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Abstract

Background: Executive functions (EF) are often impaired in
autism spectrum disorder (ASD). Such dysfunctions are asso-
ciated with anxiety, depression, and a lack of autonomy.
Transcranial direct current stimulation (tDCS) has been
shown to enhance EF in healthy adults and clinical popula-
tions and to improve working memory —a component of the
EF — in adults with high-functioning ASD (HF-ASD). We hy-
pothesized that tDCS could improve the EF of HF-ASD pa-
tients. Such enhancement could improve their adaptive be-
haviors. Method: Eight patients with HF-ASD received 10
consecutive cathodal tDCS sessions (2 mA) over the left dor-
solateral prefrontal cortex (F3) for 15 min each in an open
trial. EF (with the Stroop test, Trail Making Test [TMT] A and B,
Modified Wisconsin Card Sorting Test [nWCST], and Verbal
Fluency Test) and behavioral dysexecutive syndrome (with
the Behavioral Dysexecutive Syndrome Inventory and the Re-
petitive and Restricted Behaviour scale) were assessed before

and 10 days after treatment. Results: This study showed sig-
nificant improvement in initiation (TMT-A time: p = 0.018)
and cognitive flexibility (TMT-B time: p = 0.009; letter Verbal
Fluency Test: p = 0.017; mWCST total errors: p = 0.028) after
tDCS. Regarding behavior, the hypoactivity of the patients
improved, as well as their repetitive and restrictive behaviors.
In addition, this noninvasive neurostimulation technique was
well tolerated. Conclusions: Flexibility and initiation are the
most impaired EF in autism. These are promising results
which justify a randomized and placebo-controlled study in
a wider population. If these results were confirmed by a ran-
domized controlled trial, tDCS could be an easy and well-tol-
erated adjunctive treatment aiming to improve the quality of
life and the autonomy of ASD patients.

© 2019 S. Karger AG, Basel

Introduction

Autism spectrum disorders (ASD) are neurodevelop-
mental disorders with different intensities but similar
core symptoms: abnormalities in communications, social
awareness and skills, presence of restrictive and stereo-
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typed patterns of behaviors, interests, and activities
(DSM-5). Executive function deficits (EFD) are present
for most people with ASD even if they do not have any
intellectual disability [1, 2]. Executive functions (EF) are
the cognitive functions which allow to accomplish a task
in a new situation. These are functions of high-level con-
trol, occurring in many types of cognitive activities, in-
cluding initiation, planning, flexibility, inhibition, and
executive control (i.e., function of correction in feed-
back). These functions are linked to working memory
and attentional processes.

In intellectually disabled patients with autism, the im-
pairment would be persistent throughout development,
especially in response inhibition and working memory
[3]. In addition, the EFD, and particularly the deficit of
mental flexibility and planning, are associated with anxi-
ety and depression in autism without any intellectual dis-
ability [4, 5]. These impairments lead to a decrease in the
capacity of adaptation and autonomy [6]. Until recently,
the only specific treatment of EFD was cognitive reme-
diation, but this treatment is time consuming [7]. More-
over, it requires trained professionals who are not found
throughout the country.

Until now, no structural brain anomalies have been
detected in adults with autism compared to healthy sub-
jects [8, 9]. However, functional anomalies in the activa-
tion of the brain areas implied in EF, especially in the
prefrontal cortex, have been noticed [10]. There could be
anomalies of the GABAergic pathway with instability of
the excitation/inhibition balance in favor of excitation at
the prefrontal cortex level [11, 12]. At the microscopic
level, alterations of the cortical inhibitory structures can
be observed, resulting in an inhibitory default [13].

To cope with this inhibitory default in autism, promis-
ing results have been achieved by several noninvasive
neurostimulation studies [14]. First, low-frequency re-
petitive transcranial magnetic stimulations (LF-rTMS)
targeting the left dorsolateral prefrontal cortex (DLPFC)
improved the visual discrimination in children, teenag-
ers, and adults with high-functioning autism. To do that,
LE-rTMS inhibited the response to non-target stimuli
[15] and/or increased the response to target stimuli [16].
LE-rTMS improved the control of the error and the func-
tion of correction. The results concerning the efficacy of
r'TMS on these last 2 parameters, which represent execu-
tive control, were replicated in a study from the same
team in 2012 [17]. rTMS is, therefore, an interesting ther-
apeutic tool but has the disadvantage of being contrain-
dicated in patients with epilepsy. Indeed, the prevalence
rate of epilepsy in autism is precisely higher than in the
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general population, even in ASD patients without intel-
lectual disability (approximately 5-40% vs. 0.5-1% in the
general population [18]).

However, there is another noninvasive neurostimula-
tion technique, which has the advantage of not inducing
serious side effects, namely seizures, contrary to rTMS
[19]: transcranial direct current stimulation (tDCS). Such
stimulation improved the EF in schizophrenia [20], Par-
kinson disease [21], and healthy volunteers [22]. Thanks
to an inhibitory effect on the DLPFC when in contact with
the cathode electrode, tDCS could decrease cortical excit-
ability and thus improve selective attention [22]. By doing
s0, a better selection of information is possible at a neu-
ronal level [22]. Some authors have correlated autism and
its behavioral symptoms with deficient neural inhibition
in some specific cortical regions, among which is the
DLPFC [12, 23]. So, in autism, we might assume that
cathodal tDCS could allow an improvement in EF by re-
storing the inhibition/excitation balance at a cortical lev-
el. EFD may be considered an important target for inter-
ventions that are aimed at improving overall function,
autonomy, and adaptation in older youth and young
adults with ASD without intellectual disability [24].

To our knowledge, no study has examined the impact
of several sessions of tDCS on the dysexecutive syndrome
of patients with high-functioning autism. The primary
outcome of the study was to assess the feasibility and safe-
ty of cathodal tDCS on the left DLPFC in high-function-
ing autistic patients with a dysexecutive syndrome. The
secondary outcomes were to study the evolution of EF and
behavioral dysexecutive syndrome before and after tDCS.

Materials and Methods

Participant Recruitment and Informed Consent

We led an interventional, prospective, and monocentric pilot
study between November 2016 and September 2017 at the Rouvray
Hospital, Sotteville-les-Rouen, France. The participants in the cur-
rent study were recruited via advertisements at the Centre Res-
source Autisme Normandie Seine Eure and the Psychiatric Uni-
versity Department of the Rouvray Hospital.

Study inclusion criteria were: (1) adult patients between 20 and
50 years old; (2) patients diagnosed with autism without any intel-
lectual disability or Asperger syndrome according to the criteria of
the International Classification of Mental and Behavioral Disorders
(ICD-10) codes F84.0, F84.1, and F84.5; (3) patients with a com-
plaint about their adaptation capacities and autonomy; (4) patients
with 2 impaired scores (i.e., below a pathological threshold) in the
4 tests currently used to assess EF: the Modified Wisconsin Card
Sorting Test (mWCST), the Stroop Color-Word Test (SCWT), the
Trail Making Test part A (TMT-A) and B (TMT-B) as well as the
category and letter Verbal Fluency Test; (5) patients with usual
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2 tDCS sessions a day (V2 to V6)
Total = 10 tDCS sessions

M-1 D1

! |

Prescreening visit Baseline assessment
(VO) « Neuropsychological tests
« Behavioral dysexecutive

« Inclusion criteria syndrome

Post-tDCS assessment (V7)

* Neuropsychological tests

+ Behavioral dysexecutive
syndrome

Fig. 1. The study design. V, visit.

treatment maintained for 1 month before and throughout the
study; (6) patients without any tDCS experience; (7) patients affili-
ated to a social security system; (8) patients who took notice of the
letter of information and who signed the consent form; (9) for
women of childbearing age, the use of an efficient contraceptive
method for 1 month was required (estrogen-progestin combina-
tion therapy, intrauterine device, or tubal ligations). Ethical ap-
proval based on the Declaration of Helsinki was provided by the
Comité de Protection des Personnes Nord-Ouest 1 and the Agence
Nationale de Sécurité du Médicament et des produits de santé
(ANSM) in July 2016 (number RCB2016-A00805-46).

Study Design

The study was an open-label study (Fig. 1) consisting of (1) a
prescreening visit (M-1); (2) a baseline assessment with the admin-
istration of neuropsychological tests and the assessment of the be-
havioral dysexecutive syndrome (D1); (3) 15 days after day 1
(D16), 2 tDCS sessions a day for 5 consecutive days (10 sessions in
total) with an assessment of side effects after each session (between
D16 and D20); and (4) a final assessment 10 days after the end of
the treatment with the same neuropsychological tests and the same
assessment of the behavioral dysexecutive syndrome (D30). In-
deed, Boggio et al. [25] have observed that consecutive daily ses-
sions of tDCS were associated with an effect that lasted for 2 weeks
after treatment. Thus, this study involved 30 days of participation
between the first neuropsychological evaluations (D1) and the re-
test (D30). This 30-day interval between the 2 assessments was
chosen to limit practice effects.

Transcranial Direct Current Stimulation

tDCS was performed using an electrostimulator (StarStim
Noninvasive Wireless tCS Neurostimulator, Neuroelectrics®, Bar-
celona, Spain). It consists of a wireless Neopren headcap with 2
long-sized saline-filled electrodes. Electrode placement is based on
the 10-20 EEG system allowing stimulation of various brain struc-
tures. The headcap is connected through a Bluetooth device for
configuration and monitoring at a distance.

StarStim provides a constant current in accordance with the
relevant data for the study: (1) the cathodal tDCS was applied over

tDCS in Autistic Patients with a
Dysexecutive Syndrome

the left DLPFC in the 10/20 system (F3), and the anodal tDCS was
applied on the right supraorbital area (AF8); (2) intensity: 2 mA;
(3) treatment duration: 15 min; (4) gradual increase and decrease
of the electric current over 10 s at the beginning and the end of
stimulation, respectively; (5) number of sessions: 10; (5) frequency
of treatment: 2 sessions a day with an interval of at least 2 h between
the sessions for 5 consecutive days.

Neuropsychological and Clinical Measures

Modified Wisconsin Card Sorting Test

The mWCST was presented by Nelson [26]. The participants
must sort the cards according to 3 possible criteria (i.e., form, col-
or, number) following the implicit and assumed rule defined by the
examiner. Then, the participants must adapt their behaviors when
having to sort the cards according to another criterion. Three types
of performances are notified: the number of correct categories, the
total number of errors, and the number of perseverations (i.e.,
cards sorted out according to the previous criterion once the rule
changed). Flexibility is mainly measured through the total number
of errors and perseverations. The deduction of the classification
rules is assessed on the basis of the number of the correct catego-
ries. Besides, an increasing number of perseverations points to a
deficiency in inhibition (inhibition of a dominant response). For
the mWCST, a study of the temporal stability, in which the test was
performed twice at 12-day intervals, has indicated a good test-re-
test reliability for the perseverative errors (0.83) and nonperse-
verative errors (0.80) and a small learning effect thanks to mea-
sures of dispersion [27].

Trail Making Test

The TMT was first referenced in 1944 in a battery of individu-
al tests used by the US Army [28]. This test is divided into 2 sub-
categories: part A, which requires the subject to connect a series of
numbers (1-25) in consecutive order as quickly as possible, and
part B, in which the subject alternates between numbers and letters
(1-A-2-B-3 ...). Part A assesses initiation, while part B tests cogni-
tive flexibility. Other processes are involved, such as visuospatial
exploration and motor speed performance. The measured scores
for each part are the amount of time required to complete the task
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and the total number of errors. In young adults retested after an
interval of 3 weeks, reliability was low for part A (0.55) but ade-
quate for part B (0.75) in the study of Bornstein et al. [29].

Stroop Color-Word Test

The SCWT measures initiation (“reading” and “naming” sub-
tests) and inhibition (“interference” subtest) [30]. In the naming
subtest, the subject names patches of different colors (“blue,”
“green,” and “red”). In the reading test, the subject reads names of
colors printed in black on white (“blue,” “green,” and “red”). In the
interference test, the subject must name the color of the ink used
for writing the color name. The color name and the ink are incon-
sistent (“red” written in green). The subject must inhibit the spon-
taneous response stemming from the automatic reading of the
word. For each of the 3 subcategories, this test assesses speed per-
formance (“response time” performance type) and the number of
errors (“errors” performance type). An interference index can be
calculated (subtest interference — subtest naming). It constitutes
an easy and instructive interference score. Golden [31] reported
good reliabilities for the 3 subtests: 0.86 (“reading”), 0.82 (“nam-
ing”), and 0.73 (“interference”) for an individual version.

Verbal Fluency Test

In this test, the subjects have to produce as many words as they
canin 1 min. There is the initial letter fluency test (words beginning
with a specified letter, such as F, for example) and the semantic ver-
bal fluency also called the category fluency test (words from the
same semantic field, for example, the semantic category of animals)
[32]. The number of correct words allows to assess both initiation
and generation of information. Other processes are involved in the
task, such as the spontaneous flexibility or the necessity to inhibit
inconsistent items [33]. The test-retest reliability of the Verbal Flu-
ency Test was good (r > 0.7) in the study of Strauss et al. [34].

Behavioral Dysexecutive Syndrome Inventory

The behavioral dysexecutive syndrome is assessed with the Be-
havioral Dysexecutive Syndrome Inventory (BDSI) [35]. This rat-
er-administered questionnaire from the GREFEX battery takes
into account the most significant sectors regarding the frontal dys-
functions or the frontal subcortical network. These sectors are rep-
resented according to 12 domains in total: hypoactivity with apa-
thy-abulia; difficulties in anticipation, planning, and initiation of
activities; disinterest and indifference to his/her own concern and
others; hyperactivity-distractibility-psychomotor instability; irri-
tability-impulsivity-aggressiveness; euphoria, emotional lability,
and moria; stereotyped and perseverative behavior; environmental
dependency; anosognosia-anosodiaphoria; spontaneous confabu-
lations; social behavior disorders; and disorders of sexual, eating,
and urinary behavior.

Two elements are assessed in each domain:

— the element of severity, which corresponds to the product of
frequency (ranging from 1 to 4) and prevalence (ranging from

1 to 3), with data ranging thus from 1 to 12;

— the element of impact (ranging from 0 to 5) which corresponds
to a disturbing behavior for the people around.

Behaviors are considered pathological when 1 of these 2 ele-
ments is pathological (either the severity element or the impact
element or both).

Due to the frequency of anosognosia in this type of behavioral
disorders, the inventory is based on the data given by a dependable
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informant who is a close relative of the patient, if possible living
with him or her. Diagnosis of the behavioral dysexecutive syn-
drome is defined when 3 domains at least are considered patho-
logical.

Repetitive and Restricted Behaviour Scale

The Repetitive and Restricted Behaviour scale (RRB) was spe-
cifically designed to assess the restricted and repetitive behaviors
in autism [36]. It is composed of 35 items. This test analyses the
severity and the presence of such behaviors in the following do-
mains: sensorimotor stereotypes (factor 1 or F1), reaction to
changes (factor 2 or F2), restricted behaviors (factor 3 or F3), and
emotion regulation (factor 4 or F4). This test permits the follow-up
of the symptoms and also evaluates the efficacy of the treatments.
There is no threshold value for this test. This test is not part of the
battery of tests of the GREFEX, but nevertheless, the RRB takes
into account several behavioral domains which are also included
in the BDSI. The rating is determined during the observation of
the patient. Such rating can be detailed with a patient’s relative or
friend: spouse, close member of the family, close friend, or care-
giver having a good knowledge of the patient.

Statistical Analysis of the Data

Statistical analyses were performed using SPSS Statistics soft-
ware, version 21.0 (Chicago, IL, USA). The characteristics of the
patients were described with means and standard deviations for
quantitative data and frequencies for categorical data. Paired f tests
were performed to compare cognitive and clinical scores between
D1 (prior to any stimulation) and D30 (10 days after discontinua-
tion of stimulation) only when the equality of variances and the
normal distribution of the data (Kolmogorov-Smirnov test) were
ascertained. When these assumptions were not met, the Wilcoxon
signed-rank test was used. In order to control the risk of false pos-
itives due to multiple comparisons in the cognitive tasks, a Bonfer-
roni correction was performed.

Results

Description of the Population

Sociodemographic Characteristics

A total of 22 participants with autism were screened for
possible participation between August 2016 and August
2017. Eight patients did not meet the inclusion criteria (1
patient was aged 19 years and 7 patients were under
guardianship); 4 patients did not have 2 impaired scores
among the 5 EF tests; 1 patient refused to participate; and
1 patient was depressed. Eight patients (7 men/1 woman)
aged 20-28 years met the study inclusion criteria (mean
age [SD] =24.25 [3.24] years). Regarding the level of edu-
cation, 25% of the patients were at junior secondary
school level, 37.5% were at senior secondary school level,
while 37.5% were at university level. Regarding socio-
professional activities, all patients were jobless. Besides,
they were all single patients. As regards their autonomy,
62.5% lived with their parents and 37.5% on their own.

Rothirmel et al.

Downloaded by:

129.97.193.44 - 1/7/2020 11:46:12 AM



Table 1. Performances of each cognitive test before and after tDCS

Test Before tDCS After tDCS p value
Score Z-score Z-score Score Z-score Z-score
mWCST
Categories completed 5.75 (0.46) -0.48 (1.25) 0.18 6.00 (0.00) 0.20 (0.02) 0.18 0.18
Total errors 6.00 (3.70) 0.89 (1.06) 0.59 3.25(2.87) 0.09 (0.81) 0.16 0.028*
Perseverative errors 1.00 (1.60) 0.39 (1.56) -0.47 0.75 (1.04) 0.13(1.01) -0.19 0.285
Stroop test
Denomination time, s 69.25 (6.67) 1.28 (0.64) 1.19 64.50 (4.99) 0.81 (0.54) 0.77 0.067
Denomination errors 0.00 (0.00) -0.31(0.11)  -0.23 0.00 (0.00) -0.31 (0.11) -0.23 1.000
Reading time, s 49.63 (7.29) 1.43 (1.34) 1.13 49.50 (8.43) 1.35(1.33) 1.58 0.482
Reading errors 0.00 (0.00)  -0.16 (0.08)  —-0.10 0.25 (0.46) 2.34 (4.66) ~0.10 0.157
Interference time, s 128.88 (35.39) 1.37 (1.11) 1.15 114.75 (20.54) 0.15 (2.01) 0.54 0.093
Interference errors 0.25 (0.46) -0.21 (0.49) -0.47 0.00 (0.00) -0.49 (0.026) -0.47 0.157
Interference score 59.63 (31.70) 1.06 (1.43) 1.04 50.25 (17.32) 0.62 (0.75) 0.52 0.123
T™T
TMT-A time, s 36.75 (9.74) 0.58 (0.78) 0.59 28.38 (10.91) -0.11 (0.91) -0.17 0.018*
TMT-A errors 0.50 (0.76) 1.88 (3.49) -0.14 0.25 (0.46) 0.97 (2.26) -0.21 0.540
TMT-B time, s 82.00 (32.70) 0.84 (1.32) 0.59 69.88 (32.72) 0.31 (1.34) -0.25 0.009**
TMT-B errors 0.00 (0.00)  -0.30(0.00)  -0.30 0.13 (0.35) 0.16 (1.31) ~0.30 0.351
Verbal fluency test
Initial letter 13.38 (7.27) -1.39 (0.96) -1.52 15.88 (6.98) -0.97 (0.94) -1.13 0.017*
Category 19.63 (8.62) -1.60 (1.04) -1.68 22.63 (5.32) -1.23 (0.54) -1.37 0.236

Values are means (SD) or medians. mWCST, Modified Wisconsin Card Sorting Test; tDCS, transcranial direct current stimulation;
TMT, Trail Making Test. * p < 0.05; ** p < 0.01. Bold value indicates that the result remains significant after Bonferroni correction.

Clinical Characteristics

Patients were diagnosed with childhood autism (n =
4), Asperger syndrome (n = 2), or atypical autism (n = 2).
Seven patients (87.5%) had at least 1 psychiatric comor-
bidity with an overrepresentation of the anxiety disorders
or obsessive-compulsive disorder (n = 6), while 1 patient
suffered from a history of depression. All patients with a
psychiatric comorbidity received a medical treatment.
The most represented classes of drugs were (1) antide-
pressants (n = 6); (2) antipsychotics (2 patients with clo-
zapine and 2 with risperidone); (3) benzodiazepines (n =
1); and (4) mood stabilizer (valpromide, n = 1).

Tests of the EF

At the beginning, 5 patients had 2 pathological scores
among the 4 EF tests and 3 patients had 3 pathological
scores. For each cognitive test, performances before and
after tDCS are reported in Table 1.

As regards the mWCST, the total number of errors
significantly decreased after tDCS (p = 0.028). Likewise,
the time to complete the TMT significantly decreased af-
ter tDCS in both TMT-A (p = 0.018) and TMT-B (p =

tDCS in Autistic Patients with a
Dysexecutive Syndrome

0.009). With regard to verbal fluency, the initial letter flu-
ency test was significantly improved (p = 0.017) after
tDCS.

Behavioral Dysexecutive Syndrome

Behaviora.l Dysexecutive Syndrome Inventory

The intensity and the impact on relatives of the 12 dys-
functional domains are reported in Table 2. The percentage
of improvement of these domains is shown in Figure 2.

All patients presented at least 3 deviant domains from
the BDSI before (mean [SD] =6.125[1.36]) and after neuro-
stimulation (mean [SD] = 5.75 [1.04]), which corresponds
to the presence of a behavioral dysexecutive syndrome for
all these patients. The number of the deviant domains be-
fore and after tDCS did not change for 5 patients and de-
creased for the 3 other patients (p = 0.083). However, a sig-
nificant improvement was shown for several domains: (1)
hypoactivity with apathy-abulia (intensity: p = 0.004; im-
pact on relatives: p = 0.021); (2) difficulties in anticipation,
planning, and initiation of activities (intensity: p = 0.007;
impact on relatives: p = 0.024); (3) and irritability, impul-
sivity, and aggressiveness (impact on relatives: p = 0.039).
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Table 2. Behavioral dysexecutive syndrome (RRB and BDSI scores) before and after tDCS

Test Before tDCS After tDCS p value

mean + SD median mean *+ SD median

Repetitive and Restricted Behaviour scale

F1 (sensorimotor stereotypes) 7.38 (4.07) 6.00 5.88 (3.76) 4.00 0.014*
F2 (reaction to changes) 5.00 (3.46) 4.00 4.00 (3.38) 2.50 0.007**
F3 (restricted behaviors) 7.63 (5.10) 8.00 6.88 (4.94) 7.00 0.111
F4 (emotion regulation) 6.38 (2.20) 6.50 3.63 (1.51) 4.00 <0.001%**
Total score 28.13 (5.79) 29.50 21.63 (5.70) 21.50 <0.001%**
Behavioral dysexecutive syndrome inventory
Domain 1

Intensity 7.75 (1.98) 8.00 4.25 (1.67) 4.00 0.004**

Impact on relatives 3.38(0.92) 3.00 2.50 (0.53) 2.50 0.021*
Domain 2

Intensity 6.63 (2.56) 6.00 3.88 (1.55) 4.00 0.007**

Impact on relatives 3.38 (0.74) 3.50 2.63 (0.52) 3.00 0.02*
Domain 3

Intensity 7.63 (4.41) 7.50 6.63 (4.31) 6.00 0.227

Impact on relatives 3.00 (1.41) 3.50 2.75 (1.58) 3.50 0.170
Domain 4

Intensity 2.25(2.71) 1.00 2.50 (2.78) 2.00 0.685

Impact on relatives 1.13 (1.64) 0.00 1.50 (1.69) 1.00 0.504
Domain 5

Intensity 2.75(3.33) 1.50 1.00 (0.93) 1.00 0.109

Impact on relatives 1.75 (1.83) 1.50 0.75 (1.17) 0.00 0.039*
Domain 6

Intensity 2.50 (3.66) 0.00 1.88 (3.23) 0.00 0.180

Impact on relatives 1.13 (1.64) 0.00 1.13 (1.64) 0.00 1.000
Domain 7

Intensity 4.88 (3.36) 6.00 3.75 (3.15) 3.50 0.094

Impact on relatives 1.88 (1.36) 2.50 1.63 (1.19) 2.00 0.170
Domain 8

Intensity 1.63 (4.21) 0.00 1.63 (4.21) 0.00 1.000

Impact on relatives 0.13 (0.35) 0.00 0.13 (0.35) 0.00 1.000
Domain 9

Intensity 0.50 (1.41) 0.00 0.50 (1.41) 0.00 1.000

Impact on relatives 0.38 (1.06) 0.00 0.38 (1.06) 0.00 1.000
Domain 10

Intensity 0.00 (0.00) 0.00 0.00 (0.00) 0.00 1.000

Impact on relatives 0.00 (0.00) 0.00 0.00 (0.00) 0.00 1.000
Domain 11

Intensity 3.75 (4.17) 2.50 2.25(2.71) 1.00 0.104

Impact on relatives 2.00 (1.51) 2.50 1.63 (1.77) 1.50 0.197
Domain 12

Intensity 0.88 (2.10) 0.00 0.00 (0.00) 0.00 0.277

Impact on relatives 0.75 (1.49) 0.00 0.00 (0.00) 0.00 0.197

Domain 1, hypoactivity with apathy-abulia; Domain 2, difficulties in anticipation, planning, and initiation of activities; Domain 3,
disinterest and indifference to his/her own concern and others; Domain 4, hyperactivity-distractibility-psychomotor instability; Domain
5, irritability-impulsivity-aggressiveness; Domain 6, euphoria, emotional lability, and moria; Domain 7, stereotyped and perseverative
behavior; Domain 8, environmental dependency; Domain 9, anosognosia-anosodiaphoria; Domain 10, spontaneous confabulations;
Domain 11, social behavior disorders; Domain 12, disorders of sexual, eating, and urinary behavior. BDSI, Behavioral Dysexecutive
Syndrome Inventory; RRB, Repetitive and Restricted Behaviour scale; tDCS, transcranial direct current stimulation. * p < 0.05; ** p <
0.01; *** p < 0.001.
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Fig. 2. The percentage of improvement in the BDSI domains after
tDCS. D1: hypoactivity with apathy-abulia; D2: difficulties in an-
ticipation, planning, and initiation of activities; D3: disinterest and
indifference to his/her own concern and others; D4: hyperactivity-
distractibility-psychomotor instability; D5: irritability-impulsivi-

Repetitive and Restricted Behaviour Scale

RRB scores are reported in Table 2. A decrease in the
RRB scores was observed after tDCS both for the total
RRB score (p < 0.001) and for all subcategory scores (F1,
sensorimotor stereotypes: p = 0.014; F2, reaction to
changes: p = 0.007; F4, emotion regulation: p < 0.001) ex-
cept F3 (restricted behaviors). The average improvement
in the total score was 23.48% (SD = 8.80%).

Tolerance

All patients experienced minor adverse effects for at
least 1 session. The most frequent effects were local ad-
verse effects where the electrodes were applied: paresthe-
sia with sensations of buzzing, tingling, or heat (n = 7),
pruritus (n = 4), or asthenia (n = 2). Furthermore, ery-
thema was reported twice by the clinical examiner.

Paresthesia and pruritus developed at the beginning of
stimulation with a constant moderate intensity. Some-

tDCS in Autistic Patients with a
Dysexecutive Syndrome

ty-aggressiveness; D6: euphoria, emotional lability, and moria; D7:
stereotyped and perseverative behavior; D8: environmental de-
pendency; D9: anosognosia-anosodiaphoria; D10: spontaneous
confabulations; D11: social behavior disorders; D12: disorders of
sexual, eating, and urinary behavior.

times, they diminished after a few seconds, but sometimes
they lasted until the end of the session. These sensations
were not present for every patient at every session. Eventu-
ally and less commonly, nausea and difficulty concentrat-
ing as well as sleepiness were notified during the session.

No patient experienced any serious side effect that
would have required the premature ending of the ses-
sions. There was no side effect described during the fol-
low-up visit at D30 for the 8 patients.

Discussion

This pilot study showed that 10 sessions of tDCS were ac-
companied by a significant enhancement of initiation and/
or generation of information (TMT-A time) and cognitive
flexibility (TMT-B time, Verbal Fluency Test, and total er-
rorsscoreinmWCST) inadult patients with high-function-
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ing autism. With regard to behavioral aspects, a significant
improvement was found after tDCS for the following di-
mensions assessed with the BSDI: (1) hypoactivity with ap-
athy-abulia; (2) difficulties in anticipation, planning, and
initiation of activities; and (3) irritability, impulsivity, and
aggressiveness (impact on relatives). In addition, sensorim-
otor stereotypes (F1, RRBS), reaction to change (F2, RRBS),
and modulation insufficiency (F4, RRBS) were improved.
The RRB total score decreased by 23% after tDCS.

These results are consistent with the first exploratory
studies on the effect of tDCS in autism. Regarding the im-
pact of tDCS on cognition in autism, Van Steenburgh et
al. [37] demonstrated that both left DLPFC anodal/right
DLPFC cathodal stimulation and right DLPFC anodal/
left DLPFC cathodal stimulation during the cognitive
tasks improved working memory performance in 12
adults with high-functioning autism. This beneficial ef-
fect persisted even 50 min after the session of right DLP-
FC anodal/left DLPFC cathodal stimulation (but not for
left DLPFC stimulation). In a recent study, English et al.
[38] examined the effect of tDCS on pseudo-neglect, i.e.,
on the attentional bias toward stimuli presented in the left
hemisphere, driven by the greater lateralization of spatial
attention to the right hemisphere [39]. In neurotypical
individuals with high levels of autistic-like traits, these at-
tentional biases were reduced [40]. In 16 neurotypical
students with high levels of autistic-like traits, 1 session
of anodal tDCS over the right posterior parietal cortex
could restore typical attentional patterns [38].

The cognitive effects of tDCS seem to be particularly
promising in autism, especially since the cognitive scores
improved in our study without the number of errors in-
creasing. This seems to indicate that patients did not
change the method to complete the test but really im-
proved their capacities of initiation and flexibility.

However, it cannot be ruled out that at least some of
these improvements are due to practical effects. Indeed,
even if these cognitive tests have a good reliability, an in-
crease in the scores is possible, as has been observed in
several groups of healthy subjects who were evaluated
twice. In a study on the effects of rTMS, whose data have
not yet been published [41], 15 healthy subjects of the con-
trol group, 25.9 (+6.4) years old on average, were cogni-
tively assessed at a 2-week interval without having bene-
fited from any active therapeutic intervention. In these
subjects, average gains of 6.37 s in TMT-A time, 4.09 s in
TMT-B time, and 2.53 words in letter fluency were ob-
served on the second administration [41]. Similarly, in a
control group of 10 healthy subjects (age: mean [SD] =
30.3 [8.0] years) who were assessed twice at a 1-month in-
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terval, a decrease of 0.5 total errors in mWCST was no-
ticed after 1 month [42]. For the Stroop test, university
students have been tested twice with a 1-month interval
between test sessions [34]. On the second administration,
performance improved by about 2 s on the parts “reading”
and “naming” and by about 5 s on the part “interference.”

If we consider the raw scores obtained by the 8 patients
of the present study, they improved by about 5 s on the
part “reading,” by about 0.12 s on the part “naming,” and
by about 14 s on the part “interference” of the Stroop test;
by 2.75 in total errors of the mWCST; by about 7 s on
TMT-A, 12 s on TMT-B, and 2.50 words in letter fluency
(Table 1). While remaining careful about the outcomes of
this pilot noncontrolled study, the significant evolution
of cognitive scores in the autistic patients after tDCS
seems to be greater than a simple practical effect.

Regarding the impact of tDCS on dysfunctional be-
haviors in autism, d’Urso et al. [43] studied the effect of
10 sessions of cathodal tDCS over the left DLPFC in au-
tistic patients with intellectual disability with the Aber-
rant Behavior Checklist (ABC). Several abnormal behav-
iors were improved after treatment: (1) irritability, agita-
tion, crying; (2) social withdrawal and lethargy; and (3)
hyperactivity and noncompliance. In addition, in 20 male
children without mental retardation, aged 5-8 years, a
single stimulation of anodal tDCS over the left DLPFC
induced improvement in the social domain [44].

Thus, it appears that tDCS could constitute a promising
therapeutic tool both cognitively and behaviorally in pa-
tients with autism. In this pilot study, we hypothesized that
cathodal tDCS could be efficient in autism. We were in-
spired by the studies of Casanova et al. [11, 13] which
found an alteration of prefrontal inhibitory structures. In-
deed, the common assumption is that the anode electrode
causes an enhancement of cortical excitability during stim-
ulation, while the cathode electrode generates the opposite
effect, i.e., anodal-excitation and cathodal-inhibition ef-
fects. Yet, this dual-polarity effect has not been observed in
all tDCS studies and especially in cognitive studies where
alack of inhibitory cathodal effect has been found. It might
reflect compensation processes as cognitive functions are
supported by rich brain networks [45]. Also, direction of
current flow may begin to matter less as amperage increas-
es from 1 to 2 mA [46]. So, this new clinical indication of
tDCS in autism is still in its exploratory phase, the optimal
stimulation parameters (cathodal or anodal) and the best
brain target remaining to be determined (right or left DLP-
CF, right posterior parietal cortex).

Otherwise, a good tolerance of the tDCS was found. All
included patients completed the protocol. The most fre-
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quent side effects were local and transitory adverse ef-

fects. Regarding the sensory hypersensitivity frequently

observed in autism, the result is interesting.

The findings reported here are limited in several ways,
which may inform improvements in future approaches.
The important limitations of the current study are:

— Its open-label status, whitout any controlled group. In-
deed, we cannot exclude that the behavioral and cogni-
tive improvement may be due to the natural course of
the disease, the learning effects of the tests, or the pla-
cebo effect.

— The small sample size.

- Regarding the EF assessment, a more ecological test,
such as the Six Elements test, would have been relevant
to assess dysexecutive symptoms in everyday life. In
addition, the lack of a working memory task in this
study is regrettable. Indeed, the recent study of van
Steenburgh et al. [37] showed a significant effect of bi-
frontal tDCS on the dorsolateral prefontal cortex on
working memory tasks.

— The lack of assessment of mood and anxiety, which
could influence the results of the neuropsychological
tests. Indeed, the EFD, and particularly the deficit of
mental flexibility and planning, are associated with
anxiety and depression in autism without any intellec-
tual disability [4, 5]. In addition, tDCS is known to
have an antidepressant effect when applied on the
DLPEC [47]. So, we cannot exclude that the cognitive
improvement observed would be secondary to mood
improvement. However, this antidepressant effect
concerns rather the anodal tDCS over the DLPFC [47],
and although not assessed by scales, none of the pa-
tients were clinically depressed at inclusion and
throughout the study.

— Finally, as tDCS was applied only to the DLPFC, it can-
not be ruled out that any effect observed is due, not to
this specific target, but rather to a nonspecific stimula-
tion of the cortex in general. In the future, it would be
interesting to compare the effects of tDCS according
to the stimulated brain areas in order to address this
question.

Despite these limitations, this study seems interest-
ing because the literature about tDCS in autism re-
mains incomplete, particularly studies related to cogni-
tion. In addition, tDCS appears to be a well-tolerat-
ed, low-cost, and accessible treatment for autistic
patients. In the future, the efficacy of cathodal tDCS
over the left DLPFC should be assessed in a random-
ized placebo-controlled double-blind trial. In this trial,
it would be relevant to test the main cognitive func-

tDCS in Autistic Patients with a
Dysexecutive Syndrome

tions, such as working memory, attention, and verbal
and visual episodic memory, and to use an ecological
EF task.

Conclusion

This pilot study suggests that cathodal tDCS over the
left DLPFC is a possible method to enhance dysexecutive
syndrome in adults with high-functioning ASD, both (1)
cognitively, with an increase in initiation and/or genera-
tion of information and cognitive flexibility, and (2) be-
haviorally, with an improvement in initiation of activities
and motivation. Further studies are necessary to assess
these effects in a placebo-controlled randomized study
with a larger sample.
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