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Review of Studies on Amplitude Neurofeedback with Autism:
Critical Overview, Efficacy Level and Research Direction

Alexander Ryan®
aGood Start Psychology, Salisbury, South Australia

Abstract

The efficacy of amplitude neurofeedback (aNF) with autism has been labeled ‘probably efficacious’ in reviews in the last decade, despite
new research pointing towards a higher standard. The aim of this review was to critically analyse key features of these studies, with an aim of
determining aNF efficacy with autism and establishing research direction in this field. Electronic databases and literature reviews were used to
collect a total of 13 controlled trials or comparative studies. An analysis showed that aNF reaches a Level 4 efficacy standard with emerging Level
5 efficacy, with an impact on a broad range of factors including core autistic traits, social communication, emotion regulation, executive function,
behaviours of concern, attention, and EEG. A replication of one of two key studies by an independent research team is required to claim Level 5
efficacy. Current efficacy standards generalise to male children, up to 18 years, with a low-average or greater intellectual functioning, with no co-
morbid conditions. Improvements are maintained or increase after 12 months with approximately 50% of subjects responding to aNF when using
standardised protocols. Sample sizes were typically small, although a meta-analysis suggests a large superior effect when compared to a wait list.
Five recommendations are made.
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1. Introduction

The evidence base for ‘amplitude neurofeedback’ (aNF) with autism has been accumulating gradually over the last 18
years since the first research trial by Jarusiewicz (2002). Coben et al. (2010) conducted a short literature review of four studies and
concluded that aNF is ‘probably efficacious’ based on the standards developed by the Association for Applied Psychophysiology
and Biofeedback (La Vaque et al., 2002). However, a subsequent review by Holtmann et al. (2011) concluded that “the existing
evidence does not support neurofeedback as a treatment that can be recommended for ASD core symptoms. The reviewed studies
suggest that neurofeedback protocols that inhibit theta and reward beta activity or sensorimotor rhythm may hold promise for the
treatment of ADHD-like symptoms in children with autism.” At the time of writing this article, two literature reviews were published
(Kumari & Sharma, 2020; van Hoogdalem et al., 2020) on the efficacy of aNF amongst children with autism. Van Hoogdalem et
al. was a relatively short review and included studies that were not aNF, such as Liu et al. (2017), which used a blood flow
biofeedback intervention (i.e. HEG). Kumari & Sharma concluded that current research does not provide sufficient conclusive
results about the efficacy of aNF with autism and social cognitive deficits.

Based on these somewhat conservative (and sometimes conflicting) conclusions about aNF, this article sought to analyse
research studies using a rigorous approach with an aim of establishing level of clinical efficacy, identifying strengths and limitations
of the research, and providing research direction. | will provide a broader analytical interpretation in contrast to Kumar and Sharma,
and van Hoogdalem et al.

2. Method
2.1.Search Strategy

The current author searched for scientific articles in Google Scholar using the key words: neurofeedback, neurofeedback
training, neurotherapy, NF, NFT, NFB, autism, ASD, autism spectrum disorder. | used a combination of these key words to locate
studies and then found additional references in key literature reviews e.g., Coben et al. (2010), Marzbani et al. (2016), Holtmann et
al. (2011), van Hoogdalem et al. (2020). Further studies were searched in specific databases such as PubMed, Ovid MEDLINE,
EMBASE, ERIC, and CINAHL.

2.2.Inclusion/exclusion criteria

I included studies in this review that were: a) peer-reviewed; b) written in English; ¢) had a reasonable sample size; and d)
were a controlled trial (randomised, nonrandomised, matched) or a comparative study of interventions. There were some studies
that were excluded, including: Zivoder et al. (2015) where the sample was small (n=10) and the authors failed to report data even
though they discussed findings; Darling (2007) where the paper was not peer-reviewed and his paper had a small sample size (n=6);
and Mohammadi et al. (2019), which was not written in English.

2.3.Summary of studies

Tables 1 and 2 show 13 studies reported across 13 articles with one article reporting two studies (Pineda et al., 2008) and
one research group completing a follow-up study in a separate article (Kouijzer et al., 2009a, 2009b). Nine studies were randomised
or matched controlled trials. Four studies used a comparative or controlled methodology without randomisation. The first published
trial was in 2002 by Jarusiewicz. Therefore, two studies every three years are being published in this field. Why more studies are
not being published on aNF is an interesting question. Is aNF still an obscure therapy that does not attract research attention? Maybe
the barrier is the cost of equipment and training; aNF is a relatively complex therapy and to conduct research requires a senior
therapist to govern the protocols using equipment and licences that cost from $5,000USD. It also involves a considerable
commitment from the subject e.g. 10 hours or more of training time. An equally plausible explanation is that, due to low powered
studies (i.e. small sample sizes), there are many studies being filed by researchers or rejected by journals, as they are supporting the
null hypothesis. I discuss this in greater detail in the next section.

3. Results
3.1.Sample characteristics

An obvious characteristic of this research body is small sample sizes, which leads to low-powered studies. Button et al.
(2013) describe that low powered studies have three impacts, including a) the low probability of finding true effects; b) the low
positive predictive value when an effect is claimed; and c) an exaggerated estimate of the magnitude of effect. The first two impacts
reduce the chances of reaching a true non-null finding, and the last suggests that the effect is misleading because the finding is an
outlier or the ‘winner’s curse’. The ‘winner’s curse’ suggests that the first promising finding of aNF (e.g. Jarusiewicz, 2002) is an
exaggerated positive result, and any attempts to replicate these findings are difficult, presumably as they are not outliers. It is
important to note that Jarusiewicz study has been replicated several times, and Coben and Padolsky (2007) demonstrated a stronger
effect by using gEEG-derived protocols. This does not support the idea of a ‘winner’s curse’ in the aNF research, although it
precludes the opportunity to make strong conclusions about the magnitude of the effect when sample sizes are consistently small.

Larson and Carbine (2017) recommend calculating sample sizes before engaging in sampling, or at least calculating
correlations between pre- and post-test measures to accurately calculate future sample sizes. This ensures that studies are sufficiently
powered, reduce the probability of a false negative finding (‘Type II” error), and ensure that effect sizes are not inflated. This has
not happened yet in EEG or ERP studies, and this recommendation should be considered in research focused on autism using aNF.

There is also a possibility of publication bias, since only a handful of studies have been published since 2002. The
publication rate is low and could be the result of many false negatives not being published as they are unremarkable to a scientific
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journal and its community. Begemann et al. (2016) conducted a meta-analysis of five studies relating to aNF for autism and “showed
a large superior effect of 0.85 (p=.003, 95% CI=0.29 to 1.40). Heterogeneity was moderate ..., publication bias was not indicated.”
They added: “Four studies combined showed a large superior effect for neurofeedback compared to waiting list or skin conductance
therapy (ES 0.80, p=.029, 95% CI=0.08 to 1.52) ... Pineda et al. found a large superior effect of neurofeedback over placebo
treatment (ES 0.96, p=.039)” (p. 25).

Based on the Begemann et al. review, assuming an effect size of .80, significance of .05 and power of .8, the estimated
sample size per group is 26 (N=52). Researchers should consider dropout rates across groups, and aim for a final, eligible sample
size of 26 and not an initial sample size of 26 per group. This suggests that the initial sample per group might be 35 to 50 subjects,
depending on estimated dropout rates. A participant of an aNF study is required to engage in (at least) weekly sessions, over 10-20
weeks, which is a large commitment and a moderately high dropout should be expected. The dropout group should also be compared
with completing subjects to assess for different characteristics of these groups.

An interesting pattern in the research is that autistic groups that are reported in Tables 1 and 2 are usually young males (5-
18 years) who are verbal with an 1Q score >70. Autism is more often diagnosed in males, which would explain the higher ratio of
males studied versus females. The incidence rates of autism in males and females are often attributed to genetics, however there is
some argument for under diagnosis with females (who camouflage deficits) and diagnostic bias towards males. Either way, future
research could focus on factors such as gender, 1Q level (including intellectual deficit, ID, versus non-1D) and verbal abilities (i.e.
non-verbal, minimally verbal, verbal). To summarise, the findings suggest that we can generalise the evidence to young males under
18 years, who are verbal with an 1Q above 70. This would capture a large proportion of the population with autism, but would not
generalise to most in the autistic community.

3.2.Design

A major consideration when evaluating the efficacy of aNF is the type of methodological designs used in the research
outlined in Tables 1 and 2. The factors to consider include selection process and allocation (i.e. self-selected, randomisation),
blinding (i.e. participant only, double blinded) and type of control (i.e. waitlist, active, matched). What is important is to control for
nonspecific effects such as contextual (e.g. subject is engaging in an experiment and expects to improve; positive regard for therapist;
EEG displays are perceived by the subject as scientific and therefore efficacious), extraneous (e.g. subject watches a screen for 30
minutes, 30-50 times and improves due to focussing and paying attention for long periods of time), repeated reinforcement (e.g.
researcher/therapist give verbal reinforcement, audio-visual feedback unrelated to EEG data), and, specifically with children with
autism, the routine of attending regular sessions, which can prove stabilising by satisfying the ‘need for sameness’. The gold standard
in biofeedback is a double-blinded, randomised, and sham or active control (van Doren et al., 2019). The active control group
receives a cognitive training or EMG biofeedback to control for nonspecific effects e.g. placebo.

The first feature to note is that four studies used randomised controlled designs with only Pineda et al. (2008) using a
randomised, double-blind [parent and technicians were blinded] procedure in Study 2, and showed a mu suppression in the
experimental group, as well as decreased reaction and response times, and reductions on the ATEC subscale ‘Social Cognitive
Awareness’. The control group did not show these changes. Carrick et al. (2018) utilised a randomised, sham control, subject blinded
methodology, reporting improvements in the active group on executive functioning scales, reduction in problem behaviours,
improvements in communication and a normalisation of gEEG data. It is worth noting that the ATEC produced mixed results with
improvements for the active group on the ‘Sociability’ subscale, with a worsening on ‘Speech and Sensory/Cognitive Awareness’.
One explanation of the worsening on the ‘Sensory/Cognitive Awareness’ subscale is related to the sites trained, namely, prefrontal
and occipital lobes, which could have caused an over activation of those sites related to thinking and visual sensory input. The
importance of double blinding in this study is less important than laboratory-based studies, since all the training was completed at
home and contact with the researchers was minimised, thereby reducing the impact of researcher-based factors such as higher verbal
reinforcement towards the active group. It is also worth mentioning that Carrick et al. used the home-based Mente device that
delivers feedback via an audio component only, which implies that density-based training (daily sessions) can improve functioning
with audio only feedback.

Goodman et al. (2018) introduced an active control group (heart rate variability, HRV, training), which also involved
feedback albeit heart rate variation. This is a useful study that compares aNF with HRV, however a design shortcoming is that they
combined HRV with aNF without employing an aNF-only group. The assumption is that the effects of aNF are additive. There were
mixed results to interpret with this study: the HRV group improved in emotion regulation and social behaviour, whilst the HRV+aNF
group showed decreases in mu suppression, emotional lability and autistic traits. This group also improved in heart rate variability
by the end of training, whilst the HRV group did not. The reduction in mu suppression contradicts research showing an increase in
this biomarker. Moreover, the combination of HRV and aNF had a multiplicative effect or aNF training improved brain (piriform
cortex) to heart (baroreceptor reflex) synchronisation, which improved heart rate variability in the aNF-HRV group. Alternatively,
the low total sample of 15 subjects may explain these mixed and unintuitive results.

3.3.Measurement

Researchers have mostly used the Autism Treatment Evaluation Checklist (ATEC), which is available free of charge and
has been validated as an outcome measure for therapies with autistic populations. The ATEC has added advantages of providing
normative scores based on age, and accounts for change based on maturation. If a study uses the ATEC and has a one-year follow-
up methodology, then actual change scores must be compared with change scores associated with maturation only.

Nearly all studies have used a pre- and post-therapy methodology, spanning over a few months to six months, and only
one study has engaged in long-term follow-up (Kouijzer et al., 2009a, 2009b). Kouijzer (2009b) reported that any immediate
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behavioural and cognitive improvements from aNF were maintained (and some improved significantly more) at a 12-month follow-
up. The authors did not use the ATEC so it is unclear if this follow-up improvement was due to aNF or maturation. Ryan et al.
(2019) cite van Doren et al.’s meta-analysis which reported that ADHD symptoms reduce even further from post-neurofeedback
treatment to a 12-month follow-up, due to sleep improving over time (a mediating factor). Intuitively, one could predict that the
positive effects of therapy would diminish over an extended period after therapy, however Ryan et al. (2019) and Kouijzer’s research
suggest that the opposite can occur.

A further strength of this research has been the use of specific, standardised psychometric and diagnostic measures of social
functioning (e.g. SDS), 1Q (e.g. WISC), attention (e.g. TOVA), autism diagnostics and traits (e.g. ADI, CARS), emotion regulation
(e.g. ERC), anxiety (e.g. Spence Anxiety), medical diagnostics (e.g. fMRI, gEEG) and cognitive functioning (e.g. BRIEF). Whilst
this is a relatively comprehensive use of standardised diagnostics and measures, there are some areas that are yet to be measured,
that are important for people with a disability, such as: quality of life, education and learning, employment, activities of daily living
(ADLs) and mood (i.e. depression). Researchers should aim to use measures that are sensitive to change and applicable to
neurodiverse populations (e.g. ASQoL, ASC-ASD).

Another strength of this field is the use of multiple sources of data to correlate the effects of aNF and pinpoint a mechanism.
For example, Datko et al. (2018) correlated psychometric measures (e.g. autistic traits, ATEC, social functioning, SDS) with
diagnostic data (e.g. ADOS, ADI) and fMRI. Future studies should aim to target an area of dysfunction (e.g. social deficits),
hypothesise an area of training that would reduce a dysfunction (e.g. mu rhythm using C4-Al) and increase social awareness of
non-verbal cues, and measure brain functioning (e.g. fMRI) or a biomarker (e.g. event-related potential, ERP) that reflect those
changes.

A potential weakness of these studies is the use of parent-only based ratings which can be defined as ‘most proximal’ and
‘least blinded’ ratings. Cortese et al. (2016) showed that the experimental effects of neurofeedback for ADHD diminished to non-
significance when teacher ratings were analysed across multiple studies, since teacher ratings are presumably ‘less proximal® and
‘probably blinded’. This phenomenon was also replicated with sham controls where there were blinded raters. Van Doren et al.
(2019) argue against the ‘proximal-blinded’ concept suggesting that parents rate different cognitive and behavioural aspects of
ADHD than teachers, or they are rating the ADHD behaviours in a different context e.g. home. Furthermore, Table 1 shows that
Pineda et al. (2008) and Carrick et al. (2018) used sham controls and still found an effect, whilst Kouijzer et al. (2013) used a double-
blinded procedure for aNF and skin conductance groups (both groups were identically prepared and did not know the feedback they
were receiving). An effect was demonstrated with blinded parents with an added sophistication of differentiating subjects who can
EEG regulate compared to those who cannot. Seven out of 13 subjects in the aNF group were identified as regulators, suggesting
that approximately 50% of cases will respond to aNF when using standardised protocols. Outcomes were maintained at a six-month
follow up.

Either way, future studies should explore proximal raters (e.g. teachers versus parents) and assess whether they produce
different results, or studies should blind raters to reduce the self-fulfilling prophecy effect.

Lastly, Ryan and Files (2019) adopted an easy to apply measure of change that is tailored for a therapy setting that could
be used in research called the Goal Attainment Scale (GAS) method. This could be used alone or with other measures to assess level
of change, targeting a specific behaviour of concern, functional behaviour or emotional disturbance. The GAS method ranks change
from mild to large improvements and specifies what change would look like for each individual person. It moves away from
standardising, however it has the benefit of being specific to each individual (i.e. person centred) and therefore has strong face
validity.

Table 1: Randomised (or matched) controlled trials

Author(s) Design & Measures Sample Protocol Results

Jarusiewicz | Matched controls, pre- | N=24 C4-Al Experimental group improved by 26% on ATEC. Sociability

(2002) post 12 children with | Rewarding: 10-13 Hz (or | improved 33%, speech/language/communication 29%, health 26%
12 matched | lower) and sensory/cognitive awareness 17%. Control group improved by

ATEC, parent rated controls (age, | Inhibiting: 2-7, 22-30 Hz | 3%.
gender, severity) | 30 mins training, 20-69 | Parental reports from experimental group indicated improvements
4-13 years age sessions on a scale of 1-10 on socialisation (M=5), vocalisation (M=5),

school work (M=5), anxiety (M=3), tantrums (M=4) and sleep
(M=9).
Coben & | Matched controls, pre- | 37 children with | qEEG assessment-based | Parent ratings: 89% parents rated improvements in ASD symptoms
Padolsky post test ASD protocols in experimental group.
(2007) 20+ sessions twice a | Experimental: n | (bipolar and unipolar) ATEC: Total score reduced by 40% in experimental group.
week =25 Reward band range: 5- | Correlated with significant reductions in ASD behaviours,

ATEC, GADS, GARS, | 84% males 16 Hz executive deficits, and ASD symptoms as reported on: GADS,

BRIEF PIC-2, gEEG Matched:  age, | Inhibits bands: 1-6 Hz | BRIEF and the PIC-2.

Parent rated gender, race, | (92%), 7-14 Hz (68%), | Significant improvements for the experimental group on composite
handedness, ASD | 18-30 Hz (100%) measures of attention, visual perception and executive function.
severity Improvement in language skills was significant.

76% experimental group decreased in cerebral hyperconnectivity.
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Table 1(Continued) Randomised (or matched) controlled trials

Author(s) Design & Measures Sample Protocol Results
Pinedaetal. | Study 1: Sham controls, | Study 1: Study 1: C4-? + EMG | Study 1: Amplitude (uV) significantly decreased across all
(2008) randomised, pre-post 7 Males, 7-17 | (trapezius) bandwidths (delta, theta, alpha, etc) for experimental group, and
Study 1 gEEG, MSI, TOVA, | years Rewarding: 8-13 Hz increased for placebo group at C4.
Study 2 ATEC, Apraxia | Mean age=9.3 Inhibiting EMG: 30-60 | TOVA: reaction time/response time decreased by 70% in
Imitation Scale Experimental=4, | Hz experimental group, no change in placebo group. Error rates
Participants & parents | Control=3 Placebo received EMG | decreased in experimental group only.
blinded 1Q0>80 and artificial mu-like | ATEC: increase in Social Cognitive Awareness subscale in
signal 8-13 Hz feedback | experimental group, with a decrease in control group.
Study 2: Same as Study | Study 2: 15 hours (30 sessions | Mu: experimental group showed reduction in mu power compared
1 19 ASD | over 10 wks) with control group due to training.
Participants, parents and | participants, 7-17
technicians blinded years Study 2: Same as Study | Study 2:
Mean age=9.8 1 except placebo | MSI: 75% of experimental group showed significant suppression
Placebo control, | received 10-13 Hz | following training in the Hand, Crayon, Social, and Happy face
n=10 (all males) signal videos. There was an average of 32% and 26% increased
Experimental suppression in the Hand and Crayon conditions, respectively, and a
n=9 (6 males) 33% increased suppression between initial and post training in the
1Q>80 Social condition. No subject in the placebo group showed
suppression in these conditions following training.
TOVA: reaction time/response time z-scores decreased in
experimental group; the control group increased.
ATEC: experimental group showed score reductions on Social
Cognitive Awareness subscale, whilst control group showed no
changes.
Kouijzer et | Matched controls, pre- | N=14  children | C4-Al TOSSA auditory: aNF group: 30% increase in correct responses;
al. (2009a) | post with ASD 7 X 3 min training | Control group: no change.
with CPT, TOSSA, TOL, | (12 males) 8-12 | periods, 1 min rest | Interference effects (written names): aNF group: 55% reduction;
follow-up neurocognitive battery, | years between periods Control group: 24%.
study parent reports (15 items) | Mean age: 10.1 Rewarding: 10-13 Hz Set shifting, concept generation and goal setting showed similar
(2009b) Inclusion criteria: | Inhibiting: 4-7 Hz trends.
1Q>70 Parents reported improved communication, social interaction and
Seven  children typical behaviour in aNF group, but not controls. All parents would
per group recommend aNF to others.
Matched Behavioural improvements were maintained after 12 months.
diagnosis,  age,
sex, 1Q
Kouijzer et | Waitlist, pre-post aNF group: n=13 | CZ-mastoid or FCZ- | EEG-regulators improved in cognitive flexibility on Trail Making
al. (2013) 6-month  follow up, | (10 males) Mean | mastoid Test, but SC-regulators did not. Maintenance of the effect at 6-
randomised, blinded | age: 15.3; Rewarded 50-80% of | month follow-up. No differences on social communication,
subjects and parents Skin conductance | time and increased | inhibition, planning, attention, working memory or executive
ADI, Tower of London, | (SC) group: n=12 | reward time if | function.
Stroop test, TOSSA, | (9 males). Mean | participant was not | Treatment expectancy did not influence outcomes since aNF and SC
Digit Span, WISC, Trail | age: 14.5 Wait | motivated (design flay | groups were prepared for training identically and participants were
Making list: n=13 (11 | 29-40 sessions (twice a | unaware of what they were receiving feedback for. Parents were
males). Mean | week) also blinded. Nonspecific effects accounted for in design and
age: 15.9 analysis.
Inclusion
Criteria: 1Q>79
Goodman Active controls, | 15 ASD children | C4-? Group 1: increase in ER subscale equal to improvements in emotion
etal. (2018) | randomised, pre-post (13 males) Rewarding: 8-13 Hz regulation. Significant increase in SRS, indicating improvements in
HRV (Group 1, N=7), | 9-18 years 4 preliminary sessions of | social behaviour. No change in Lability/Negativity ERC subscale,
HRV + aNF (Group 2, | M=12.4yrs HRV; 12 hours of | Spence or ATEC.
N=8) Extremely low to | training for HRV and | Group 2: significant decrease in L/N subscale, suggesting
SRS-2, Mu Suppression | high IQ HRV+aNF, DVD | improvements in lability. Significant decrease in ATEC full scale,
Index (MSI), ATEC, | IQ equal across | training suggesting reduction in autistic traits. No change in ERC full scale,
ERC, Spence Anxiety | groups 70%-80% reward | Spence or SRS.
(SPS) Randomised on | frequency (flaw) Group 1 showed a small increase in mu suppression post-training,
Parent rated age, gender, 1Q 10-20 mins / day | and Group 2 showed a large decrease in mu suppression post-
breathing at home training. Reduced suppression was greatest over the central, parietal
and occipital lobes.
Group 2 showed improvements in HRV over training, Group 1 did
not.
Datko et al. | Matched controls (age, | 10 ASD children | C4-? ASD group had higher activation in the right IPL (BA 40) after aNF.
(2018) gender, 1Q), pre-post (7 males) Controls had widespread lower activation after aNF, including in
1Q>80 Rewarding: 8-13 Hz bilateral precentral gyrus (BA 4 & 6), right IFG (BA 44), left IPL
Parent surveys pre and | 8-17 years, | Inhibiting: 4-8 Hz, 13-30 | and supramarginal gyrus (BA 40), and bilateral occipital areas (BA
post training, parent- | M=12.5 Hz 17). Differences between the ASD and controls before aNF were
completed ATEC, SRS, absent at post-assessment.
ADOS, ADI 7 typically | 20-30 hours of training Increased activation correlated with decreased SRS scores (lower
fMRI developed (5 | DVD training symptom severity).
males) ATEC: decreased symptom severity with increased post-activation
8-17 years, state.
M=10.6 ADOS: increased task activation changes were correlated with

lower initial ASD severity. No correlation on ADI.
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Table 1(Continued) Randomised (or matched) controlled trials

Author(s) Design & Measures Sample Protocol Results
Carrick et | Sham control, | N=34 aNF using Mente device | ATEC: Behaviour worsened for Active group on the Speech and the
al. (2018) randomised, subject (binaural auditory | Sensory/Cognitive Awareness scale, and improved on Sociability.
blinded Active: n=17 feedback, sound | Health/Physical Behaviour improved for Control group. Total score
Control: n=17 volume) did not change.
qEEG, posturography, No change to SRS-2 scores across the groups.
Parent rated: 28=Male, FP1-O1, FP1-02, FP2- | BRIEF: Active group showed significant improvements at post-test,
ATEC, SRS-2, BRIEF, | 6=Female 01, FP2-02 in particular in the Shift, Initiate, Organizational of Materials,
ABC, QABF 4-17 years Delta (1-3 Hz), theta (4- | Behavioural Regulation Index, Metacognition Index, and in the
7 Hz), alpha (8-13 Hz), | Global Executive Composite.
Diagnosed ASD, | beta (14-19 Hz), high | ABC: Active group showed significant reduction at post-test in
exclusion criteria: | beta (20-35 Hz) autistic behaviours.
comorbidities Rewarding alpha, | QABF: Active group showed significant reduction in problem
inhibiting  all  other | behaviours i.e. Escape, Nonsocial Reinforcement and total score.
bandwidths Active group parents rated significant improvements in
communication and social skills. No change in Control group.
45 minutes daily over 12 | qEEG showed improved normalisation in Active group only across
weeks all bandwidths.
Sokhadze et | Nonactive controls, pre- | High functioning | rTMS=10 mins at | Linearincrease in relative gamma power over 18 sessions; theta/low
al. post autism DLPFC, left, right and | beta ratio showed significant linear decrease over in experimental
(2014) Experimental group: | Aged 10-21 years | bilateral application (1 | group.
rTMS+aNF (34 males) Hz, 180 pulse), followed | RBS-R: Significant decrease in repetitive/restricted, compulsive,
Control group: Waitlist Inclusion criteria: | by aNF (FPz-Al), 18 | and ritualistic/sameness behaviours at post-test for experimental
ERP, EEG, RBS-R, | 1Q>80. sessions group.
ABC Experimental=20, | Rewarding: 30-45 Hz | Focused attention index increased over 18 sessions and correlated
Mean age = 14.7 | (gamma) negatively with theta-low beta ratios.
Waitlist=22, Inhibiting: 18-30 Hz. Commission error and total errors decreased in experimental group
Mean age = 14.2 DVD mode only. Post-error reaction time increased in experimental condition
but not for waitlist.
ERP: lower amplitude to nontargets for N100, N200, P300, higher
amplitude to nontargets for P2d
ABC: Experimental group showed significant reductions in the
Lethargy/Social Withdrawal subscale. Hyperactivity subscale
showed greater reductions.
Pinedaetal. | Pre-post design 13 Children with | C4-A2 EEG: Improvements, particularly in 8-12 Hz band, in the ASD
(2014) Control group: typically | ASD (10 males) Rewarding: 8-12 Hz group was greater than TD group post-training.
developed 7-17 years | Inhibiting: 4-8 Hz, 13- | SRS: Improvements in ASD group post-training
Parental surveys, (M=11.4) 30 Hz ATEC: decreased scores at post-test in ASD group; TD group
SRS, ATEC, Vineland- | 11 TD (7 males) ASD and TD groups | increased in absolute value.
Il, EEG, MSI 8-17 YEARS | received 30 hours of | Vineland: no change.
(M=10.2) aNF (1-2 sessions/wk). The occipital cluster showed a main effect of video, indicating that
Sessions 45-60 mins. suppression effects occurred only in the social play condition.
ASD group showed enhanced mu suppression and a decrease mu
suppression in fronto-central sites. TD participants increased mu
power from pre- to post-training, whereas ASDs decreased mu
powver.
Friedrich et | Pseudo random | 13 ASD C3-? and C4-? Biomotion condition: more mu suppression in the post-test at C3 for
al. (2015) assignment to Group 1 | 6-17 years old | 16 sessions, 60 minutes, | both groups.
or Group 2. (M=11 years) 2-3 times a week. Social condition: Group 2 showed more mu suppression than Group
MSI, RMET, emotion | Group 1 mu 1at C4.

imitation task
VABS, SRS,
(parent rated)

ATEC

suppression only
Group 2 mu
suppression  or
enhancement

Group 1  positive
feedback for enhancing
mu power in the social
interaction and
nonsocial gaming.
Group 2 feedback for
decreasing mu power
during  the  social
interactions and for
enhancing mu power
during the nonsocial
gaming.

Both groups: Inhibiting
theta and beta

RMET: Lower MSI was correlated with higher % correct responses
and shorter reaction times. Subjects had significantly more correct
responses in the post- than in the pre-test in the emotion task
suggesting improvement in emotion recognition. Group 2 showed
shorter reaction time in the post-test on the emotion task.

EIT: Group 2 had more mu suppression in the post-test and more
than Group 1. Group 1 exhibited greater mu suppression in the pre-
than in the post-test and more than Group 2 in the pre-test. In the
post-test, in the positive condition, activation was higher at the
zygomaticus major between 700 and 1000 ms than at the corrugator
supercilii indicating smiling. In the negative condition, activation
was higher at the corrugator supercilii than at the zygomaticus major
between 400 and 600 ms, indicating frowning.

Parent ratings: Improvements in coping with daily life, social skills
/ relationships and communication.

VABS: Parents rated more adaptive in the daily living, socialisation
and communication

domains at post-test.

SRS: Parents rated more socially responsive in the post-test than in
the pre-test. Social motivation subscale improved significantly at
post-test.

ATEC: Parents reported significant reductions in ASD symptoms at
post-test.  Sociability and Behaviour subscales improved
significantly.
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Table 1(Continued) Randomised (or matched) controlled trials

Author(s) Design & Measures Sample Protocol Results
Ryan & | Ex-post facto design 132 clients (75% | EEG mini-map based | Mean improvement across 132 clients on GAS was 1.8 and the
Files (2019) | Group 1: aNF only male) protocols. median improvement was 2. GAS scores ranged from 0 to 3. No
Group 2: aNF + | 5-64 years | Three protocol groups: clients scored -1 (regression in symptoms).
traditional therapies (M=13) Group 1: T4-F4 The aNF group scored higher on the GAS compared with traditional
Group 3: Traditional Group 2: SMS (Sensory | therapies and with aNF combined with traditional therapies;
therapies only ASD =55% motor strip) differences were not significant.
Goal Attainment Scale | ASD plus | Group 3: Other There were no significant differences with gender, diagnosis, aNF
(GAS) comorbidities = | 30 mins training once | protocol and main problem.
26% per week. There was a significant positive correlation between total number
Non-ASD = 19% of sessions and outcome scores (weak correlation).

3.4.Protocols

A criticism of this body of evidence is the lack of detail provided by authors in relation to montage and training protocol.
For example, Table 1 shows that in four of the nine studies, the signal site is reported but not the reference site. The reference site
is compared with the signal site, and, in theory, could play a role in the outcome of training. The fact that there is no data at present
means that research could be invested in this area:- that is, does the reference site play a role in outcome?

A criticism in the field is the lack of standardisation for training. The problem with this criticism is that preliminary
evidence supports EEG-based protocols, that is, the therapist determines the protocol based on individual EEG data e.g. gEEG (see
Coben & Padolsky, 2007). An opinion paper is required on this topic to guide researchers with regards to standardisation. If the
opinion paper suggests standardisation of protocols for all subjects in a study, then the researcher must accept that the effect size
will be lower and sample size estimates will increase. There is the added complexity that autism is associated with a spectrum of
behavioural concerns, which may explain the wide variety of protocols across studies, and the advantages of individualised protocols
based on EEG data. This makes it difficult to standardise and expect an effect size that is truly reflective of the efficacy of aNF. In
the ADHD field there is a relatively standardised approach to train for frontal-central slowing (Fz-Al, Cz-Al) or hyperkinetic
behaviour (SMR training) and even in that field there is a movement towards ‘precision medicine’ (Arns et al., 2014).

Ryan and Files (2019) supply descriptive statistics of problems and problem behaviours in a clinic setting. Of a sample
size of 132 cases, 42% targeted meltdowns/emotion regulation, 17% anger / aggression and 22% anxiety. If these categories are
typical of the prevalence of problems with autistic children, a study could be designed around these three categories and exploring
protocols that work versus those that do not. Ryan and Files recommend the use of T4-F4 to tackle meltdowns, anger, and aggression.
This protocol matches with known temporal and frontal lobe dysfunction in autism.

Researchers have also been fixated on equipment and their characteristics. In my opinion, the factors that matter in aNF
are not the equipment and their idiosyncrasies. What probably matters is the protocol, how much reward is provided, how immediate
the feedback is, type of feedback, and the bandwidths rewarded and inhibited. This is a topic of process, which is the essence of
aNF. The technician will regulate settings in a reflexive manner to guide the brain to function efficiently and optimally during
training. In operant conditioning terms, ‘successively approximate’ or ‘shape’ to efficient electrical activity. This requires the
technician to have a minimum level of experience and competency. There are competency-based standards when it comes to aNF
training, however it is unclear if these standards have been met in the research.

Finally, the most common protocol is to reward alpha frequencies (i.e. 8-13 Hz) with an aim of targeting the mirror neuron
system (MNS) and reducing disruptions that are often seen in the autistic brain. This connection was elegantly demonstrated by
Pineda and his colleagues (see Courellis et al., 2019), in which they down trained mu rhythm during emotion-focused neurofeedback
sessions, with increased mu suppression in key networks in the brain approaching a typically-developed child i.e. default mode
network (DMN), theory of mind network (ToMN). I will discuss the importance of Pineda et al.’s research in the Theory section.
The point here is that researchers could expand on our understanding of causal mechanisms by training frequencies other than alpha
wave, testing hypotheses other than ones derived from a Theory of Mind (ToM).

3.5.Outcome and efficacy level

All studies show a positive effect when aNF is compared with controls, under random or non-random assignment, with
pre- and post-testing. A first impression suggests that even with publication bias this represents a positive conclusion of the evidence
base. Moreover, publication bias against null-hypothesis findings may suggest more about a tendency to support accepted
psychological theories (and reject findings that weaken our belief in these) than a mere aversion to null findings (Ferguson & Heene,
2012). aNF straddles psychological and neuroscientific theories (through biological psychology), and the research has pursued
simple and pragmatic outcomes such as reducing social deficits and behaviours of concern, instead of proving psychological theories
like a ToM.

If we assume that publication bias is a minor problem in this field, then we can consider the efficacy level of aNF with
autism. Coben and Padolsky (2007) write: “Our study may be the first step in establishing a Level 3 criteria rating of neurofeedback
as probably efficacious in the treatment of ASD. We replicated another controlled study (Jarusiewicz, 2002). A broader range of
outcome measures confirmed the reduction of ASD symptomatology following neurofeedback™ (p.18). Given there have been a
number of studies published since Coben and Padolsky’s literature review, it begs the question of where the efficacy level is for
aNF based on the current evidence.
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La Vaque et al. (2002) outline an efficacy framework for psychophysiological interventions with five levels of efficacy.
The first level is anecdotal or case studies through to the fifth level of “Efficacious and Specific. The investigational treatment has
been shown to be statistically superior to credible sham therapy, pill, or alternative bona fide treatment in at least two independent
research settings” (p.280). With an aim of establishing the highest possible efficacy of aNF, I will only consider the studies in Table
1, RCTs and matched controlled studies. Based on this body of studies, aNF with autism has an emerging Level 5 efficacy because
there have been two studies with a sham/placebo control, although the studies were slightly different (Carrick et al., 2018; Pineda
etal., 2008). aNF reaches Level 4 efficacy which is labeled “efficacious™:- using a no-treatment control group or sham control group
(superior to), or alternative therapy (equivalent to); treating a specific problem; valid and clearly specified outcome measures;
appropriate data analysis; and the superiority or equivalence has been shown in two independent research settings. Table 1 reveals
independent RCTs or matched control studies that, taken as a whole, meet the criteria of Level 4 efficacy of aNF. The efficacy of
aNF generalises to average functioning males with 1Qs in the low-average range and upwards, with no comorbid conditions.

Further on this point, there have been some conflicting findings in the research. For example, Carrick et al. (2018) found
that the ‘Sensory/Cognitive Awareness’ subscale worsened on the ATEC in the experimental group, whilst in most other studies it
improved. However, the reduction in total ATEC and the ‘Sociability’ subscale has been replicated in independent studies. The
discrepancies on the ‘Sensory/Cognitive Awareness’ subscale in the Carrick et al. study may be due to a small sample size, and/or
the treatment differed slightly from other studies (e.g. audio feedback only, home-based training), and/or the sites being trained were
quite different to other research i.e. prefrontal/occipital lobes.

3.6. Theory and causal mechanisms

A weak aspect of the research has been the practice of describing autism according to the DSM-5 nomenclature and then
demonstrating a reduction in autistic traits without any connection to a theory that may explain the disorder, or demonstrating neuro-
mechanisms that underlie changes in EEG and other factors e.g. behaviours of concern. The concept of understanding the
mechanisms of neurofeedback has been recommended in the ADHD research (Arns., et al, 2014). The clear leader in training
specific protocols that link theory and neurophysiological mechanisms is Pineda and his colleagues. They have shown that training
mu suppression (in the 8-13 Hz bandwidth) during emotion-focused neurofeedback training at C4, causes connectivity changes in
the brain in key networks like the DMN and ToMN. This links elegantly to the psychological theory of ToM developed by Baron-
Cohen et al. (1985). There have also been papers targeting executive dysfunction (first proposed by Minshew & Goldstein, 1998;
Pennington & Ozonoff, 1996). Kouijzer et al. (2009a) showed that inhibiting theta and rewarding beta targeted under-connectivity
in the anterior cingulate gyrus (ACC), which is known for its role in regulating cognitive and emotional processes associated with
cognitive control and executive function (Bush et al., 2000). Kouijzer et al. (2009a) also write about the relationship between the
activation of the default mode network (DMN)/ACC during task demand, which improves performance, and how ASD is associated
with an hypoactivation of the DMN/ACC under attentional demand.

There has been no research on the third key psychological theory of autism called a ‘weak Central Coherence’ (Frith &
Happe, 1994). Part of the problem may lie in quantifying ‘Central Coherence’ and in positing which brain networks are associated
with deficits in this capacity.

4. Conclusion and Recommendations

The current paper broadly reviewed 13 studies of aNF with autism, and there are nine randomised or matched controlled
trials that report consistent positive findings on core autistic traits. The areas of improvement using aNF include diagnostic autistic
traits (e.g. ADOS), biomarkers (i.e. EEG, mu suppression), social functioning and cognitive awareness, emotional regulation,
executive function and cognitive flexibility, attention, communication, and behaviours of concern. There are several non-randomised
controlled or comparative studies that also demonstrate the positive effect of aNF. Despite small samples, trials show that aNF
reaches a Level 4 efficacy standard with emerging Level 5 efficacy. These efficacy standards apply to male children, up to 18 years,
with a low-average or greater intellectual functioning and with no co-morbid conditions. Improvements are maintained long-term
with approximately 50% of subjects responding to aNF using standardised protocols. Further studies are required to generalise these
positive findings to females, adults, and intellectually and verbally impaired autistic cases (Recommendation 1). Ryan and Files
(2019) have reported data from an observational study that suggest these findings generalise, however further studies using
randomised procedures are desirable. Researchers could also explore broader outcome measures such as quality of life, education,
employment, ADLs and mood i.e. anxiety, depression. The use of EEG connectivity (as described by Courellis et al., 2019) could
also be used pervasively to standardise outcome measurement.

To reach a Level 5 efficacy, the studies conducted by Pineda et al. (2008) and/or Carrick et al. (2018) need replication
using a larger sample size accounting for dropouts (Recommendation 2). These studies have not been replicated by an independent
research group and the leading researcher in our field is Pineda and his colleagues. There should also be a focus on using least
proximal raters, like teachers or carers, instead of most proximal raters like parents.

With regards to protocols, there is evidence that gEEG-based protocols produce greater improvements than standardised
protocols. This is pertinent for a clinical practice. Researchers and practitioners who do not have gEEG at their disposal should use
the following protocols shown to be efficacious:- C4-Al, C3-?, CZ-mastoid, FCZ-mastoid, FPz-Al, and the two-channel protocol
used by Carrick et al., namely, FP1-O1, FP1-02, FP2-01, FP2-02 (Recommendation 3). Researchers have mainly rewarded alpha
wave (8-13 Hz), whilst inhibiting slow wave (2-7 Hz) and fast wave (15-30 Hz). Protocols that have shown promise in other studies
(like Ryan & Files, 2019) include T4-F4 and T4-P4. Researchers could also investigate if rewarding frequencies other than alpha
wave might produce positive outcomes. Hey (2020) reported a series of case studies with neurotypical adults diagnosed with mental
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disorders who were rewarded in the delta frequencies that reduced core symptoms (Recommendation 4). However, this approach if
taken would be highly exploratory but could broaden the limited amount of evidence-based protocols for autism.

The research field of aNF has been relatively broad in investigation in the last decade. The concept of an ‘EEG regulator’,
first published by Kouijzer et al. (2013) is a promising area of enquiry, that has specific implications for a clinical practice. This is
the idea that some autistic brains respond to aNF, others do not. This concept is extremely promising in that EEG regulators could
be reliably identified at intake and selected for aNF, whilst non-regulators could save time, money and energy by not engaging in
aNF that is unlikely to work. The next stage of this research is to identify factors that can discriminate regulators from non-regulators,
such as demographics (e.g. gender), biomarkers (e.g. ERP), psychophysiology, and cognitive and behavioural factors
(Recommendation 5). Practitioners would be interested in assessment markers that could reliably differentiate those who probably
respond to aNF, and those who would not. This important shift in research focus will elevate aNF from a status of ‘probably
efficacious’ to ‘highly efficacious’, with guidelines on what predictable changes in functioning can be demonstrated, on whom, and
in what way.
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A Case Study of pharmaceutical withdrawal and serotonin toxicity
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Abstract

Serotonin syndrome, also known as serotonin toxicity, is a potentially life threatening adverse drug reaction caused by excessive
serotonergic agonism in the central and peripheral nervous system serotonergic receptors. The symptoms of serotonin toxicity are often described
as a triad of neuron-excitatory features that include neuromuscular hyperactivity (tremor, clonus, myoclonus, and hyperreflexia), and in advanced
cases spasticity; altered mental status (agitation, excitement and confusion), autonomic hyperactivity (diaphoresis, fever, tachycardia and
tachypnea), not all of these findings are consistently present. The following case highlights the proper recognition and treatment of serotonin
toxicity through the application of non-pharmacological, science-based therapies, specifically low energy neurofeedback and nutrigenomics, for a
client who presented symptoms of serotonin toxicity resulting from Celexa, a psychotropic medication.
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Case Study

A 55 year-old female was transported to the emergency room (ER) by ambulance due to severe tremors and fast, irregular
heartbeat. Upon arrival she was treated with hydration 1Vs. However, the cause of her distress was not determined as a result of an
inadequate intake and assessment on the part of the staff. The patient was referred to a neurologist and released from ER. The
following day the patient contacted Harmonized Brain Centers for low energy neurofeedback treatment.

1. Assessment
1.1. The Central NervousyStem Function Assessment (CNS)

The initial CNS assessment revealed that her symptoms included: tremors, headache, loss of appetite, tiredness, rapid and
irregular heartbeat, agitation and restlessness. She was unable to drive a motor vehicle and unable to work.

1.2. Medication Assessment
The patient was taking 150 mg of Celexa for the past 5 years.
2. CELEXA (Citalopram)

It is used to treat depression. It may improve energy level and feelings of well-being. Citalopram is known as a selective
serotonin reuptake inhibitor (SSRI). This medication helps to restore the balance of serotonin in the brain.

2.1.Side Effects
Loss of appetite, tiredness, blurred vision, seeing rainbows around lights at night.
2.2.Severe Side Effects

Fast, irregular heartbeat. This medication may increase serotonin levels and can cause serotonin syndrome toxicity that
involves a fast heartbeat, loss of coordination, severe dizziness, unusual agitation and restlessness.

2.3.Initial diagnosis

We considered that due to her symptoms and the long-term use of Celexa that she was experiencing serotonin syndrome
toxicity . She agreed to a Celexa titration plan.

3. Materials and Equipment

Over the past decade we have treated a significant number of pharmaceutical medication dependents on different
medications. The materials, equipment and methodology employed have demonstrated efficacy and include the following:

3.1. Nutrition

Nutritional Psychiatry is a rapidly growing field that provides a significant body of research evidence that strongly suggest
that dietary patterns are relevant to common mental illnesses. Studies indicate that there are known consistent mechanistic,
observational and interventional data that diet quality may be a modifiable risk factor for mental illness. These studies are based on
the understanding that specific biological pathways mediate the observed relationships between diet, nutrition and mental health
that point to the immune system oxidative biology, brain plasticity and the microbiome-gut-brain axis as key targets for nutritional
interventions. (Wolfgang, et al, 2017; Jacka, 2017). Recent studies indicate a strong correlation between a poor diet and the
exacerbation of mood disorders, including anxiety and depression (Adan, et al. 2019).

Ross (2018) notes that integrative neuro-nutritional therapy is an emerging paradigm in the treatment of mental health
disorders, which focuses on the relationship between nutrition, brain neurochemistry, brain function and behavior. She reports
current evidence to support the recognition that dietary habits, nutrition, and metabolic mechanism that include inflammation,
microbiota imbalances oxidative stress, and impaired mitochondrial function are important variables that affect brain function,
mental health, and, ultimately mood and behavior.

3.2.Low Energy Neurofeedback Systems (LENS)

Low Energy Neurofeedback System utilizes a gentle, non-invasive EEG neurofeedback that optimizes function in the areas
of mood, cognition and energy levels. The LENS system has led to dramatic improvements in chronic debilitating neurological
conditions such as brain injury, extreme stress, emotional trauma, attention deficit disorder, fibromyalgia, and chemical dependence.
Other disorders effectively treated with LENS include traumatic brain injury, migraine headaches, addictive behaviors, anxiety and
depression, PTSD, autism, spectrum disorders, seizure disorders, ADHD, cerebral palsy, and even optimal brain performance
(Hammond 2001, 2007, 2011 A&B, 2012 A&B, Larsen, 2006, 2008, 2012, Ochs, 1994 a & b, 2011).
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3.3. Nutrigenomics

Nutrigenomics is the study of how nutrients and naturally occurring compounds affect gene expression. Nuclear factor
erythroid 2—related factor 2 (Nrf2) is a regulator of cellular resistance to oxidative stress and enhances the body’s natural defenses
to make antioxidants and achieve optimal cellular balance. Nuclear respiratory factor 1 (NRF1) works on the cellular level to
increase cellular energy by boosting mitochondrial function, while nicotinamide adenine dinucleotide (NAD) helps to support
energy, mental clarity, and mood. These nutrigenomic products have been developed as a drug-free therapy to integrate genetic
expression and remove neurotoxic contaminations. These key activators work to prevent oxidative stress and mitochondrial
dysfunction which are pre-cursers to Substance Use Disorder and are strongly correlated with anxiety and depression (Klalifeh, et
al, 2016) and autism (Chauhan & Chauhan, 2006). Neurofeedback researchers have found that integrating these nutrigenomic factors
to neurofeedback clients creates a synergistic-effect in that total amplitudes of the brain waves become unsuppressed at a much
faster rate (Miller & Shepard, 2020).

3.4.Photon Stimulator Light Therapy

Low level laser therapy (LLLT) is the application of light (usually a low power laser) to a pathology to promote tissue
regeneration, reduce inflammation and relieve both acute and chronic pain.

4. Methods— An Integrative Approach

Stephanie Ross (2014) reported: In regard to the complexity of mental health disorders, such as depression, anxiety, and
insomnia, which are common comorbid psychiatric conditions, it would appear that a holistic treatment model that incorporates a
complementary and integrative therapy approach within the framework of conventional health care would most effectively support
optimal healing. This study coordinated nutrition, neurofeedback and nutrigenomics therapies for a successful outcome. Each is
described below:

4.1.LENS

Following the initial assessment and diagnosis, LENS was administered. The initial Mapping indicated severely
suppressed amplitudes for all brain waves. Suppression is the flexibility in sites measured by the standard deviation between the
average of the wave lengths mean total amplitude or the individual wave length broken down by dominant, delta, theta, alpha or
beta frequencies. When a site has a standard deviation less than .35 % that site is considered suppressed or inflexible. Lifting of
suppression has been a key indicator in the improvement in brain processing which leads to behavioral, emotional, and physical
improvements. We have found that LENS therapy assists in withdrawal from antidepressants by lifting suppressed sites or increasing
the efficiency of the brain to process. After LENS sessions subjects are more relaxed and less depressed. Their thinking is clearer
and they begin to have more emotional resilience instead of being overwhelmed by their emotions. When the nervous system is
stabilized, they become less over-reactive Miller a,b,c). Three subsequent LENS trainings were provided to treat the suppressed
EEG sites, 7 site at a time. The initial map and follow up map showed significant improvement for the Mean Total Amplitude
reports and Mean Dominant Frequency Amplitude reports (See map reports in Results Section).

4.2.Nutrition

A balanced amino acid nutritional plan was introduced and subject began a new dietary regime to change her former
nutritionally deficient diet.

4.3. Nutrigenomics

The plant based nutrigenomic products were introduced on a daily basis. These products are designed to activate energy
and balance health on a cellular and genetic level. Clinical studies have shown them to reduce cellular stress by an average of 40%,
glutathione by 300% and catalase by 54%. The tri-synergizers (Nrf2, NRF1 & NAD) are specifically designed to support an increase
in healing, focus, energy, mental clarity and mood.

4 4. Titration from Celexa

The client’s Celexa usage was tapered off slowly by utilizing a carefully planned titration strategy to help avoid withdrawal
symptoms. The synergistic effect of coordinating LENS, nutrition and Nutrigenomics assists in balancing feelings that would
normally arise during times of stress Miller, 2019).

4.5. Photon Stimulator
The photon stimulator was applied to the subject’s pain points and provided considerable relief.

5. Results
5.1. Nutrition

A balanced amino acid nutritional plan was introduced and subject began a new dietary regime to change her former
nutritionally deficient diet made a huge difference in her ability to function, handle anxiety, and go back to work. Her former diet
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consisted of unhealthy, processed foods which augment the inflammatory process that leads to decreased motivation and depression.
Healthy eating and hydration which includes portion control, meal frequency and a balanced diet with adequate water is essential
for all areas of health.

5.2.Neurofeedback

The two LENS suppression maps presented below represent the initial map, while the second map report indicates the
significant changes in the Mean Total Amplitude and the Mean Dominant Frequency amplitudes following only three LENS
sessions. The suppressed sites (orange sites hyper-suppressed) have less flexibility and do not meet our preset requirements of a
normal range between .35% and .7%. These sites are not working as efficiently as they could with processing inhibited. The blue
sites fall within our range that we are looking for over the period of our treatments. The purple sites are hypo-suppressed meaning
they are above the .7% range. Ideally we want more blue sites meaning the brain is becoming more flexible and can process
information more efficiently. The difference between Map 1 and Map 2 is quite dramatic correlating to the physical, emotional and
behavioral changes as described.
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Although the results do not present correlation coefficients of a multiple variate analysis to determine the value of each
therapy represented in the methodology, we are suggesting a synergistic effect of nutrition, neurofeedback and nutrigenomics to
create such a remarkable, measurable difference. This assumption is based on previous experiences in providing LENS trainings
without adjunct therapies and realizing a much slower, lower improvement in our attempt to raise the total amplitudes of suppressed
sites. The clinical outcomes is significant and showed that within a one week period, the subject stopped shaking, tremors dissipated,
arm mobility increased, heart rate normalized, and a full-night sleep was restored, with an improved function that allowed the subject
to return to driving a car and go back to work. Through the application of integrative health therapies with low energy neurofeedback
(LENS), we anticipate that future sessions will demonstrate significantly improved outcomes in measurable results.

6. Summary

This paper presented a case of 55 year old female who was diagnosed with serotonin syndrome or serotonin toxicity. The
patient underwent treatment using low energy neurofeedback and nutrigenomics therapy. The results showed a measurable
difference and improvement in the condition due to synergistic effect of nutrition, neurofeedback and nutrigenomics.
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Clinical Neurofeedback and Hypnotherapy as An Integrative Treatment for
Tics and Tourette Syndrome
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Abstract

Tourette’s syndrome is characterised by involuntary tics, repetitive movements and vocalisations and can lead to significant disturbance
when engaging in daily activities. Clinical neurofeedback is based on the concept of the neuroplasticity and the mechanism of action is operant
conditioning. Clinical neurofeedback has been found to be effective in improving brain function. Clinical hypnotherapy is said to deal with the
unconscious processes of the mind and can be used to help treat a variety of disorders. In this case study, with a client diagnosed with Tourette’s
syndrome, intervention included a combination of clinical neurofeedback and hypnotherapy. This combination of interventions led to a significant

improvement in the client’s condition over time. Future studies might make more use of psychological testing to understand client’s progress and
also include long term follow up.
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1. Background

Clinical neurofeedback has been found to be helpful in many areas such as attention deficit hyperactivity disorder,
obsessive compulsive disorder, anxiety, insomnia, depression, tics and Tourette’s syndrome. (Harris, Hundley, & Lamblie, 2019;
Barzegary, Yaghubi, & Rostami, 2011; Kouijzer, Schie, Gerrits, & Moor, 2011). In this case study, clinical neurofeedback is used
in combination with clinical hypnotherapy as an intervention. Clinical hypnotherapy is integrated with habit reversal training. There
is evidence that habit reversal training can alleviate motor and vocal tics. (Piacentini, & Chang, 2006). There are numerous research
and medical studies investigating Tic disorder, but studies on the pathophysiology, causes and effective interventions are limited.
(Bronfield & Bar-Grad, 2013).

1.1. Tourette Syndrome or Tics Disorder

Tic disorders can be differentiated into three types. These are Tourette Syndrome (TS), chronic tic disorder (vocal or motor
type) and provisional tic disorder (Fontenelle & Yucel, 2019). Motor tics (simple or complex motor tics) and vocal/phonic tics
(simple and complex vocal tics) are two characteristics of tic disorders (Fontenelle & Yucel, 2019). Simple motor tics include eye
blinking, head jerking, jaw movements, shoulder shrugging, neck stretching, and arm jerking. Complex motor tics include hopping,
twirling and jumping (Fontenelle & Yucel, 2019). Simple vocal tics include sniffing, throat clearing, grunting, hooting, and
shouting. Complex vocal tics include words which may or may not be recognisable or it could be socially unacceptable words
(Fontenelle & Yucel, 2019). TS is characterised by involuntary tics, repetitive movements and vocalisations (Fontenelle & Yucel,
2019). Individuals diagnosed with TS experience at least two motor tics and at least one vocal/phonic tics over the course of more
than one year (Fontenelle & Yucel, 2019). Typically, it will start between the ages of 5-7 years old and becoming more severe
between the ages of 8-12 years old (Fontenelle & Yucel, 2019). If a person suffers from either motor tics or vocal/phonic tics for
more than one year then they can be classified as Chronic Tic Disorder (Fontenelle & Yucel, 2019). If the tics were present for less
than 1 year, then they can be classified as provisional tics disorder (Fontenelle & Yucel, 2019). Individuals with TS are at a high
risk of having comorbid major neurodevelopmental and neuro psychiatric conditions such as Attention Deficit Hyperactivity
Disorder (ADHD), Obsessive Compulsive Disorder (OCD), learning difficulties, behaviour problems, anxiety, mood issues, social
skills deficits or sleep related problems (Fontenelle & Yucel, 2019).

1.2.Intervention utilising clinical neurofeedback and clinical hypnotherapy

Clinical neurofeedback has been used as a treatment for a variety of conditions for over 50 years. It has proved to be helpful
in cases such as Attention Deficit Hyperactivity Disorder (ADHD), Obsessive Compulsive Disorder (OCD), Anxiety, Insomnia,
Depression, Tics & Tourette’s Syndrome. (Harris, Hundley, & Lamblie, 2019; Barzegary, Yaghubi, & Rostami, 2011; Kouijzer,
Schie, Gerrits, & Moor, 2011). In this case study, clinical neurofeedback training will be utilised and combined with clinical
hypnotherapy. Clinical hypnotherapy has been acknowledged as an evidence-based therapy tool by various medical councils in the
world and been shown to be helpful in the treatment of various medical and other conditions (Abbott et al, 2000; Kaya & Alladin,
2012; Lam, 2013; Sharma et al, 2020) In this case study, clinical hypnotherapy will be further integrated with habit reversal training
(HRT) to help manage tic disorder symptoms. Habit reversal training (HRT) can be regarded as an evidence-based intervention for
Tics & Tourette’s Syndrome (Dutta & Cavauna, 2013). It has been found to alleviate motor and vocal tics (Piacentini, & Chang,
2006, Viefhaus et al, 2018). After clients have been able to utilise self-hypnosis techniques combined with habit reversal training,
they were able to learn to deal with stressors and remain calm.

2. Case Presentation
2.1.Symptoms & Previous Intervention

Jis a 12-year-old student who suffers from Tourette’s Syndrome. She developed tics symptoms from around the age of 9
years. Her symptoms were mainly vocal tics (barking sounds) along with some motor tics. The client had adjusted her diet according
to advice but had not undertaken any previous treatment for her Tourette’s Syndrome.

Discussions indicted that the severity of vocal tics symptoms was the major concern. It was suggested over the past 3 years
she has tended to shift from one tic symptom to another. The client’s symptoms reached criteria for a diagnosis of Tourette’s
Disorder according to DSM-5 criteria.

2.2.Initial QEEG Assessment

A QEEG (quantitative electroencephalogram) assessment was undertaken. This was indicative of widespread excess
amplitude low frequency activity relative to the database. Results were also indicative of poor alpha blocking. In other words, alpha
activity was appropriately present in posterior regions of the cortex in the eyes closed condition but there was very little attenuation
of alpha when eyes were open.

3. Methodology
3.1.Psycheeducation phase

Procedures and interventions were explained to the client. The client’s caregiver was also guided as to how she may provide
appropriate support as well as how to communicate with the school and co-workers effectively to reduce conflict and misunderstanding
which might derive from tic symptoms. It was also explained that Tic Disorder was not a bad habit but a neurological disorder which
cannot be reduced through training programs utilizing positive or negative reinforcement. In fact, such an approach is likely to worsen
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symptoms (Essoe et al., 2019). It was important to ensure that the client did not continue to hold self-defeating beliefs. Discussions
aimed to provide the client with confidence but also aimed at setting realistic expectations.

3.2.Clinical Hyprotherapy

Through clinical hypnotherapy, the client was helped to identify how various environmental factors may worsen, maintain,
or improve symptoms. While in a hypnotic state the client was asked to observe her own behaviour before and after the tic
occurrence. Clinical hypnotherapy was also applied to help to deal with the detected irrational feelings, cognitive distortion and
unhealthy coping techniques.

While under clinical hypnotherapy the client was asked to observe all her tics in detail and reflect about how it feels in
particular muscle group. She was also asked to feel the discomfort in her body. During this stage HRT was incorporated in the
therapy, a procedure to increase awareness of the premonitory urge. Thus, the client managed to notice more clearly how it feels
before the tic occurs. Clinical hypnotherapy then focused on asking the client to become more comfortable with the premonitory
urge, so as not to react to it with tics. Thus, the goal was for the client to be able to control the premonitory urge prior to the tic
happening. After the client became more aware of the premonitory urge, competing responses were identified. During the clinical
hypnotherapy session, an intentional movement that could prevent the tic from happening was suggested. Following the initial
sessions of clinical hypnotherapy, hypno-exposure therapy was used to reinforce the competing response (e.g., imagining oneself
doing the competing response). The client’s parents were also actively involved in the session in order that they could help guide
the client to practice using habit reversal at home.

Clinical hypnotherapy was also used in conjunction with progressive relaxation in order to help reduce the stress response.
Tics are commonly known to become worse when triggered by stress (Buse et al., 2016). The client was asked to progressively
tense and then relax different muscle groups while also performing self-hypnosis. An audio recording was used to guide and
reinforce the muscle relaxation practice. The client was taught to utilise this technique whenever she needed to stay calm and relaxed.

3.3. Clinical neurofeedback training

Clinical neurofeedback training protocols were guided by the QEEG results and also informed by symptoms. Sensory
motor rhythm training was implemented across the motor strip (C3 and C4). The SMR rhythm is said to represent an idling rhythm
of the cortical sensory region of the brain (Kubler & Mattia, 2016). Furthermore, the research has found that rewarding SMR and
inhibiting theta brain waves across the motor strip has helped to improve the symptoms of tic disorder (Messerotti et al., 2011).
Given information obtained through the QEEG assessment, it was also decided to reward SMR frequencies and inhibit theta, delta
and alpha brain frequency over the motor strip (C3, C4). It was also hypothesised that sensory training in the parietal area (P3 and
P4) would help improve sensory processing as well as limb sensation, the parietal lobe being centrally involved in somatic sensation,
touch sensation, and limb position (Perry & Ablon, 2019). The parietal lobe is also closely associated with somatic sensory, visual
auditory and spatial awareness, as well as providing information to the motor system of the brain (Goldberg, 2001). It has also been
found that the parietal lobe is involved in the guidance of voluntary motor action of the body (Hyvarinen, 1982). Thus, the current
study chose to reward sensory motor rhythm and inhibit delta, theta, and alpha frequencies. This was based partly on symptoms but
also on the findings of the QEEG assessment. The main objective for clinical neurofeedback training was to increase the sensory
motor rhythm ratio rather than increase the amplitude of the sensory motor rhythm brainwave frequency itself. Thus, a central task
was to inhibit the delta, theta and alpha frequencies. The client undertook 21 sessions of training using protocols at C3, C4, P3 and
P4. Treatment took place over a 3-month period and included 21 sessions of clinical neurofeedback training. Table 1 provides the
details of the clinical neurofeedback sessions.

Table 1: Clinical Neurofeedback Session

Month Session Treatment Protocol
March Session 1 — Session 7
April Session 8 - Session 14
C3 SMR, C4 SMR
May Session 15 — Session 21 P3 SMR. P4 SMR
Total session 21

*All protocols training was focused on inhibiting delta, theta, alpha and hi-beta brainwaves. The main objective is to increase SMR when compared with delta, theta,
and alpha brainwaves ratio.

4. Results

The post QEEG assessment was somewhat similar to the pre-assessment though assessment indicated less sites where alpha
blocking was noticeable. This was especially the case for QEEG measures undertaken while the client undertook a task. Figure 1
shows QEEG maps for pre and post assessment.
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Feedback was obtained from the client’s parent. They reported a significant change in the client’s symptoms. It was
reported that there was a significant reduction in vocal tics and some improvement in motor tics. When undertaking a task, she
tended to be tic free. It was also noted that the client had significant improvement with sleep onset. There were also indications of
improvement in the client’s mood and motivation.

Eyes Closed Eyes Open Task Eyes Closed Eyes Open

24Hz

810H:

L 2 4 .

(@) Pre-Assessment (b) Post-Assessment

Figure 1: QEEG maps
5. Conclusion

While this case report indicates some promising results, it is clearly limited to a single case. Furthermore, there is no direct
measure of the client’s tics. Results are based upon the client’s parents report. Future research might provide more detailed psychological
testing and objecting measures of the number of tics in order to track client’s progress. Follow up assessment to observe long term results
would also be worthwhile. It would also be worthwhile to undertake research to compare the effectiveness of clinical hypnotherapy and
habit reversal training for the treatment of TS with and without the inclusion of clinical neurofeedback intervention.

This case illustrates that QEEG guided clinical neurofeedback training might be combined with clinical hypnotherapy
along with HRT as a promising intervention for treating people with tic disorder and/or Tourette’s syndrome.
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