
*Does not add up to total as some studied both rTMS and tDCS
Table 1. Breakdown of results from literature search

Table 2. Study characteristics and results, rTMS. TP: temporo-
parietal, HCS: Hallucination Change Scale, AHRS: Auditory
Hallucination Rating Scale

Table 3. Study characteristics, tDCS. TP: temporo-parietal, DLPFC:
dorsolateral prefrontal cortex, AHRS: Auditory Hallucination Rating
Scale

No RCTs on tACS met criteria for this systematic review.
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 rTMS is the more established modality, and recent larger studies
have shown negative results for treating auditory hallucinations in
schizophrenia.

 tDCS is very much an emerging area of research with some initial
promise, but current evidence is lacking, and larger scale RCTs
are needed to study the efficacy for treating hallucinations.

 tACS is the least studied of the three modalities in this review and
there are no RCTs that met inclusion criteria.

 Overall, the evidence for neurostimulation to treat hallucinations is
currently weak.
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 PsycINFO was searched from inception to March 10, 2020.
 The following search terms and their synonyms were used:

schizophrenia, hallucination, neurostimulation, neuromodulation,
rTMS, repetitive transcranial magnetic stimulation, tDCS,
transcranial direct current stimulation, tACS, transcranial
alternating current stimulation

 Schizophrenia is a chronic, debilitating psychiatric illness that
distorts affect, thought, and perception. It has a lifetime
prevalence of 0.3-0.7%.

 According to the 2017 Canadian Schizophrenia Guidelines,
antipsychotic medications are the first line treatment; however, 25-
30% of patients have medication-refractory psychosis.

 Clozapine is recommended for such patients, but the question still
remains for those who do not respond to clozapine.

 Neurostimulation has emerged in recent years as a potential
treatment alternative.

 In this review, we examine 3 techniques: rTMS, tDCS, and tACS.
The objective of this systematic review is to determine whether
these neurostimulation techniques are effective in treating
auditory hallucinations in adults with schizophrenia.

 Inclusion criteria:
 Randomized, sham-controlled trials that use DSM-IV or DSM-

5 criteria for schizophrenia in adult patients
 Outcomes must include positive symptoms of psychosis (e.g.

delusions and hallucinations)
 Must use outcome scale that measures auditory hallucinations
 Studies must also specify which areas of the brain were

stimulated and how the control groups were stimulated while
still blinded

 Published in English
 Exclusion criteria:

 Systematic reviews, meta-analyses, case reports, editorials,
and letters to the editor
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Figure 1a. Schematics of rTMS (repetitive transcranial magnetic
stimulation). Compared to ECT, rTMS is better tolerated and does
not require anesthesia. This non-invasive technique uses pulsed
magnetic fields to influence brain electrical activity in specific brain
areas.
Figure 1b. Schematics of tDCS (transcranial direct current
stimulation). tDCS is a non-invasive stimulation method that uses
direct current electricity applied to the brain. Compared to rTMS,
tDCS is inexpensive and portable, but still considered to be in its
infancy in terms of application for psychiatric disorders. Like rTMS,
tDCS can be targeted to a specific area of the brain.
Note: tACS (transcranial alternating current stimulation) schematics
are not shown here as it is very similar to tDCS, apart from its use of
alternating current.
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Figure 2. PRISMA flow chart (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses).

Records found by database 
search
(n=128)

Records screened
(n=128)

Records excluded after screening:
 Title and abstract not relevant 

(n=50)

Full-text articles assessed 
for eligibility

(n=78)
Full-text articles excluded (n=70) for 
following reasons:
 Study was case report (n=32), 
 Study was review (n=18),
 Study had no control (n=3),
 Study only measured negative 

symptoms or cognition (n=14),
 Study did not have auditory 

hallucination as an outcome (n=3)
Studies included in the 

review
(n=8)

rTMS tDCS tACS Total

Study was case report 21 11 0 32
Study was review 11 10 0 18*
Study had no control 3 0 0 3
Study only measured negative 
symptoms or cognition 

13 3 0 14*

Study did not have auditory 
hallucination as an outcome 

3 0 0 3

Not relevant 50

Relevant studies 5 3 0 8

Source Sam
ple 
size

Active rTMS 
parameters

Area of 
brain 
stimulated

Result

Hoffman 
et al 
2003 (1)

24 90% of 
motor 
threshold, 1 
Hz, 8 min on 
day 1, 12 
min on day 
2, 16 min for 
next 7 days

Left TP 
area

After day 8, 75% of active 
group had positive 
response (defined as 
50% on HCS), while only 
17% of sham had 
response, which was 
statistically significant.  
Effects endured for at 
least 15 weeks for 50% of 
patients.

Poulet et 
al 2005 
(2)

10 90% of 
motor 
threshold, 1 
Hz, 2000 
stimulations 
per day, total 
5 days

Left TP 
cortex

A significant reduction in 
AHRS score for the active 
group (-13.1 ±10.8) and 
no decrease for the sham 
group (1.1±5.2) was 
found. There was a 70% 
response rate (response 
defined as 20% reduction 
in AHRS) maintained until 
1 month; at 2 months, 
that figure dropped to 
50%.

de Jesus 
et al 2011 
(3)

17 90% of 
motor 
threshold, 1 
Hz, 8 min on 
day 1, 16 
min on day 
2, 20 min for 
next 18 days

Left TP 
cortex

After 60 days, the active 
group’s mean AHRS was 
reduced from 31.0±3.6 to 
27.1±3.4 whereas the 
sham group’s AHRS was 
similarly reduced from 
26.8±7.2 to 25.4±8.6, 
which was a non-
significant difference.

Slotema 
et al 2011 
(4)

62 90% of 
motor 
threshold, 1 
Hz, 20 min 
daily, 5 days 
per week, 
total 3 weeks

Area of 
maximal 
hallucinato
ry 
activation 
on fMRI,
Left TP 
area

No significant difference 
in AHRS scores of any of 
the 3 groups. That is, in 
the fMRI group, AHRS 
dropped from 26.6 to 
22.6; in TP group, 26.0 to 
22.7; in sham group, 27.4 
to 24.1.

Koops et 
al 2016 
(5)

71 Theta-burst 
rTMS, 80% 
of motor 
threshold, 3-
pulse burst 
at 50 Hz 
given every 
200 ms. 
Twice daily 
for 5 days

Left TP 
cortex

No significant interaction 
effect with treatment 
group for AHRS scores 
(F(2,124) = 0.19, P = 
0.83); therefore, both the 
active rTMS and sham 
groups had the same 
reduction in 
hallucinations.

Source Sam
ple 
size

Active 
tDCS 
param
eters

Area of 
brain 
stimulat
ed

Result

Brunelin 
et al 
2012 (6)

30 2 mA, 
20 min 
twice 
daily, 
total 5 
days

Cathode 
to left TP 
cortex.
Anode to 
left 
DLPFC.

After 5 days, active group had 
significant reduction in AHRS of 
31% (±14) compared to 8% (±14) 
in sham group, with effect size of 
1.58 (Cohen’s d). At 3 months, 
active group had 38% (±25) 
reduction in AHRS compared to 
5% (±14) in sham group.

Bose et 
al 2018 
(7)

25 2 mA, 
20 min 
twice 
daily, 
total 5 
days

Cathode 
to left TP 
cortex.
Anode to 
left 
DLPFC.

In RCT phase, active group had 
30.2% (±14.7) reduction in AHRS 
compared to 6.6% (±8.3) in sham 
group, which was significant with 
effect size Cohen’s d = 1.98.

Kantrowi
tz et al 
2019 (8)

89 2 mA, 
20 min 
twice 
daily, 
total 5 
days

Cathode 
to left TP 
cortex.
Anode to 
left 
DLPFC.

At 3 months, no significant 
difference between active (19.7 
±10.7) and sham (20 ± 9.6) 
groups when looking at the raw 
AHRS scores.  It was only when 
chlorpromazine-equivalents was 
used as covariate, that a 
significant effect was found, with 
an effect size of 0.48 (Cohen’s d).
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