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Auditory Integration Training (AIT) in Children
with Autism Spectrum Disorder: Effects on
Auditory Evoked Potentials and Mismatch
Negativity

Estate Sokhadze', Manuel Casanova’, Allan Tasman?,
and Sally Brockett®

1University of South Carolina School of Medicine, Greenville,
South Carolina, USA

University of Louisville, Louisville, Kentucky, USA
*IDEA Training Center, North Haven, Connecticut, USA

Background. Autism is a pervasive developmental
disorder of childhood characterized by deficits in
social interaction, language, and stereotyped
behaviors along with a restricted range of interests.
It is further marked by an inability to perceive and
respond to social and emotional signals in a typical
manner. This might due to the deficits of sensory
information integration. According to several recent
theories, sensory processing and integration
abnormalities may play an important role in
impairments of perception, cognition, and behavior
in individuals with autism spectrum disorder (ASD).
Among these sensory abnormalities auditory
perception distortion may contribute to many typical
symptoms of Autism. The pilot study used Berard’s
technique of auditory integration training (AIT,
Brockett, Lawton-Shirley, & Giencke-Kimball, 2014)
to improve sound integration in children with Autism.
It also aimed to understand the abnormal neural and
functional mechanisms underlying sound processing
distortion in Autism by incorporating behavioral,
psychophysiological, and neurophysiological
outcomes.

Methods. It was proposed that exposure to twenty
30-min AIT sessions would result in improved
behavioral evaluation scores and positively affect
both early (N1, mismatch negativity [MMN,
Naatanen, Paavilainen, Rinne, & Alho. 2007]) and
late (P3) components of evoked potentials in
auditory oddball task. Twenty children with ASD

186 | www.neuroregulation.org

Vol. 3(4):186-194 2016

participated in the AIT research study. A group of
16 typically developing children served as a contrast
group in the auditory oddball task. Eighteen
participants with ASD completed 20 sessions of the
training and allowed collection of all required
outcomes.

Results. Behavioral questionnaires showed
significant symptom severity decrease post-AlT.
Comparison of evoked potential characteristics of
children with ASD vs. typically developing children
revealed several interesting group difference
findings, more specifically a delayed latency of N1 to
rare and frequent stimuli, larger mismatch negativity;
higher P3a to frequent stimuli, and at the same time
delayed latency of P3b to rare stimuli in the Autism
group. Post-AIT changes in evoked potentials could
be summarized as a decreased magnitude of N1 to
rare stimuli, marginally lower negativity of MMN, and
decrease of the P3a to frequent stimuli along with
shorter latency of the P3b to the rare stimuli. These
evoked potential changes following completion of
Berard AIT course are in a positive direction, making
them less distinct from those recorded in age-
matched group of typical children, thus could be
considered as changes towards normalization.
Parental questionnaires clearly demonstrated
improvements in behavioral symptoms such as
irritability, hyperactivity, repetitive behaviors, and
other important behavioral domains.

Conclusions. The results of the study propose that
more controlled research is necessary to document
behavioral and psychophysiological changes
resulting from AIT and to provide explanation of the
neural mechanisms of how sensory integration
training may affect behavior and
psychophysiological responses of children with ASD.
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Event-Related Potential and Induced Gamma
Oscillations During Emotional Facial
Expression Processing in Autism Spectrum
Disorder
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Background. Autism spectrum disorder (ASD) is
one neurodevelopmental disorder which presents
with impairments in communication and social skills
as well as stereotyped, repetitive patterns of
behavior. Disturbances of affective reactivity and
innate inability to perceive and respond to social
cues including facial emotional expressions in a
typical and appropriate manner are the hallmark
deficits of ASD. There are several theories
describing the neurobiology of underlying deficits.
The study used event-related potentials (ERP) and
single-trial induced EEG gamma oscillations
recording in a modification of a “Theory-of-mind”
(ToM) test (Sabbagh, 2004) using facial emotional
expression recognition to test emotional
responsiveness in children with Autism and typical
age-matched children.

Methods.  Autism is featured by difficulty in
decoding affective facial cues. The goal of the study
was to find the differences between ASD group (N =
19, mean age = 16.3 years, SD = 4.9 years) and
typically developing children (CNT group, N = 21,
mean age = 149 years, SD = 45 years) in
behavioral (reaction time and accuracy), induced
gamma and ERP correlates of processing emotional
information from facial expressions. Children with
ADHD (N = 14, mean age = 14.4 years, SD = 3.9
years) served as a contrast group in induced gamma
analysis. Task had four different conditions: either
to identify the gender or the emotion of the face.
Dense-array EEG was recorded using EGI system.
The ERP components analyzed in the study were
parieto-occipital N170, frontal P3a, and parietal P3b,
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while induced gamma oscillations were recorded at
eight frontal and parietal sites.

Results. ERP measures yielded the following group
differences: N170 showed a more negative
amplitude in the ASD group than controls when
identifying emotional faces (F = 5.66, p = .023). The
latency of N170 was prolonged in the ASD group (F
=7.54, p =.01). The ASD group had a larger frontal
P3a amplitude as compared to controls when
differentiating emotions (F = 5.15, p = .03). In the
emotion recognition conditions, P3b had larger
amplitude in Autism (F = 4.17, p = .049). Induced
gamma (35-45 Hz) oscillations in ASD showed
significant differences from controls at all eight sites
of recording in facial emotion discrimination
condition (p < .05).

Discussion and Conclusions. These results
indicate that more effort is required for an individual
with Autism to recognize emotion rather than gender
from viewing a face. Abnormal processing of
emotional stimuli may provide an explanation for
some of the social and communicative deficits
observed in Autism. The results of the study
contribute to better understanding of possible
neurobiological mechanisms resulting in abnormal
processing of facial information and in deficient
social communication and mentalizing abnormalities
in autism spectrum disorders.
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Effects of Repetitive TMS on Autonomic
Activity in Children with Autism Spectrum
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Background. Autism is a pervasive developmental
disorder marked by difficulty in social interaction,
impairments or lack of communication, and restricted
range of interests. In addition, many children with
Autism exhibit symptoms associated with autonomic
dysfunctions, which are presented as abnormalities
in regulation of blood pressure, temperature, heart
rate, and other body functions by the autonomic
nervous system (ANS). The main findings of
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autonomic abnormalities studies in autism spectrum
disorders (ASD) point at reduced baseline
parasympathetic activity in association with evidence
of increased baseline sympathetic tone resulting in
autonomic disbalance, which negatively affects
physiological functions and manifests in alterations
of various electrophysiological measures.

Objectives. Aim of the study was to investigate
electrophysiological measures reflecting ANS activity
in two cohorts of children with ASD during 12 and 18
weekly sessions of the low-frequency repetitive
Transcranial Magnetic Stimulation (rTMS) over
dorsolateral prefrontal cortex (DLPFC). Hypotheses
to be tested in the study were as follows: (1) low-
frequency (0.5 Hz) rTMS of prefrontal cortex may
lower ANS hyperactivation in children with Autism
through activation of frontal inhibitory tone
controlling ANS, and (2) lower ANS arousal post-
TMS will be reflected in decrease of skin
conductance level (SCL), heart rate (HR) and
increased HR variability, and in improvement of
behavioral evaluation scores.

Methods. We investigated autonomic activity in 30
children with ASD during 12 sessions of rTMS and
18 children with ASD during 18 sessions of rTMS
over DLPFC. Physiological activity measures such
as skin conductance level (SCL), heart rate (HR),
and HR variability (HRV) were recorded during rTMS
sessions with a C-2 J&J Engineering Inc.
physiological monitoring system. Behavioral
evaluations were conducted wusing Aberrant
Behavior Checklist (ABC, Aman & Singh, 1994) and
Repetitive Behavior Scale (RBS-R, Bodfish,
Symons, & Lewis, 1999).

Results. Post 12-session rTMS measurements
showed a decrease of low-frequency (LF)
component of HRV with statistical changes in HR
regression and standard deviation of HR, though
without any significant changes in SCL. Post 18-
session rTMS outcomes showed slower heart rate
accompanied by increase of high-frequency (HF)
component of HRV (as indicated by R-R intervals of
ECG), higher deviation of R-R, and lower LF/HF
ratio.

Conclusions. Our findings show reduced
sympathetic activation after rTMS resulting in lower
HR predominantly through withdrawal of sympathetic
tone (LF of HRV) and increase of parasympathetic
cardiac neural control activity post 12 rTMS
sessions. Neuromodulation using prolonged 18-
session rTMS course in children with ASD resulted
in a more pronounced HR slowing, a higher power of
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HF of HRV and time domain measures of HRV after
18 rTMS course in Autism. Behavioral evaluations
based on ABC and RBS-R scores showed similar
improvements in 12 and 18 sessions of rTMS. Low-
frequency rTMS activates inhibitory tone of the
frontal cortex resulting in a lower excitation of the
ANS probably through the inhibitory fronto-limbic
circuits.
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QEEG-Guided Neurofeedback for Autism
Spectrum Disorder (ASD): A Validating Case
Study
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Autism spectrum disorder (ASD) consists of
persistent deficits in social communication and
restricted repetitive patterns of behavior, interests,
and/or activities (American Psychiatric Association,
2013). Individuals with ASD can also experience
neurocognitive disturbances in voluntary behavior,
social interaction/facial recognition, as well as
executive function, specifically in shifting attention
(Courchesne et al.,, 1994; Mosconi et al., 2009;
Ozonoff, Pennington, & Rogers, 1991). Treatment
for ASD comes in the form of off-label medications,
various behavioral interventions usually in the form
of Early Intensive Behavioral Interventions (EBIB),
and specialized diets such as gluten-free and
casein-free or GFCF (Elder, 2008; Howlin, Magiati, &
Charman, 2009). Further research into additional
interventions is needed. Currently, the implications
of neurofeedback as a treatment for ASD are being
explored, and recent research is promising.

Neurofeedback is on the rise as it offers noninvasive
treatment through simple operant conditioning.
Some neurofeedback has been focused on the
suppression of theta power to increase the mind-
body connection and thus decrease deficits in
executive function, as well as a focus on the mirror
neuron system (MNS) to improve social interaction.
(Kouijzer, de Moor, Gerritis, Buitelaar, & van Schie,
2009; Pineda, Carrasco, Datko, Pillen, & Schalles,
2014). Both  studies showed significant
improvement.  This case study will focus on
quantitative electroencephalogram (qEEG)-guided
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neurofeedback as it allows for the individualization of
treatment. Through qEEG mapping, unique
dysregulations can be synchronized with the
individual's reported and collected symptomology.
This harmonization allows for neurofeedback to
directly target the implicated dysfunction. In recent
research, it has been found that a reduction in
cerebral hyperconnectivity through qEEG-guided
neurofeedback can lead to symptom relief (Coben &
Padolsky, 2007). Executive function deficits have
also been relieved though gEEG-guided
neurofeedback in individuals with ASD (Kouijzer, de
Moor, Gerrits, Congedo, & van Schie, 2009).

This case study will compare its treatment
progression with recent literature, as well as
reporting gEEG-guided neurofeedback'’s
effectiveness on relieving psychological and
neurocognitive disparities. This case study may also
provide treatment guidance for neurofeedback
clinicians with clients presenting with ASD.
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Background. Insomnia is one of the common
symptoms in primary medical care. Insomnia
usually distracts the attention and worsens daytime
dysfunction and the depressive or anxious symptom.
Recent studies of acupuncture for isomnia reported
that acupuncture groups showed significant
improvements compared with control groups. While
the neurophysiological mechanism of acupuncture
hasn't been revealed for insomnia, a few studies
measured the effect of acupuncture treatment using
gEEG. Our objective was to investigate the
characteristics of the quantitative
Electroencephalography (qEEG) at pre- and
postacupuncture treatment on patients with
insomnia.

Methods. Participants who have some problems
initiating or maintaining sleep, or nonrestorative
sleep more than 3 days a week and IS| over 8 and
below 21, were treated by acupuncture for 2 weeks
(3 times a week, total 6 times). We assessed the
effectiveness of acupuncture for insomnia by ISI
(Insomnia Severity Index), PSQIl (Pittsburgh Sleep
Quality Index), BDI (Beck Depression Inventory-K),
STAIl (State-Trait Anxiety Inventory-K), EQ-5D
(EuroQol-5 Dimension), general health state VAS
(Visual analogue scale). We also measured and
analyzed power spectral density (delta 1-4 Hz, theta
4-8 Hz, alpha 8-12 Hz, beta 12-25 Hz) and
coherence at baseline and the end of treatment
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(second week) on linked ear montage using the
NeuroGuide software program.

Results. Thirty-two participants were enrolled; 2
participants dropped out because of personal
reasons. During the study period, there were no
adverse events. The RMANOVA model
demonstrated that total score of IS| was significantly
decreased between baseline and the end of
treatment (second week) and baseline and 2 weeks
after treatment (fourth week), but not the end of
treatment (second week) and 2 weeks after
treatment (fourth week). During eye-closed state, on
O1 in theta, T5 in beta, and O1 in beta, absolute
power (AP) significantly increased. Moreover, on
the same site in the same band, deviation from
midpoint (zero) of z-scored absolute power (ZAP)
also decreased significantly (p < .05). The total
number of z-scored absolute power exceed range of
90% (+1.65) or 95% (+1.96) decreased after
treatment during eye-closed state, but not
significantly. Coherence in delta (FP2-T4, Fz-T5,
F4-T4, F8-T4, T3-T5, C3-T5, C3-P3, Cz-T5, C4-T4,
T4-P4, T4-T6, T5-P3, T5-Pz, T5-01, T5-02, P3-Pz,
P3-01, Pz-O1), theta (T4-T6, T5-P3, T5-O1, T6-02)
and alpha (FP1-T5, FP2-T5, FP2-P3, F7-T5, F7-02,
F3-T5, Fz-T5, F4-T5, T3-01, T3-02, C3-01, Cz-T5,
T5-P4, T5-T6, T5-02, P3-Pz, P3-P4, P3-T6, Pz-P4,
P4-O1, T6-O1, T6-02) significantly increased on
temporofrontal, temporooccipital, temporocentral
and temporoparietal regions. Coherence in beta
(FP1-02, FP2-02, F7-T6, F7-O1, F7-02)
significantly increased between frontal and occipital
region.

Conclusion. Acupuncture would be effective for
insomnia affecting neurophysiological aspects. The
deviation of ZAP from midpoint (zero) was
decreased after acupuncture treatment, but not
significantly, and coherence-based functional
network in theta and alpha range was increased
between temporal and other regions. However, our
study had a limitation of small sample size and non-
control group. Therefore, a larger sample size and
controlled study are needed to confirm the
effectiveness and neurophysiololgical changes of
acupuncture for insomnia.
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Background. In addition to well-known cognitive
impairments, there are disruptions in processing
emotion in individuals with substance dependence
and in those predisposed to drug abuse (Sokhadze,
Stewart, & Hollifield, 2007). Neurofeedback training-
based intervention is one of the potentially
efficacious nonpharmacological treatment options
for substance use disorders (Sokhadze, Cannon, &
Trudeau, 2008; Horrell et al., 2010). There have
been used several neurofeedback protocols (e.g.,
Peniston & Kulkosky, 1989; Scott, Kaiser, Othmer, &
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Sideroff, 2005, etc.) that reported success in treating
addictive behaviors. However, there are practically
no studies on the use of neurofeedback in
occasional drug users who have drug use history but
did not yet develop substance dependence
(Sokhadze, Stewart, Tasman, Daniels, & Trudeau,
2011). We developed protocol that might be used to
prevent drug abuse through self-regulation training
aimed to enhance EEG measures of positive
emotional states.

Methods. One of the aims of this pilot study was to
determine the dynamics of self-reported perceived
positive emotional state rating before, during, and
after twelve 25-min long neurofeedback training
course in two groups of subjects. One group of
subjects had documented drug use history (N = 6),
most of them referred from Louisville Adolescent
Network for Substance Abuse Treatment (LANSAT);
and another one was a group of drug-naive subjects
(N = 6, recruited mostly from undergraduate
students). Our hypothesis was that the prefrontal
gamma power increase over 12 training sessions is
possible and will be accompanied by increased
rating of positive affect. As a preferred
neurofeedback protocol, we used enhancement of
gamma range (centered around 40 Hz) activity and
inhibition/suppression of other frequencies at the
prefrontal site (FPz).

Results and Discussion. Neurofeedback training
at the midline prefrontal site after 12 sessions
resulted as predicted in better performance on
MicroCog and IVA+Plus tasks and improved scores
on emotional self-reports (i.e., happiness) and
clinical (BDI-Il) status. Individual reports of self-
received happiness scores assessed during each
neurofeedback session using Continuous Response
Digital Interface showed significant positive
correlation with relative gamma power during
individual training sessions.  Analysis of EEG
showed positive changes in the pattern of theta/beta
ration and relative power of gamma. Neurofeedback
was accompanied by positively correlated subjective
self-reports of positive emotional feelings during
sessions and resulted in improved performance on
IVA+ and MicroCog tests during postneurofeedback
evaluations. Posttraining evaluations and 3-month
follow-up showed decrease in depression scores
and increased happiness rating in both groups of
subjects in this study.

Conclusions. Neurofeedback training aimed at
inhibiting high amplitude EEG rhythms and
upregulating high frequency rhythms in a group of
adolescents at risk of drug abuse was accompanied
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by increase of self-reported rating of positive
emotional states and completion of the course
resulted in improved mood, enhanced performance
on selective attention test and neurocognitive tests.
The findings in this pilot warrant further research to
investigate potential clinical efficacy of the method.
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OCD is a complex and disabling form of anxiety
disorder affecting 2—-3% of the general population. It
is characterized by recurrent intrusive thoughts
(obsessions) that typically cause distress and by
repetitive behavioral acts (compulsions) that are
performed to reduce severe anxiety levels. Over
40% of patients currently fail to respond to
psychotherapy and/or medication treatments
(Bandelow, Seidler-Brandler, Becker, Wedekind, &
Ruther, 2007; Pallanti et al., 2002), especially when
physicians base their judgments on the DSM-IV
diagnostic categories and remain blind to patient
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neurophysiological subtypes (or EEG-phenotypes)
underpinning the illness. Although knowledge of
such subtypes has been found to predict depressed
patients’ response to medication (Cook et al., 2013),
little is still known about the EEG-phenotypes in
OCD.

The present study explores the relationship between
EEG frequency bands and clinical symptoms of
OCD. The EEG recordings of 60 patients with OCD
and 60 healthy controls were correlated with
behavioral measurements using the Yale Brown
Obsessive Compulsive Scale (Y-BOCS) and the
Minnesota Multiphasic Personality Inventory-2-RF
(MMPI-2-RF). Statistical analyses revealed three
main EEG phenotypes for OCD characterized by
increased midline theta (p < .01), frontal beta2
power (p < .01), and a posterior betal power (p <
.01). A subgroup was also found to have increased
alpha peak frequencies (i.e. 11 Hz or above),
suggesting sympathetic overarousal. Pearson
statistics showed that beta2 power correlated
positively with obsession and compulsions severity
(Y-BOCS) and thought dysfunction (MMPI-2-RF).
Regression analysis showed significant correlation
(p < .05) between beta2 in posterior regions and
total Y-BOCS score and several MMPI clinical
scales. Applying a two-parameter linear model
(obsession and compulsion score) suggested that
this dependence is driven by the obsession
component.

The above results suggest that the same DSM-
based diagnostic category (i.e. OCD) may present
very diverse neurophysiological profiles, or EEG-
phenoptypes. The use of the above data will predict
appropriate medication for individual cases and is
likely to increase the specificity and efficacy of future
neurofeedback protocols for this patient group
potentially leading to increased health comes.
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Biofeedback is commonly believed to train increased
awareness and voluntary control over physiological
processes that would otherwise remain unconscious
and involuntary (Frederick, in press; Olson, 1987;
Plotkin, 1981). Brener (1974) argued that repeated
pairing of external feedback with internal afferents
related to the response lead to the awareness and
learning of a “response image,” which allowed
control of the response without external feedback.
However, relatively little research has examined the
relationship between awareness and control of
physiological states. Most clinical and experimental
biofeedback research has emphasized operant
control, by rewarding subjects for producing desired
physiological states. Discrimination training is
another form of operant conditioning, that rewards
subjects for increased awareness, that is, for
correctly reporting their physiological state. For
instance, the first historical report of operant
conditioning of the EEG was a discrimination task in
which subjects were prompted to guess whether
they were in a high or low alpha amplitude state and
immediately informed if their response was correct
(Kamiya, 2011). Since similar kinds of self-
monitoring and evaluation have been found to
facilitate learning of motor skills (Boutin, Blandin,
Massen, Heuer, & Badets, 2014; Kolovelonis,
Goudas, & Dermitzaki, 2011), we hypothesized that
combining discrimination training with standard
neurofeedback would facilitate learning of operant
control of EEG alpha (8-12 Hz) amplitude.
However, Heim, Dunn, Klein, Powers, and Frederick
(2016) argued that Kamiya’s “discrete” discrimination
paradigm resulted in very slow learning because it
provides relatively few trials per minute. The present
study examined the effect of a continuous
discrimination task (CDT) on learned operant control
of EEG alpha. In the CDT, participants manipulated
a controller indicating their subjective rating of their
alpha amplitude on a 10-point scale. The changing
pitch of a tone (presented about 120/min)
represented the absolute difference between the
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participant’s rating and their actual alpha amplitude.
One group (n = 9) received seven 40-min sessions
of standard operant control training to increase and
decrease alpha in eight alternating 5-min runs. The
CDT-mixed group (n = 9) received only half of that
training per session, instead performing the CDT
during the 11-20th and 31-40th minutes of each
session. Performance in the alpha operant control
task was defined as the percent average difference
between the increase and decrease conditions. The
CDT group performed nonsignificantly higher than
the control group (mean session improvement over
first session baseline 14.0% vs. 6.8%, one-tailed
f16] = 0.822, p = .22, d = 0.39). Although these
results do not demonstrate that the CDT facilitates
learning of voluntary control of EEG alpha, the fact
that the CDT can be substituted for standard operant
control training during half of the session time
without a deficit in learning suggests that these two
tasks are functionally equivalent and may have
substantial similarity in the skills required. While
results in this sample of mostly normal subjects
show a small effect size, the CDT may have some
clinical utility to provide additional motivation to
clients who show deficient attention toward standard
neurofeedback tasks.
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