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Repetitive Transcranial Magnetic
Stimulation of the Dorsomedial
Prefrontal Cortex ina group of
adolescents with Attention
Deficit/Hyperactive Disorder:
Preliminary Report.

Abstract

Background

Treatment of Attention Deficit Hyperactivity Disorder (ADHD)
during adolescence is often problematic, because patients either
reject it or are refractory to drugs. Repetitive Transcranial
Magnetic  Stimulation (rTMS) is a noninvasive brain
stimulation technique, which represents an alternative for those
adolescents with ADHD who reject pharmacological treatment
or who do not improve their symptoms with it.

Objective

To explore the clinical utility of rTMS at high-frequency (5
Hz), applied through a double cone coil (DCC) on the
Dorsomedial prefrontal cortex (dmPFC), both for active and
sham stimulation, in a group of adolescents drug-free and with
methylfenidate (MTP) treatment.

Subjects and methods

Twenty-eight male adolescents with ADHD (13-18 years old)
were evaluated using clinimetric tests (CEAL-ADHD and DU-
PAUL), before, during and at the end of the rTMS. Two groups
without MTP treatment (n = 9 each) were integrated: rTMS
5Hz (ACTIVE) and rTMS SHAM. From these, patients with
severe symptoms on both scales were selected to compare with
those who were under treatment with MTP: [FTMS 5Hz, rTMS
SHAM), 5Hz + MTP, 1Hz + MTP ]. All received a total of 15
rTMS sessions (ACTIVE or SHAM).

Results

The rTMS of the mdPFC in the different groups that received it
(rTMS 5Hz without MTP, 5Hz+MTP, 1Hz+MTP) significantly
improved ADHD symptoms compared to rTMS SHAM group.

Conclusions

This study is the first to explore the effects of rTMS using a
DCC on mdPFC in ADHD; finding a greater benefit in those
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adolescents (with and without pharmacological treatment) who
presented symptoms considered severe.
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Introduction

Adolescence is the stage of development that occurs between
childhood and adulthood and is characterized by the beginning
of puberty as well as particular neurobiological, cognitive, and
social development. This period becomes critical for the
development of significant psychopathologies, worsening
disorders that were already present, and a transient increase in
mortality rates due to risk-taking behavior [1]. Attention-deficit
hyperactivity  disorder (ADHD) is a common
neurodevelopmental disorder in childhood, and their symptoms
may continue through adolescence and into adulthood. ADHD
is characterized by a persistent pattern of inattention and/or
hyperactivity-impulsivity. Information related to these
symptoms generally comes from parents and teachers [2,3].
These core symptoms, particularly when they are associated
with comorbidities, affect not only the perception of the
patient's quality of life but also add burden to the family for
their care. Parents of adolescents with ADHD, for example,
may have to deal with academic problems, difficulties for
socialization, tendency to use substances and to develop other
risky behaviors [4]. Meta-analyses based on functional
magnetic resonance imaging (fMRI) studies have shown
several impairments in ADHD patients involving right and left
hemispheric dorsal, ventral, and medial fronto-cingulo-striato-
thalamic and fronto-parieto-cerebellar networks that mediate
cognitive control, attention, timing and working memory,
among other functions [5]. Therefore, the appropriate treatment
of ADHD becomes particularly important in children and
adolescents. The current evidence establishes that it should be
multimodal (pharmacological and psychosocial) and take into
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account not only the patient's ages but also the associated
comorbidities (see [2] for details). The use of stimulant
medications has resulted effective in reducing ADHD's core
symptoms for most adolescents [6]. Methylphenidate (MTA) is
considered the first choice of pharmacological treatment, but it
has been reported that approximately 20% of ADHD patients
do not obtain benefits with this drug [7]. Other reports indicate
that a significant group of MPA-treated patients never achieve
complete symptomatic remission; either due to poor response
to treatment, loss of effectiveness after long periods
(resistance), or due to drug intolerance and adverse effects
[8,9].

Repetitive Transcranial Magnetic Stimulation (rTMS) is a
noninvasive brain stimulation technique, which represents an
alternative for those adolescents with ADHD who reject
pharmacological treatment or who do not improve their
symptoms with it. rTMS have been used in the treatment of
several disorders in children and adolescents (e.g. ADHD,
autism, Tourette syndrome, depression, and schizophrenia),
trying to alleviate their symptoms modulating cortical
excitability. In addition, rTMS over the prefrontal cortex is a
potential target to influence the activity of the D4 dopamine
receptor in ADHD. However, safety is quite important in
pediatric research; therefore, it is recommended to use the
appropriate stimulation protocols to make rTMS a tolerable
technique and with minimal side effects [10-12]. Recently, a
group of European experts updated the recommendations on
the therapeutic efficacy of rTMS [13]. In their opinion, only
one original sham-controlled study [14] deserved to be
mentioned in ADHD section, but unfortunately, it included
only 22 adults with ADHD (9 real, 13 shams) and did not
result in any clinical benefit. Reports on rTMS and ADHD are
scarce in the pediatric population, and all stimulation
protocols involve the dorsolateral prefrontal cortex (DLPFC),
right or left, and high or low-frequency rTMS (>5Hz or <1Hz)
[15-21]. The most frequent references were that of Weaver et
al. [22] and that of Gomez et al. [23]. Although there are
more recent references [24,25], there is still no consensus on
which is the appropriate protocol (coil and stimulation
variables) to improve ADHD symptoms. On the other hand, it
has been emphasized that the impairment of the functioning of
the dorsal anterior cingulate cortex (dACC) and anterior
insula is associated with deficiencies in the self-regulation of
emotions, thoughts, and behaviors that are a hallmark of
psychiatric illness [26]. RTMS using a double cone coil
(DCC) has been shown to modulate the neural activity in the
dACC by placing the coil over the dorsomedial prefrontal
cortex (JdmPFC) [27]. Stimulation over the dmPFC, as indeed
on ACC, has been proven to be safe. It is possible to find
reviews on the benefits derived from this type of treatment
concerning the symptoms in psychiatric disorders [28,29].
Among the psychiatric illnesses that have shown encouraging
results with deep transcranial magnetic stimulation are Major
Depressive Disorder (MDD) [30-32] and Obsessive-
Compulsive Disorder (OCD) [33,34]. Therefore, as some
authors have highlighted the clinical and neurobiological link
between OCD and ADHD [35,36], then rTMS applied over
the dmPFC could be safe and useful to improve the symptoms
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in ADHD adolescents. Our purpose was to explore in a
special period of development, e.g. adolescence, the clinical
utility of rTMS at a more tolerable high-frequency (5 Hz),
applied through a DCC on the dmPFC, both for active and
sham stimulation, in a group of adolescents drug-free and with
MTA treatment.

Materials and Methods
Protocol Criteria

The inclusion criteria were: male, adolescents, 13 to 18 years
old, with a confirmed diagnosis of ADHD combined
presentation by a specialist (psychiatrist, paidopsychiatrist, or a
neuropsychologist), and without pharmacological treatment for
ADHD in the last six months. The exclusion criteria were: a
clinical history of seizures or electroencephalogram (EEG)
with paroxysmal activity, or presence of a psychiatric history
(except for Oppositional Defiant Disorder and Anxiety
Disorder).

Psychological and Psychiatrist Tests

Two clinimetric tests were applied, the “Cuestionario para
Escolares Y Adolescentes Latinoamericanos con Trastorno por
Déficit de Atencion Hiperactividad” (CEAL-ADHD from now
on only CEAL) [37], according to the DMS-IV-TR and
standardized for the Mexican population [38], and the DU-
PAUL clinical test [39]. Both tests provide a total score and
evaluate the main ADHD symptoms, except for tempo
cognitivo lento (TCL), which is only evaluated by the CEAL
test. These tests were applied before starting the rTMS protocol
(basal stage) and after the 5™, 10", and 15" (final stage) rTMS
sessions. Also, a MINI-KID Child and Adolescent Psychiatric
Interview [40] and a SHIPLEY-2 1Q Test [41] were conducted.
Furthermore, an EEG was performed to confirm the absence of
epileptiform activity.

Experimental Design

EMTTr application

For this study, a high-performance TMS magnetic stimulator
MagPro R30 (MagVenture, Denmark) and a Cool D-B80
butterfly coil (120° angle) (MagVenture, Denmark) were used.
In all the groups, the coil positioning was used according to the
international 10-20 system. On the other hand, to determine
both the site of motor cortex stimulation (motor threshold
searching), and the area proposed by this protocol (middle line)
for active stimulation (Fpz) (Figure 1A). Two phases were
considered for this study: the first phase was performed with
two groups (each one with n=9) and according to the protocol
criteria mentioned above. The first group (ACTIVE) received a
high-frequency rTMS treatment of 5 Hz rTMS, with a total of
1500 pulses (30 trains of 50 pulses per train, with inter-train
intervals of 10s), and over the m-PFC at 100% of their motor
threshold during 15 sessions (Figure 1B). The second group
(SHAM) corresponds to individuals who, in their first 15
sessions did not receive active stimulation (the magnetic field
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was not in contact with the scalp of the patient since the coil
was positioned vertically), but the generated sound by the coil
remained (Figure 1C), and subsequently, this group received

15 active sessions.

Figure 1: Scheme of the positioning of the double angled coil.
A) According to the international 10-20 system, both coils were
positioned over the Fpz Area (Red line), B) Position used for
the ACTIVE group C) Position used for the SHAM group.

In the second phase, the individuals from the ACTIVE and the
SHAM groups with severe ADHD clinical symptoms
according to the clinimetric tests (CEAL-ADHD and DU-
PAUL) were included as two separate groups (each group with
a n=5). Additionally, two groups (each one with a n=5) were
included in this phase; the (5 Hz+MTP) group, which received
a high-frequency rTMS treatment with MTP, and finally, the
(1 Hz + MTP) group, which received a low-frequency rTMS
treatment with MTP (Figure 2).

Mann Whitney U (U)
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Figure 2: Study process diagram. The two phases were
carried out in this study; the first phase (blue) and the second
phase (orange). The ACTIVE and the SHAM groups were
compared using a Mann-Whitney U test; subsequently two
groups derived from the ACTIVE group and the SHAM group
were included in the second phase, these were compared by
Mann-Whitney U test (U) and finally a comparison among the
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ACTIVE, the 5 hz+MTF, 1 Hz+MTP and SHAM groups was
carried out. Solid lines indicate the statistical analysis
performed, and dotted lines indicate the process that the
ACTIVE group and the SHAM group follow in the study.

Data Analysis

For the comparison of the basal and final stage scores from the
CEAL and DU-PAUL tests, were carried out by non-
parametric statistical tests (Figure 2). In the first phase, the
ACTIVE group (n=9) was compared against the SHAM group
(n=9) using the Mann-Whitney U test. In the second phase, the
ACTIVE groups with severe symptoms and the SHAM group
with severe symptoms were compared against the 5 Hz+MTP
and 1 Hz+MTP groups using a Kruskal-Wallis test. A Mann-
Whitney U test was subsequently performed to compare: The
ACTIVE group of the second phase vs. the 5 Hz+MTP; the
group 1 Hz+MTP vs. 5 Hz+MTP; the SHAM group vs.
5Hz+MTP, and the SHAM group vs. the 1Hz+MTP (Figure 2).
Also, a percentage change analysis was carried out to
determine clinical improvement. Data analysis was carried out
with SPSS v 21.0 software.

Statement of ethics

This study was carried out with the approval of the “Comité de
Bioética del Instituto de Neurobiologia de la Universidad
Nacional Auténoma de México, UNAM” (Research protocol
INB 45-H). The patients always attended the tests in the
company of their parents/guardians, who signed the letter of
informed consent.

Results

Thirty individuals were initially included in the study.
Subsequently, two individuals were discarded from the study
for reporting marijuana use. The final sample was 28 Mexican
male adolescents, with an average age of 14.6+1.6 years old
and a combined ADHD diagnosis. Regarding the first phase
analysis, no significant differences were found between the
ACTIVE group and the SHAM group at the basal stage
evaluation  [CEAL-ADHD, U=39,p=0.93; DU-PAUL,
U=33.50, p=0.66], and at the final stage evaluation CEAL-
ADHD (u=28.50, p=0.29); DU-PAUL (U= 27.50, 0.25). On the
other hand, a Kluskal-Wallis test using to analyze the second
phase at the basal stage for the four groups evaluated did not
show significant differences among them [CEAL-ADHD,
p=0.897; DU-PAUL, p=0.312], neither the final stage [CEAL-
ADHD, p=0.206; DU-PAIL, p=0.075]. Further analysis using
Mann-Whitney U test at the basal and final stages for all the
groups evidenced that the groups 1Hz+MTP and 5Hz+MTP
showed significant differences when comparing versus SHAM.
Also, the ACTIVE group showed significant differences
compare with the SHAM group (Tables 1 and 2)
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CEAL- ADHD

1st PHASE 2nd PHASE
ACTIVE vs SHAM ACTIVE vs SHAM ACTIVE/SHz+MTP SHAM/1Hz+MTP SHAM/5Hz+MTP 1Hz+MTP/5Hz+MTP
n=9 / n=9 n=5/ n=5 n=5/n=5 n=5/ n=5 n=5/n=5 n=5/n=5
Ss Mdn U ] Mdn U p Mdn u p n:d U p n:d u p Mdn u p

- Bss 51/55 39.0 0.93 61/64 11.0 0.84 61/55 5.0 015 | 64/s5 | 100 069 | e4/55 | 450 0.09 55/55 | 1200 | 1.00
5

Fl 1sss 31/37 35.0 0.66 32/48 35 0.05 32/26 7.0 031 | 48/28 | o000 | 0.008 | 48/26 | 000 | 0008 | 28/26 | 11.00 | o084

- Bss 28/32 335 0.54 32/36 7.0 0.31 32/28 5.0 015 | 36/33 | 5.50 015 | 36/28 | 000 | 0008 | 33/28 | 3.00 0.05
<
£

15ss 16/23 325 0.48 21/31 4.0 0.09 21/13 75 031 | 31/15 | 050 | 0008 | 31/13 | 150 0.01 15/33 | 1150 | 084

E Bss 19/15 255 0.19 25/18 55 0.15 25/23 7.5 031 | 18/22 | 1250 | 100 | 18/23 | 1050 | 069 22/23 | 1100 | 084
=

T 15ss 8/11 37.0 0.79 12/13 85 0.42 12/11 11.0 0.84 13/9 5.50 015 | 13/11 | 550 0.15 9/11 | 1100 | 084

o Bss 77 38.0 0.86 7/9 10.0 0.69 7/8 115 0.84 9/8 7.50 031 9/8 9.50 0.54 8/8 1050 | 069
Y
[

15ss 4/5 295 0.34 5/8 2.0 0.03 5/3 6.5 0.22 8/4 000 | 0.008 | 83 0.50 | 0.008 4/3 11.00 | o084

Table 1: Statistical significance observed, in CEAL scale, when comparing the median of the basal and total scores, between
the groups in phase 1 and 2.

DU-PAUL

1st PHASE 2nd PHASE
ACTIVE / SHAM ACTIVE / SHAM ACTIVE / 5SHz+MTP SHAM/1Hz+MTP SHAM/S5Hz+MTP 1Hz+MTP/5Hz+MTP
n=9 / n=9 n=5/n=5 n=5/n=5 n=5/ n=5 n=5/n=5 n=5/n=5
SESSION Mdn u P Mdn u p Mdn u p Mdn u p Mdn u p Mdn u p

- Bss 33/39 285 0.29 4442 11.0 0.84 44/38 8.0 0.42 42/31 8.50 0.42 | 42/38 5.00 0.15 31/38 | 10.50 0.69
5

= 15ss 15/27 275 0.25 22/30 2.0 0.03 22/15 7.0 031 30/14 | 000 0.008 | 30/15 0.00 0.008 | 14/15 | 10.00 0.69

- Bss 20/24 23.0 0.13 21/24 6.0 0.22 21/20 7.0 0.42 24/21 4.00 0.09 | 24/20 1.50 0.01 21/20 | 1000 0.69
<
2

15ss 9/14 23.0 0.13 11/19 2.0 0.03 11/8 75 031 19/8 0.00 0.008 | 19/8 0.50 0.008 8/8 12.00 1.00

E Bss 14/16 385 0.86 23/16 8.5 0.42 23/18 9.0 054 16/13 | 11.00 084 | 16/18 9.00 0.54 13/18 | 10.00 0.54
=

T 15ss 4/5 35.0 0.66 11/13 8.0 042 11/6 9.0 0.54 13/6 1.50 0.01 13/6 1.50 0.01 6/6 11.00 0.84

Table 2: Statistical significance observed, in DU-PAUL scale,

between the groups in phase 1 and 2.

when comparing the median of the basal and total scores,
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Concerning the percentage change, the present study showed
that, at the end of the treatments, SHAM group showed
percentages of change of less than 35%, compared to the active
groups that had significant clinical improvement (Table 3,
Figure 3).

PERCENTAGE CHANGE

GROUP Bss/5ss Bss/10ss Bss/15ss
1H+MTP  18% 36% 49%
SHAMTP  37% 47% 49%
CEAL-ADHD
SHAM 17% 0.0% 25%
ACTIVE 16% 21% 48%
1H+MTP  35% s [
SHi+MTP 5% s [
DU-PAUL
SHAM 10% 19% 28%
ACTIVE 16% s SN

Table 3: Percentages of observed changes, between the
baseline scores, in both scales and those registered after 5ss,
10ss, 15ss, respectively, in the four groups evaluated.

CEAL-ADHD DU-PAUL

0 20 40 60 80100

0 20 40 60 80 100

Percentage

Figure 3: Percentages (axis X) for all groups (axis Y), in
different moments of the protocol. Basal (Bss), 5th session
(5ss), 10th session (10ss). The dotted line represents the cut-off
point at which a treatment is considered effective (50%).

Conclusion

Up today, all rTMS protocols in the pediatric population have
involved the DLPFC, right or left, and high or low-frequency
rTMS (=5Hz or <1Hz) [15-21]. Considering that OCD has
clinical and neurobiological links with ADHD and stimulating
results have been obtained with deep transcranial magnetic
stimulation, the use of a DCC on dmPFC could be an option for
the treatment of ADHD. Our research group has used, for more
than a decade, the 5Hz rTMS on the DLPFC with MDM, OCD
and Borderline Personality Disorder, with clinical improvement
in its symptoms [42]. Our experience, in terms of frequency,
coincides with that of Phillip et al. [43], who concluded that the
stimulation at 10 Hz (more annoying) on the left CPDL was
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similar to that of 5 Hz (more tolerable). This work was divided
into two phases. In the first one, we obtained that both
ACTIVE and SHAM groups of patients do not improved with
rTMS (5 Hz) on the dmPFC. Weaver [22] reported similar
results but using 10 Hz in the right DLPFC of a group of
adolescents (14-21 years). The two groups of patients
(ACTIVE and SHAM) were chosen randomly with n=9, and no
significant differences were found between their baseline
scores in hoth clinical scales. Considering the severity of
symptoms groups were reduced to n=5 in both, and then
significant differences were obtained in the pre-post rTMS,
only in the active group. This favorable effect of rTMS to
reduce ADHD symptoms coincides with that reported by
Gomez et al. [23], Mekki et al. [24], and Cao et al. [25] in
children between 6-13 years of age, although using different
stimulation protocols. Mekki et al. (24 ) evidenced the benefit
of ITMS, at 1 Hz, on the severity of ADHD symptoms, while
Cao et al. [25] highlighted the importance of associating the
IrTMS, at 10 Hz, on the DLPFCwith treatment with
Atomoxetine. In the second phase of this research, the two
groups under medical treatment (MTP) were included, both
with n=5. It was observed that the 3 ACTIVE groups (rTMS at
5 Hz, alone or with MTP, and rTMS at 1 Hz) and the SHAM
group, did not show significant differences in the basal scores
of both clinimetric scales. However, at the end of each rTMS
protocol over dmCPF, there were significant differences
(p<0.01) between the four groups in the scores of the clinical
scales. The inter-group contrasts evidenced significant
differences between the ACTIVE groups and the SHAM,
especially in the group treated with MTP (Tables 1 and 2). In
addition to the clinical improvement evidenced by the
statistical analysis for small samples, another approach to
evaluate the benefit on the symptomatology of adolescents was
the analysis of the percentages of change (Table 3). Some
authors [44] consider that a decrease in the 50% or more of the
score, on clinimetric scales, represents a favorable clinical
response. In our research, it was found that at the end of the
treatments, the SHAM group showed percentages of pre-post
rTMS change below 30%; while in the ACTIVE groups the
percentages were very close to or exceeded 50%, especially on
the DUPAUL scale and for the groups treated with MTP. It is
important to note that some factors may modify the
effectiveness of the rTMS. Among them, some are related to
the coil or the protocol itself, while others depend on the
patient [28,45]. For example, the inter-train interval may be
crucial yielding the rTMS-induced neuroplasticity [46]; that is,
“inhibitory” response with rTMS at 5 Hz, instead of excitatory,
but of lower power than that achieved with 1 Hz. Considering
these factors may contribute to decreasing the inter-individual
variability that can affect so many group reports.

Finally, adolescence constitutes a window of opportunity to
carry out different treatments [1], especially in those childhood
illnesses that continue until this stage, as it can happen in
ADHD. Although this research had an exploratory purpose, and
the sample was small to reach definitive conclusions,
promising preliminary results were obtained. When the severity
of the symptoms was taken into account, it was found that there
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was a significant clinical improvement in the groups with
active stimulation compared to the SHAM group; especially in
adolescents who had not improved their symptomatology using
only the MTP in the six months before rTMS. Therefore, it is
suggested to replicate this methodology in a larger sample,
controlling the benefits of this type of treatment by applying,
before and after it, neuropsychological tasks and/or taking into
account electrophysiological variables that provide direct
information about the subject and contribute to the
neurobiological interpretation of the changes that respond to
clinical improvement. In summary, to the best of our
knowledge, this study is the first to explore the effects of rTMS
at 5 Hz, using a double cone coil and stimulation of dmCPF in
adolescents with ADHD, drug-free and MTP treatment.
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	Background
	Treatment of Attention Deficit Hyperactivity Disorder (ADHD) during adolescence is often problematic, because patients either reject it or are refractory to drugs. Repetitive Transcranial Magnetic Stimulation (rTMS) is a noninvasive brain stimulation ...
	Objective
	To explore the clinical utility of rTMS at high-frequency (5 Hz), applied through a double cone coil (DCC) on the Dorsomedial prefrontal cortex (dmPFC), both for active and sham stimulation, in a group of adolescents drug-free and with methylfenidate ...
	Subjects and methods
	Twenty-eight male adolescents with ADHD (13-18 years old) were evaluated using clinimetric tests (CEAL-ADHD and DU-PAUL), before, during and at the end of the rTMS. Two groups without MTP treatment (n = 9 each) were integrated: rTMS 5Hz (ACTIVE) and r...
	Results
	The rTMS of the mdPFC in the different groups that received it (rTMS 5Hz without MTP, 5Hz+MTP, 1Hz+MTP) significantly improved ADHD symptoms compared to rTMS SHAM group.
	Conclusions
	This study is the first to explore the effects of rTMS using a DCC on mdPFC in ADHD; finding a greater benefit in those
	adolescents (with and without pharmacological treatment) who presented symptoms considered severe.
	Keywords: Adolescents; ADHD; rTMS; dmPFC; Methylphenidate
	Introduction
	Adolescence is the stage of development that occurs between childhood and adulthood and is characterized by the beginning of puberty as well as particular neurobiological, cognitive, and social development. This period becomes critical for the develop...
	Repetitive Transcranial Magnetic Stimulation (rTMS) is a noninvasive brain stimulation technique, which represents an alternative for those adolescents with ADHD who reject pharmacological treatment or who do not improve their symptoms with it. rTMS h...
	Materials and Methods
	Protocol Criteria
	The inclusion criteria were: male, adolescents, 13 to 18 years old, with a confirmed diagnosis of ADHD combined presentation by a specialist (psychiatrist, paidopsychiatrist, or a neuropsychologist), and without pharmacological treatment for ADHD in t...
	Psychological and Psychiatrist Tests
	Two clinimetric tests were applied, the “Cuestionario para Escolares Y Adolescentes Latinoamericanos con Trastorno por Déficit de Atención Hiperactividad” (CEAL-ADHD from now on only CEAL) [37], according to the DMS-IV-TR and standardized for the Mexi...
	Experimental Design
	EMTr application
	For this study, a high-performance TMS magnetic stimulator MaqPro R30 (MagVenture, Denmark) and a Cool D-B80 butterfly coil (120º angle) (MagVenture, Denmark) were used. In all the groups, the coil positioning was used according to the international 1...
	Figure 1: Scheme of the positioning of the double angled coil. A) According to the international 10-20 system, both coils were positioned over the Fpz Area (Red line), B) Position used for the ACTIVE group C) Position used for the SHAM group.
	In the second phase, the individuals from the ACTIVE and the SHAM groups with severe ADHD clinical symptoms according to the clinimetric tests (CEAL-ADHD and DU-PAUL) were included as two separate groups (each group with a n=5). Additionally, two grou...
	Figure 2: Study process diagram. The two phases were carried out in this study; the first phase (blue) and the second phase (orange). The ACTIVE and the SHAM groups were compared using a Mann-Whitney U test; subsequently two groups derived from the AC...
	Data Analysis
	For the comparison of the basal and final stage scores from the CEAL and DU-PAUL tests, were carried out by non-parametric statistical tests (Figure 2). In the first phase, the ACTIVE group (n=9) was compared against the SHAM group (n=9) using the Man...
	Statement of ethics
	This study was carried out with the approval of the “Comité de Bioética del Instituto de Neurobiología de la Universidad Nacional Autónoma de México, UNAM” (Research protocol INB 45-H). The patients always attended the tests in the company of their pa...
	Results (1)
	Thirty individuals were initially included in the study. Subsequently, two individuals were discarded from the study for reporting marijuana use. The final sample was 28 Mexican male adolescents, with an average age of 14.6±1.6 years old and a combine...
	Table 1: Statistical significance observed, in CEAL scale, when comparing the median of the basal and total scores, between the groups in phase 1 and 2.
	Table 2: Statistical significance observed, in DU-PAUL scale, when comparing the median of the basal and total scores, between the groups in phase 1 and 2.
	Concerning the percentage change, the present study showed that, at the end of the treatments, SHAM group showed percentages of change of less than 35%, compared to the active groups that had significant clinical improvement (Table 3, Figure 3).
	Table 3: Percentages of observed changes, between the baseline scores, in both scales and those registered after 5ss, 10ss, 15ss, respectively, in the four groups evaluated.
	Figure 3: Percentages (axis X) for all groups (axis Y), in different moments of the protocol. Basal (Bss), 5th session (5ss), 10th session (10ss). The dotted line represents the cut-off point at which a treatment is considered effective (50%).
	Conclusion
	Up today, all rTMS protocols in the pediatric population have involved the DLPFC, right or left, and high or low-frequency rTMS (≥5Hz or ≤1Hz) [15-21]. Considering that OCD has clinical and neurobiological links with ADHD and stimulating results have ...
	Finally, adolescence constitutes a window of opportunity to carry out different treatments [1], especially in those childhood illnesses that continue until this stage, as it can happen in ADHD. Although this research had an exploratory purpose, and th...
	Acknowledgment
	To the National Council of Science and Technology for supporting the doctoral programs (fellowship 402037), to colleagues from the Institute of Neurobiology, the Neurodevelopment Research Unit of the National Autonomous University of Mexico and to the...
	Funding
	INB 45-H Protocol of the Institute of Neurobiology, National Autonomous University of Mexico (UNAM).
	Conflict of Interest
	The authors have no conflicto of interest to declare.
	References
	1. Larsen B, Luna B (2018) Adolescence as a Neurobiological Critical Period for the Development of Higher-Order Cognition. Neurosci Biobehav Rev 94:179-195.
	2. Wolraich ML, Hagan JF, Allan C, Chan E, Davison D, et al., (2019) Aap subcommittee on children and adolescents with attention-deficit/hyperactive disorder. Clinical Practice Guideline for the Diagnosis, Evaluation, and Treatment of Attention-Defici...
	3. American Psychiatric Association. (2013) Diagnostic and statistical manual of mental disorders (5th ed). Washington, DC.
	4. Usami M (2016) Functional consequences of attention-deficit hyperactivity disorder on children and their families. Psychiatry Clin Neurosci 70: 303-317.
	5. Rubia K (2018) Cognitive Neuroscience of Attention Deficit Hyperactivity Disorder (ADHD) and Its Clinical Translation. Front Hum Neurosci 12: 100.
	6. Barbaresi WJ, Katusic SK, Colligan RC, Weaver AL, Jacobsen SJ (2007). Modifiers of long-term school outcomes for children with attention-deficit/hyperactivity disorder: does treatment with stimulant medication make a difference? Results from a popu...
	7. Brandejsky L, Micoulaud-Franchi J-A, Lopez R, Bioulac S, Da Fonseca D, et al., (2017) Noninvasive cerebral stimulation for treatment of ADHD: A review of the literature Encephale 2017: 43:457-463.
	8. Ramtvedt BE, Aabech HS, Sundet K (2014). Minimizing adverse events while maintaining clinical improvement in a pediatric attention-deficit/hyperactivity disorder crossover trial with dextroamphetamine and methylphenidate. J Child Adolesc Psychophar...
	9. Cortese S, Adamo N, Mohr-Jensen C, Hayes AJ, Bhatti S, et al., (2017) European ADHD Guidelines Group (EAGG). Comparative efficacy and tolerability of pharmacological interventions for attention deficit/hyperactivity disorder in children, adolescent...
	10. Rubio B, Boes AD, Laganiere S, Rotenberg A,  Jeurissen D, et al., (2016) Noninvasive Brain Stimulation in Pediatric ADHD: A Review. J Child Neurol 31: 784-796.
	11. Gilbert DL (2016) Therapeutic rTMS in Children. In Kirton A and Gilbert DL, eds. Pediatric Brain Stimulation. Mapping and modulating the developing brain. United Kingdom: Elsevier Inc 71-83.
	12. MacMaster FP, Sembo M, Ma K, Croarkin P (2016) Brain Stimulation in Childhood Mental Health: Therapeutic Applications. In Kirton A and Gilbert DL, eds. Pediatric Brain Stimulation. Mapping and modulating the developing brain. United Kingdom: Elsev...
	13. Lefaucheur JP, Aleman A, Baeken C,  Benninger DH, Brunelin J,  et al., (2020) Evidence-based guidelines on the therapeutic use of repetitive transcranial magnetic stimulation (rTMS): An update (2014-2018). Clin Neurophysiol 131: 474-528.
	14. Paz Y, Friedwald K, Levkovitz Y, Zangen A, Alyagon U, et al., (2018). Randomised sham-controlled study of high-frequency bilateral deep transcranial magnetic stimulation (dTMS) to treat adult attention hyperactive disorder (ADHD): Negative results...
	15. Doruk-Camsari D, Kirkovski M, Croarkin PE (2018) Therapeutic Applications of Noninvasive Neuromodulation in Children and Adolescents.  Psychiatr Clin North Am 41: 465-477.
	16. Becker JE, Shultz EKB, Maley CT (2019). Transcranial Magnetic Stimulation in Conditions Other than Major Depressive Disorder. Child Adolesc Psychiatr Clin N Am 28: 45-52.
	17. Finisguerra A, Borgatti R, Urgesi C (2019). Non-invasive Brain Stimulation for the Rehabilitation of Children and Adolescents With Neurodevelopmental Disorders: A Systematic Review. Front Psychol 10:135.
	18. Hauer L, Sellner J, Brigo F, Trinka E, Sebastianelli L, et al., (2019). Effects of Repetitive Transcranial Magnetic Stimulation over Prefrontal Cortex on Attention in Psychiatric Disorders: A Systematic Review. J Clin Med 8: 416.
	19. Wong HC, Zaman R (2019) Neurostimulation in Treating ADHD Psychiatr Danub 31: 265-275.
	20. Masuda F, Nakajima S, Miyazaki T, Tarumi R, Ogyu K, et al., (2019) Clinical effectiveness of repetitive transcranial magnetic stimulation treatment in children and adolescents with neurodevelopmental disorders: A systematic review. Autism 23: 1614...
	21. Malone LA, Sun LR (2019) Transcranial Magnetic Stimulation for the Treatment of Pediatric Neurological Disorders. Curr Treat Options Neurol 13: 21-58.
	22. Weaver L, Rostain AL, Mace W, Akhtar U, Moss E (2012) Transcranial magnetic stimulation (TMS) in the treatment of attention-deficit/hyperactivity disorder in adolescents and young adults: A pilot study. J ECT 28: 98-103.
	23. Gómez L, Vidal B, Morales L, Báez M, Maragoto C, et al., (2014) Low frequency repetitive transcranial magnetic stimulation in children with attention deficit/hyperactivity disorder. Preliminary results. Brain Stimul 7: 760-762.
	24. Mekki A, GabrA, Kamal M, Hamouda M, Khalil A (2018) Study of the effect of repetitive transcranial magnetic stimulation on a sample of children with attention-deficit/hyperactivity disorder. The Egyptian Journal of Hospital Medicine 73: 8084-8090.
	25. Cao P, Xing J, Cao Y, Cheng Q, Sun X, et al., (2018) Clinical effects of repetitive transcranial magnetic stimulation combined with atomoxetine in the treatment of attention-deficit hyperactivity disorder. Neuropsychiatr DisTreat 14: 3231-3240.
	26. Downar J, Blumberger DM, Daskalakis ZJ (2016) The neural crossroads of psychiatric illness: an emerging target for brain stimulation. Trends Cogn Sci 20: 107-120.
	27. Hayward G, Mehta MA, Harmer C, Spinks TJ, Grasby PM, et al, (2007) Exploring the physiological effects of double-cone coil tms over the medial frontal cortex on the anterior cingulate cortex: An H2(15)O PET study. Eur J Neurosci 25: 2224-2233.
	28. Kreuzer PM, Downar J, de Ridder D, Schwarzbach J, Schecklmann M, et al., (2019). A Comprehensive review of dorsomedial prefrontal cortex rTMS utilizing a double cone Coil. Neuromodulation 8: 851-866.
	29. Marques RC, Vieira L, Marques D, Cantilino A (2019) Transcranial Magnetic Stimulation of the Medial Prefrontal Cortex for Psychiatric Disorders: A Systematic Review. Braz J Psychiatry 41: 447-457.
	30. Bakker N, Shahab S, Giacobbe P, Blumberger DM, Daskalakis ZJ, et al., (2015) rTMS of the dorsomedial prefrontal cortex for major depression: safety, tolerability, effectiveness, and outcome predictors for 10 Hz versus intermittent theta-burst stim...
	31. Dunlop K, Gaprielian P, Blumberger D, Daskalakis ZJ, Kennedy SH, et al., (2015) MRI-guided dmPFC-rTMS as a Treatment for Treatment-resistant Major Depressive Disorder J Vis Exp 102: e53129.
	32. Schulze L, Feffer K, Lozano C, Giacobbe P, Daskalakis ZJ, et al., (2018) Number of Pulses or Number of Sessions? An Open-Label Study of Trajectories of Improvement for Once-Vs. Twice-Daily Dorsomedial Prefrontal rTMS in Major Depression. Brain Sti...
	33. Dunlop K, Woodside B, Olmsted M, Colton P, Giacobbe P. et al., (2016). Reductions in Cortico-Striatal Hyperconnectivity Accompany Successful Treatment of Obsessive-Compulsive Disorder With Dorsomedial Prefrontal rTMS Neuropsychopharmacology 41: 13...
	34. Carmi L, Tendler A, Bystritsky A , Hollander  E,  Blumberger DM, et al., (2019) Efficacy and Safety of Deep Transcranial Magnetic Stimulation for Obsessive-Compulsive Disorder: A Prospective Multicenter Randomized Double-Blind Placebo-Controlled T...
	35. Brem S, Grünblatt E, Drechsler R, Riederer P, Walitza S (2014) The Neurobiological Link Between OCD and ADHD. Atten Defic Hyperact Disord 6: 175-202.
	36. Cabarkapa S, King JA, Dowling N, Ng CH (2019) Co-Morbid Obsessive-Compulsive Disorder and Attention Deficit Hyperactivity Disorder: Neurobiological Commonalities and Treatment Implications. Front Psychiatry 10: 557.
	37. Comité Internacional para el Desarrollo y Estudio del Cuestionario para Escolares y Adolescentes Latinoamericanos con Trastorno por Déficit de Atención con Hiperactividad (CEAL-TDAH). Cuestionario para escolares y adolescentes latinoamericanos con...
	38. Cornelio-Nieto JO, Borbolla-Sala ME, García-Valdovinos S (2010) Estudio poblacional de diagnóstico comparativo entre el DSM-IV y el cuestionario para escolares y adolescentes latinoamericanos para la detección del trastorno por déficit de atención...
	39. Du Paul GJ, Power TJ, Anastopoulos AD, Reid R (1998) ADHD Rating scale-IV: Checklists, norms, and clinical interpretation. New York: Guilford.
	40. Ferrando L, Franco-AL, Soto M, Bobes J, Soto O, et al., (1998) MINI Mini International Neuropsychiatric Interview. Versión en español 5.0.0. DSM-IV. Adapted from: Lecrubier Y, Weiller E, Hergueta T, Amorim P, Bonora LI, Lépine JP. (Hôpital de la S...
	41. Shipley WC, Gruber CP, Marlin TA, Klein A (2014) Shipley-2 Escala breve de inteligencia. México DF: Manual Moderno.
	42. Ricardo-Garcell J, García-Anaya M, Reyes-López JV, Armas Castañeda G, Reyes-Zamorano E, et al., (2018) Repetitive transcranial magnetic stimulation in different groups of mexican psychiatric patients. 25 Jornadas Académicas del Instituto de Neurob...
	43. Philip NS, Carpenter SL, Ridout SJ, Sanchez G, Albright SE, et al., (2015) 5Hz Repetitive transcranial magnetic stimulation to left prefrontal cortex for major depression. J Affect Disord 186: 13-17.
	44. Feffer K, Lee HH, Mansouri F, Giacobbe P, Vila-Rodriguez F, et al., (2018) Early Symptom Improvement at 10 Sessions as a Predictor of rTMS Treatment Outcome in Major Depression. Brain Stimul 11: 181-189.
	45. Terranova C, Rizzo V, Cacciola A, Chillemi G, Calamuneri A, et al, (2019) Is There a Future for Non-invasive Brain Stimulation as a Therapeutic Tool? Front Neurol 9:1146.
	46. Rothkegel H, Sommer M, Paulus W (2010) Breaks during 5Hz rTMS are essential for facilitatory after effects. Clin Neurophysiol 121: 426-430.

