmis. dTMS neparodė patikimo veiksmingumo 
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        INTRODUCTION

Schizophrenia is a severe and complex psychiatric disorder 
that affects approximately 1% of the global population and is 
recognized as one of the leading causes of disability worldwide 
[1]. First described by Emil Kraepelin in the 1890s as 
“dementia praecox,” schizophrenia has long been understood 
as a disorder affecting multiple brain functions, including 
memory, attention, motor activity, and perception [2]. The 
globally prevalence of schizophreni has increased from 13.1 
million cases in 1990 to 20.9 million in 2016, contributing 
substantioally to years lived with disability [3].

Schizophrenia most commonly emerges in late adolescence 
or early adulthood, with the greatest disease burden occuring 
between 25 and 54 years of age-coinciding with peak 
productive years [3]. Functional outcomes vary widely, with 
some individuals maintaining relatively preserved functioning, 
while others experience severe disability and a reduced life 
expectancy [1]. 

The pathophysiology of schizophrenia involves 
complex interactions among multiple neurotransmitter 
systems and neural circuits, particularly within frontal, 
temporal, and mesostriatal regions [4]. Dysconnectivity 
within frontotemporal and frontoparietal networks has been 
associated with both positive and negative symptoms [5,6], 
whereas hypoactivity of the prefrontal cortex and disrupted 
connectivity with temporoparietal and contralateral regions are 
linked  to cognitive impairments [7]. 

Clinically, schizophrenia is characterized by positive 
symptoms such as delusions, hallucinations and disorganized 
thinking; negative symptoms including affective flattening 
amotivation and alogia; as well as cognitive dysfunction that 
significantly impairs social and occupational functioning [8-
10]. Notably, cognitive and social functioning often decline 
prior to the onset of psychosis [11].

Although antipsychotic medications are effective in 
reducing positive symptoms, their efficacy in treating negative 
and cognitive symptoms remains limited. These symptom 
domains are major predictors of long-term functional 
outcomes [10,12]. Approximately 10% of patients are resistant 
to standard treatments at disease onset, with this proportion 
increasing to around nearly 40% in chronic stages of illness 
[9].

potential benefits for positive, negative symptoms, and selected 
cognitive domains; however, findings are heterogeneous and require 
confirmation in larger, well-controlled trials.
Conclusions. Neuromodulation should be seen as additional to 
antipsychotic medication treatment for schizophrenia-especially in 
treatment-resistant cases. Many methods still lack strong evidence 
for the treatment efficacy, although rTMS, tDCS show the most 
promising outcomes in current studies.
Keywords: schizophrenia, repetitive transcranial magnetic 
stimulation (rTMS), deep transcranial magnetic stimulation (dTMS), 
transcranial alternating current stimulation (tACS),  transcranial 
direct current stimulation (tDCS).

teigiamiems simptomams ar kognityvinėms funkcijoms. tACS ir 
tDCS laikomi saugiais ir perspektyviais metodais, o preliminarūs 
duomenys rodo galimą naudą teigiamiems ir neigiamiems sutrikimo 
simptomams bei atskiroms kognityvinėms funkcijoms, tačiau 
rezultatai yra heterogeniški ir reikalauja patvirtinimo didesniuose, 
gerai kontroliuojamuose tyrimuose.
Išvados. Neuromoduliacija turėtų būti naudojama kaip papildomas, 
šizofrenijos gydymo metodas, ypač gydymui atspariems atvejams. 
Daugelio neuromoduliacinių metodų veiksmingumas vis dar nėra 
pakankamai įrodytas, nors apžvelgtoje literatūroje duomenys apie 
rTMS, tDCS pateikia daugiausiai žadančius gydymo veiksmingumo 
rezultatus.
Raktažodžiai: šizofrenija, pasikartojanti transkranialinė magnetinė 
stimuliacija (rTMS), gilioji transkranijinė magnetinė stimuliacija 
(dTMS),  transkranijinės kintamosios srovės stimuliacija (tACT), 
transkranijinė tiesioginės srovės stimuliacija (tDCS).

In response to these therapeutic challenges and 
limitations, various neuromodulation techniques have been 
developed to target specific dysfunctional neural circuits and 
enhance neuroplasticity. These include transcranial magnetic 
stimulation (TMS), repetitive TMS (rTMS), deep TMS 
(dTMS), transcranial alternating current stimulation (tACS). 
Compared to pharmacotherapy, these  approaches offer the 
potential for more precise modulation of specific brain regions 
and may provide benefits for negative, cognitive and treatment-
resistant symptoms [12].

Despite advances in pharmacological treatment, 
schizophrenia remains a heterogeneous disorder associated 
with a substantial socioeconomic burden, highlighting the 
need for alternative and adjunctive therapeutic strategies [13].

Therefore, the aim of this narrative literature review is to 
evaluate the effectiveness of neuromodulation methods in the 
treatment of schizophrenia, with particular focus on positive, 
negative symptoms domains and cognitive functioning as well 
as on clinical outcomes.

METHODS
A narrative literature search, review and analysis were 

conducted using the computerised databases – PubMed in 
December 2025. The search strategy included the following 
keywords: schizophrenia and “repetitive transcranial magnetic 
stimulation,” or “deep transcranial magnetic stimulation,” or 
“transcranial alternating current stimulation,” or “transcranial 
direct current stimulation,” resulting in a total of 855 identified 
bibliographic records. The selection of publications was 
carried out in several stages. In the first stage, after applying 
filters for the last “10 years”, “English” language, and 
“human” studies, 451 publications were excluded. In the 
second stage, the “free full text” filter was applied, leading to 
the exclusion of an additional 215 publications. In the third 
stage, inclusion criteria were applied: clinical trials, controlled 
clinical trials, randomized controlled trials, meta-analyses, 
systematic reviews, and narrative reviews; 66 publications that 
did not meet these criteria were excluded, and the remaining 
publications were selected for further analysis. 

During the subsequent evaluation, article titles and abstracts 
were reviewed to determine whether the studies directly 
assessed the effects of neuromodulation on schizophrenia; 
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theoretical reviews, editorials and opinion articles without 
empirical data were also excluded, resulting in the exclusion 
of 30 publications. After removing duplicate articles and 
retaining only studies with the largest sample sizes or the most 
recent data, a further 18 publications were excluded. In the 
prioritization process, preference was given to randomized 
controlled trials and systematic reviews, while narrative 
reviews were excluded when a more recent meta-analysis or 
systematic review was available, leading to the exclusion of 21 
publications. During the representativeness balancing stage, 7 
to 12 representative literature sources were selected for each 
research method, resulting in the exclusion of an additional 15 
publications. After all selection stages, 36 sources remained; 
however, due to the limited number of studies-three older 
studies were additionally included, resulting in a final literature 
list of 39 publications.

RESULTS

The reviewed 39 studies indicate that neuromodulation 
techniques show varying effectiveness in the treatment of 
schizophrenia.

1. Transcranial magnetic stimulation (TMS)
TMS is a noninvasive neuromodulation technique that 

modulates cortical activity through rapidly changing  magnetic 
field, inducing low-intensity electrical currents in targeted 
brain regions. The technique was first developed by Barker 
and colleagues and is fundamentally derived from Faraday’s 
nineteenth-century discovery of electromagnetic induction. 
Over the past three decades, TMS has been extensively 
investigated and has shown clinical promise for the 

Figure 1. Study selection flow diagram.  

management of psychiatric disorders in adults [14]. Clinical 
evidence supports its efficacy across a multiple psychiatric 
conditions, including schizophrenia, major depressive 
disorder, obsessive-compulsive disorder, and substance use 
disorders. In schizophrenia, high-frequency stimulation of 
the left dorsolateral prefrontal cortex (DLPFC) has been 
associated with improvements in negative symptoms. Overall, 
treatment response appears strongly dependent on stimulation 
parameters, highlighting the importance of disorder- and 
site-specific protocol optimization to maximize therapeutic 
outcomes [15].

Transcranial magnetic stimulation is a promising 
noninvasive technique for psychiatric disorders, particularly 
schizophrenia. Its clinical effectiveness depends on optimized, 
disorder- and target-specific stimulation parameters.

2. Repetitive transcranial magnetic stimulation (rTMS)
rTMS is a non-invasive brain stimulation technique that 

can modulate the activity of discrete cortical regions, allowing 
direct manipulation of local brain activation and indirect 
manipulation of the target’s associated neural networks [16]. 
rTMS involves the application of a pulsatile magnetic field 
over the scalp to generate an electric field within a targeted 
brain region. This induced electric field modulates ion flow 
across neuronal membranes, resulting in changes in neuronal 
polarization and activity. Consequently, rTMS alters the 
functional state of neurons in the stimulated area. Evidence 
suggests that these effects may be mediated by mechanisms 
similar to long-term potentiation (LTP) and long-term 
depression (LTD), potentially leading to lasting modifications 
in neural circuitry. rTMS is a flexible neuromodulatory 

ZILIONYTE, DARGYTE, STEIBLIENE 
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technique, and its physiological effects depend on stimulation 
parameters. High-frequency stimulation (10–25 Hz) generally 
increases cortical excitability, whereas low-frequency 
stimulation (≈1 Hz) tends to produce cortical inhibition [16].

These neurophysiological effects of rTMS are particularly 
relevant for schizophrenia, as they may help normalize 
dysregulated cortical circuits associated with negative 
symptoms and cognitive deficits [17].

2.1. The effects of repetitive transcranial magnetic 
stimulation on negative symptoms 
Negative symptoms constitute core characteristics of 

schizophrenia and profoundly impact daily functioning and 
overall quality of life [18].These symptoms are frequently 
unresponsive to antipsychotic medications and may be resistant 
to conventional treatment [19,20]. 

Repetitive transcranial magnetic stimulation (rTMS) 
represents an alternative therapeutic approach that may be 
effective in alleviating negative symptoms [19]. Hypofrontality 

Author (year) Study aim Sample characteristics Main findings
Quan WX et al. 

(2015) [22]
Evaluate high-frequency 

rTMS over the left DLPFC for 
negative symptoms.

117 patients with prominent negative 
symptoms.

20 sessions of active rTMS (n = 78) or 
sham rTMS (n = 39).

Negative symptoms improved 
significantly in active group; 

improvements maintained up to 24 
weeks; no significant change in overall 

clinical severity.
Li Z et al. (2016) 

[21]
To investigate the effect of 

rTMS on negative symptoms 
in schizophrenia, and the 

timing of its effects.

47 patients with schizophrenia, 
randomized into: active rTMS over left 
DLPFC (n = 25) and sham stimulation 

(n = 22).

No significant difference at 4 weeks; 
significant reduction in negative 

symptoms in the active rTMS group at 
8 weeks; indicates a delayed effect of 

rTMS on negative symptoms.
Zhuo K et al. 
(2019) [23]

Examine adjunctive 20-Hz 
rTMS on negative symptoms.

60 patients, 4 - week, randomized, 
double-blind, sham-controlled trial. 
Participants were assigned to either 

active rTMS (n = 33) or sham rTMS (n 
= 27).

Significant reduction in negative 
symptoms.

Kumar N et al. 
(2020) [20]

Evaluate efficacy of high-
frequency (20 Hz) rTMS over 

the left DLPFC of negative 
symptoms.

100 patients with schizophrenia and 
predominantly negative symptoms 

randomized, sham-controlled, double-
blind 

20 sessions over 4 weeks.

Significant improvement in negative 
symptoms (anhedonia, alogia, avolition, 
attention impairment) vs. sham; effects 

maintained through follow-up.

Brandt SJ et al. 
[2021] [16]

Explore rTMS for 
schizophrenia symptoms 
and advances integrating 

neuroimaging.

Literature review of treatment-resistant 
schizophrenia.

rTMS modulates cortical activity and 
neural networks; mixed results due to 

heterogeneity; neuroimaging integration 
may improve precision and outcomes.

Patel S et al. 
(2023) [24]

Analyze safety and efficacy 
of rTMS in  schizophrenia, 

depressionm, and obsessive-
compulsive disorder.

Umbrella meta-analysis: 28 meta-
analyses (9 on schizophrenia).

rTMS significantly reduced negative 
symptoms in schizophrenia; 

effectiveness depends on target site, 
frequency, and neuropathology.

Wang WY et al. 
(2024) [25]

Assess neuronavigation 
- enhanced rTMS for 

schizophrenia and depression.

Review of clinical studies; sample sizes 
not specified.

Neuronavigation improves precision of 
targeting, leading to enhanced efficacy; 
allows individualized targets based on 
structural/functional brain variations.

Yi S et al. (2024) 
[18]

Integrate evidence on rTMS 
for negative symptoms.

20 reviews, 33 analyses; patients 
with prominent negative symptoms; 
high-frequency rTMS >100% motor 

threshold, ≥3 weeks.

rTMS significantly decreased negative 
symptoms in 26 analyses; high-

frequency DLPFC stimulation for ≥3 
weeks is most effective; moderate-

quality evidence for anhedonia, 
avolition, social withdrawal.

Table 1. Efficacy of high-frequency rTMS in reducing negative symptoms of schizophrenia: summary of studies

is thought to play a key role in the pathogenesis of negative 
symptoms, and rTMS may contribute to its restoration [6]. 
It is important to note that the therapeutic effects of rTMS 
may not manifest immediately but may emerge following the 
completion of a treatment course; for instance, benefits have 
been observed as late as eight weeks after treatment initiation 
[21]. 

In summary, the studies presented in the table below (table 
1) rTMS, particularly high-frequency stimulation targeting 
the dorsolateral prefrontal cortex (DLPFC), is a promising 
intervention for alleviating negative symptoms in patients 
with schizophrenia. Evidence from randomized controlled 
trials, meta-analyses, and reviews indicates that rTMS can 
significantly reduce symptoms such as anhedonia, avolition, 
alogia, and social withdrawal, with effects maintained for 
weeks to months. Overall, rTMS represents a valuable 
adjunctive therapy, especially for patients who are resistant to 
conventional pharmacological treatments [8–17].
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2.2. The effects of repetitive transcranial magnetic 
stimulation on positive symptoms (for auditory 
hallucinations)

Auditory hallucinations (AVH) are among the most 
common symptoms of schizophrenia, significantly increasing 
the risk of suicide and violence in patients. rTMS is considered 
a potential treatment for AVH. In recent years, image-guided 
rTMS has received increasing attention, as it allows more 
precise targeting of brain regions associated with hallucinations. 
In their publication, Hua Q et al. investigated the efficacy of 
image-guided rTMS for treating auditory hallucinations in 
patients with schizophrenia. The study enrolled 62 patients 
experiencing AVH. Findings demonstrated that active rTMS 
was significantly more effective than sham (placebo) treatment 
in alleviating AVH symptoms, with the beneficial effects 
maintained throughout the entire follow-up period [26]. These 
findings indicate that image-guided rTMS could serve as 
an effective adjunctive intervention for alleviating auditory 
hallucinations in patients with schizophrenia.

Nonetheless, the literature also reports conflicting findings. 
In a study conducted by Patel S et al., rTMS was found to have 
no statistically significant effect on auditory hallucinations. 
In this study, rTMS did not demonstrate consistent efficacy 
in alleviating auditory hallucinations in patients with 
schizophrenia [24]. 

	 In summary, image-guided rTMS appears to be a 
promising adjunctive intervention for alleviating auditory 
hallucinations in patients with schizophrenia. Nevertheless, 
existing findings are inconsistent, highlighting the need for 
further large-scale, methodologically rigorous studies to 
reliably evaluate the efficacy of rTMS in the treatment of these 
symptoms.

2.3. The effects of  repetitive transcranial magnetic 
stimulation on cognitive functions
Cognitive deficits represent a core feature of schizophrenia, 

profoundly affecting patients daily functioning and overall 
quality of life [18]. One emerging research avenue is the 
use of rTMS to modulate brain activity. Evidence suggests 
that high-frequency rTMS can induce significant and lasting 
improvements in specific cognitive domains, including 
executive functions, working memory, and language abilities 
[18]. A study assessing the impact of rTMS on cognitive 
functions enrolled 60 patients with schizophrenia. The findings 
indicated that rTMS did not result in significant improvements 
in working memory or other cognitive domains [23]. Jiang Y 
et al. conducted a meta-analysis involving 351 patients, which 
indicated that high-frequency rTMS significantly enhanced 
working memory compared with placebo stimulation. The 
maximal effect was observed when rTMS targeted the DLPFC, 
with the total number of pulses not exceeding 30,000. No 
significant improvements were observed in other cognitive 
domains, including executive functions, attention, information 
processing speed, or language abilities [27]. 

Nonetheless, high-frequency rTMS exhibited long-lasting 
benefits for working memory and, in some cases, for language 
function in patients with schizophrenia [18,27]. 

Despite the limited quality of available evidence, rTMS 

demonstrates potential efficacy in improving specific cognitive 
functions in patients with schizophrenia [18].

In summary, high-frequency rTMS shows potential benefits 
for improving working memory in patients with schizophrenia, 
particularly when targeting the DLPFC, although evidence 
for broader cognitive improvements remains limited and 
inconsistent.

3. Deep transcranial magnetic stimulation (dTMS)
Deep transcranial magnetic stimulation (dTMS) is an 

advanced variation of conventional TMS, designed to stimulate 
deeper and broader brain areas using a specialized H-coil [28]. 
Similar to traditional TMS, it induces neuronal depolarization 
through focused magnetic pulses [28,29]. Moreover, a distinct 
H-coil structure can generate an electromagnetic field that 
reaches approximately 4 cm beneath the skull surface [28,30]. 
The magnetic field produced by the H-coil enables modulation 
of deeper layers of the prefrontal cortex [28,29]. Clinically, this 
deeper reach may contribute to faster therapeutic outcomes, 
potentially requiring shorter treatment durations compared to 
standard TMS [31].

dTMS has been studied as an adjunctive treatment for 
individuals with medication-resistant schizophrenia. Open-
label trials have suggested potential benefits in reducing 
auditory hallucinations, improving negative symptoms, and 
enhancing cognitive performance [28,29]. 

3.1. The effects of deep transcranial magnetic 
stimulation on positive symptoms (for auditory 
hallucinations)
Hyperactivity in the left temporoparietal cortex, a brain 

region associated with speech perception and often targeted 
using TMS. dTMS is designed to reach subcortical structures 
more effectively by summing electromagnetic fields from 
multiple peripheral coil windings [32]. 

	 A sham-controlled study included 18 patients, who 
received deep stimulation via the Brainsway H1 coil, directed 
at the left temporoparietal cortex over a 10- day period. Each 
session lasted 10 minutes and used low-frequency stimulation 
(1 Hz) at 110% of the motor threshold. The sham treatment 
replicated the sensations and sound of stimulation but produced 
only a minimal electric field within the brain. This study did 
not show any significant differences between real and sham 
stimulation [32]. 

Supporting this, a recent systematic review found little 
reliable evidence for the antipsychotic effects of dTMS in 
schizophrenia, particularly in patients with persistent auditory 
hallucinations. The review suggests that limiting stimulation to 
the left temporoparietal cortex may not be sufficient, especially 
given that multiple brain regions could be involved [31]. 

Current evidence does not strongly support dTMS targeting 
the left temporoparietal cortex as an effective intervention for 
treatment-resistant auditory hallucinations in schizophrenia 
(Table 2). The likely involvement of broader neural circuits, 
along with possible limitations in stimulation parameters, may 
explain the lack of consistent clinical benefit [31,32]. 

Further research is needed to refine both target selection 
and stimulation protocols before dTMS can be recommended 
for auditory hallucinations [31,32].

ZILIONYTE, DARGYTE, STEIBLIENE 
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Xue J, Zhai Z, Li X et. 

al.  (2025) [30]
Deep transcranial magnetic 
stimulation over the anterior 
cingulate cortex in treatment-

resistant schizophrenia.

17 patients with schizophrenia 
undergoing 20 sessions of 1 Hz dTMS 
over 4 weeks, acitve (n = 8) and sham 

stimulation (n = 9).

No statistical difference between 
the active and the sham treated 

groups.

 Rosenberg et. al. 
(2012) [32]

Low-frequency deep TMS to the 
left temporoparietal cortex.

18 schizophrenic patients with refractory 
auditory hallucinations were recruited. 

Participants were assigned to either active 
dTMS (n = 9) or sham dTMS (n = 9). 

Non-significant differences.

Table 2. Efficacy of dTMS in reducing auditory hallucinations symptoms of schizophrenia: summary of studies

3.2. The effects of deep transcranial magnetic 
stimulation on cognitive functions
Deep transcranial magnetic stimulation (dTMS) has been 

studied as a possible intervention for cognitive symptoms in 
schizophrenia, but so far the findings have been inconclusive. 

Open-label studies suggested that dTMS might lead to 
cognitive improvements. However, sham-controlled trials did 
not find a significant effect. Both the real and sham groups 
showed similar improvements, making it difficult to attribute 
the changes to dTMS [33,34]. 

dTMS appears less reliable in improving cognitive or 
clinical symptoms in schizophrenia. Reviews suggest that 
observed benefits may not be directly tied to active brain 
stimulation [33,34]. 

However, none of the available studies reported cognitive 
worsening or memory impairment after dTMS. This supports 
the idea that the procedure is at least cognitively safe for 
individuals with schizophrenia [33,34]. 

Overall, dTMS may not be an effective treatment for 
treating cognitive symptoms of schizophrenia. More controlled 
trials are needed, especially those that fine-tune stimulation 
parameters and better define treatment targets [33,34].

4. Transcranial alternating current stimulation (tACS)
Transcranial alternating current stimulation (tACS) is 

a noninvasive technique that delivers sinusoidal electric 
currents to the scalp, modulating cortical oscillations and 
promoting synaptic plasticity. In schizophrenia, tACS has been 
investigated as a tool to normalize abnormal brain rhythms 
linked to cognitive and behavioral deficits [35]. tACS is also 
feasible for home use and allows individualization based on 
patient anatomy and functional characteristics [36].

4.1. The effects of transcranial alternating current 
stimulation on positive symptoms 
Preliminary trials suggest that tACS is safe, well-

tolerated, and may reduce positive symptoms such as auditory 
hallucinations [36,37]. However, its effectiveness appears 
to depend on stimulation parameters such as frequency, 
intensity, and electrode placement. Most studies are small 
and methodologically heterogeneous, indicating the need for 
larger, well-controlled trials to confirm efficacy and optimize 
protocols [38,39]. 

In particular, 10 Hz tACS has demonstrated potential 
for reducing persistent delusions. In patients experiencing 
ongoing delusional symptoms, add-on treatment administered 
twice daily for 20 minutes was associated with a significant 
reduction in delusion severity  as early as the fifth day of 

stimulation. Together, these findings indicate that 10 Hz 
tACS may represent a promising therapeutic approach for 
positive symptoms, although further systematic investigation 
is required [40].

4.2. The effects of transcranial alternating current 
stimulation on negative symptoms and cognitive 
functions
Preliminary trials suggest that tACS is safe and well 

tolerated and may improve negative symptoms and cognition, 
with theta- and gamma-frequency protocols showing particular 
potential for enhancing these outcomes [36,37].

Haller N et al. demonstrated that patients who received 
40 Hz prefrontal tACS stimulation twice daily for 10 minutes 
exhibited improvements in negative symptoms and cognitive 
impairment [41]. Relatedly, tDCS has also ademonstrated 
potential for improving cognition and reducing symptoms in 
schizophrenia, particularly when targeting frontotemporal 
networks [42,43].

Overall, tACS is a promising, safe, and well-tolerated 
adjunctive intervention for schizophrenia, with potential to 
improve positive and negative symptoms as well as cognition. 
However, larger, well-controlled studies are needed to establish 
optimal stimulation protocols and confirm its clinical efficacy.

5. Transcranial direct current stimulation (tDCS)
Transcranial direct current stimulation (tDCS) is a 

non-invasive neuromodulation approach that delivers low- 
intensity, continuous electrical current to the scalp [44,45]. 
The technique involves the application of a weak current, 
typically 1-2 mA, through at least two electrodes, resulting in 
measurable effects on cortical tissue and excitability [45,46]. 

Compared with other neuromodulation methods such as 
rTMS, tDCS provides several clinical advantages, including 
lower cost, high portability, and good tolerability [44,46]. 
Due to these practical and clinical benefits, tDCS represents a 
promising and accessible therapeutic tool for neuromodulation 
in neuropsychiatric disorders [46]. 

5.1. The effects of transcranial direct current 
stimulation on cognitive functions
Cognitive deficits in schizophrenia often affect working 

memory, executive function, attention, speech, and sometimes 
appear as broader impairments. In Stuchlikova Z and Klirova 
M literature review, 12 randomized controlled trials have 
investigated the use of tDCS to improve cognition, but the 
findings remain mixed. Anodal stimulation over the left 
prefrontal cortex was the most frequently used method that 
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showed the most potential. In most studies, the cathode was 
placed over the opposite orbitofrontal area, prefrontal cortex, or 
at the vertex. While activating the prefrontal cortex with tDCS 
may enhance the effects of cognitive training, the evidence is 
still inconclusive, and further research is needed [45]. 

In the study by Jeon et al., 56 patients were enrolled- 26 
in the active and 28 in the sham group. After ten treatment 
sessions, no significant differences in cognitive outcomes were 
found between the groups. However, the study had limitations, 
including a small sample size [47]. 

tDCS may be a promising intervention for cognitive 
deficits in schizophrenia. However, further research is needed, 
that includes individualized stimulation protocols and tDCS 
longevity [48].

5.2. The effects of transcranial direct current 
stimulation on negative symptoms
People with schizophrenia often show reduced activity 

in the brain’s prefrontal cortex. This has been linked to their 
negative symptoms [49]. These findings show that tDCS, 
particularly anodal stimulation over the left dorsolateral 
prefrontal cortex, may counteract the frontal hypoactivity 
associated with negative symptoms in schizophrenia [50]. 
As a result, tDCS has emerged as a promising alternative 
neuromodulation technique [49]. 

A study by Valiengo et. al. tested tDCS on 100 patients 
with mostly negative symptoms. In this study, active tDCS 
was more effective than sham stimulation in reducing negative 
symptoms. Patients receiving active tDCS showed higher 
response rates, defined as a 20% improvement in negative 
symptoms [49]. 

A meta-analysis by Yu et al., which included the Valiengo 
et al. trial, reviewed 12 studies on tDCS for negative symptoms. 
Only 4 of these showed significant clinical improvement, 
while the remaining studies failed to demonstrate consistent 
therapeutic effects in the treatment of schizophrenia [51]. 

Furthermore, inconsistency in the studies underlines the 
need for further high- quality trials with larger sample sizes, 

Author (year) Study aim Sample characteristics Main findings 
Bose A et. al. (2018) 

[52]
Effects of fronto- 
temporal tDCS 

stimulation on AVH.

25 patients with schizophrenia 
undergoing twice a day tDCS 20-min 

sessions. The active stimulation (n = 12) 
and sham stimulation group (n = 13).

Significant reduction of AVH in the active 
group.

 Mondino M et. al. 
(2015) [53]

Effects of fronto- 
temporal tDCS 

stimulation on AVH.

23 schizophrenic patients received 10 
active sessions (2 mA, 20min) or sham 
tDCS (2 mA for the first 30 seconds). 

Participants were assigned to either active 
tDCS (n = 11) or sham tDCS (n = 12). 

There is a significant difference between 
active and sham groups. In the active group 
AVH is reduced by 28% compared to 10% 

for the sham group.

Brunelin J et. al. 
(2012) [49]

tDCS treatment for 
hallucinations. 

30 schizophrenic patients received 10 
active sessions (2 mA, 20min) or sham 
tDCS (2 mA for the first 40 seconds). 

Active tDCS (n = 15) or sham (n = 15). 

Significant reduction after active tDCS 
compared to sham stimulation. 31% 
reduction in hallucination severity, 

compared with an 8% reduction after 10 
sham sessions.

Chang et. al. 
(2018)
[54]

Fronto-temporal tDCS 
in the treatment of 

AVH.

60 schizophrenic patients received 10 
active sessions (2 mA, 20min. Active 

tDCS (n = 30) or sham (n = 30). 

No significant changes in the severity of 
AVH.

Table 3. Efficacy of tDCS in reducing auditory hallucinations symptoms of schizophrenia: summary of studies

extended follow- up periods [51].
5.3. The effects of transcranial direct current stimulation 
on positive symptoms (for auditory hallucinations)
Several case studies have reported that tDCS can reduce 

auditory hallucinations in patients with schizophrenia. In these 
studies, the cathode was placed over the left temporo-parietal 
junction, and the anode over the left dorsolateral prefrontal 
cortex. Most protocols used two tDCS sessions per day for five 
consecutive days. Active tDCS led to a significantly greater 
reduction in AVH than sham stimulation [49,52,53].

Chang et. al. study with a larger patient group showed that 
tDCS had no significant effect on treating AVH symptoms in 
schizophrenia [54]. This shows that, to confirm the effectiveness 
of tDCS in treating AVH, further studies with larger patient 
samples are needed.

Although some studies show significant improvement in 
AVH symptoms, they were conducted a long time ago with 
small study groups, which suggest that the results may be 
insufficient.

DISCUSSION

This narrative literature review evaluated the effectiveness 
of various neuromodulation methods in the treatment of 
schizophrenia, with a focus on clinical symptoms, cognitive 
functioning, and treatment response. Overal, the findings 
suggest that neuromodulation approaches may serve as 
promising adjunctive intervention alongside standard 
pharmacological treatment, particulary for symptoms that 
remain insufficiently controlled by antipsychotic medication. 
This  growing interest in non-invasive neuromoduliation 
reflects the need for additional therapeutic strategies 
targeting the complex neurobiological mechanism underlying 
schizophrenia.

Among the reviewed techniques, rTMS demonstrated 
the most consistent evidence of clinical benefits  particularly 
for  negative symptoms. Several randomized controlled trials, 
meta-analyses, and systematic reviews have reported reduction 

ZILIONYTE, DARGYTE, STEIBLIENE 
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symptoms such as anhedonia, avolition, alogia, and social 
withdrawal, with effects maintained for weeks to months [8-
17]. However the effects of rTMS on auditory hallucinations 
and cognitive functions, more less clear, suggesting that further 
well-designed clinical trials are necessary, as current evidence 
is inadequate. Compared with other neuromodulation methods 
reviewed in this study, rTMS currently has the strongest 
evidence base, as it has been investigated in a larger number of 
randomized controlled trials and meta-analyses.

dTMS was theoretically expected to offer advantages due 
to its ability to reach deeper brain structures [30]. However, 
available clinical evidence does not consistently support its 
efficacy for auditory hallucinations or cognitive impairments 
in schizophrenia. The limited effects suggest that simply 
increasing the depth of stimulation is insufficient. Therefore, 
selecting the right targets and individualized stimulation 
protocols is important for achieving better clinical outcomes.

Meanwhile,  tACS has emerged as a potentially safe and 
well- tolerated neuromodulation technique with the potential 
to benefit both positive and negative symptoms associated 
with schizophrenia [35]. However, available clinical studies 
are inconsistent due to small sample sizes and methodological 
variability. Consequently, the clinical effectiveness of tACS 
remains uncertain and requires further inverstigation in larger 
trials.

tDCS may be beneficial for cognitive impairments, negative 
symptoms and      auditory hallucinations (AVH) in individuals 
with schizophrenia. Anodal stimulation of the left prefrontal 
cortex has shown potential for improving cognitive function 
[45]. However, findings across studies have been inconsistent. 
Furthermore, stimulation       targeting the left dorsolateral 
prefrontal cortex has also been explored for      negative 
symptoms. While some studies have reported clinically 
meaningful improvements, meta- analyses suggest that such 
effects are not consistently replicated [50,51]. Moreover, tDCS 
has shown promising results in the reduction of AVH, although 
additional      research is needed to confirm the effectiveness 

as a treatment for schizophrenia. Differences in study results 
may be related to variations in stimulation parameters, 
treatment duration, sample size, and the heterogeneity of study 
populations. 

Finally, the included studies differed in their design, 
stimulation protocols, and outcomes measures, which makes 
direct comparison of the results more challenging.

CONCLUSION
This review suggests that neuromodulation techniques 

should not be considered as a primary treatment for schizophrenia, 
but rather as adjunctive interventions. They are particularly 
valuable for patients with treatment- resistant schizophrenia. 
This review highlights that many neuromodulation techniques 
still lack well- conducted studies to confirm their effectiveness 
in threatening schizophrenia.The available evidence suggests 
the non-invasive neuromodulation techniques differ in their 
therapeutic impact on schizophrenia. Of these methods, rTMS 
is supported by the strongest body of evidence, particularly 
when high-frequency stimulation is applied to the left DLPFC. 
This approach has been consistently associated with reductions 
in negative symptoms, such as anhedonia, avolition, and social 
withdrawal. In addition, rTMS appears to confer modest and 
domain-specific cognitive benefits, most notably in working 
memory. By contrast, its effects on positive symptoms, 
especially auditory hallucinations, have been less consistent 
across studies. dTMS, on the other hand, has not demonstrated 
clear or reliable efficacy in improving positive symptoms or 
cognitive deficits in sham-controlled trials. tACS and tDCS 
are generally considered safe and well tolerated. Early findings 
indicate that these techniques may offer benefits for both 
positive and negative symptoms, as well as selected cognitive 
domains. Nevertheless, the evidence remains heterogeneous, 
and further large-scale, methodologically robust studies are 
necessary to establish their clinical effectiveness and to define 
optimal stimulation protocols.

Reviews
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