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Abstract

Introduction. Autism Spectrum Disorder(ASD) still being a 
therapeutic challenge for neurosciences. Different pharmachological 
and non-pharmachological treatments have been developed inducing 
benefits in ASD patients in some degree, with cumulative effect; 
but more research is needed to improve clinical results. There are 
evidences about the potential positive effects of Non-Invasive Brain 
Stimulation(NIBS) in ASD patients.

Objective.  To evaluate the safety and effectiveness of NIBS in 
patients with ASD.

Methods. We carried out a proof of concept study including 15 
children with ASD according to DSM-5 diagnostic criteria. They 
proceeded from the ambulatory services of the International Center 
for Neurological Restoration and Borrás-Marfán Hospital(Havana, 
Cuba). Inclusion criteria established that children should had no change 
in their therapeutic approach one month before the intervention; and 
an equivalent period of stabilization of their symptoms. Repetitive 
Transcranial Magnetic Stimulation(rTMS) and Transcranial Direct 
Current Stimulation(tDCS) were used as stimulation methods; 
tDCS(cathode F3, anode right arm) was used in children under 
10 years and 11 month; and 1 Hz rTMS for children over 11 years. 
Stimulation was focalized over the left dorsolateral prefrontal cortex, 
and a total of 20 session were applied. Patients were evaluated before 
and one week after the intervention applying the Autism Treatment 
Evaluation Checklist(ATEC), the Autism Diagnostic Interview(ADI-R) 
and the Autism Behavior Checklist(ABC). 

Results. Only in one patient it was not possible to start the 
treatment because of poor collaboration. The other 14 completed 
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the 20 sessions with a few adverse effects, basically local pain at the 
stimulation site. A significant change in clinical scales was observed, 
with lower scores in the second evaluation, (ADI-R: initial= 52±9, 
final=44.4±7; ATEC: 58±19.4 and 41±14.7; ABC: 108.4±23.7 and 
89±17; p<0.05); indicating a clinical improvement in the group of 
patients.

Conclusions. NIBS was well tolerated and induced behavioral 
changes in our sample of patients in key aspects of autistic behavior. 

Keywords
NIBS, rTMS, tDCS, Autism 
Spectrum Disorder. 
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Resumen

Introducción. El Trastorno del Espectro del Autismo(TEA) es 
un desafío terapéutico para las neurociencias. Se han desarrollado 
diversas intervenciones farmacológicas y no farmacológicas con 
resultados beneficiosos; pero se requieren de más investigaciones 
para lograr mejores resultados clínicos. Existen evidencias sobre los 
beneficios potenciales de la Estimulación Cerebral No Invasiva(ECNI) 
en estos pacientes.

Objetivo. Evaluar la seguridad y la efectividad del uso de la ECNI en 
niños con TEA.

Métodos. Se realizó un estudio de prueba de concepto que incluyó 
15 pacientes con diagnóstico de TEA según criterios del DSM-5, 
procedentes del Centro Internacional de Restauración Neurológica y 
del Hospital Pediátrico Borrás-Marfán(Habana, Cuba). Como criterio 
de inclusión se definió la no modificación del esquema terapéutico 
de los pacientes, y la existencia de estabilidad clínica 1 mes previo a 
la intervención. Se utilizaron dos métodos de ECNI:  la estimulación 
magnética transcraneal repetitiva(rTMS) y la estimulación transcraneal 
con corriente directa(tDCS). Los pacientes hasta 10 años y 11 meses 
recibieron tDCS(cátodo F3; ánodo brazo derecho); a partir de 11 años 
de edad la rTMS(1 Hz). La estimulación se focalizó sobre la corteza 
prefrontal dorsolateral del hemisferio izquierdo, con un total de 20 
sesiones.  Los pacientes fueron evaluados antes y una semana después 
de la intervención mediante la Escala de Evaluación de la Respuesta 
Terapéutica en el Autismo(ATEC), la Entrevista Diagnóstica para el 
Autismo(ADI-R) y la Lista de la Conducta Autista(ABC). 

Resultados. En un paciente no fue posible iniciar el tratamiento 
por poca colaboración. Los restantes 14 completaron la intervención 
con pocos efectos adversos, básicamente molestias locales en el sitio 
estimulado. Se observó una disminución significativa en la puntuación 
de las escalas clínicas en la segunda evaluación (ADI-R: inicial= 52±9, 
final=44.4±7; ATEC:58±19.4 y 41±14.7; ABC:108.4±23.7 y 89±17; 
p<0.05); indicando una mejoría clínica grupal.

Conclusiones. La ECNI fue bien tolerada e indujo cambios 
conductuales en la muestra de pacientes en aspectos claves de la 
conducta autista.
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Introduction
Autism Spectrum Disorder (ASD), according to the 
current criteria defined in the DSM-5, includes a 
spectrum of manifestations characterized by severe 
deficits and generalized alterations in multiple 
areas of development. In these patients, there are 
alterations in social interaction, communication 
disorders, and the presence of restricted and 
stereotyped behaviors, interests, and activities. The 
term ASD currently encompasses four different 
diagnoses that existed in the previous DSM-IV 
classification but, in essence, it is a clinical picture 
whose diagnosis, in most cases, involves a high 
degree of disability.1 The figures for ASD prevalence 
fluctuate between different countries. In the USA, 
the prevalence in children aged up to 8 years old is 
1 in 68;2 in France, it’s 0.36 per 100 children;3 and 
in Mexico, there is 1 case for every 115 children.4 In 
general, reliable epidemiological data regarding this 
disorder can be scarce in developing countries. 

Recent advances in neuroscience have allowed us 
to know more about the pathophysiology of ASD, 
especially in terms of brain connectivity patterns 
that are far from what has been described in normal 
subjects.5 As in other diseases, unfortunately, there 
are no great advances in therapeutic approaches; 
although it is noteworthy that the use of various 
methods of fundamentally non-pharmacological 
treatments can be favorable in terms of controlling 
autistic symptoms, facilitating a better integration of 
the patient with their family and social environment.6 
From the pharmacological point of view, there is still 
no single, specific drug for the treatment of ASD. 
The use of risperidone, aripiprazole, carbamazepine, 
valproic acid, and methylphenidate, among 
others, stand out internationally according to the 
prevailing symptoms and comorbidity with other 
pathologies.7,8 All the therapies described in the 
literature benefit patients with ASD and, although  
traditional or alternative medicine can be added, it is 
agreed by consensus that more scientific research is 
needed to define better therapeutic strategies that 
would allow achieving superior clinical results.9

Bailey et al. were among the first to point to the 
cerebral cortex as key in the pathophysiology of 

ASD.10 Casanova et al. subsequently drew attention 
in a series of investigations to the existence of 
anomalies in the minicolumnar organization of the 
cerebral cortex, including the existence of smaller 
neurons increased in number and density per unit 
area, periventricular heterotopias, and cortical 
dysplasia, in addition to a significant reduction 
of the neuropil, which results in an inhibitory 
intracortical dysfunction, an aspect that possibly 
contributes significantly to much of the autistic 
symptomatology.11,12

A large amount of research has been developed in 
recent years using non-invasive brain stimulation 
(NIBS) methods such as repetitive transcranial 
magnetic stimulation (rTMS) and transcranial 
direct current stimulation (tDCS). These methods, 
depending on the specific protocol used, may 
have an effect that enhances cortical inhibition 
or an increase of excitability in the circuits to 
which they’re applied.13,14 Both rTMS and tDCS 
are methods that are widely used currently for 
the symptomatic control of various diseases with 
differences in the levels of scientific evidence. Major 
depression, chronic pain, post-traumatic stress, 
and fibromyalgia account for the highest levels of 
scientific evidence right now.15,16

Several articles have been published that provide 
evidence for the favorable effect that these 
methods can have on the control of autistic behavior 
even with changes in the expression of some 
electrophysiological responses, although mostly 
with the application of a low number of sessions 
to expect a significant and lasting clinical effect. In 
other diseases, where the clinical effect of these 
interventions is better known (e.g. depression), 
the use of at least 20 sessions is recommended to 
ensure greater efficacy.17-19 On the other hand, there 
are no data to differentiate the efficacy of rTMS and 
tDCS as neuromodulators, an aspect that is of great 
importance as a guide for the selection of one over 
another method for therapeutic use.

In this article, we start from the hypothesis that 
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the use of NIBS can have an adjuvant effect in the 
treatment of children with ASD, and we set as the 
main objective to demonstrate the safety of the use 
of rTMS and tDCS in this particular disorder, as well 
as to obtain proof-of-concept type of evidence on 
the effect of both methods for the better control of 
the clinical symptomatology. 

Methods

Fifteen children diagnosed with ASD (13 males 
and 2 females, aged between 5 and 13 years), 
were included in this study. They were classified as 
moderate or mild according to the DSM-5 criteria 
and coincidental diagnostic impressions from the 
specialist in pediatric neurology and child and 
adolescent psychiatry. The patients came from the 
ambulatory care services of the Pediatric Teaching 
Hospital Borrás-Marfán and from the International 
Neurological Restoration Center, treated during 
the period of November 2015 to October 2016. 

The criteria of inclusion included an agreement in 
diagnostic impression by the specialist in pediatric 
neurology and child and adolescent psychiatry, 
the maintenance of the same therapeutic scheme 
(pharmacological and psychopedagogical) during 
the month prior to starting the intervention, and 
stability of the symptomatology during that time. 
The clinical diagnosis was confirmed by applying 
the Childhood Autism Rating Scale (CARS)20 

and the Autism Diagnostic Interview (diagnostic 
algorithm), Revised (ADI-R).21

Any patients in whom comorbidity with epilepsy 
existed were excluded from the initial selection, 
as well as any who had modifications in their 
pharmacotherapy (in dose or type of medication) 
in the month prior to the recruitment for this 
investigation. In no case was the basic therapeutic 
scheme interrupted for any patient, only the 
appropriate stimulation protocol was added 
according to their age.

Experimental design
Patients were recruited through continuous 

inclusion, as they visited their corresponding care 
services. The characteristics of the study were 
explained to the parents and the children were 
assigned a treatment group according to their age: 5 
to 10 year-olds to the tDCS group, and 11 year-olds 
and older to the rTMS group. This differentiation 
was established because children older than 11 
years of age generally collaborate better with 
the different evaluative procedures and more 
demanding technical requirements involved in the 
application of the rTMS. The tDCS was applied 
with a Neuroconn (GE) device, and the cathode 
was placed in the F3 position (10/20 system) as a 
projection guide for the left dorsolateral prefrontal 
cortex and the anode on the upper third of the 
right arm. Each session lasted 20 minutes and the 
stimulation had 1 mA of intensity. In each session 
of the other group, each patient received a total 
of 1500 pulses of 1 Hz rTMS at 90% of the motor 
threshold value (MagStim, UK), placing the center 
of the figure 8 coil on the same position. The 
patients sat comfortably during the stimulation 
sessions. They were shown cartoons of their choice 
on a television screen and, in some cases, they 
were also allowed to manipulate didactic toys and 
tablets with entertainment games to facilitate their 
cooperation. Every patient received 20 treatment 
sessions in total.

The patients were evaluated twice before starting 
the intervention. The ADI-R (algorithm for current 
condition),21 the Autism Behavior Checklist 
(ABC),22 and the Autism Treatment Evaluation 
Checklist (ATEC)23 were applied. These evaluations 
were performed again one week after completing 
the 20 treatment sessions. The evaluators did 
not directly participate in the application of the 
stimulation sessions in any of the cases. 

Additionally, an electroencephalogram (EEG) 
was performed in the awake state before 
starting the treatment and one week after the 
end of the treatment, in order to corroborate 
whether changes in brain connectivity patterns 
were identified. An assembly of 19 active Ag-Cl 
electrodes was used on the scalp (Fp1, Fp2, F7, 
F8, F3, F4, C3, C4, T5, T6, T3, T4, P3, P4, O1, O2, 
Fz, Cz, Pz), according to the international 10/20 
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Results

Tolerance and adverse effects
The final distribution of the sample according to 
the treatment method included a total of 9 children 
younger than 11 years old who received tDCS and 
6 children older than 11 years who received rTMS; 
only 2 of them were female. The majority of patients 
showed good tolerance with both procedures, and 
only in an 8-year-old child (tDCS) therapy was not 
achieved due to lack of collaboration after several 
attempts to place the electrodes for stimulation on 
non-consecutive days. In the remaining patients 
it was possible to begin the treatment on the day 
it was proposed to start and complete it without 
interruption. The most frequent adverse effect 
reported or detected from the behavior of the 
children was the existence of local discomfort 
at the stimulation site (≈50%), which in all cases 
was slight and did not require any intervention, 
pharmacological or otherwise (Table 1).

Somnolence occupied the second place, which, 
according to the description of the parents, was 
expressed as the child sleeping one or two hours 
earlier than usual at night, with a quieter and more 
regular sleep, although this was not an aspect that 
was evaluated in depth.

Effects of the intervention
In all the cases individually, the parents identified 
behavioral changes they spontaneously described 
qualitatively, which were also transmitted 
indirectly by teachers and other relatives, who 
were often unaware that the child was receiving 
an experimental intervention. Standing out among 
these changes were those related mainly to the 
improvement in socialization and communication; 

system, with references at the level of Cz and Pz. 
The impedance was kept below 5 k Ohm. For this 
analysis, 38 windows were selected free of artifacts 
from the electroencephalographic records in 
the awake state with open eyes in each patient’s 
registry. The functional connectivity was analyzed 
from the calculation of the spatial synchronization 
matrix (synchronization likelihood) between the 
electrodes.24,25 The following was determined for 
the five frequency bands: Alfa (8-12.9 Hz), Beta 
(13-29.9 Hz), Theta (4-7.9 Hz), Delta (1-3.9 Hz) 
and Gamma (only within the 30-35 Hz range). All 
the processing was performed using algorithms 
implemented on the MATLAB R2008b program, 
and the data matrices registered for each patient 
were compared before the intervention and after 
the intervention.

Adverse effects
The children were closely observed during the 
stimulation sessions, looking for signs indicating 
local discomfort or any manifestation of abnormal 
cortical hyperexcitability induced by the 
intervention. The parents were questioned a day 
later about any behavioral changes they noticed 
in the child, especially in the first hours after the 
sessions ended. 

Medical ethics
The protocol was approved by the Scientific 
Council and the Institutional Ethics Committee 
of the International Center of Neurological 
Restoration. The informed consent was given in 
writing by the parents, who received an extensive 
oral and written explanation of the characteristics 
of the procedures. The ethical guidelines for human 
research included in the Code of Ethics of the World 
Medical Association (Declaration of Helsinki) were 
complied with for research involving humans.26

Statistical Analysis
A nonparametric statistical analysis was performed 
using the Wilcoxon series test to compare the 
behavior of the scales in the two evaluative 
moments and the Mann-Whitney U to define if 
there were differences in the therapeutic response 
between groups with different interventions. Both 

cases considered an α=0.05 (Statistica 7.0, Stat Soft 
Inc. 2004). Connectivity analysis based on the EEG 
also considered an α=0.05 for the comparisons 
between the matrices of data extracted from 
the two evaluative moments, with the use of a 
Student’s t-test.
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Table  1. General characteristics and adverse effects observed in the sample studied.

additionally, there was a decrease in the variety 
and amount of stereotypies from the first week 
after the end of the intervention. 

The initial and post-intervention evaluations 
were developed maintaining exactly the same 
conditions, variety of toys, and interactions. 
Evaluators similarly described qualitative and 
quantitative behavioral changes regarding the 
child’s interactions during the interview, the 
characteristics of the game, and the degree of 
hyperactivity. These changes were reflected in the 
results of the statistical analysis of the scores of 
the clinical scales evaluated (Figure 1).

One week after completing the intervention 
there was a 15% reduction in the score of the 
scales compared to the initial score of the group. 
No differences were identified regarding the 
magnitude of the changes observed in the scales 
related to the method used (tDCS vs rTMS), even 

without considering the differences in average age 
between the groups (tDCS=8.7 years; rTMS=12.6 
years), showing both methods to be effective as 
modulators of autistic behavior (Figure 2).

Modifications in brain connectivity based 
on the analysis of the α activity of the 
electroencephalogram.

The EEG-based connectivity analysis showed 
significant changes after the intervention, with an 
increase in functional connectivity at the alpha, 
beta, and gamma frequencies, especially in the 
latter (p<0.05). The same analysis for the slower 
frequencies (θ and δ) had an opposite behavior with 
a decrease in connectivity, especially in anterior 
regions (p<0.05). The topographic distribution 
of this increase in functional connectivity for the 
faster frequencies had a more diffuse character, 
including all regions, with a wider distribution in 
the case of the gamma (Figure 3).

Patient
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11 

12 

13 
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Age
5

5

8

10

13

13
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7
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9
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8
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7
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M

M

M

M

M

M

M

F

M

M

F

M

M

M

M

NIBS
tDCS

tDCS

tDCS

tDCS

rTMS

rTMS
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tDCS
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tDCS

tDCS

tDCS

tDCS

tDCS

rTMS

Headache
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-

-

-

-

-

-

-

Yes

-

-

-

-

-

-

Somnolence
-
-
-
-

Yes
-

Yes
Yes
Yes

-
-
-
-
-

Yes

Pharmacological 
treatment

CBZ

CBZ, RPD

CBZ

CBZ, RPD

-

CBZ, RPD

CBZ

:

CBZ

RPD

CBZ

-

CBZ

CBZ

CBZ

Completed
the treatment

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Local 
discomfort

Yes

-

-

-

-

-

-

Yes

-

Yes

Yes

Yes

Yes

Yes

-

Degree of 
severity

Mild

Mild

Moderate

Moderate

Moderate

Moderate

Mild

Mild

Moderate

Mild

Mild

Mild

Moderate

Moderate

Mild

Comorbidity
-

-

-

-

-

-

-

-

-

-

-

-

-

ADHD

-
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Figure 1. Behavior of the scores on the clinical scales with the therapy (*p<0.05).

Figure 2. Differences between the scores of the clinical scales before and one week after completing treatment 
with tDCS and rTMS (p>0.05 in the three scales).
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Figure 3. . Increase in functional connectivity between the points selected for the frequencies analyzed >8 Hz α, β 
and γ (only significant changes are represented, p <0.05). 
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The application of NIBS methods in the pediatric 
population has been limited in previous years due 
to the lack of data on their safety and potential 
adverse effects, to such an extent that the 
reference literature lists children under 18 years of 
age as a formal contraindication to the application 
of rTMS. The absence of evidence on their safety 
has not meant at any time that there is evidence 
that contraindicates its use in children under 18 
years of age. Fortunately, it has only been a matter 
of time to demonstrate that the application of 
rTMS and tDCS is a safe, tolerable method and that 
it is associated with very few adverse effects, both 
in healthy subjects and in patients.27,28

The most frequent adverse effects described 
with these methods involve the presence of local 
discomfort, an observation we reported as one of 
the results of this work.29,30 Secondly, the changes 
observed by the parents regarding sleep (reported 
as somnolence), are limited in all cases to the child 
going to bed earlier than usual and sleeping most of 
the night without interruptions--even the patients 
who typically slept little or had a very restless 
sleep with frequent awakenings. This description is 
interpreted as an improvement in the structure and 
quality of sleep, even though this had not been one 
of the preconceived objectives of this research. It 
was a beneficial side effect in all the cases in which 
it was reported and, though not widely reported in 
the literature, it is a known effect.31 In no case did 
seizures or other phenomena of abnormal cortical 
hyperexcitability occur.

The most interesting result in this research was 
the significant improvement in autistic symptoms 
in all the children who received the intervention, 
achieving an additional reduction of 15% in the 
score of the clinical scales compared to just basic 
treatment. This coincided qualitatively with the 
overall clinical impression of the evaluators, the 
large majority of whom were also the specialists 
who had been following up with these patients 
since their initial diagnosis. As a prominent aspect, 
a very significant improvement in socialization 

Discussion
was observed, although from the point of view 
of the clinical scales the effect was global; and in 
second place, all aspects of language improved. 
Unlike research published by other groups, our 
study used a much larger number of sessions than 
what has been used so far in patients with ASD,32,33 

and the clinical results seem very consistent 
when contrasting the results of the scales and the 
qualitative behavioral change in the patients.
No significant differences were identified in the 
modulatory effect between rTMS and tDCS in 
the expression of autistic symptomatology. The 
values for both groups moved in a similar range 
after treatment, even though the average age 
of the groups was different. Such an effect does 
not seem to be related to the age of the patients. 
This is an element that has not been addressed in 
the literature and can be an interesting starting 
point as it contrasts the use of a more expensive 
and technically demanding method (rTMS) with a 
cheaper, technically less demanding method, both 
yielding similar results, so that the cost-benefit 
ratio may be in favor of the extended use of tDCS. 
The rTMS is currently the NIBS method with the 
greater number of scientific evidence, so we just 
posit a hypothesis that requires more research to 
corroborate its veracity.34-36 NIBS cannot currently 
be recommended as a valid therapeutic alternative 
for ASD due to lack of sufficient scientific evidence, 
but there are several indications that allow us 
to believe it could be in the near future. The 
heterogeneity in terms of methods is striking when 
analyzing the results of small published clinical 
trials with good apparent results and with the use 
of inverted stimulation polarities in the case of 
tDCS.33,37

The limitation of this study was the absence 
of a control group and/or placebo, which does 
not completely rule out the subjective factor 
in patients, family members, and evaluators, 
though we did start from an experimental design 
in which the concomitant use of other therapies 
was controlled, while also requiring the patient 
to have a period of at least one month of stability 
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both in their therapeutic scheme as well as in their 
symptomatology. Hence, the patients receiving the 
intervention were their own controls, so there is a 
high probability that the observed changes were 
secondary to the intervention and not to another 
cause. A sample increase and a design that includes 
a control group and the use of a placebo would be 
key to reach solid conclusions regarding the effect 
of these interventions.

Considering the elements that have been described 
about the pathophysiology of ASD,12,38 which is 
based on an inhibitory intracortical dysfunction 
that motivates the alterations in the functional 
connectivity between brain areas, 39 the beneficial 
effect may be associated with the increase in 
functional connectivity between cortical areas 
dependent on the activity of the frequencies in the 
range of activity α, β and γ. Particularly with regard 
to this last band of frequency, this study only 
analyzed the lower component (30-35 Hz) in the 

waking state, at rest with eyes open. It is known that 
the spectral power of the γ activity is dependent 
on the functional state of the brain and that its 
increase is generally associated with the process of 
attention in normal subjects, showing a high degree 
of interhemispheric coherence. It seems that in 
patients with ASD, although most of the studies 
describe the increase in the spectral energy of this 
frequency band, it differs from normal records 
precisely in their degree of coherence. It has been 
described that the increase in connectivity of the γ 
band, especially in posterior regions, is associated 
with a higher level of functioning in ASD.40 There 
seems to be a link between γ activity and ASD. In 
our case, the increase in functional connectivity 
dependent on gamma activity was associated with 
clinical improvement. There’s not much more to 
say about it at the moment, but it is an aspect that 
deserves more attention, pending a definition of 
the type of relationship between this functional 
change and the therapeutic effect of NIBS.

Conclusions

The use of Non-Invasive Brain Stimulation is tolerable in children with Autism Spectrum 
Disorder and induces significant changes in key aspects of autistic behavior, with 
increased functional connectivity between cortical areas depending primarily on the 
fastest frequencies.

Conflicts of interest
The authors state that there are no relevant 
conflicts of interest in this study. 

Funding sources
There was no particular funding source for this 
scientific report.



Revista Mexicana de Neurociencia mayo-june, 2018; 19(3):8-19

Original contribution
Non-Invasive Brain Stimulation in Autism

18

1. American Psychiatric Association. Neurodevelopmental Disorders. In: American Psychiatric 
Association, ed. Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition ed. Washington 
DC: American Psychiatric Publishing. 2013:31-86.

2. Christensen D, Van Naarden BK, Doernberg NS, et al. Prevalence of cerebral palsy, co-occurring 
autism spectrum disorders, and motor functioning - Autism and Developmental Disabilities 
Monitoring Network, USA, 2008. Dev Med Child Neurol. 2014 Jan;56:59-65.

3. van Bakel MM, Delobel-Ayoub M, Cans C, et al. Low but increasing prevalence of autism spectrum 
disorders in a French area from register-based data. J Autism Dev Disord. 2015 Oct;45:3255-3261.

4. Fombonne E, Marcin C, Manero AC, et al. Prevalence of Autism Spectrum Disorders in Guanajuato, 
Mexico: The Leon survey. J Autism Dev Disord. 2016 May;46:1669-1685.

5. Rane P, Cochran D, Hodge SM, Haselgrove C, Kennedy DN, Frazier JA. Connectivity in Autism: A 
Review of MRI Connectivity Studies. Harv Rev Psychiatry. 2015 Jul;23:223-244.

6. Mukherjee S, Rupani K, Dave M, Subramanyam A, Shah H, Kamath R. Evaluation of effectiveness of 
integrated intervention in autistic children. Indian J Pediatr. 2014 Apr;81:339-345.

7. Jobski K, Hofer J, Hoffmann F, Bachmann C. Use of psychotropic drugs in patients with autism 
spectrum disorders: a systematic review. Acta Psychiatr Scand. 2016 Sep 13;10.

8. Ruggieri VL, Arberas CL. [Therapeutic approaches in autism spectrum disorders]. Rev Neurol. 2015 
Feb 25;60 Suppl 1:S45-9.:S45-S49.

9. Brondino N, Fusar-Poli L, Rocchetti M, Provenzani U, Barale F, Politi P. Complementary and 
Alternative Therapies for Autism Spectrum Disorder. Evid Based Complement Alternat Med. 
2015;2015:258589. doi: 10.1155/2015/258589. Epub;%2015 May 7.:258589.

10. Bailey A, Luthert P, Dean A, et al. A clinicopathological study of autism. Brain. 1998 May;121:889-
905.

11. Casanova MF, El-Baz AS, Kamat SS, et al. Focal cortical dysplasias in autism spectrum disorders. Acta 
Neuropathol Commun. 2013 Oct 11;1:67. doi: 10.1186/2051-5960-1-67.:67-1.

12. Frye RE, Casanova MF, Fatemi SH, et al. Neuropathological Mechanisms of Seizures in Autism 
Spectrum Disorder. Front Neurosci. 2016 May 10;10:192. doi: 10.3389/fnins.2016.00192. 
eCollection;%2016.:192.

13. Muller-Dahlhaus F, Vlachos A. Unraveling the cellular and molecular mechanisms of repetitive 
magnetic stimulation. Front Mol Neurosci. 2013 Dec 17;6:50. doi: 10.3389/fnmol.2013.00050. 
eCollection;%2013.:50.

14. Bikson M, Name A, Rahman A. Origins of specificity during tDCS: anatomical, activity-selective, and 
input-bias mechanisms. Front Hum Neurosci. 2013 Oct 21;7:688. doi: 10.3389/fnhum.2013.00688. 
eCollection;%2013.:688.

15. Berlim MT, Van den Eynde F, Daskalakis ZJ. Efficacy and acceptability of high frequency repetitive 
transcranial magnetic stimulation (rTMS) versus electroconvulsive therapy (ECT) for major 
depression: a systematic review and meta-analysis of randomized trials. Depress Anxiety. 2013 
Jul;30:614-623.

16. Lefaucheur JP, Antal A, Ahdab R, et al. The use of repetitive transcranial magnetic stimulation (rTMS) 
and transcranial direct current stimulation (tDCS) to relieve pain. Brain Stimul. 2008 Oct;1:337-344.

17. Casanova MF, Baruth JM, El-Baz A, Tasman A, Sears L, Sokhadze E. Repetitive Transcranial Magnetic 
Stimulation (rTMS) Modulates Event-Related Potential (ERP) Indices of Attention in Autism. Transl 
Neurosci. 2012 Jun 1;3:170-180.

18. Enticott PG, Rinehart NJ, Tonge BJ, Bradshaw JL, Fitzgerald PB. Repetitive transcranial magnetic 
stimulation (rTMS) improves movement-related cortical potentials in autism spectrum disorders. 
Brain Stimul. 2012 Jan;5:30-37.

19. Sokhadze EM, Baruth JM, Sears L, Sokhadze GE, El-Baz AS, Casanova MF. Prefrontal 
neuromodulation using rTMS improves error monitoring and correction function in autism. Appl 
Psychophysiol Biofeedback. 2012 Jun;37:91-102.

20. Schopler E, Reichler RJ, DeVellis RF, Daly K. Toward objective classification of childhood autism: 
Childhood Autism Rating Scale (CARS). J Autism Dev Disord. 1980 Mar;10:91-103.

21. Lord C, Rutter M, Le CA. Autism Diagnostic Interview-Revised: a revised version of a diagnostic 
interview for caregivers of individuals with possible pervasive developmental disorders. J Autism 
Dev Disord. 1994 Oct;24:659-685.

References



Revista Mexicana de Neurociencia mayo-june, 2018; 19(3):8-19

Original contribution
Non-Invasive Brain Stimulation in Autism

19

22. Volkmar FR, Cicchetti DV, Dykens E, Sparrow SS, Leckman JF, Cohen DJ. An evaluation of the Autism 
Behavior Checklist. J Autism Dev Disord. 1988 Mar;18:81-97.

23. Al Backer NB. Correlation between Autism Treatment Evaluation Checklist (ATEC) and Childhood 
Autism Rating Scale (CARS) in the evaluation of autism spectrum disorder. Sudan J Paediatr. 
2016;16:17-22.

24. Niso G, Pereda E, Gutiérrez R, Bajo R, Maestrú F, et al. HERMES: towards an integrated toolbox to 
characterize functional and effective brain connectivity. Neuroinformatics. 2013;11:405-34.

25. Stam C. Synchronization likelihood: an unbiased measure of generalized synchronization in 
multivariate data sets. Physica D. 2002;163:236-241.

26. Nierdermeyer E. The Normal EEG of the waking adult. In: Niedermeyer E and Lopez da Silva, eds. 
Electroencephalography. Basic principles, clinical applications, and related fields. Fifth Edition. USA: 
Lippincott Williams & Wilkins, 2005: 167-192.

27. Asociación Médica Mundial.  Declaración de Helsinki de La Asociación Médica Mundial. Principios 
éticos para las investigaciones médicas en seres humanos. Seúl, Corea: Asociación Médica Mundial; 
2008. Report No.: 59.

28. Gomez L, Vidal B, Morales L, et al. Low frequency repetitive transcranial magnetic stimulation 
in children with attention deficit/hyperactivity disorder. Preliminary results. Brain Stimul. 2014 
Sep;7:760-762.

29. Rossi S, Hallett M, Rossini PM, Pascual-Leone A. Safety, ethical considerations, and application 
guidelines for the use of transcranial magnetic stimulation in clinical practice and research. Clin 
Neurophysiol. 2009 Dec;120:2008-2039.

30. Anderson B, Mishory A, Nahas Z, et al. Tolerability and safety of high daily doses of repetitive 
transcranial magnetic stimulation in healthy young men. J ECT. 2006 Mar;22:49-53.

31. Hadley D, Anderson BS, Borckardt JJ, et al. Safety, tolerability, and effectiveness of high doses of 
adjunctive daily left prefrontal repetitive transcranial magnetic stimulation for treatment-resistant 
depression in a clinical setting. J ECT. 2011 Mar;27:18-25.

32. Misra UK, Kalita J, Bhoi SK. High-rate repetitive transcranial magnetic stimulation in migraine 
prophylaxis: a randomized, placebo-controlled study. J Neurol. 2013 Nov;260:2793-2801.

33. Enticott PG, Fitzgibbon BM, Kennedy HA, et al. A double-blind, randomized trial of deep repetitive 
transcranial magnetic stimulation (rTMS) for autism spectrum disorder. Brain Stimul. 2014 
Mar;7:206-211.

34. Amatachaya A, Auvichayapat N, Patjanasoontorn N, et al. Effect of anodal transcranial direct current 
stimulation on autism: a randomized double-blind crossover trial. Behav Neurol. 2014;2014:173073. 
doi: 10.1155/2014/173073. Epub;%2014 Oct 30.:173073.

35. Lefaucheur JP, Andre-Obadia N, Poulet E, et al. [French guidelines on the use of repetitive 
transcranial magnetic stimulation (rTMS): safety and therapeutic indications]. Neurophysiol Clin. 
2011 Dec;41:221-295.

36. Butler AJ, Shuster M, O’Hara E, Hurley K, Middlebrooks D, Guilkey K. A meta-analysis of the efficacy 
of anodal transcranial direct current stimulation for upper limb motor recovery in stroke survivors. J 
Hand Ther. 2013 Apr;26:162-170.

37. Nizard J, Lefaucheur JP, Helbert M, de CE, Nguyen JP. Non-invasive stimulation therapies for the 
treatment of refractory pain. Discov Med. 2012 Jul;14:21-31.

38. D’Urso G, Bruzzese D, Ferrucci R, et al. Transcranial direct current stimulation for hyperactivity and 
noncompliance in autistic disorder. World J Biol Psychiatry. 2015;16:361-366.

39. Casanova MF, Sokhadze E, Opris I, Wang Y, Li X. Autism spectrum disorders: linking 
neuropathological findings to treatment with transcranial magnetic stimulation. Acta Paediatr. 2015 
Apr;104:346-355.

40. Datko M, Gougelet R, Huang MX, Pineda JA. Resting State Functional Connectivity MRI among 
Spectral MEG Current Sources in Children on the Autism Spectrum. Front Neurosci. 2016 Jun 
9;10:258. doi: 10.3389/fnins.2016.00258. eCollection;%2016.:258.

41. Takesaki N, Kikuchi M, Yoshimura Y, et al. The Contribution of Increased Gamma Band Connectivity 
to Visual Non-Verbal Reasoning in Autistic Children: A MEG Study. PLoS One. 2016 Sep 
15;11:e0163133.



Revista Mexicana de Neurociencia, 2018; 19(3): 8-19

www.revmexneuroci.com


