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and     Jérôme     Brunelin    

    Abstract  
  This chapter proposes an overview of current evidence and future direc-
tions for using tDCS in schizophrenia. To date, the effects of tDCS have 
been investigated in three main outcomes: (1) to alleviate auditory verbal 
hallucinations using a frontotemporal tDCS montage (the anode placed 
over the left dorsolateral prefrontal cortex coupled with the cathode placed 
over the left temporoparietal junction); (2) to alleviate negative symptoms 
using a frontal montage (the anode placed over the left dorsolateral pre-
frontal cortex coupled with the cathode placed over the right dorsolateral 
prefrontal cortex, the right supraorbital region or extra-cephalically); and 
(3) to enhance cognitive functions, using different tDCS montages. 
Promising results have been reported for these three outcomes. tDCS can 
decrease the severity of symptoms such as auditory verbal hallucinations 
and negative symptoms by about 30 % and enhance a wide range of cogni-
tive functions (e.g., working memory, self-monitoring, facial emotion rec-
ognition). However, most studies to date are case-reports and open labeled 
studies with small samples. Thus, large randomized controlled studies are 
needed to confi rm the usefulness of tDCS in schizophrenia.  
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      Introduction 

 Schizophrenia is a frequent and debilitating psy-
chiatric condition occurring in about 1 % of the 
general population. The clinical expression of 
schizophrenia is heterogeneous, and symptoms 
are usually classifi ed into fi ve main  dimensions  : 
positive (e.g., hallucinations, delusions), negative 
(e.g., fl at expression, avolition), depression, dis-
organization, and grandiosity/excitement. 
 Symptoms   of schizophrenia are usually allevi-
ated by psychopharmacological medications. 
However, up to 30 % of treated patients still 
report disabling symptoms such as auditory ver-
bal hallucinations, negative symptoms, and cog-
nitive defi cits [ 1 ,  2 ]. These treatment-resistant 
symptoms are associated with a higher risk of 
relapse and worse prognosis, justifying the need 
for developing novel alternative approaches. 

 Over the last decade, various nonpharmaco-
logical approaches such as  noninvasive brain 
stimulation (NIBS)   techniques have been devel-
oped in order to alleviate treatment-resistant 
symptoms in patients with schizophrenia.  NIBS 
techniques   are safe tools to modulate brain activ-
ity and connectivity in living humans. These 
approaches were based on neuroimaging studies 
that have highlighted some brain correlates of 
schizophrenia symptoms: auditory verbal hal-
lucinations were associated with hyperactivity 
in the left temporoparietal region [ 3 ] and fron-
totemporal dysconnectivity [ 4 ]; negative symp-
toms and cognitive defi cits were associated with 
structural and functional abnormalities in the 
prefrontal cortices [ 5 ]. According to their neuro-
modulatory effects, NIBS techniques were thus 
proposed to reduce treatment-resistant symptoms 
in patients with schizophrenia by targeting the 
brain regions that showed abnormal activities. 
One of the NIBS techniques recently used in 
these patients is transcranial direct current stimu-
lation (tDCS). 

 The fi rst studies investigating the use of  tDCS   
to improve symptoms of schizophrenia have been 
published in 2011. Since then, a rapid increase in 
the number of published articles in the fi eld was 
observed (Fig.  14.1 )—in fact, 20 studies investi-
gating the clinical interest of tDCS in 
 schizophrenia were indicated as “ongoing” on 
clinicaltrials.gov database in September 2015 
(ten in North America, four in Europe, two in 
Middle East, one in Australia, one in South 
America, one in Africa, and one in East Asia) 
suggesting the international growing interest of 
tDCS for schizophrenia.

   Two tDCS montages for schizophrenia have 
been mostly used. The fi rst one, a  frontotemporal 
electrode montage  , is proposed to reduce 
treatment- resistant auditory verbal hallucinations. 
In this montage, the anode (presumably excit-
atory) was placed over the left prefrontal cortex 
and the cathode (presumably inhibitory) was 
placed over the left temporoparietal junction [ 6 , 
 7 ]. The second one is proposed to reduce treat-
ment-resistant negative symptoms and to improve 
cognitive functions by targeting the  left prefrontal 
region  . In this montage, the anode was placed over 
the left dorsolateral prefrontal cortex (DLPFC) 
and the cathode over the right supraorbital region, 
the right DLPFC or extra- cephalically [ 8 ,  9 ]. 

 The aim of this chapter was to investigate 
whether  tDCS   can alleviate symptoms and 
improve cognitive functions in patients with 
schizophrenia. Hence, we reviewed studies inves-
tigating the clinical effects of tDCS on auditory 
verbal hallucinations, negative symptoms and 
other symptoms of schizophrenia. We also 
reviewed studies focusing on the effects of tDCS 
on cognitive functions in patients with schizo-
phrenia. After a description of current evidence 
regarding the interest of using tDCS in patients 
with schizophrenia and the brain correlates of 
clinical and cognitive improvements, we also dis-
cussed the safety of this approach and how tDCS 
parameters can be optimized to improve effi cacy.  
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    Effects of Frontotemporal tDCS 
on Auditory Verbal  Hallucinations   

 Twenty-one studies investigated whether tDCS 
targeting the frontotemporal network can improve 
the symptoms of treatment-resistant auditory ver-
bal hallucinations in patients with  schizophrenia   
(see Table  14.1 ). Among them, three randomized 
sham-controlled studies have reported a signifi -
cant effect of active tDCS on auditory verbal hal-
lucinations as compared to sham [ 6 ,  26 ,  27 ]. In 
the fi rst one [ 6 ], 30 patients with schizophrenia 
received ten sessions of 20 min of either active 
(2 mA) or sham tDCS delivered twice daily on 5 
consecutive days.  Electrodes   were placed on the 
scalp based on the 10/20 international EEG sys-
tem, with the center of the anode placed between 
F3 and FP1 (assuming to correspond to the left 
prefrontal cortex) and the center of the cathode 

placed between T3 and P3 (assuming to corre-
spond to the left temporoparietal junction). 
Auditory verbal hallucinations were assessed 
using the  Auditory Hallucination Rating Scale 
(AHRS)  . Patients receiving active tDCS reported 
a signifi cant 31 % decrease of their treatment- 
resistant auditory verbal hallucinations whereas 
patients receiving sham tDCS reported a nonsig-
nifi cant 8 % decrease [ 6 ]. Remarkably, the effect 
of tDCS on auditory verbal hallucinations was 
still signifi cant at 1 and 3-month follow-up [ 6 ].

   Similar results were reported using the same 
tDCS protocol in two randomized controlled stud-
ies published in 2015 [ 26 ,  27 ]. It is important to 
stress that samples enrolled in these studies par-
tially overlapped with the study sample of Brunelin 
et al. [ 6 ]. In the fi rst study, Mondino et al. [ 26 ] 
reported a signifi cant 46 % reduction in the fre-
quency of auditory verbal hallucinations assessed 
by the fi rst item of the  AHRS   after 10 sessions of 
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  Fig. 14.1    Number of published articles per year examin-
ing the effects of transcranial direct current stimulation 
(tDCS) in patients with  schizophrenia  . Articles investigat-

ing the effects on auditory verbal hallucinations, negative 
symptoms, other symptoms, cognitive defi cits, and safety 
have been listed ( Source : PubMed/Medline)       
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active tDCS, whereas a nonsignifi cant 10 % 
decrease was reported in the sham group. In the 
second one, a signifi cant 28 % decrease in auditory 
verbal hallucinations measured by the AHRS was 
reported after the ten sessions of active tDCS, 
whereas a nonsignifi cant 10 % decrease was 
reported in patients receiving sham tDCS [ 27 ]. 

 Using the same electrodes montage, promis-
ing effects of tDCS for reducing auditory verbal 
hallucinations were also reported in 4 open 
labeled studies including 23 [ 25 ], 21 [ 17 ], 16 
[ 28 ], and 6 [ 18 ] patients with schizophrenia. All 
studies included patients with schizophrenia 
receiving ten sessions of 20 min of active 2 mA 
tDCS delivered twice daily on 5 consecutive 
days. In the fi rst one, Shivakumar et al. [ 25 ] 
recruited 23 patients and assessed their auditory 
verbal hallucinations using the “auditory halluci-
nation” subscale of the  Psychotic Symptom 
Rating Scale (PSYRATS)  . Patients showed a 
nearly 30 % signifi cant decrease of their 
treatment- resistant  auditory verbal hallucinations   
after tDCS. Bose et al. [ 17 ] recruited 21 patients 
and assessed the auditory verbal hallucinations, 
also using the “auditory hallucination” subscale 
of the  PSYRATS  . After tDCS, patients showed a 
signifi cant decrease (32.7 %) in auditory verbal 
hallucinations. Brunelin et al. [ 28 ] recruited 16 
patients and assessed their auditory verbal hallu-
cinations using the AHRS. After tDCS, patients 
showed a signifi cant 20 % decrease in auditory 
hallucinations. In Ferrucci et al. [ 18 ], six patients 
were included and assessed using the  Cardiff 
Anomalous Perceptions Scale (CAPS)  . After 
tDCS, patients showed a 33 % decrease in fre-
quency and a 40 % decrease in distress of audi-
tory verbal hallucinations. 

 Thirteen case-reports also investigated the 
effects of frontotemporal tDCS on auditory verbal 
hallucinations in patients with schizophrenia. Of 
note, three of them observed a complete remission 
of auditory verbal hallucinations after  tDCS   [ 11 , 
 12 ,  19 ]. Indeed, Rakesh et al. [ 11 ] and Shivakumar 
et al. [ 12 ] assessing auditory verbal hallucinations 
with AHRS, reported that ten sessions of 20 min 
of active 2 mA tDCS delivered twice daily on 5 
consecutive days allowed complete remission of 

auditory verbal hallucinations. Shivakumar et al. 
[ 19 ], assessing auditory verbal hallucinations with 
the “auditory hallucinations” subscale of the 
PSYRATS, reported a complete remission of audi-
tory verbal hallucinations for at least 3 months 
after ten sessions of tDCS delivered twice daily for 
20 min at 2 mA. Two case studies also highlighted 
the effi cacy and safety of maintenance tDCS ses-
sions for 1 and 3 years [ 14 ,  19 ]. Shivakumar et al. 
[ 19 ] reported a complete remission of auditory 
verbal hallucinations assessed with the PSYRATS 
“auditory hallucinations” subscale during 1 year 
after ten sessions of tDCS delivered twice daily for 
20 min at 2 mA. In fact, the patient presented three 
relapses within 1 year, which were successfully 
managed with only two sessions of tDCS (in 1 
day). Andrade [ 14 ] reported a decrease in auditory 
verbal hallucinations assessed with clinical scales 
during 3 years of tDCS delivered domiciliary once 
then twice daily, for 20 then 30 min at 1–3 mA 
intensity. Within 2 months, the patient self reported 
a 90 % improvement. 

 Finally, a randomized sham controlled study 
failed to replicate the benefi cial clinical effect of 
tDCS on auditory verbal hallucinations assessed 
by a single item on the Positive and Negative 
Syndrome Scale ( PANSS)      measuring hallucina-
tions severity [ 20 ]. In this study, 15 sessions of 
tDCS (2 mA, 20 min) were delivered once a day 
during 3 consecutive weeks using either a left 
frontotemporal montage (with the anode over F3 
and the cathode over the T3-P3) in 11 patients 
with schizophrenia or an original bilateral mon-
tage with four electrodes (two anodes over F3 
and F4 and two cathodes over T3-P3 and T4-P4) 
in 13 patients with schizophrenia. In a recent 
case-report study, Bose et al. [ 24 ] reported that 
18 sessions of left frontotemporal tDCS (with the 
anode placed midway between F3 and FP1 and 
the cathode over the T3-P3) had no effect on 
 auditory verbal hallucinations   as assessed by the 
“auditory hallucination” subscale of the 
PSYRATS. However, when switching the elec-
trode montage to the right side of the brain with 
the anode placed over the right DLPFC (between 
F4 and FP2) coupled with the cathode over the 
right temporoparietal junction (between T4 and 
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P4), 20 sessions of tDCS induced a 31.4 % reduc-
tion of auditory verbal hallucinations. 

 In sum, among the studies investigating the 
effects of frontotemporal tDCS on auditory 
verbal hallucinations, the intensity of stimulation 
varied from 1 to 3 mA for a 15- to 30-min dura-
tion. The size of the electrodes was mostly 35 cm 2  
(7 × 5 cm), but some studies used 25 cm 2  elec-
trodes (5 × 5 cm; [ 14 ,  23 ]). tDCS regimen con-
sisted in 5–20 sessions of tDCS delivered either 
once or twice daily. Auditory verbal hallucina-
tions were assessed using various standardized 
multidimensional scales such as the PSYRATS 
or the AHRS, but also using single item assess-
ments such as the “auditory hallucinations” item 
of the PANSS [ 20 ] or the “frequency” item of the 
AHRS [ 26 ]. These assessments and outcomes 
may not have the same sensitivity to capture 
changes in auditory verbal hallucinations. Further 
studies are needed to confi rm promising effects 
observed on auditory verbal hallucinations fol-
lowing frontotemporal tDCS in patients with 
schizophrenia. 

    Effects of Frontotemporal tDCS 
on Other Symptoms 

 Remarkably, among studies reporting a reduc-
tion of auditory verbal hallucinations in 
patients with schizophrenia following tDCS, 
some also observed a decrease in general 
symptoms of schizophrenia [ 6 ,  7 ,  10 ,  14 ], pos-
itive symptoms [ 13 ], negative symptoms [ 13 , 
 18 ,  21 ,  27 ], and insight into the illness [ 11 ,  12 , 
 17 ]. In addition, Shiozawa et al. [ 13 ] investi-
gated the effect of ten sessions of tDCS with 
the anode over F3 and the cathode over the 
occipital region (Oz) followed by ten sessions 
with the anode over F3 and the cathode over 
the temporoparietal cortex (T3-P3) on visual 
and auditory verbal hallucinations in a patient 
with schizophrenia. They reported that ten 
 sessions   of each electrode montage lead to a 
reduction of hallucinations in both visual and 
auditory modalities.  

    Predictive Markers of Response 
to Frontotemporal tDCS on  Auditory 
Verbal Hallucinations   

 Two open labeled studies investigated potential 
predictive markers of response to tDCS [ 25 ,  28 ]. 
Shivakumar et al. [ 25 ] investigated the effects of 
frontotemporal tDCS in 23 patients with 
treatment- resistant auditory verbal hallucinations 
divided into two groups depending on their 
COMT Val158Met polymorphism. A signifi cant 
reduction of auditory verbal hallucinations was 
observed in both groups. However, patients with 
the val/val COMT polymorphism ( n  = 11) showed 
a greater reduction in auditory verbal hallucina-
tions than met-allele carriers (val/met or met/met 
polymorphism;  n  = 12). The COMT Val158Met 
polymorphism may thus modulate response to 
tDCS. An excessive dopamine transmission has 
been implicated in the clinical expression of posi-
tive symptoms. The Val variant catabolizes fron-
tal dopamine at up to four times the rate of its 
methionine counterpart, suggesting that lower 
extracellular dopamine rates in the frontal region 
predicts benefi cial clinical outcome in patients 
with AVH. 

 Brunelin et al. [ 28 ] reported a mean 20 % 
decrease of auditory verbal hallucinations fol-
lowing 10 sessions of frontotemporal tDCS in 
16 patients with treatment-resistant auditory 
verbal hallucinations. In this sample, patients 
with a comorbid tobacco use disorder showed a 
nonsignifi cant 6 % reduction in auditory verbal 
hallucinations, whereas nonsmokers displayed 
a signifi cant 46 % reduction in auditory verbal 
hallucinations. Thus, smoking may prevent the 
effect of repeated sessions of frontotemporal 
tDCS in patients with treatment-resistant audi-
tory verbal hallucinations. It has been hypoth-
esized that interactions between antipsychotic 
medication and nicotine may infl uence dopamine 
transmission and in turn modulate tDCS effects 
on neural plasticity. 

 Furthermore, one case study suggested that 
some clinical characteristics such as attentional 
salience of auditory verbal hallucinations could 
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infl uence site-specifi c response to tDCS. Namely, 
Bose et al. [ 24 ] described the case of a patient 
with high attentional salience auditory verbal 
hallucinations that failed to respond to left-sided 
frontotemporal  tDCS   but that decreased after 
right-sided frontotemporal tDCS.  

    Brain Correlates of the Effects 
of Frontotemporal tDCS on  Auditory 
Verbal Hallucinations   

 Several studies used fMRI and EEG to investi-
gate how tDCS modulates the brain when reduc-
ing auditory verbal hallucinations in patients 
with schizophrenia. 

 In a fi rst single case study, Homan et al. [ 10 ], 
reported that tDCS decreased the regional cere-
bral blood fl ow in Wernicke’s area (BA22), left 
Heschl’s gyrus (BA41/42), and Broca’s area 
(BA44/45), as well as auditory verbal hallucina-
tions. This work supports the hypothesis that 
tDCS applied over the left temporoparietal junc-
tion reduces auditory hallucinations by normaliz-
ing brain activity, specifi cally by suppressing the 
hyperactivity observed in the language- related 
network during auditory verbal hallucinations [ 3 ]. 

 In a randomized sham controlled study includ-
ing 23 patients with schizophrenia, Mondino 
et al. [ 27 ] reported that active tDCS decreased 
resting state functional connectivity of the left 
temporoparietal junction with the left anterior 
insula and the right inferior frontal gyrus and 
increased resting state functional connectivity of 
the left temporoparietal junction with the left 
angular gyrus, the left dorsolateral prefrontal 
cortex and the precuneus as compared to sham 
tDCS. These changes in functional connectivity 
were accompanied by a reduction of auditory 
verbal hallucinations. Moreover, there was a cor-
relation between the reduction of auditory verbal 
hallucinations and the reduction of the resting 
state functional connectivity between the left 
temporoparietal junction and the left anterior 
insula. These results also suggest that the 
reduction of auditory verbal hallucinations 
induced by tDCS was associated with a modula-
tion of the brain activity within an auditory 
verbal hallucinations -related brain network, 

including brain areas involved in inner speech 
production and monitoring. 

 Using EEG, Nawani et al. [ 16 ] investigated 
the effects of ten sessions of left frontotemporal 
tDCS on auditory verbal hallucinations and on 
the amplitude of the auditory evoked potential 
N100 in fi ve patients with schizophrenia. The 
N100 amplitude was measured when patients 
were listening to speech stimuli and when they 
were asked to produce speech. The authors 
reported that patients with schizophrenia showed 
no difference at baseline between N100 ampli-
tudes generated in talk and listen conditions. This 
absence of N100 modulation during talking as 
compared to listening is suggested to refl ect 
 abnormalities   in the corollary discharge. After 
tDCS, the amplitude of N100 was signifi cantly 
smaller during talking than listening. Thus, tDCS 
seems to restore the N100 amplitude modulation 
when reducing auditory verbal hallucinations. 

 In a case study, Nawani et al. [ 15 ] tested 
whether the same protocol of left frontotemporal 
tDCS had an effect on cortical plasticity measured 
by EEG. Namely, they measured the N100 ampli-
tude evoked by an auditory oddball task before and 
after a tetanic block before and after tDCS. The 
authors reported that ten sessions of frontotempo-
ral tDCS reduced auditory hallucinations and 
increased the modulation of the N100 amplitude 
induced by the tetanic block. This effect was mea-
sured in the frontal region only. Since a change in 
N100 amplitude after tetanic block is considered 
as an indicator of neuroplasticity, these results sug-
gested that tDCS modulates cortical neuroplasti-
city in patients with schizophrenia.   

    Effects of Frontal tDCS on  Negative 
Symptoms      and Other Symptoms 
of Schizophrenia 

 Five studies investigated the clinical effect of 
tDCS on treatment-resistant negative symptoms 
of schizophrenia (see Table  14.2 ). In these studies, 
the targeted brain region was the DLPFC, mainly 
its left part. This brain region was targeted with 
tDCS by placing the anode over the left DLPFC 
(F3) and the cathode either over the supra orbital 
region (FP2), the right DLPFC (F4) or the right 
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deltoid. In the fi rst study, Palm et al. [ 8 ] reported 
that 10 sessions of tDCS delivered once a day 
with the anode placed over the left DLPFC (F3) 
and the cathode electrode placed over the right 
supra orbital region (FP2) reduced treatment-
resistant negative and positive symptoms in a 
patient with schizophrenia. In a further random-
ized sham controlled trial with 20 patients with 
negative symptoms, Palm et al. [ 9 ] reported that 
ten daily sessions of active tDCS as compared to 
sham tDCS decreased negative symptoms as mea-
sured by the Scale for the Assessment of Negative 
Symptoms (SANS) and general symptoms as 
assessed by the PANSS. These benefi cial clinical 
effects were maintained at the 2-week follow-up 
assessment. 

 These benefi cial effects of tDCS on  negative 
symptoms   were also reported more recently in an 
open-label study including nine patients with 
schizophrenia [ 29 ] and in a randomized sham- 
controlled study including 15 patients with 
schizophrenia [ 30 ]. In the fi rst study, patients 
received ten daily sessions of tDCS with the 
anode placed over the left DLPFC (F3) and the 
cathode placed over the right deltoid muscle [ 29 ]. 
After tDCS, patients showed a signifi cant 24 % 
reduction in negative symptoms assessed by the 
PANSS negative subscale as compared to base-
line. In the second study, patients received ten 
daily sessions of either active or tDCS with the 
anode placed over the left DLPFC (F3) and the 
cathode placed over the right DLPFC (F4) [ 30 ]. 
After tDCS, patients receiving active tDCS 
showed a signifi cant 20 % reduction in negative 
symptoms as measured by the PANSS negative 
subscale whereas patients receiving sham tDCS 
showed no signifi cant difference. Patients receiv-
ing active tDCS also reported a signifi cant 15 % 
reduction in PANSS general symptoms as com-
pared to patients receiving sham tDCS.

      Brain Correlates of the Effects 
of Frontal tDCS on  Negative 
Symptoms   

 Only one case study and one randomized con-
trolled study investigated how tDCS modulates 
the brain when reducing negative symptoms in 

patients with schizophrenia. In the case study, 
Palm et al. [ 8 ] used fMRI to measure the effects 
of ten sessions of tDCS with the anode placed 
over the left DLPFC and the cathode placed over 
the right supraorbital region (FP2) on  resting- state 
functional connectivity. Following tDCS, the 
patient showed a reduction in positive and nega-
tive symptoms and a reduced functional connec-
tivity in the anterior part of the default mode 
network including the subgenual cortex, the ante-
rior  cingulate  , the medial frontal gyrus and supe-
rior frontal gyrus. In a larger sample including 20 
patients with schizophrenia, the same group of 
authors reported that the clinical improvement in 
negative symptoms observed after patients 
received tDCS was accompanied by a signifi cant 
reduced functional connectivity within the 
nucleus  accumbens  , the subgenual cortex and the 
striatum [ 9 ].  

    Effects of Frontal tDCS on Other 
Symptoms 

 In a case study, Shiozawa et al. [ 31 ] reported a 
reduction in severity of  catatonic symptoms   in a 
patient suffering from treatment- and electrocon-
vulsive therapy-resistant catatonic schizophrenia 
following ten sessions of tDCS delivered once a 
day with the anode over F3 and the cathode over 
F4. After 1 month, the remission of symptoms 
was complete and lasted for at least 4 months.   

    Effects of TDCS on  Cognitive 
Functions   

 Cognitive defi cits are a key feature in patients 
with schizophrenia. Several studies explored 
whether tDCS could improve cognitive functions 
in patients with schizophrenia (Table  14.3 ).

   In the fi rst study, Vercammen et al. [ 32 ] 
reported that a single session of active tDCS had 
a facilitating effect on probabilistic association 
learning measured by the weather prediction test 
in patients who displayed the best learning abili-
ties before stimulation. In this study the anode 
was placed over the left DLPFC (F3) and the 
cathode over the right supraorbital region (FP2). 

M. Mondino et al.
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In another study, Hoy et al. [ 34 ] observed benefi -
cial effects of the same electrode montage on 
working memory performances measured using 
the n-back task. These benefi cial effects lasted up 
to 40 min after the end of the stimulation period 
and were associated with an increase in frontal 
gamma event related synchronization [ 38 ]. 
Ribolsi et al. [ 33 ] reported a reduction of visuo-
spatial attention defi cit in patients with schizo-
phrenia after a single session of tDCS where the 
anode electrode was placed over the right parietal 
(P4) and cathode over the left shoulder. 

 Several studies investigated the effects of 
anodal tDCS applied over the left DLPFC on 
cognitive functioning of patients with schizo-
phrenia using a standardized battery of cognitive 
tests. In one of them, Rassovsky et al. [ 35 ] tested 
the effect of a single session of either anodal or 
cathodal tDCS applied over FP1 or FP2 (with the 
reference electrode placed over the upper right 
arm) on social cognition and cognitive functions 
in 36 patients with schizophrenia. Social cogni-
tion was measured using the  Mayer–Salovey–
Caruso Emotional Intelligence Test (MSCEIT)   
that assesses four components of emotional  pro-
cessing  , the  Facial Emotion Identifi cation Test 
(FEIT)   that assesses the identifi cation of facial 
emotion, the Profi le of Nonverbal Sensitivity that 
assesses social perception, and the Awareness of 
Social Inference Test that assesses theory of 
mind. Cognitive functions were assessed using 
the  MATRICS Consensus Cognitive Battery 
(MCCB)   composite score. Following anodal 
tDCS, patients showed a signifi cant improve-
ment in the FEIT only, indicating that a single 
session of anodal tDCS over the prefrontal cortex 
might enhance identifi cation of facial emotion in 
patients with schizophrenia. 

 In another study, Schretlen et al. [ 37 ] com-
pared the effects of two 30-min sessions of tDCS, 
applied either with the anode over the left and 
cathode over the right DLPFC or with the reverse 
montage, on working memory and on a brief bat-
tery of cognitive measures in fi ve outpatients 
with schizophrenia and six fi rst-degree relatives 
of patients with schizophrenia. No differences 
were reported between tDCS conditions on motor 
speed assessed by the Grooved Pegboard Test 

and the Finger Tapping Test and on processing 
speed assessed by the Perceptual Comparison 
Test. No effects of tDCS condition were observed 
on attention assessed by the Wechsler Adult 
Intelligence Scale, 3rd Ed. Digit Span and 
Wechsler Memory Scale, 3rd Ed. Spatial Span. 
Working memory performances assessed by 
backward digit and spatial span were shown to be 
improved during anodal stimulation of the left 
DLPFC relative to cathodal stimulation. In addi-
tion, patients showed an increase in novel design 
production without alteration of overall produc-
tivity at the calibrated ideational fl uency assess-
ment during anodal versus cathodal tDCS. 

 Finally, only few studies investigated the 
effects of repeated sessions of tDCS on cognition 
in patients with schizophrenia. For instance, in a 
randomized double-blind, sham-controlled study, 
Smith et al. [ 36 ] investigated the effects of fi ve 
sessions of either active or sham tDCS on cogni-
tion assessed by the MCCB composite score, 
psychiatric symptoms assessed by the PANSS, 
and smoking and cigarette craving in 37 patients 
with schizophrenia or schizoaffective disorder 
who were current smokers. tDCS was delivered 
with the anode placed over F3 and the cathode 
electrode placed over the right supra orbital 
region (FP2). Patients receiving active tDCS, as 
compared to sham, showed a signifi cant improve-
ment in the MCCB composite score, in the 
MCCB working memory score and in attention- 
vigilance domain scores. However, no signifi cant 
effects were observed on clinical symptoms 
assessed by the PANSS, hallucinations, cigarette 
craving, and cigarettes smoked. 

 In a double-blind sham controlled study, 
Mondino et al. [ 26 ] tested the effects of ten ses-
sions of left frontotemporal tDCS on source 
monitoring performance and treatment-resistant 
auditory verbal hallucinations in 28 patients with 
schizophrenia. Source monitoring was defi ned as 
the ability to discriminate between internally 
generated words and externally produced words. 
After ten sessions of active tDCS, patients per-
formed better at recognizing internally generated 
words as compared to sham tDCS. In addition, 
there was a negative correlation between the 
reduction in the  frequency   of treatment-resistant 
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auditory verbal hallucinations and the increased 
recognition of internally generated words.  

    Safety of Using  tDCS   for Treating 
Schizophrenia 

 The reviewed articles investigated the impact of 
at least one tDCS session on more than 300 
patients with schizophrenia. The duration of the 
tDCS session lasted from 10 to 30 min, with the 
intensity of stimulation ranging from 1 to 
3 mA. Among expected adverse events following 
a session of tDCS [ 39 ], patients with schizophre-
nia more commonly reported tingling or itching 
sensations under the electrodes as well as sleepi-
ness. No study reported any serious adverse 
event. In addition, ten sessions of tDCS delivered 
once or twice daily were well tolerated by spe-
cifi c populations such as patients with childhood- 
onset schizophrenia (mean age 15 years old; 
range 10–17) [ 40 ], female patients during preg-
nancy [ 22 ], and patients with comorbid skin con-
dition [ 41 ]. Importantly, these studies did not 
observe any worsening of symptoms. An impor-
tant improvement for patients with severe handi-
caps would be to have the possibility of tDCS to 
be delivered at home. Indeed, this was suggested 
for one patient with  schizophrenia   [ 14 ]. However, 
to allow this practice, the national authorities 
should establish recommendations ([ 42 ], also 
discussed in Chap.   26     of this book).  

    Optimizing tDCS Effi cacy 
on Symptoms of Schizophrenia 

     Optimizing tDCS Parameters   

 The use of tDCS in schizophrenia is just at its 
beginning. There are still numerous unanswered 
questions including optimal stimulation parame-
ters such as intensity, duration, and the number of 
sessions. Concerning stimulation intensity, tDCS 
has been mostly delivered at 1, 1.5, and 
2 mA. Some studies comparing 1–2 mA stimula-
tion suggested that 2 mA is the cut off for an opti-

mal effi ciency in reducing clinical symptoms and 
improving cognitive functions in schizophrenia 
[ 14 ,  34 ]. In that line, an interesting case study 
reported the safety of a 3 mA stimulation [ 14 ]. 
Concerning the duration of a session, most stud-
ies used sessions of a 20-min duration each. 
However, few studies reported benefi cial effects 
of different session durations. For instance, 
Homan et al. [ 10 ] reported reduced auditory ver-
bal hallucinations following ten sessions of tDCS 
delivered once daily at 1 mA during 15 min in a 
patient with schizophrenia. In another single case 
study, Andrade [ 14 ] enhanced tDCS duration 
from 20 to 30 min without adverse effects. In a 
randomized controlled study, Gomes et al. [ 30 ] 
reported the effects of ten sessions of tDCS deliv-
ered once daily at 2 mA during 10 min on nega-
tive symptoms and general symptomatology in 
15 patients with schizophrenia. Concerning the 
number of sessions to deliver, patients with 
schizophrenia showed improvement after ten ses-
sions delivered once or twice per day. One study, 
delivering 15 sessions of tDCS once per day, did 
not show any signifi cant effect on auditory hal-
lucinations [ 20 ]. In one case study, delivering fi ve 
sessions of tDCS once per day induced a substan-
tial reduction of auditory hallucinations that 
lasted at least 6 days [ 23 ]. To sum up, even if 
there is still much to learn about the tDCS opti-
mal parameters, gathered evidence suggests that 
ten sessions of tDCS of 20-min duration and at a 
2 mA intensity delivered once or twice per day 
produce a positive outcome such as reducing 
symptoms and improving cognition in patients 
with schizophrenia.  

    Other Modalities of  Transcranial 
Electric Stimulation   in Schizophrenia 

 Other forms of transcranial electric stimulation 
besides tDCS, such as high frequency oscilla-
tory unidirectional   transcranial random noise 
stimulation  (tRNS)   [ 43 ], have been tested in 
schizophrenia. To date, two studies investigated 
the effects of unidirectional tRNS with high fre-
quencies ranging from 100 to 640 Hz, in patients 
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with schizophrenia. Palm et al. [ 44 ] reported an 
improvement in negative symptoms after 20 ses-
sions of tRNS with the anode applied over the 
left DLPFC cortex and the cathode over the 
right supraorbital cortex. Haesebaert et al. [ 45 ], 
using the left frontotemporal montage during 
ten sessions of tRNS, observed a reduced sever-
ity of auditory hallucinations and an improved 
insight into the illness. Moreover, one study 
investigated the effects of transcranial slow 
oscillatory direct stimulation applied at a fre-
quency of 0.75 Hz during phase 2 of sleep in 14 
patients with schizophrenia [ 46 ]. In this study, 
slow oscillatory tDCS was applied at an inten-
sity of 0.3 mA through two spherical 8 mm 
diameter electrodes placed bilaterally over F3 
and F4 and at the mastoids. Stimulation was 
delivered for fi ve blocks of 5 min separated by 
1-min intervals free of stimulation. The authors 
reported that patients displayed greater perfor-
mances to retain verbal information following 
active as compared to sham stimulation. A sig-
nifi cant elevated mood was also observed in the 
morning after stimulation as compared to the 
morning after sham stimulation.  

    Combining tDCS with Other 
Approaches 

 tDCS studies most often include patients with 
schizophrenia suffering from treatment-resis-
tant symptoms, and thus, treated with several 
medication classes including typical, atypical 
antipsychotics and selective serotonin reuptake 
inhibitors. These treatments should be taken 
into account when studying the impact of 
tDCS sessions. Indeed, in studies involving 
healthy subjects, dopaminergic, serotonergic, 
and GABAergic agents/drugs have been shown 
to have an impact on  motor cortex excitability   
after tDCS sessions [ 47 ,  48 ]. For example, tDCS 
aftereffects in healthy subjects are considerably 
reduced with sulpiride [ 48 ]. With this in mind, 
it seems important that the studies investigating 
the effect of tDCS in patients with schizophre-
nia should determine the optimal association 

between pharmacology and the tDCS protocol. 
For example, a major  depression   study showed 
that bifrontal tDCS effi cacy was reduced with 
concomitant use of benzodiazepine drugs [ 49 ]. 
Such interactions might also occur in patients 
with schizophrenia. Future work is therefore 
needed to study the association between tDCS 
effects, medication, and even nicotine intake [ 28 ] 
with tDCS effi cacy in schizophrenia. 

 Another interesting approach, with the aim to 
improve tDCS effects on symptoms, could 
involve combination with neurocognitive strate-
gies such as  cognitive remediation therapy   [ 50 , 
 51 ]. For example, tDCS has been shown to 
improve working memory [ 52 ], therefore it could 
work with cognitive training as to enhance both 
cognitive and clinical effi cacy. Further studies are 
needed to determine the optimal associations 
with the aim of improving clinical outcomes.   

    Conclusion 

 In this chapter, we reviewed and discussed stud-
ies investigating the usefulness of tDCS to 
reduce symptoms and improve cognitive func-
tions of patients with schizophrenia. To date, 
two electrode montages seem to stand out: one 
frontotemporal montage with the anode placed 
over the left prefrontal cortex and the cathode 
placed over the left temporoparietal junction, 
which may reduce auditory verbal hallucina-
tions; and one frontal montage with the anode 
placed over the left DLPFC and the cathode 
placed over the right DLPFC or the right supra-
orbital region which may also have benefi cial 
clinical outcomes, mainly on negative symp-
toms. However, as the use of tDCS is quite 
recent and since most studies reviewed here 
were case-reports and open labeled studies with 
small samples, further randomized controlled 
trials with large samples are needed to confi rm 
the effi cacy of tDCS in schizophrenia. Moreover, 
further investigations have to be conducted to 
determine biological correlates and the optimal 
stimulation parameters to use to better impact 
on the symptoms of schizophrenia.     
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