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Highlights

What are the main findings?

• Non-invasive neuromodulation with NESA microcurrents may produce improve-
ments in sleep quality, aberrant behaviors, and sensory processing in children with
autism spectrum disorder.

• The most consistent benefits were observed in sleep resistance, hyperactivity, and
sensory hyperreactivity, and some protocols (C and E) showed a greater effect.

• NESA neuromodulation is a non-invasive electrotherapy technique that delivers very
low intensity microcurrents through multiple peripheral electrodes on the hands
and feet to gently stimulate the autonomic nervous system and promote global
neurophysiological regulation.

What is the implication of the main findings?

• This pilot series’ cases suggest that neuromodulation targeting the autonomic nervous
system may offer a new therapeutic avenue for ASD.

• The results support the feasibility of conducting larger controlled studies in pediatric
populations, despite the challenges posed by diagnostic heterogeneity and recruitment.

Abstract

Background/Objectives: Autism spectrum disorder is a neurodevelopmental condition
affecting up to 1.7% of the global population. Current interventions do not treat the root
cause, prompting research into novel treatments like non-invasive neuromodulation. The
objective of this study is to examine the use of NESA technology in children with ASD,
to determine if it generates changes in their conduct and their central symptoms related
to the spectrum. Methods: In this study, twelve children with ASD underwent NESA
neuromodulation therapy. We assessed the children’s (CSHQ) and parents’ sleep quality
(Pittsburg scale), aberrant behavior (ABC-C), and sensory profile (SP-2). Results: In most
cases (66.7%), we observed an improvement in the test results. A comparative analysis
of NESA protocols revealed that the optimal programming strategy involves a longer
duration of programs 7 and 8 of NESA microcurrents. Conclusions: Given the limited

Children 2025, 12, 1599 https://doi.org/10.3390/children12121599

https://doi.org/10.3390/children12121599
https://doi.org/10.3390/children12121599
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/children
https://www.mdpi.com
https://orcid.org/0000-0003-0669-857X
https://orcid.org/0000-0003-1015-847X
https://orcid.org/0000-0002-6264-6312
https://orcid.org/0000-0002-2394-6267
https://orcid.org/0009-0001-3814-0207
https://orcid.org/0000-0002-6564-2755
https://orcid.org/0000-0002-8248-9094
https://orcid.org/0000-0002-8189-2391
https://doi.org/10.3390/children12121599
https://www.mdpi.com/article/10.3390/children12121599?type=check_update&version=1


Children 2025, 12, 1599 2 of 15

number of patients included in the data set, further investigations are necessary to draw
more robust conclusions. This novel form of treatment offers the potential to address
autism spectrum disorder by targeting the autonomic nervous system. This approach may
influence underlying mechanisms of the autonomic nervous system. The pilot study has
opened a new avenue for future research.

Keywords: autism spectrum disorder; electrotherapy; sleep quality; neuromodulation

1. Introduction
Autism spectrum disorder (ASD) is a condition that has seen a significant increase in

the number of diagnosed cases in recent years. Its worldwide prevalence is estimated to be
between 0.4% and 1.7% of the total population [1,2]. This neurodevelopmental condition is
characterized by difficulties in social communication, restricted behaviors and interests, and
alterations in the sensorimotor system and stereotypies, among many other indicators [3,4].
Problems in ASD begin to develop in the early stages in life, mainly because language and
communication deficits are noticed, for example, in a lack of visual contact, inability to
show or understand emotions, or no interest in starting the communication [5]. Sometimes,
a language learning regression can even happen [6].

Manifestations of complications in the sensorimotor area cause difficulties in move-
ment and motor attributes, including poor coordination of movement, stereotypies, and
affections in gross and fine motor capacity [7,8]. This issue can arise from either excessive
or insufficient stimulation within the system [9]. Individuals in the spectrum not only expe-
rience difficulties with movement due to altered perception of stimuli, but they experience
changes in their senses and emotions too. The atypical motor attributes in these cases may
lead to an altered perception of the information received from the senses. This can result in
feelings of being overwhelmed by sensory input [10,11].

It is increasingly recognized that motor function is an integral part of the sensory and
behavioral phenotype of ASD. Impairments in gross and fine motor coordination, postural
control, and oral–motor skills are frequently described and are thought to reflect broader
deficits in sensory integration and neural connectivity [12–14]. These motor impairments
not only affect daily living and communication but also influence how sensory information
is processed and responded to, reinforcing the need for interventions that focus on global
neurophysiological regulation.

ASD can be combined with various symptoms. One of the most significant associations
is with sleep quality. Studies have shown that between 50% and up to 95% of children
on the spectrum experience sleep difficulties, which may persist in their adolescence and
adulthood [15,16]. Additionally, poor sleep quality has been linked to increased aggressive
behavior, impaired social interactions, emotional deficits, and a reduced desire for social
interaction in some studies [17]. Moreover, it is important to consider the impact of these
factors on families and individuals in the affected environment as well. Over 86% of the
parents and families of these individuals also experience poor sleep quality, which can lead
to higher rates of anxiety and depression [15,17].

Other facets that are likewise afflicted are problematic behaviors. These may include
irritability, hyperactivity, inappropriate language, social withdrawal, or non-compliance,
among others [3].

In neuropediatrics, there is no specific treatment for ASD. There are two main types of
intervention: biomedical, which involves the prescription of medication, and psychological,
which involves a range of different therapies [18].
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Medication, physiotherapy, and psychological therapy have demonstrated improve-
ments in symptoms, but these effects do not attend to the root of the disorder itself [19,20].
That is where we can overlap the use of new technologies and new forms of therapy to
help these children and, if it is possible, treat the root of the disorder.

The use of non-invasive neuromodulation techniques is emerging as a new treatment
option for the nervous system in ASD. Non-invasive brain stimulation (NIBS) has been
increasingly investigated as a potential treatment in autism spectrum disorder (ASD), al-
though prior studies have not yet converged on an optimal protocol or target region [21].
Some studies of tDCS and repetitive TMS in individuals with ASD found that NIBS meth-
ods could be helpful in ameliorating dimensions such as repetitive behaviors, sociability,
and executive/cognitive functions, but cautioned that heterogeneity and publication bias
limit strong conclusions [22]. There is some evidence that vagus nerve stimulation (VNS),
when performed for epilepsy, may improve behavior in people with ASD, independently
of its anti-seizure effects, though higher-quality trials are needed [23]. However, some
recent studies with a new technique focused on the autonomic nervous system called
non-invasive neuromodulation NESA (Neurostimulación superficial aplicada in Spanish).
NESA neuromodulation is a non-invasive electrotherapy technique that applies very low
intensity microcurrents through multiple peripheral electrodes placed on the hands and feet
to gently stimulate the autonomic nervous system and promote overall neurophysiological
regulation, without side effects and proven in studies on cerebral palsy in pediatrics [24].
Previous studies have reported the benefits of this approach in improving sleep quality,
reducing constipation, and enhancing cognitive and recovery processes in various neu-
rological and pediatric conditions [24–28]. Although no previous research has examined
its application in autism spectrum disorder (ASD), the hypothetical mechanism of action
involves the gentle peripheral stimulation of afferent pathways that influence central auto-
nomic and limbic circuits, which play a key role in regulating arousal, emotional control,
and sensory processing—areas that are often disrupted in ASD.

Improvements in symptoms related to the autonomous nervous system, such as sleep
quality, are produced due to the relationship between the CNS and its implication in the
hypothalamus, limbic system (which are superior central regulators of the autonomic
nervous system), suprachiasmatic nucleus, and pineal gland. These may be interesting
areas of focus for treatments for the symptoms of autism.

The proposed mechanism by which NESA neuromodulation may improve sleep
and behavior regulation in autism involves the gentle peripheral modulation of afferent
pathways that modulate the central autonomic nervous system. By promoting a balance
between sympathetic and parasympathetic activity, this intervention may influence central
processes related to arousal, emotion, and sensory integration, systems that are often
dysregulated in individuals with ASD.

The objective of this study is to examine the use of NESA neuromodulation in children
with ASD to determine if it generates changes in their conducts and their central symptoms
related to the spectrum. Specifically, we study the variations in their sensory profile, sleep
quality, and behavioral issues.

2. Materials and Methods
2.1. Subjects

Participants in this study are under-aged individuals who have been clinically diag-
nosed with autism spectrum disorder. All the children live with their families and are
schooled in different types of educational systems. These volunteers are patients in the
same physiotherapy clinic, and their parents also participated in this study, providing
relevant information as volunteers in this case study.
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• Inclusion criteria for participation in this pilot study included the following:
• Being diagnosed with ASD,
• Attending to a non-university educational system.

The exclusion criteria for NESA technology application included the following: having
a pacemaker, electricity phobia, or skin injuries, such as eczema or ulcers.

2.2. Ethics

In this pilot study, all parents and legal guardians of the subjects were made aware
of the conditions of the study, as well as the objectives and treatment that the participants
were undergoing. The protocol used was approved by the local ethics committee (see
Institutional Review Board Statement). An informed consent document, conducted in
accordance with the principles of the Declaration of Helsinki, was signed by all families.

2.3. NESA Microcurrents Treatment

The treatment employed in this study is based on NESA technology, which is founded
upon Wilder’s law and the concept of hormesis. It provokes imperceptible sensations
through low impedance areas. The electric current effect is multiplied by its distribution
through multiple anatomical pathways due to the electrodes located on the extremities and
a directional electrode [26]. The electrodes used by the system are wired into gloves and
anklets (or adaptations for amputated limbs), with 25 electrical access points. The current
model of the system is minimally invasive and surface-applied (Figure 1). It emits low-
frequency pulses ranging from 1.3 Hz to 14.28 Hz, with intensities of 0.1 to 1.0 milliamps
and a potential difference of ±3 V and ±6 V, so that the electrical impulse cannot be felt.
The impulses are coordinated between 24 electrodes, with 6 electrodes per limb stimulated
simultaneously, and a directional electrode [25,27].

Figure 1. Schematic depicting NESA neuromodulation technology. The colored electrodes are located
on the gloves and anklets, with six semi-electrodes on each, and the directional electrode is shown in
white in the posterior cervical area.

To ensure maximum effectiveness, it is necessary to establish a structured and dynamic
circuit for the supply of electrical current. This circuit should connect the input points that
are jointly connected to the autonomic nervous system and related physiological functions,
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including the central pathways of the central nervous system (CNS). This can be obtained
thanks to the nine different programs that the device offers. Each program employs distinct
electrical stimulation at specific points in a predetermined sequence, with a defined dura-
tion and polarity change, generated automatically through an algorithm. Following the
processing of inputs by the CNS, the autonomic nervous system generates a series of neuro-
modulated responses. An additional advantage of NESA neuromodulation is its excellent
safety and tolerability profile. Unlike transcranial magnetic stimulation (TMS), which can
sometimes cause mild adverse effects such as headache, scalp discomfort, or, in rare cases,
seizures [29], NESA delivers imperceptible microcurrents through peripheral electrodes
without eliciting sensory or muscular responses. No adverse effects have been reported in
previous studies using this technology in adults or children, making it particularly suitable
for pediatric populations and those with neurodevelopmental disorders [25–27].

2.4. Intervetion

This study presents a case series in which different types of protocols for the NESA
treatment were analyzed (Table 1). We are investigating not only the effectiveness of
the NESA technology, but also which one of the proposed protocols is the best within
these cases. Every protocol (A–E) mixed different NESA programs (P1, P2, P7, and P8),
changing the number of sessions and time as well as the directional electrode placement,
whether spinal or sternal. The rationale was to vary treatment intensity by age and
logistical constraints, while maintaining exposure to core NESA sequences. These are the
characteristics of each protocol:

• Protocol A: Subjects who live near the clinic. Their treatment lasted for 20 sessions,
30 min each. Six participants were treated with this protocol.

• Protocol B: Subjects who live far from the clinic. Their treatment lasted for 15 sessions,
30 min each. Three participants were treated with this protocol.

• Protocol C: Subjects older than 16, with an availability of 3 days a week. Their
treatment lasted for 20 sessions, 45 min each. One participant was treated with
this protocol.

• Protocol E: Subjects older than 16, without availability. Their treatment lasted for
15 sessions, 45 min each. Two participants were treated with this protocol.

The programs used are as follows:

- Program 1: Through different polarity impulses, this helps the predisposition to
hormesis in the SNA. A minimal dose of application is performed for starting the
treatment and generating first contact with the microcurrents.

- Program 2: In this program, microcurrents are directed through the superior members,
with an extremely low frequency. This process assists the innervation of nerves in the
ventral areas of the organism.

- Program 7: This generates polarity answers that act in the global neuromodulation
of the SNA. As a result, an improvement in its functioning is noted, particularly in
sleep quality.

- Program 8: The impulses generated influence in different parts of the SNA with the
objective of reducing stress and anxiety in the patient.

The placement of electrodes on subjects follows a standardized configuration of
NESA technology that uses gloves and anklets with contact points on the hands and
feet, along with a mobile directional electrode placed on the cervical region (C7) or the
sternal manubrium, depending on the protocol [24]. This arrangement allows for the
stimulation of somatic and peripheral autonomic pathways related to the extremities, with
the aim of indirectly modulating the central autonomic and limbic circuits involved in the
regulation of sleep, emotion, and sensory processing.
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Table 1. Protocols description of NESA treatment.

Protocol Sessions Duration
(min) Program

Directional
Electrode
Location

A
1st–5th

15 P1

Spinal C7
15 P7

6th–20th
15 P7
15 P8

B

1st–3rd
15 P1 Spinal C7
15 P7

4th–9th 30 P7 Sternal
manubrium

10th–15th
15 P7 Spinal C7
15 P8

C

1st–3rd
15 P1

Spinal C7

15 P7
15 P8

4th–9th
15 P2
15 P7
15 P8

10th–15th
30 P7
15 P8

E

1st–3rd
15 P1

Spinal C715 P7
15 P8

4th–9th
15 P2 Sternal

manubrium30 P7

10th–15th 30 P7 Spinal C7
Table 1 shows the fourdifferent protocols always following the same programs, but with different combinations.
The directional electrode means the location of the directional electrode at different body locations.

2.5. Procedure

An appeal was made through a poster to participate in this study of non-invasive
neuromodulation NESA for the autistic population. The announcement was disseminated
via social media. The patients themselves disseminated the information, and, eventually,
18 individuals from various locations across the island contacted us. Of the 18 individ-
uals who expressed interest, only 13 were able to attend the treatment sessions due to
logistical constraints.

Once the families of the participants consented to participate, they were given an initial
interview where the procedure to be followed was explained in detail. The objective of the
study was presented, which is to improve sleep quality and to observe, in this initial pilot
study, the possible changes generated by the treatment. The protocol for the participant
with autism was tailored to their age, with the duration of each therapy session adjusted
accordingly. The frequency of treatment and number of sessions were also adjusted to align
with the family’s logistical constraints and proximity to the center, to minimize disruptions
to the participant’s weekly routine.

In this manner, four distinct protocols were established to accommodate the varying
requirements in terms of session duration, treatment frequency, and the number of sessions.
Once verbal consent had been obtained at the conclusion of the initial interview, the partici-
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pants were provided with the informed consent document for the study, the data collection
form, and the informed consent document for the NESA neuromodulation therapy.

Prior to the inaugural session, the participants were required to complete a series of
questionnaires that evaluated the quality of sleep among the individuals and their families,
as well as other specific questionnaires about different ASD symptomatology.

The participants were recruited for treatment as they were enrolled in the study.
Adaptive equipment was provided for each participant, including gloves and anklets that
were tailored to their respective hand and foot sizes. Mats were placed on the floor to
accommodate the needs of the smaller participants, who were able to engage in therapeutic
activities while seated on them.

At the conclusion of the final session, the data collection questionnaires utilized at the
beginning were answered once more, including a novel form pertaining to parental and
participant satisfaction with the process undergone.

Of the 13 participants, only one discontinued participation in the study for reasons
that remain unknown.

2.6. Patient Information

Parents had to complete a demographic questionnaire in which they had to answer
questions related to the study variables: age, gender, specific ASD diagnosis, year of
diagnosis, who lives at home, whether other therapies are used, type of school, whether the
child socializes, level of community support, whether there are comorbidities, and whether
medication is used.

2.7. Measures

The information collected was derived from the following instruments, which were
administered before and after the intervention. All questionnaires were used in their
Spanish validated form and were completed by the parents and families of the subjects.

• Children’s Sleep Habits Questionnaire (CSHQ): This instrument permits the examina-
tion of sleep disturbances and difficulties in children. The questionnaire is completed
by the parents or cohabitants of the children in question and asks about certain cir-
cumstances that may indicate sleep difficulties or behaviors related to pediatric sleep
difficulties. The response is provided on a Likert scale, and a higher score reflects
more troubled sleep, with the maximum score being 99. It employs different subscales,
which include sleep resistance, sleep initiation, sleep duration, sleep anxiety, night
awakenings, parasomnia, sleep-disordered breathing, and daytime sleepiness [30].

• Sensory Profile (SP-2): This test is a standardized instrument that provides information
about the children’s sensory processing patterns in different contexts, including the
home, school, and other activities in the community. The test provides an analysis of
emotionally self-regulated responses. In this instrument, a higher score (maximum
score: 430) reflects a higher reactivity to sensations; therefore, the optimal score would
be a lower one [31].

• Aberrant Behavior Checklist (ABC-C). This instrument examines problematic be-
haviors in patients older than 5 years old with neurodevelopmental disorders. It is
answered by families or caregivers of the subject, and it is designed to detect different
behavioral problems or symptoms of ASD. It employs a multi-dimensional approach,
encompassing a range of subscales, including irritability, self-injurious behaviors,
isolation, stereotypies, hyperactivity, and inappropriate language. It is answered with
a Likert scale and has a maximum result of 174 points [32].

• Pittsburgh test: This evaluates the quality of sleep of the subjects who respond to the
questionnaire. It provides information on both qualitative and quantitative aspects
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that are correlated with sleep quality over the past month. A score higher than 5
indicates a lower quality of sleep [33]. The test was conducted based on the parents’
responses, to evaluate the sleep quality of families and the treatment’s indirect impact
on them.

2.8. Statistics

The data were analyzed using the JAMOVI 2.3.21 program. Firstly, the results from all
subjects were evaluated without distinguishing between protocols. The scores from the
test with information about the subjects were analyzed, followed by the scores from the
parents’ and family’s questionnaire. Finally, the different programming protocols were
studied. The analysis considers descriptive graphics (means, standard deviations, and
case-by-case analyses), considering that one of the protocols only has one study subject.
No inferential comparisons were attempted, as the main objective was to explore feasibility
and individual responses rather than statistical significance. The case series design was
considered appropriate given the heterogeneity of ASD presentations and the well-known
challenges of conducting larger controlled trials in this pediatric population.

3. Results
3.1. Sample

A total of 14 participants initiated the study, of whom 12 (86%) completed all scheduled
sessions. The final sample included 12 children and youths with ASD between 4 and
18 years old, mean age—9.4 years, who eventually comprised the study sample. The
study had an equal representation of both the sexes. Regarding their schooling, half of
them went to special schools, 41.7% attended regular schools, and 8.3% were in special
classrooms. Community support was also mainly limited, with 83.3% describing support
as insufficient or very insufficient compared with only 16.6% describing it as sufficient or
good. Health-wise, 75% had additional medical problems, the most common being sleep
disturbances and gastrointestinal complaints. Again, 75% of these participants were under
pharmacological treatment, which included stimulants, risperidone, melatonin, and other
psychotropic or metabolic agents (see Table S1).

3.2. Group Results

When performing descriptive analyses of all cases, in general, the entire sample shows
improvements in post-treatment results (see Table 2).

Table 2. Pre–post treatment scores in CSHQ, ABC-C, SP-2, and Pittsburgh questionnaires.

Mean Median SD Min Max

CSHQ PRE 50.17 51.50 9.13 38.0 66.0
POST 46.42 43.50 10.18 35.0 65.0

ABC-C
PRE 48.08 39.50 22.85 22 102

POST 36.00 32.00 17.46 14 73

SP
PRE 203.08 200.00 59.28 105 296

POST 178.50 187.00 51.03 90 279

Pittsburgh
(parents)

PRE 8.75 8.50 4.05 3 18
POST 6.92 7.00 3.53 1 13

Pre- and post-treatment descriptive variables were determined as a group for an initial descriptive analysis of the
sample. SD = standard deviation.

The analysis of the CSHQ indicates a decline in the results following treatment. This
phenomenon can be observed in each of the subscales, except for the “sleep-disordered



Children 2025, 12, 1599 9 of 15

breathing” subscale, which remains unchanged. Upon an examination of the overall scores
of the questionnaire, it was observed that the scores showed better results by 7%, which
corresponds to 4 points on this instrument.

The ABC-C test showed lower scores after treatment in every subscale examined in
the questionnaire. The positive changes in the observed results are evidenced by a decrease
in the mean score, which has declined by 12 points (equivalent to 25%). Additionally, the
minimum and maximum scores achieved by the subjects indicate a similar trend. The
scores decreased by 12 and 29 points, consecutively.

In addition, the SP-2 questionnaire post-treatment score is 12% lower than the pre-
treatment score, indicating a positive change in the children’s sensory processing patterns
and preferences.

On the other hand, the sleep quality test evaluated in the parents of the subjects was
analyzed. Like the children in the study, a decrease in the final score was observed, with a
drop of 1.83 points (21% less compared to the initial value) in the families’ scores on the
Pittsburgh test. Although the results were not statistically significant, this reduction may
reflect a clinically significant change in reported sleep quality.

3.3. Comparison Between Treatment Protocols of the Study

Upon examination of each treatment individually for each case, it becomes evident
that two distinct forms of programming emerge as the most prominent in terms of results.

Programming E: The results demonstrate a superior performance across all tests, with
minimal variability within the group (Figures 2–4). This indicates relevant clinical changes
in outcomes across participants. The survey data collected after the treatment from the
children who underwent this protocol can be observed and compared with the rest of the
protocols measured in Table 3. Due to the limited number of participants, the results are
not statistically significant. However, they are clinically relevant.

Figure 2. Comparison of scores in SP-2 after treatment between protocols. A box plot comparing the
SP-2 results of the different NESA treatment protocols (protocols A, B, C, E) is presented.
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Figure 3. Comparison of scores in CSHQ after treatment between protocols. A box plot comparing
the CSHQ results of the different NESA treatment protocols (protocols A, B, C, E) is presented.

Figure 4. Comparison of scores in ABC-C after treatment between protocols. A box plot comparing
the ABC-C results of the different NESA treatment protocols (protocols A, B, C, E) is presented.

Table 3. Comparison of post-treatment mean and DT between protocols.

Protocol A Protocol B Protocol C Protocol E

CSHQ Mean 48.3 50.7 35.0 40.0
SD 10.27 12.66 1.41

ABC-C
Mean 30.3 55.0 21.0 32.0

SD 15.32 18.00 0

SP-2
Mean 164.5 233.3 98.0 178.5

SD 40.40 41.19 20.51
SD = standard deviation.

Programming C: Even though only one subject underwent this treatment, it is evident
that the most favorable outcomes were observed in all evaluated aspects. The score in all
the tests exhibited positive modifications, and these results were superior to those obtained
in the other protocols. The most interesting changes are observed in the ABC-C test, which
shows a score difference of 9 points or more compared to the other program protocols.
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Additionally, we can detect protocol A having satisfactory scores related to the ABC-C,
so it must be taken into consideration for future investigations regarding autism and
deviant behaviors (Figures 2–4).

3.4. Qualitative Analysis

The limited number of participants in the study allows for a more granular examina-
tion of each case, enabling the observation of subtle differences in treatment effectiveness.
In Table 4, a summary of subjects’ pathologies and scores can be found.

Table 4. Individual pre–post scores by subject across all questionnaires.

Subject Age Sex Other Pathologies Protocol Assessment
Point/Moment CSHQ SP-2 ABC-C Pittsburgh

S01-01 17 F NOT APPLICABLE C

1º 42 151 31 7

2º 35 98 21 7

IMPROVEMENT 7 (7%) 53 (12%) 10 (6%) 0

S01-02 9 F SLEEP PROBLEM,
HYPERINSULISM B

1º 66 296 71 8

2º 53 279 55 10

IMPROVEMENT 13 (13%) 17 (4%) 16 (9%) −2 (−9%)

S01-03 6 F ADHD A

1º 41 105 22 9

2º 50 148 24 7

IMPROVEMENT −9 (−9%) −43 (−10%) −2 (−1%) 2 (9%)

S01-04 6 F
ADHD, GASTROINTESTINAL
PROBLEMS, SLEEP PROBLEMS A

1º 54 214 64 18

2º 53 176 33 13

IMPROVEMENT 1 (1%) 38 (9%) 31 (18%) 5 (24%)

S01-05 4 F INTELLECTUAL DISABILITY,
SLEEP PROBLEMS A

1º 57 186 38 12

2º 65 199 59 11

IMPROVEMENT −8 (−8%) −13 (−3%) −21 (−12%) 1 (5%)

S01-06 7 M ALERGIES A

1º 45 142 25 3

2º 43 90 14 2

IMPROVEMENT 2 (2%) 52 (12%) 11 (6%) 1 (5%)

S01-07 8 F NOT APPLICABLE A

1º 52 285 102 6

2º 35 188 26 1

IMPROVEMENT 17 (17%) 97 (22%) 76 (44%) 5 (24%)

S01-09 4 M GASTROINTESTINAL
PROBLEMS B

1º 63 231 62 9

2º 62 222 73 9

IMPROVEMENT 1 (1%) 9 (2%) −11 (−6%) 0

S01-10 5 M NOT APPLICABLE B

1º 38 184 45 5

2º 37 199 37 6

IMPROVEMENT 1 (1%) −15 (−3%) 8 (4%) −1 (−5%)

S01-11 12 M SLEEP PROBLEMS A

1º 53 265 40 13

2º 44 186 26 4

IMPROVEMENT 9 (9%) 79 (18%) 14 (8%) 9 (43%)

S01-12 18 M
NEUROGENIC BLADDER,

HYPER-IgE,
HYPEREOSINOPHILIC SYND.

E

1º 51 216 38 9

2º 39 193 32 7

IMPROVEMENT 12 (12%) 23 (5%) 6 (3%) 2 (9%)

S01-14 17 M GASTROINTESTINAL
PROBLEMS E

1º 40 162 39 6

2º 41 164 32 6

IMPROVEMENT −1 (−1%) −2 (−0.5%) 7 (4%) 0

Footer. The table describes each case with details of age, gender, other comorbidities, the type of NESA treatment
protocol applied (A, B, C, E) and the evaluation periods for each of the variables for the subjects and the Pittsburgh
for the parents.

The most favorable outcomes of this intervention can be observed in patients 04, 06,
07, 11, and 12, who exhibited positive results and demonstrated improvement in their
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punctuation across all instruments. Notably, two subjects exhibited the most notable
improvement, with patient 11 demonstrating a mean percentage of positive changes of
19% and patient 07 exhibiting a mean of 27% improvement across all instruments. Both
patients went under the intervention protocol A. Table 4 presents the percentages changes
by subject.

On the other hand, some parents reported no change in the Pittsburgh questionnaire,
and in a few cases, an increase in scores was observed in other measures. Nevertheless,
overall trends remained favorable, with some degree of progress noted in most participants.
Conversely, some patients exhibit a negative response to the intervention, resulting in a
decline in their results. These observations are consistent with the case of patients 09, 10, 03,
and particularly subject 05. While these results are negative and constitute a retrogression,
the percentage of negative results is relatively low (−4.5%).

4. Discussion
A total of 14 participants began the study, of whom 12 (86%) completed all scheduled

sessions. Dropout was minimal, with only two participants discontinuing for reasons
unrelated to the intervention. Attendance was high across all protocols, and no adverse
effects or discomfort were reported during NESA sessions, supporting the feasibility and
tolerability of the intervention in this pediatric population.

In all sleep-related measures, most participants showed lower scores after the interven-
tion, especially in areas related to difficulty falling asleep and daytime sleepiness. These re-
sults suggest that the questionnaires used were sensitive enough to capture intra-individual
variations in sleep-related behaviors. In contrast, scores related to sleep-disordered breath-
ing, such as snoring or apnea, remained largely unchanged, which is consistent with
expectations for this population. Future studies should explore how these measures can be
refined to capture a broader range of sleep patterns in children with ASD.

In terms of behavioral outcomes, several participants showed lower scores on irritabil-
ity and hyperactivity, while self-injurious behaviors and inappropriate language remained
relatively stable. These trends highlight both the variability of individual responses and the
feasibility of using parent-reported measures to assess behavioral domains in this context.

Regarding sensory processing, some participants scored lower after treatment, partic-
ularly in tactile and socioemotional reactivity. Although these preliminary patterns should
not be interpreted as treatment effects, they indicate that SP can detect significant fluctuations
within a reasonable time frame, supporting its inclusion in future controlled trials.

Moreover, families may observe relevant changes in themselves throughout the course
of the treatment. Cohabitants of the subjects have reported a better sleep quality, leading to
an improvement in the families’ sleep patterns and overall quality of life.

As proven in previous studies, protocols that focus on P7 could provide better results
for children, especially in their sleep quality [24]. Considering that every ASD case is
different and that this is a pilot study with a small sample size, we can predict that the best
protocol in ASD treatment is protocol E, in which the directional conductor is changed mid
treatment and focuses on P7. The results of the present study, when considered alongside
those of the previous one with children with neurodevelopmental disorders, provide a
foundation for further research into pediatric neuroscience with NESA microcurrents, with
P7 representing a key focus for future protocols [21].

This feasibility study also provided important information for the design of future
trials. The small heterogeneity in responses between the different protocols highlights
the influence of individual and contextual factors. For example, the participant who
underwent Program C, which consisted of longer sessions, showed notable reductions
in scores across all domains. This may be related to the longer application of treatment
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and the subject’s greater ability to participate consistently throughout treatment. These
observations highlight the need to adjust session length and individualize schedules in
future interventions.

Compared to other treatment methodologies, the combination of pharmacotherapy
and behavioral and psychological therapy can yield outcomes on a longer term [34]. Fur-
thermore, these therapies do not target the core symptoms, but rather aim to improve the
patients’ social skills, quality of life, and other related issues, such as sleep deprivation, but
they could have side effects and adverse reactions in the case of medication [34,35].

Non-invasive brain stimulation (NIBS) techniques, such as tDCS and rTMS, have
shown potential benefits in ASD, especially in repetitive behaviors, sociability, and ex-
ecutive functions, although the results are inconsistent and limited by methodological
heterogeneity [21,36,37]. Unlike these cortical approaches, NESA neuromodulation acts
through multi-electrode peripheral stimulation targeting autonomic regulation, which
could explain its effects on both behavior and physiological functions such as sleep and
sensory processing. Rather than competing, NESA should be considered a complementary
strategy within the field of neuromodulation in ASD.

Lessons learned from this study include the importance of tailoring session length to
age, the feasibility of parent reports for outcome collection, and the need to control for indi-
vidual variability in comorbidities and medication in future trials. NESA neuromodulation
may modulate central autonomic regulation, which is implicated in core ASD symptoms. It
also could help to predict better results over time, considering that treatment with NESA
does not cause dependence due to its own parameters [25].

Despite these promising findings, it is important to consider that, in our study, there
are limitations to consider. This study employed a case series format and used four different
protocols (in a sample of only 14). It has a small sample that was selected from a single clinic,
given the risk of bias, without a comparative control or placebo group. Due to the nature of
the study, the only blinding that could be achieved was in the statistical analysis with respect
to the type of protocol. Therefore, following this small trial, it is necessary to conduct studies
with larger samples, if possible, randomized clinical trials, and even with comparative groups.
We encourage other researchers to continue with further research into ASD symptoms.

5. Conclusions
This pilot study aimed to explore the effects of the NESA technology on children with

ASD, which is a growing problem. As the causes of this disorder are unknown, effective
treatment is difficult. The NESA treatment has proven beneficial effects on the children’s
symptoms, as well as the quality of sleep in their families. In the future, with a larger
sample size, clinical trials, and other age groups, these findings may be positive to keep on
studying in further investigation.

Supplementary Materials: The following supporting information can be downloaded at
https://doi.org/10.5281/zenodo.17199854 (Created and revised 25 September 2025).

Author Contributions: Study design: F.M.-C. and R.M.-R. Data collection: F.M.-C. Data analysis:
R.M.-R., A.H.-P. and A.B.-S. Study supervision: R.M.-R., M.V.-B. and D.Á.-A. Validation: M.d.P.E.-
B. and D.Á.-A. Manuscript writing: M.d.P.E.-B., M.G.-Q., I.G.-R. and A.B.-S. Critical revisions for
important intellectual content: I.G.-R., D.Á-A. and R.M.-R. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This research has been authorized by the Las Palmas Hos-
pital’s Research Ethics Committee (code: 2023-536-1. 14 December 2023). It followed the ethical
guidelines set out in the Declaration of Helsinki.

https://doi.org/10.5281/zenodo.17199854


Children 2025, 12, 1599 14 of 15

Informed Consent Statement: The participants and tutors were informed that they could withdraw
from the study whenever they desired without negative consequences. They were also assured
confidentiality for their personal information. All patients signed an informed consent statement
before starting the study.

Data Availability Statement: The data supporting the results will be available upon prior request to
the authors due to ethical restrictions imposed by Las Palmas Hospital’s Research Ethics Committee.

Acknowledgments: We are very grateful to all the Sapiens Tenerife Clinic team and all the parents
that allowed the patients to participate in the study.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

ASD Autism spectrum disorder
NESA Non-invasive neuromodulation system
CNS Central nervous system
ANS Autonomic nervous system
CSHQ Children’s Sleep Habits Questionnaire
SP-2 Sensory Profile, Second Edition
ABC-C Aberrant Behavior Checklist–Community
SD Standard deviation

References
1. Salari, N.; Rasoulpoor, S.; Rasoulpoor, S.; Shohaimi, S.; Jafarpour, S.; Abdoli, N.; Khaledi-Paveh, B.; Mohammadi, M. The global

prevalence of autism spectrum disorder: A comprehensive systematic review and meta-analysis. Ital. J. Pediatr. 2022, 48, 112.
[CrossRef]

2. Zeidan, J.; Fombonne, E.; Scorah, J.; Ibrahim, A.; Durkin, M.S.; Saxena, S.; Yusuf, A.; Shih, A.; Elsabbagh, M. Global prevalence of
autism: A systematic review update. Autism Res. 2022, 15, 778–790. [CrossRef]

3. Lai, M.C.; Lombardo, M.V.; Baron-Cohen, S. Autism. Lancet 2014, 383, 896–910. [CrossRef] [PubMed]
4. Lord, C.; Elsabbagh, M.; Baird, G.; Veenstra-Vanderweele, J. Autism spectrum disorder. Lancet 2018, 392, 508–520. [CrossRef]

[PubMed]
5. Brett, D.; Warnell, F.; McConachie, H.; Parr, J.R. Factors Affecting Age at ASD Diagnosis in UK: No Evidence that Diagnosis Age

has Decreased Between 2004 and 2014. J. Autism Dev. Disord. 2016, 46, 1974–1984. [CrossRef]
6. Parmeggiani, A.; Corinaldesi, A.; Posar, A. Early features of autism spectrum disorder: A cross-sectional study. Ital. J. Pediatr.

2019, 45, 144. [CrossRef]
7. Bruchhage, M.M.K.; Bucci, M.P.; Becker, E.B.E. Cerebellar involvement in autism and ADHD. Handb. Clin. Neurol. 2018, 155, 61–72.

[PubMed]
8. Dawson, G.; Rieder, A.D.; Johnson, M.H. Prediction of autism in infants: Progress and challenges. Lancet Neurol. 2023, 22, 244–254.

[CrossRef]
9. Marco, E.J.; Hinkley, L.B.N.; Hill, S.S.; Nagarajan, S.S. Sensory processing in autism: A review of neurophysiologic findings.

Pediatr. Res. 2011, 69 Pt 2, 48R–54R. [CrossRef]
10. Alsaedi, R.H. An Assessment of the Motor Performance Skills of Children with Autism Spectrum Disorder in the Gulf Region.

Brain Sci. 2020, 10, 607. [CrossRef]
11. Karsh, N.; Hartston, M.; Hadad, B.S. Atypical Impact of Action Effect Delay on Motor Performance in Autism. J. Autism Dev.

Disord. 2024, 55, 499–509. [CrossRef]
12. Ayoub, M.J.; Keegan, L.; Luo, M.Z.; Tager-Flusberg, H.; Chenausky, K.; Maffei, M.F.; Green, J.R.; Gill, S.V. The Intersection of

Variability in Gross Motor Performance and Adaptive Behavior in Young Autistic Children: Combining Video Data Analysis and
Standardized Assessments. Autism Res. 2025, 18, 1269–1278. [CrossRef]

13. Bhat, A.N.; Landa, R.J.; Galloway, J.C. Current perspectives on motor functioning in infants, children, and adults with autism
spectrum disorders. Phys. Ther. 2011, 91, 1116–1129. [CrossRef]

14. Maffei, M.F.; Chenausky, K.V.; Gill, S.V.; Tager-Flusberg, H.; Green, J.R. Oromotor skills in autism spectrum disorder: A scoping
review. Autism Res. 2023, 16, 879–917. [CrossRef] [PubMed]

https://doi.org/10.1186/s13052-022-01310-w
https://doi.org/10.1002/aur.2696
https://doi.org/10.1016/S0140-6736(13)61539-1
https://www.ncbi.nlm.nih.gov/pubmed/24074734
https://doi.org/10.1016/S0140-6736(18)31129-2
https://www.ncbi.nlm.nih.gov/pubmed/30078460
https://doi.org/10.1007/s10803-016-2716-6
https://doi.org/10.1186/s13052-019-0733-8
https://www.ncbi.nlm.nih.gov/pubmed/29891077
https://doi.org/10.1016/S1474-4422(22)00407-0
https://doi.org/10.1203/PDR.0b013e3182130c54
https://doi.org/10.3390/brainsci10090607
https://doi.org/10.1007/s10803-023-06227-9
https://doi.org/10.1002/aur.70048
https://doi.org/10.2522/ptj.20100294
https://doi.org/10.1002/aur.2923
https://www.ncbi.nlm.nih.gov/pubmed/37010327


Children 2025, 12, 1599 15 of 15

15. Lamanna, J.; Meldolesi, J. Autism Spectrum Disorder: Brain Areas Involved, Neurobiological Mechanisms, Diagnoses and
Therapies. Int. J. Mol. Sci. 2024, 25, 2423. [CrossRef]

16. Schreck, K.A.; Richdale, A.L. Sleep problems, behavior, and psychopathology in autism: Inter-relationships across the lifespan.
Curr. Opin. Psychol. 2020, 34, 105–111. [CrossRef]

17. Chen, H.; Yang, T.; Chen, J.; Chen, L.; Dai, Y.; Zhang, J.; Li, L.; Jia, F.; Wu, L.; Hao, Y.; et al. Sleep problems in children with autism
spectrum disorder: A multicenter survey. BMC Psychiatry 2021, 21, 406. [CrossRef]

18. Ballester, P.; Richdale, A.L.; Baker, E.K.; Peiró, A.M. Sleep in autism: A biomolecular approach to aetiology and treatment. Sleep
Med. Rev. 2020, 54, 101357. [CrossRef]

19. Ruggieri, V. Autism. Pharmacol. Treat. Med. 2023, 83 (Suppl. 4), 46–51.
20. Sanchack, K.E.; Thomas, C.A. Autism Spectrum Disorder: Primary Care Principles. Am. Fam. Physician 2016, 94, 972–979. [PubMed]
21. Hensel, L.; Lüdtke, J.; Brouzou, K.O.; Eickhoff, S.B.; Kamp, D.; Schilbach, L. Noninvasive brain stimulation in autism: Review and

outlook for personalized interventions in adult patients. Cereb. Cortex 2024, 34, 8–18. [CrossRef]
22. Khaleghi, A.; Zarafshan, H.; Vand, S.R.; Mohammadi, M.R. Effects of Non-invasive Neurostimulation on Autism Spectrum

Disorder: A Systematic Review. Clin. Psychopharmacol. Neurosci. 2020, 18, 527–552. [CrossRef] [PubMed]
23. Zhu, S.; Zhang, X.; Zhou, M.; Kendrick, K.M.; Zhao, W. Therapeutic applications of transcutaneous auricular vagus nerve

stimulation with potential for application in neurodevelopmental or other pediatric disorders. Front. Endocrinol. 2022, 13, 1000758.
[CrossRef] [PubMed]

24. Báez-Suárez, A.; Padrón-Rodríguez, I.; Castellano-Moreno, E.; González-González, E.; Quintana-Montesdeoca, M.P.; Medina-
Ramirez, R.I. Application of non-invasive neuromodulation in children with neurodevelopmental disorders to improve their
sleep quality and constipation. BMC Pediatr. 2023, 23, 465. [CrossRef]

25. Medina-Ramírez, R.I.; Molina-Cedrés, F.; Báez-Suárez, A.; Álamo-Arce, D. Nesa Non-Invasive Neuromodulation; A New Frontier
of Treatment of the Autonomous Nervous System in Physiotherapy. CPQ Orthop. 2021, 5, 1–4.

26. García, F.; Fernández, D.; Vázquez-Guerrero, J.; Font, R.; Moreno-Planas, B.; Álamo-Arce, D.; Medina-Ramírez, R.; Mallol-Soler, M.
Recovery of the physiological status in professional basketball players using NESA neuromodulation treatment during different
types of microcycles in season: A preliminary randomized clinical trial. Front. Physiol. 2022, 13, 1032020. [CrossRef]

27. Medina-Ramírez, R.; Mallol Soler, M.; García, F.; Pla, F.; Báez-Suárez, A.; Teruel Hernández, E.; Álamo-Arce, D.D.; Quintana-
Montesdeoca, M.d.P. Effects in Sleep and Recovery Processes of NESA Neuromodulation Technique Application in Young
Professional Basketball Players: A Preliminary Study. Stresses 2024, 4, 238–250. [CrossRef]

28. Teruel-Hernández, E.; López-Pina, J.A.; Souto-Camba, S.; Báez-Suárez, A.; Medina-Ramírez, R.; Gómez-Conesa, A. Improving
Sleep Quality, Daytime Sleepiness, and Cognitive Function in Patients with Dementia by Therapeutic Exercise and NESA
Neuromodulation: A Multicenter Clinical Trial. Int. J. Environ. Res. Public Health 2023, 20, 7027. [CrossRef]

29. Krishnan, C.; Santos, L.; Peterson, M.D.; Ehinger, M. Safety of non-invasive brain stimulation in children and adolescents. Brain
Stimul. 2015, 8, 76–87. [CrossRef] [PubMed]

30. Alfonso Alfonso, M.; Báez Martínez, M.M.; Morales Chacón, L.M.; González Naranjo, J.E. Validación al Español de un cuestionario
de hábitos de sueño en los niños. Rev. Cuba. Pediatr. 2019, 91, e518.

31. Dunn, W. Perfil-Sensorial 2; Pearson: Madrid, Spain, 2014.
32. Soto, I.A.L.C.; Rodríguez, H.G.H.; Calvillo, F.N.; Navarro, M.E.G.; Elías, C.L.G.; Gollaz, G.G.; Bravo, O.A. Validación de la versión

en español de la aberrant Behavior checklist-community en pacientes autistas mexicanos. Rev. Mex. Neurociênc. 2018, 19, 49–61.
33. Escobar-Córdoba, F.; Eslava-Schmalbach, J. Colombian validation of the Pittsburgh Sleep Quality Index. Rev. Neurol. 2005,

40, 150–155. [PubMed]
34. Jiang, C.C.; Lin, L.S.; Long, S.; Ke, X.Y.; Fukunaga, K.; Lu, Y.M.; Han, F. Signalling pathways in autism spectrum disorder:

Mechanisms and therapeutic implications. Signal Transduct. Target. Ther. 2022, 7, 229. [CrossRef] [PubMed]
35. Fung, L.K.; Mahajan, R.; Nozzolillo, A.; Bernal, P.; Krasner, A.; Jo, B.; Coury, D.; Whitaker, A.; Veenstra-Vanderweele, J.; Hardan,

A.Y. Pharmacologic Treatment of Severe Irritability and Problem Behaviors in Autism: A Systematic Review and Meta-analysis.
Pediatrics 2016, 137, S124–S135. [CrossRef] [PubMed]

36. Oberman, L.M.; Francis, S.M.; Lisanby, S.H. The use of noninvasive brain stimulation techniques in autism spectrum disorder.
Autism Res. 2024, 17, 17–26. [CrossRef]
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