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eSystematic review and meta-analysise

Effects of transcranial direct current stimulation (tDCS) for
auditory hallucinations: A systematic review

Haibin LI*, Yiran WANG", Jiangling JIANG®, Wei LI*, Chunbo LI**

Background: Transcranial direct current stimulation (tDCS) is a non-invasion brain stimulation, which has
been suggested as a safe and promising treatment for auditory hallucinations, however, no systematic review
has been conducted to evaluate the effects of tDCS on auditory hallucinations (AH).

Objective: To investigate the efficacy and safety of tDCS for auditory hallucinations among patients with
schizophrenia.

Methods: We searched relevant randomized controlled trials (RCTs) from PubMed, EMBASE, the Cochrane
Library, Chinese National Knowledge Infrastructure, Chongqging VIP database for Chinese Technical
Periodicals, WANFANG DATA, Chinese Biological Medical Literature Database, and Taiwan Electronic
Periodical Services (TEPS) before February 13, 2016. Studies were selected based on pre-defined inclusion
and exclusion criteria. The quality of each included study was assessed by the risk of bias table. The levels
of evidence of primary outcomes were evaluated using GRADE criteria. Data synthesis was conducted using
RevMan 5.3.

Results: 304 papers were screened. Finally, three studies with a combined sample size of 87 patients were
included in the meta-analysis. Two studies were classified as having ‘low risk of bias’, one study was classified
as having 'unclear'. Inconsistent results and the overall level of evidence of primary outcome was graded as
‘low’”.

Conclusions: The sample sizes of the published studies were small and the results were inconsistent. We
could not draw any strong conclusions from these trials. Further high quality RCTs with large sample sizes are

needed to assess the efficacy of tDCS for auditory hallucinations in patients with schizophrenia.
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1. Background

Auditory hallucination (AH) is a common symptom in
patients with schizophrenia and its average prevalence
is 60% (range 25-94%).™ Even worse is that 70% of
patients have serious consequences due to AH, such
as suicide.” In most patients, AH can be alleviated
using antipsychotics, however, 25 to 30% of patients
have persistent auditory hallucinations which are not
responsive to antipsychotics.”**

Transcranial direct current stimulation (tDCS)
is @ non-invasion brain stimulation which has been
suggested as a safe and promising treatment for
antipsychotic-refractory auditory hallucinations in
patients with schizophrenia.® The exact mechanism
underlying tDCS has not been demonstrated yet,
however tDCS is believed to cause a sub-threshold
alteration of the resting membrane potential and
has prolonged effects after efficient simulation.” It
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modulates membrane potential selectively, relying on
the current polarity, duration or strength, and is able
to induce after effect excitability changes in the motor
cortex.’ The continuous direct current is low (eg.
1-3mA) through electrodes always placed over point
midway between F3 and FP1 (left dorsolateral prefrontal
cortex) and the cathode located over a point midway
between T3 and P3 (left temporo-parietal junction).®*”
The time of stimulation can be set from 5 to 20
minutes.®™® There have been some concerns about
tDCS despite more than half a century of use.”” Toxins
and electrode dissolution products at the electrode-
tissue interface!”” are the only risks tDCS presents for
skin contact.

tDCS has been used for over half a century.” Some
case reports have shown that tDCS benefited patients
with AH."*"®% However, some reports indicated that
the opposite was true.™ In addition, several trials have
also been published. The conclusions of these trials
were also inconsistent. The reports from Brunelin and
Ganesan found tDCS reduced AH?*?" but the trial by
Fitzgerald and colleagues claimed there was no evidence
showing patients with AH could benefit from tDCS.™"
The aim of the current study is to conduct a systematic
review to explore the effects of tDCS on AH in patients
with schizophrenia.

2. Methods

2.1 Search strategy and study selection

The process of study selection is shown in Figure 1.
First, we searched relevant randomized controlled
trials from PubMed, EMBASE, the Cochrane Library,
Chinese National Knowledge Infrastructure, Chongging
VIP database for Chinese Technical Periodicals,
WANFANG DATA, Chinese Biological Medical Literature
Database, and Taiwan Electronic Periodical Services
(TEPS) published before February 13, 2016. The
search keywords were: (“Transcranial direct current
stimulation” or "tDCS" or “Transcranial direct current
stimulus” or “Transcranial Electrical Stimulation”) and
(“Auditory Hallucination” or “Auditory Hallucinations”
or “Verbal Auditory Hallucination”, “phonism” or
”voice*” ). The review was also conducted in Chinese
with the following search terms: “Jing Lu Zhi Liu Dian
CiJi (£ Fin & 7% B 3% )”, “ling Shen Fen Lie Zheng (
& 18 4 2L RE )”, “Huan Ting ( £] IF )", “Ting Huan Jue
( I 47 5 )" Secondly, we imported identified original
articles into Note Express (version 3.2.0) and removed
duplicates. Two authors (Haibin Li, Yiran Wang)
independently screened the titles, abstracts and full-
text. Only when they both judged an article as suitable
for this review was the article included. If they couldn’t
reach an agreement, a third person (Jiangling Jiang)
decided whether the article was suitable for inclusion.
Third, we hand-searched the references of included
articles for additional potential papers.

2.2 Inclusion and exclusion criteria
Inclusion criteria for studies was the following: (a)
randomized controlled trials (RCTs). We placed no
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restrictions on language or publication status, (b) any
patients suffering from auditory hallucinations with
a primary diagnosis of schizophrenia or other type of
schizophrenia-spectrum type disorders irrespective of
gender, race or nationality, were eligible for inclusion, (c)
diagnostic systems included DSM-IV (APA 1994), DSM-
5 (APA 2013), ICD-10 (WHO 1992), CCMD-3 and other
validated diagnostic instruments, (d) no restrictions on
setting, (e) studies using tDCS as the intervention group,
(f) studies using pharmacological therapy, other therapy,
sham stimulus, or no intervention as the control group.
Exclusion criteria were the following: (a) studies were
not RCTs, (b) auditory hallucinations were caused by
specific other non-mental illness.

2.3 Outcome measures

The primary outcome of this study was improvement in
auditory hallucination, which was measured by Auditory
Hallucination Rating Scale (AHRS])[ZZ'B] , Positive and
Negative Syndrome Scale (PANSS)?" and other measures
of auditory hallucination.

The secondary outcomes were psychiatric
symptoms and adverse effects as measured by PANSS,
Scale for Assessment of Negative Symptoms (SANS),””
scores on the treatment emergent symptom scale(TESS),
and drop-outs.

2.4 Evaluation of the quality of included studies

The quality of included studies was assessed by The
Cochrane Risk of Bias tool in the 5.1.0 revision of
the Cochrane Handbook for Systematic Reviews of
Interventions” and the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
tool.””’ Two authors independently conducted the
quality evaluation.

If three or more of these items were rated as having
a “high risk of bias”, the overall rating of risk of bias for
the article was also rated as “high”; if less than three
items were rated as “high” the overall risk of bias for
the article was classified as “low”. We categorized the
level of evidence into high, medium, low, and very low
according to the GRADE criteria (https://gradepro.org)
based on characteristics of each study.

2.5 Data extraction

Data was extracted using standard, pre-designed
forms. Where disputes arose, HL and YW discussed the
disagreement until agreement was reached. Where it
was not possible to resolve disagreement by discussion,
a third author (JJ) made the final decision.

The data extraction form included: (a) general
characteristics of the study (e.g. author’s name, study
year); (b) characteristics of demography (e.g. sample
size, average age, gender, type of intervention, inclusion
and exclusion criteria); (c) study data (e.g. primary
outcome, secondary outcome). More details are given
in tables 1 and 2.



Shanghai Archives of Psychiatry, 2016, Vol. 28, No. 6

©303 ¢

Table 1. Characteristics of the 3 randomized controlled trials

Age Sample .

Study groups (mean) size Sessions Current Outcome measures
Brunv[eslli]n tDCS group 40.4,9.9 15 twicea dayon 5
2012 Control group 35.1,7.0 15
Frohlich  tDCS group 43.4,12.6 13
2016

Control group 40.0, 10.7 13
Smith tDCS group 46.8,11.1 17
2014

Control group 44.9,9.2 16

consecutive weekdays

5 consecutive days 2mA

5 tDCS sessions on
consecutive days

2mA  AHRS, PANSS

AHRS, PANSS, adverse effects
stimulation questionnaire

PANSS, the PSYCHRATS

2mA S
hallucination scale

Table 2. Supplemental information provided for the 3 studies included in the systematic review

study Location
%%Tze[lall? Anode: between F3 /FP1; Cathode: between T3/P3.

Ftentiely Anode: b F3/FP1; Cathode: b T3/P3; R lectrode: C
20165 node: between F3/FP1; Cathode: between T3/P3; Return electrode: Cz.
;g?ﬁ@l Andoe: LDLPFC (F3); Cathode: Fp2

2.6 Statistical analysis

For binary outcomes we calculated a standard
estimation of the risk ratio (RR) and its 95% confidence
interval (Cl). It has been shown that the RR is more
intuitive® than odds ratios and that odds ratios tend
to be interpreted as RRs by clinicians (Deeks 2000). For
continuous outcomes we estimated the mean difference
(MD) between groups with 95% Cls.

We used the Cochrane RevMan 5.3 and R 3.1.0 for
data analysis. P value and I were used to assess the
heterogeneity. If p>0.1 and °’<50%, the heterogeneity
of studies was not significant and we would use a fixed-
effect model to estimate the result. If p< 0.1 or />50%,
the heterogeneity was significant, and we used a
random effect model. Reasons for heterogeneity were
explored by subgroup analysis and sensitivity analysis.
The heterogeneity may be caused by different electrode
location, time of stimulation, and current intensity.

3. Results
3.1 Results of the search

There were 304 potential articles published before 13
February 2016 identified with a standardized search
strategy and reference search. By screening abstracts
and titles, 287 articles were excluded. After reading the
full-text of 17 articles, 14 articles were excluded. The
sample from Mondino 2015a and Mondino 2015b™**
overlapped and could not be distinguished. As a result,

these studies were excluded. Brunelin 2014%% was a
secondary analysis of Brunelin 2012%", so we only used
the data from Brunelin 2012. Fitzgerald 2014"" did
not report demographic data for each group, and was
therefore excluded. Eventually, we included 3 articles.
Selection process is shown in Figure 1.

The three studies (Smith 2014"®, Brunelin
2012%%and Frohlich 20165%) were included with 89
participants(45 in the active group, 44 in the sham
group). For full details, please see the characteristics of
included studies (Table 1).

All the studies used a randomized double-blind
sham-controlled design. Two studies (Smith 2014,
Frohlich 2016) conducted treatments in 5 consecutive
days (except for weekends and holidays). The other
(Brunelin 2012) used stimulation twice a day.

Sample sizes in included studies were all small: 24
participants were in Frohlich 2016, 30 participants were
in Brunelin 2012 and 33 participants were included in
Smith 2014. Fréhlich 2016 and Smith 2014 also included
schizoaffective psychosis and Brunelin 2012 only
enrolled schizophrenia

Active tDCS: All the electrodes used 10/20
placement system. Smith 2014 placed the anode over
the LDLPFC (F3) and the cathode over the contralateral
supraorbital ridge (Fp2). Brunelin 2012 and Fréhlich
2016 both placed the anode over theF3/FP1 (left
dorsolateral prefrontal cortex), and the cathode over the
T3/P3 (left temporo-parietal junction), while Fréhlich
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Figure 1. Identification of included studies

and hand searches of included articles:
PubMed: 40

Cochrane Library: 10

EMBASE: 108

Psycinfo: 38

Chinese National Knowledge Infrastructure: 11

WANFANG DATA: 22
Chinese Biological Medical Literature Database: 16

304 potential articles published before 13 February 2016 were identified with a standardized search strategy

Chongging VIP database for Chinese Technical Periodicals: 59

\4

Based on the inclusion and exclusion criteria mentioned above 287 articles
were excluded after reading the title and abstract

Y

17 articles were included.

—»| Reading full-text, 14 articles were excluded because of missing information

3 articles were included

2016 had a third electrode: a return electrode over Cz
(posterior midline). The current was set at 2mA for 20
minutes.

Sham tDCS: The sham group had stimulation with
2 mA lasting only 40 seconds, though the electrodes
remained in place for 20 minutes.

All the studies reported PANSS, and the auditory
items of PANSS were used to assess auditory
hallucinations. Frohlich 2016 and Brunelin 2012 also
reported AHRS to assess auditory hallucination. Smith
2014 assessed the auditory hallucination by the
PSYCHRATS hallucination scale, however we did not
find the data for this scale, so we did not include the
scale. Frohlich 2016 used an adverse effects stimulation
questionnaire for assessment of adverse effects. Smith
2014 used the MATRICS Consensus Cognitive Battery
(MCCB) to explore the cognitive effects. Smith 2014
reported that 1 participant dropped out from Sham
tDCS group, 3 participants dropped out from Active
tDCS group. Other studies reported no missing data.

The heterogeneity of primary outcome was
substantial (p=0.09, ’=59%), so we adopted a random-
effect model. There may be the following reasons for
heterogeneity: 1) the location of the electrodes was
different, especially in Smith 2014. 2) the sample of
each study was small. 3) the stimulation frequency

was different. We did not use subgroup analysis and
sensitivity analysis because of the small number of
articles that met inclusion criteria.

3.2 Primary outcomes

3.2.1 Auditory hallucination

Brunelin 2012 and Frohlich 2016 measured auditory
hallucinations using AHRS, however P3 in the PANSS
was used in Smith 2014. In the Brunelin 2012, the
mean (sd) AHRS scores were reduced from 28.3(4.1)
to 19.9(5.8) in the active tDCS group (n=15) and from
27.2(6.9) to 25.1(7.7) in the sham tDCS group (n=15)
after stimulation (d=1.58, p<0.001). The study also
explored the maintenance effect after a month and
three months, however, they did not provide the data.
We did not include these data. In Frohlich 2016, they
did not find a significant difference between active tDCS
and sham tDCS. The mean (sd) AHRS scores reduced
from 27.00(6.90) to 20.62(8.13) in the tDCS group, and
from 26.69(6.30) to 18.15(10.77) in the sham group.
Smith 2014 found no significant difference between
active tDCS and sham tDCS.

The results showed in Figure 2 were considered
heterogeneous (1°’=59%, p=0.09). A random-effect
model was used. The results indicated that auditory
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hallucinations in patients treated with tDCS were not
significantly relieved compared to non-tDCS.

3.3 Secondary outcomes

3.3.1 PANSS

In Brunelin 2012, Frohlich 2016 and Smith 2014, other
schizophrenia symptoms were assessed by PANSS.
Mean(sd) total PANSS score was significantly different
in Brunelin 2012, from 76.9(16.4) to 66.9(15.0) in
the active tDCS group while it went from 82.8(15.4)
to 80.5(12.0) in the sham tDCS group (d=0.98; 95%
Cl=0.22-1.73, p=0.01). In Frohlich 2016 (mean
(sd) PANSS scores: active tDCS group 73.1(12.9)
to 73.38(14.24), sham tDCS group 66.92(17.17) to
63.85(14.25) and; Smith 2014 mean(sd) PANSS scores
in the active tDCS group 65.14(18.38) to 65.71(16.96),
sham tDCS 73.93(14.61) to 70.80(13.14). There were no
significant differences in either of these studies.

The results shown in Figure 3 were considered
heterogeneous (1’=78%, p=0.008). A random-effect
model was conducted. TDCS was not shown to be
significantly effective compared to non-tDCS.

3.3.2 Side effects

Brunelin 2012 did not report side effects. The study
described tDCS as “an easy-to-use, low-cost stimulation
tool with few side effects”. Smith 2014 assessed side
effects with an experimenter administered open-ended
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questionnaire at each session. The results showed
participants tolerated the treatment well. There were no
significant differences in side effects between the two
groups. Frohlich 2016 administered an adverse effects
stimulation questionnaire for their study. No differences
between the tDCS and sham groups were found.

3.4 Risk of biases and level of evidence

The risks of biases are reported in Table 3. Two
independent raters reached an agreement in all 7
items. All 3 studies claimed they used randomization,
and concealment of allocation. However, only Smith
2014 described randomization and concealment of
allocation in full detail, and Brunelin 2012 did not show
randomization and concealment of allocation clearly,
so the risk for these two items was unclear. Fréhlich
2016 did not report randomization clearly, therefore the
risk for this item was unclear. We did not identify other
potential sources of bias.

Based on the GRADE criteria, the quality of evidence
for the primary outcome was low. Brunelin 2012
drew a conclusion that tDCS was useful for reduction
of auditory hallucinations, however no significant
difference was found between tDCS group and sham
group in Frohlich 2016 and Smith 2014. So the results
of the studies were inconsistent. The amount of
imprecision was high, because of the wide confidence
interval. And only 3 studies met inclusion criteria,
therefore the publication bias is also unclear.

Figure 2. Comparison of Auditory scores at the end of the intervention between the tDCS group and the sham

group
tDCS sham Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random. 95% CI IV, Random, 95% CI
Brunelin 2012 199 58 18 2581 Ty 18 33.0% -0.74 [1.49, 0.00] —
Fréhlich 2016 2062 813 13 1815 1077 13 31.89% 025 [-0.82,1.02] e —
Srnith 2014 247 177 17 2 1.36 168 351% 0.29 [-0.40, 0.98] L —
Total (95% CI) 45 44 100.0% -0.06 [-0.72, 0.60] "*‘
Heterogeneity: Tau®= 0.20: Chi*= 4.85, df= 2 (P = 0.09); F= 59% 2 1 ] 1 2
Testfor overall effect 2= 018 (F = 0.85) Favours [experimental] Favours [control]

Figure 3. Comparison of mean PANSS scores at the end of the intervention between the tDCS group and the

sham group
tDCS sham Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Brunelin 2012 6E.9 14 18 804 12 18 341% -13.60[-23.32, -3.88] ——
Frahlich 2016 T3.38 1424 13 B385 14325 13 325% 953 [F1.42, 20.48]
Smmith 2014 Ba.71 16.896 17 708 1314 16 334% A 091541, 523]
Total (95% CI) 45 44 100.0%  -3.24 [-16.33, 9.85]
Heterogeneity, Tau®= 106.04; Chi®= 9.65, df= 2 (F = 0.008); F= 79% 50 25 7 255 5’0
Testioroverall effect 2= 0.449 (P = 0.63) Favours [experimental] Favours [control]
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sudy  sequence Mocaton - Ciilnts outcome  oucome | Selective - other  overallisk
generation and providers assessment data

Brunelin 2012 unclear unclear Low Low Low Low Low unclear

Fréhlich 2016 Low Low Low Low Low Low Low Low

Smith 2014 Low Low Low Low Low Low Low Low

4. Discussion

4.1 Main findings

After a review of available databases we identified 3
RCTs. The number of published articles on this topic
was small, therefore it is difficult to draw any strong
conclusions. The scarcity of RCTs examining the effect
of tDCS on auditory hallucinations in individuals with
schizophrenia implies that there is much room for
further research in this area. In addition, we did not
identify any studies from China and other low-and
middle-income countries. This is a clear indicator of the
lack of high-quality research.

Only Brunelin 2012 showed significant differences in
their trial. It was the first RCT on tDCS as a treatment for
auditory hallucinations in schizophrenia.?” There was a
lack of effect for tDCS on hallucinations or symptoms in
both Smith 2014 and Frohlich 2016. The outcomes were
inconsistent. So we cannot draw any strong conclusions
from these studies.

In addition, using the GRADE criteria the overall
level of evidence was classified as low, which means
further study is likely to have an important impact on
our estimate and change it. Large sample RCTs will be
needed in the future.

4.2 Limitations

There were several limitations that should be
considered: 1) Only 89 participants were in 3 studies,
the samples were too small therefore statistical power
was low. 2) The level of evidence was very low and
the results were inconsistent, so the efficiency of
tDCS for auditory hallucination could not be proven.
3) Smith 2014 placed the electrode in different area
from Brunelin 2012 and Frohlich 2016, which may
influence results. 4) In these studies, they did not limit
antipsychotic medications. Different antipsychotic
medications may influence the effect of tDCS differently.
5) Data is lacking from low- and middle-income
countries.

4.3 Implications

Given the current state of research on this topic it
is clear that large sample RCTs on the effect of tDCS

towards auditory hallucinations will be needed before
any strong conclusions can be drawn. There are several
case reports showing a Positive effect from tDCS on
auditory hallucinations ¥ and some published reports
also show tDCS alleviating negative symptoms of
schizophrenia and improving cognitive functioning. ©*
At the same time several studies also found that there
was no improvement in cognitive functioning from tDCS
and there were additional side effects. Though tDCS
offers the possibility of being a promising treatment for
auditory hallucinations, much evidence is still needed in
favor of its efficacy.
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