


QEEG-GUIDED

NEUROFEEDBACK:

NEW BRAIN-BASED
INDIVIDUALIZED EVALUATION
AND TREATMENT FOR AUTISM

BY JAMES NEUBRANDER,MD,' MICHAEL LINDEN, PHD,?
JAY GUNKELMAN, QEEGD** AND CYNTHIA KERSON, PHD 3¢

QEEG-guided neurofeedback is based on normalizing dysregulated brain regions that relate to specific clinical presentation. With ASD, this
means that the approach is specific to each individual's QEEG subtype patterns and presentation. The goal of neurofeedback with ASD is to
correct amplitude abnormalities and balance brain functioning, while coherence neurofeedback aims to improve the connectivity and plasticity
between brain regions. This tailored approach has implications that should not be underestimated. . . . Clinicians, including the authors, have
had amazing results with ASD, including significant speech and communication improvements, calmer and less aggressive behavior, increased

aftention, befter eye contact, and improved socialization. Many of our patients have been able to reduce or eliminate their medications after

completion of QEEG-guided neurofeedback.

Parents of children with autism know me (JN) as a
physician who uses various biomedical treatments
to hclp children move toward recovery. Several
years ago, I'was introduced to the powcrﬁll
modality of QEEG-guided neurofeedback. This
treatment uses EEG biofeedback, also known

as neurofeedback, guided by the QEEG, or
quantitative clcctrocnccphalogram. Neurofeedback
has since become an important addition to my
practice because it offers thcrapcutic options thatare
not possib]c tlwrough biomedical treatments alone.

To date, I have obrained QEEGs on hundreds

of children with autism and have watched the
neurofeedback process help them take one or more
steps forward on their roads to recovery. Thatis why
it pleases me to have been asked by Autism Science
Digest to write this article to introduce QEEG and
QEEG-guided neurofeedback for children wich
autism as one more important treatment option for
parents to consider.

Although I have prescribed many neurofeedback
sessions for my clients, I cannot claim to be an
expert in QEEG interpretation. In that regard,

I defer to those who evaluate my patients EEG

tracings éll"ld subscqucntly 1‘ccommcnd appropriatc

ncurofccdback PYOEOCOIS th&t my ncurofbcdback

technicians then implcmcnt. My coauthors (ML, ]G,

and CK), whose biographics spcak for themselves,
are some of the most rcspcctcd names in the field
of QEEG and QEEG-guided neurofeedback.

In chis paper, thcy providc an overview of the
science behind the process, a theoretical platfbrm,
and an outline of the benefits this treatment can
offer to the many children who have attention-
deficit or attcntion»dcﬁcit/hypcractivity disorder
(ADD/ADHD), Asperger’s syndrome, pervasive
dcvclopmcntal disorder-not otherwise spcciﬁcd

(PDD-NOS), or autism spectrum disorder (ASD).

[ have obtained QEEGs on hundreds of children with autism and have watched the

neurofeedback process help them take one or more steps forward on their roads to recovery.
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Band Frequency
Delta 0.5-3.5Hz
Theta 3.575Hz
Alpha 7513 Hz
Beta 13-30 Hz
Gamma 30+ Hz

Table 1. EEG frequency bands

Normal occurence Significance

Deep sleep and infants Sign of significant brain dysfunction, lethargy,

drowsiness, or cognifive impairment

Young children, drowsiness, some Slowing often related to attention/cognitive

aspects of leaming impairments, internal focus

Eyes closed, relaxation, Excessive alpha during demand states can be a sign

selF-awareness of learning difficulties, emotional stability, or relafing to

the environment or others

Fast activity, associated with Excessive beta is often associated with anxiety,

alertness and activity irritability, and poor infegration

Higher mental activity and Possible cognitive decline
consolidation of information, possibly

with higher states of meditation

Sources: Demos JN. Getting Started with Neurofeedback. New York, NY: WW Norton, 2005; and Thompson M, Thompson L. The Neurofeedback Book. Wheatridge, CO:
Association for Applied Psychophysiology and Biofeedback, 2003.

in attention, impulsivity, and hypcractivity often
occurred (Linden etal,, 1996). Lubar’s rescarch
in the 1980s and 1990s further indicared that [Q
and continuous pcrformancc test (CPT) scores
increased as a result of the neurofeedback training
(Lubar etal., 1995). Moreover, in 1995 Lubar and
co”cagucs publishcd a longitudinal fo“ow-up
study thatindicated that the positive results from
neurofeedback were still signiﬁcant for 1S outof 16
behaviors after 10 years.

In 1996, Linden and co“cagucs published
the first randomized controlled study of
neurofeedback with students with ADHD.
Their results supportcd Lubar’s previous body of
rescarch and highlightcd signiﬁcant improvements
inatcention and [Q scores comparcd witha
wait list control group. Other researchers have
found that the effects of neurofeedback on
ADHD are similar to the effects of stimulant
medication during treatment but persist after
treatment is discontinued. For cxamp]c, Monastra
and collcagucs (2002) compared a stimulant
medication regime to neurofeedback, while also
providing parent training, Their results supportcd
the signiﬁcant effects of neurofeedback with
ADHD children and additionally showed that
the effects were ]ong-lasting as comparcd with
the temporary effects of medication. Fuchs and

collcagucs (2003) conducted a similar comparison

but used QEEG pattern analysis to dcvclop more
spcciﬁc neurofeedback protocols, inc]uding
inhibiting high beta (18-30 Hz) activity. Their
neurofeedback approach had the same positive
effects as mcthylphcnidatc, with similar signiﬁcant
effects on multiplc measures; once again, however,
the medication effects were only temporary.
Many of the more than 30 Carly studies
on neurofeedback and ADHD have been
criticized for lacking adcquatc controls or having
unsophisticatcd research dcsigns. Rcccnt]y,
however, cH']cacy for neurofeedback treatment
was established conclusivcly ina mcta-analysis that
shows that neurofeedback for ADHD is both
cthicacious and specific (Arns ctal., 2009).

QUANTITATIVE
ELECTROENCEPHALOGRAM (QEEG)
The EEG can be measured quantitatively. This
means that the brain’s activities can be studied
under different tasks and evaluated from a

more comprehensive perspective. The QEEG
tcchniqucs are quite sophisticatcd, involving7
medical device amp]iﬁcrs and databases of
statistical divcrgcnccs. A/\ccording7 to Johnstone
and Gunkelman (2003), QEEG analysis “refers to
signal processing and extraction of features from
the EEG signal” (sce Figure 1, section 2). After the

electrical information is proccsscd, itis comparcd

to a database of normal subjccts. These databases
rcly on subjccts who have been determined normal
based on standard screening tools for medical,
psychological, and behavioral history. These
include interview and psychological tests such as
the Minnesota Multiphasic Personalicy Inventory
(MMPI), the Luria-Nebraska Neuropsychological
Battery (LNNB), the Wechsler Intelligence Scale
for Children (WISC), and others.

Acquiring the EEG usually takes about one
to one and a halfhours. Because some ASD
children have sensitivity issues, knowlcdgcablc
practitioners advise parents to bring the child to
the clinic in advance of the session to familiarize
him or her with the setting and clinicians. The
patientis instructed to wash his or her hair prior
to the acquisition (making sure that it is dry by the
time of the proccdurc) and to avoid using any gcls,
mousses, or sprays. During the EEG recording, 19
channels with leads are set onto the paticnt’s sca]p
with a conductive paste. Norma”y, the paticnt’s
EEG is recorded with cyes open, cyes closed, and
while rcading, listcning, drawing, and doing7 math
or some other cogpitive task. The EEG recording
(see Figure 1, section I1) is then transferred to
software that compares it to a normative database
and reports on EEG pathologics and suboptimal
behaviors. This QEEG report becomes the basis

for the neurofeedback training,

Neur ofccdback OH:CI' Sd number Of advantages thn Compar Cd Wlth OthCI'

therapcutic modalities. First, it has no known adverse side effects.
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The QEEG reportinterprets the following

three metrics:

1. Absolute power mcasures the
ampiitudc of the signai, measured in Hz
(or cyc]cs per second).

2. Relative power looks at the
PCrCCntagC that CaCh fquU.CnCy
CI]COmPaSSCS on thC OVCraii PfOﬁiC.

3. Multivariate connectivity
measures the similarity of the electrical
waveforms to determine their level of
communication. Brain areas associated
with spcciﬁc tasks communicate
best when their electrical proﬁics are
coherent or similar.

Many current studies support the use of QEEG
inavariety of domains. For cxampic, QEEG was
found to be highiy sensitive (96%) in idcntifying>
post-concussive syndrome (Duff, 2004). A recent
meta-analysis that recounts developments in the field
observes that the QEEG has acquisition properties
not achievable hy other imaging tcchnoiogics (such
asMRI, PET, and CT scanning) because QEEG
allows for the nonlinear and temporal aspects of
brain activity (Thakor & Tong, 2004). Studies have
used the QEEG for analysis of responses to the

Foiiowing:

®*  Psychopharmacology (Fingelkurts ctal. 2005;
Hunter etal, 2005)

*  Dementia (Chapman, 2004; Yener ctal., 1996)
®  Delirium (Jacobson etal, 1993)
*  Epilepsy (Clemens, 2004; Van Cott, 2002)

*  Alzhcimers discase (Bennys eral. 2001; Jeong,
2002)

= Concussion (Duff, 2004)

" Child and adolescent psychiatric disorders
(studics reviewed by Chabot ctal., 2005).

Figure 2.

OVCI' thC morc than 30-}76211’ history ofrcscarch on ncurofccdback

as applied to ADHD, neurofeedback has consistently resulted

in improvements in attention, impuisivity, hyperactivity, and 1Q_
scores. The history of QEEG and neurofeedback for cpiicpsy is

cquaiiy as iong and has proven that ncurofccdback can deUCC

or eliminate cpilcptiform behaviors. These successes are the

foundation EOI' thC cmcrgcncc ofncurofccdhack usc Wlth ASD

The iong—tcrm goai in appiying neurofeedback to ASD is to

improvc brain functioning without side effects.

QEEG-GUIDED NEUROFEEDBACK
FOR ASD

Over the more than 30-year history of research on
neurofeedback as appiicd to ADHD, neurofeedback
has consistcntiy resulted in improvements in
attention, impuisivity, hypcractivity, and 1Q scores
(sec Monastra ctal, 2005, for a review and analysis).
The history of QEEG and neurofeedback for
cpilcpsy is cquaiiy as iong and has proven that
neurofeedback can reduce or eliminate cpiicptiform
behaviors. These successes are the foundation for
the emergence of neurofeedback use with ASD.
The iong»tcrm goai in appiying neurofeedback to
ASDis to improve brain functioning without side
effects. Ncuroiogicai improvement can lead to
better success with other treatments and thcrapics
that focus on spccch, behavior, social skills, and
education.

Although neurofeedback remains an emerging
rather than an established technique for ASD
and further research supportcd by stronger study
dcsigns is needed before claims of clinical cﬁricacy
can be made (Moss & Gunkelman, 2002), many
indcpcndcnt neurofeedback centers are a]rcady
using this modality for ASD with reassuring success.
Morecover, even if one adopts an appropriatciy
conservative perspective with respect to making
cﬁicacy claims, interest in the use of neurofeedback
for ASD has been hcightcncd by several case series
reports and other studies (see, for cxampic, Coben,
2009; Coben ctal, 2010; Jarusiewicz, 2002).

To understand the evaluation and training
approach that we use and recommend for ASD
clients, itis important to firsc recognize that the
practice of neurofeedback has evolved dramaticaiiy
over the past two decades. In the carly days of
its appiication to autism, neurofeedback was
based on ASD symptomato]ogy alone, without
QEEG guidance. This approach was fraught wich
probicms, inciuciing7 uncxpcctcci session outcomes,
discomforted clients, and protocoi rcdcsigns that
often relied on sccond»gucssing Given the diverse
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nature of the undcriying pathophysiology in ASD
clinical clients, it makes sense that any treatment
guidcd by nothing more than symptomatoiogy
might turn out to be probicmatic.

QEEG anaiysis resolved many of these probicms,
providing areport of the bioclectrical behaviors
of the cortical areas of the brain that are prccisciy
where the pathologics of most ASD, ADHD,
and other dcvciopmcntai disorders are observed.
Importantly, it became apparent in the QEEG that
there were many different clusters of EEG behaviors
rather than a singic undcriying EEG presentation
for this compicx spectrum of clinical findings often
referred to as the “autisms.” Subscqucntiy, researchers
hcgan to dcvciop asystem of gcncticaiiy correlated
subtypes of EEG finciings, hypothcsizing that the
observed clusters might be based on undcriying
endophenotypes (Johnstone etal, 2005) thar mighe
cach be responsive to particuiar medications and/or
neurofeedback interventions.

SUBTYPES OR ENDOPHENOTYPES
QEEG can identify the endophenotype(s) involved
in any individuals EEG. Chabot and Serfontein
(1996) first developed four EEG-based subeypes
(or endophenotypes) in children with ADHD. For
example, one of these subtypes, known as “high beta)
often presented with symptoms of hyperfocusing,
anxiety, and obsessiveness. Of particuiar interest,
the high beta subtypc usuaiiy did not rcspond well
to cither stimulant medication or stimuiating types
of neurofeedback. Using QEEG, Monastra and
coiicagucs (1999) later developed an aigorithm to
measure the ratio of the theta (4-8 Hz) and beta (13-
21 Hz) frequency bands (theta/beta ratio or TBR).
They found that specific values of the TBR were
greater than 90% diagnostically sensitive for ADHD
inattentive and combined subtypcsr A second stuciy
(Monastra ctal, 2001) validated chis finding and was
reliable over two indcpcndcnt rccorciingsr

Linden and colleagues have extended this work
to study autism subtypes over the past decade
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(Coben etal, 2010; Linden, 2004). In Linden’s
2004 paper, he firstidentified four distinct QEEG
patterns of autism and two for Aspcrgcr’s syndromc
based on 19 channel EEG rccordings and analysis
of raw EEG, and the absolute power, relative power,
and multivariate connectivity metrics (see QEEG
section). In their 2010 paper, Coben, Linden, and
Myers cxpandcd the number of autism subtypcs to
sixand again identified two Aspcrgcr’s syndromc
subtypc patterns. We next describe each of these
cndophcnotypcs in greater detail (see Table 2).

Autism endophenotype 1: The first
endophenotype found in ASD is paroxysmal

EEG (epilepriform activity). This endophenotype
has an incidence ofapproximatcly 35-40%. In the
experience of one of the authors (JG), however,
incidence may be as high as 70%; this ﬁgurc is cited
in lectures on this topic by Dr. Diane Stein, a child
ncurologist in Irvine, California, who spccializcs

in dcvclopmcntal disorders (D. Stein, pcrsonal
communication, May 2011). With this subype, the
abnormality often appears on the left temporal lobe
where speech and language occur. Neurofeedback
can normalize this left abnormal pattern, at which

time languagc often improves.

Autism endophenotype 2: The presence of
mu characterizes the second EEG phcnotypc seen
in ASD cases. This “wicket"shaped EEG pattern
scen in the central region is ncurologically normal
(tliat is, there is no spccil‘ic patliology suchasan
arteriovenous [ AV] malformation, stroke, tumor,
or myclin cliangcs related to it). This pattern is
normal ly seen only when the frontal lobes mirror
neuron system is not cngagcd and disappcars when
the mirror neuron system is cngagcd. The mirror
neuron system underlies the production of languagc
in the left licmisphcrc, including mimicking sounds
and cadence. Emotional cmpathy, spatially encoded
facial expressions, body languagc, emotional
(prosodic) content, and prosodic comprchcnsion
occur in the right hemisphere (Marshall & Meltzoff,
2011). The mirror neuron system is cngaged when
mcaningful stimuli of these typesare pcrccivcd,
and its activation of the frontocentral region
during engagement will normally block the mu, or
idling, rhythm from occurring, In’70% of the ASD
population, however, the mu pattern continues
to spindlc evenwhen engagement of the mirror
neuron system occurs (Oberman etal., 2005 ].
Pineda, personal communication, March 2009).
The processes of these brain areas are relevant to
the behaviors often seen in ASD patients. In these
patients, the mu remains and the mirror neuron
system is unable to activate. Thus, neurofeedback
training is dcsigncd to reduce or eliminate the mu
pattern.

A sccondary ccntrotcmporal portion of the
mirror neuron system providcs the necessary

www.autismone.org

Table 2.

Summary of endophenotypes seen in autism and Asperger’s syndrome

Location(s)
Multiple locations

Central-temporal lobes
Multiple locations
Multiple locations
Frontal-central

Throughout the cortical
areas of the brain

Right temporal and parietal
regions

Endophenotype @ Type

Number

Autism #1 Paroxysmal or abnormal EEG
(epileptiform activity)

Autism #2 Mu pattern

Autism #3 High beta pattern (beta spindle)

Autism #4 Coherence dysregulation

Autism #5 High delta or delta/theta pattern

Autism #6 Low voltage slow EEG

Asperger's #1 Slow (theta/alpha) or fast beta

Asperger's #2 Hypo- or hypercoherence

befween regions

Right temporal and parietal
regions

Source: Coben R, Linden M, Myers TE. Neurofeedback for autistic spectrum disorder: a review of the literature.

Appl Psychophysiol Biofeedback. 2010 Mar,35(1):83-105.

cncoding of the primary frontocentral behavior

into the cortex. This second stage feeds data to the
tcmporal lobe, allowing comprchcnsion of languagc
to Wernicke’s arca (the area of the brain indicated

in languagc dcvclopmcnt). An cquivalcnt location
on the right is involved in representing emotional
comprchcnsion and nonverbal memories. These
bilaeral posterior tcmporal locations are also
involved in autism because of their role in languagc,
emotional comprchcnsion, and expression problcms.

Autism endophenotype 3: The high beta
subtypc is the third pattern that can be observed in
EEG findings with ASD individuals. This subeype is
characterized by an casily kindled, or irritable, cortex
known as the “beta spindlc.” This can be associated
with sensory hypcrscnsitivity when itinvolves
sensory areas in the brain, but it can also be related
to impulsivity and cxplosivity when seen frontally,
cspccially onthe right. When seen in the cingulatc
(a dccpcr midline structure), this pattern can be
associated with obscssivity, anxiety, and ovcrfocusing
and compulsivc or other perseverative disturbances.
Individuals with the liigl] beta pattern often present
with perseverative habits and have signiﬁcant
difﬁculty with transitions.

Beta spindling was originally identified in the
1930s as a component ofcpilcpsy by Drs. Frederick
and Erna Gibbs (Gibbs & Gibbs, 1950), who were
clcctrocnccphalographcrs in Chicago. Later, after
beta spindlcs were observed in other disorders
(including bipolar disorder, some forms ofanxicty,
and obsessive-compulsive disorder [OCD]), they
were rcconccptualizcd as casily activated indicators
of cortical irritability.

Autism endophenotype 4: Coherence
dysrcgulation isa fourth cndophcnotypc within
the ASD population. It is now known that there
are no brain tasks that liappcn ina singlc part of
the brain, and a largcr percentage of the brain is
needed for individual tasks than was prcviously
understood. Coben and Myers (2008) have used
QEEG multivariace connectivity darato dcvclop
a typology of autism connectivity patterns. Thcy
identified patterns of hyperconnectivity across
bilateral frontotcmporal regions and berween lefe
hcmisphcrc locations, while b}poconmm‘w’{y was
seen in orbitofrontal, frontal to posterior, right
posterior, or lefe hcmisphcrc sites. Additionally, these
investigators identifieda pattern of hypoconncctivity
that underlies a mu rhythm complcx.

More recently, Coben and collcagucs (2010)
have described additional coherence-based
subtypcs of autism in the frontal regions, including
hypcrcolicrcncc (too much conncctivity), which
often relates to obsessiveness, and hypocolicrcncc
(too lictle conncctivity), which is related to
inattention and cognitive difhculties. Other
common coherence patterns are hypocolicrcncc in
thelefrand right tcmporal regions. Hypocohcrcncc
in the right tcmporal/ parictal areas is often related
to the types of social and emotional deficits thac
commonly occur with ASD and Aspergers
syndromc in particular; hypocolicrcncc in the left
tcmporal areas can be related to spcccli and languagc

difhculties.

Autism endophenotype 5: The fifth autism
subtypc isvery liigh delea activity, which represents
signiﬁcant cortical slowing and often corrcsponds to
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extreme activity (hypcractivity), impuisivc behaviors,
and inattention. Sometimes high delta activity
ovcr]aps or occurs in combination with theta activity
(which also presents as inattention, impu]sivity, and
hypcractivity). High frontal-central slow ﬁndings are
also often related to ADHD.

Autism endophenotype 6: In some ASD cases
asixth patternis seen, characterized hy very low
voltagc EEG and dominated hy slower wave activity.
This low voltage slow EEG is classically identified in
diffuse cnccphaiopathics and spcciﬁcaiiy suggests
that toxic or metabolic ctioiogics be ruled out. Some
rescarchers believe that this low voitagc pattern

may be related to environmental influences (such

as mercury in vaccines, poiiution, pcsticidcs, and so
forth) or to metabolic issues such as mitochondrial
or hormonal changcs.

Asperger’s syndrome endophenotypes:
Two EEG/QEEG patterns have been found to
be present in most individuals with Aspcrgcr’s
syndrome (Coben etal, 2010; Linden, 2004;
Thompson ctal., 2010). The first is cither slow
(theta/alpha) or fast beta EEG activity in the

right tcmporai and parictai regions. These sites are
involved in social skills and emotional recognition
mechanisms as well as emotional expression and
emotional control. The second is cither too low
(hypo) or too high (hypcr) coherence between the
right tcmporai/ paricta] brain regions and other
regions. For cxamplc, hypocohcrcncc berween
the right parictai and frontal regions (related to
attention) may present as diﬂ'icu]ty paying attention
to emotional and social cues.

PREVALENCE OF ASD SUBTYPES

AS DETECTED BY QEEG

In our clinical work over the past 11 years and in our
recent research, we have used QEEG to estimate
the prcvaicncc of the subtypcs just discussed. In our
experience, the high beta subtypc and coherence
abnormalities are the most common. We estimate
the prcvaicncc of the subtypcs in children with ASD

as FO“OVVSZ

*  Highbetasubtype (70%)

= Coherence abnormalities (70%)

= Abnormal EEG subtype (33%)

*  Delta/thetasubtype (30%)

= Metabolic/toxic (low voitagc/iow frcqucncy)

subtype (10%).

Cobenand coiicagucs (in prcss) rcccntiy
published data that used QEEG analysis to reveal
five suhtypcs in relative power for 91 individuals
with autism and 310 normal controls. In contrast to
our clinical and research estimates, these researchers
observed purc excesses ofbetaand a]pha in about

one-fourth of the ASD sample (26.5% and 25.3%,

rcspcctivciy) and excess thetain approximatciy 4.1%.
Spcciﬁc frontal dysfunction, including excesses of
theta and alpha, was evident in 10.9% of the ASD
group. Overall, more than four-fifths (83%) of the
individuals with autism exhibited connectivity
anomalies when comparcd with normal controls.

In our experience, many types of dysfunction
ovcriap in pcopic with autism, and most reveal a
combination of QEEG findings. Our current work
strong]y suggests thatall pcopic with ASD display
muitipic brain wave pattern subtypcs. In addition,
individuals with autism can exhibit Aspcrgcr’s
patterns (and vice versa), and individuals with
Aspergers may also have ADD/ADHD QEEG
patterns (for cxampic, the high theta/beta ratio that
is related to impuisivity, hypcractivity, and inattentive
behaviors and symptoms). Thus, muitipic diagnoscs
are possible and can be illuminated by EEG and
QEEG subtype patterns.

THE IMPORTANCE OF
PERSONALIZED MEDICINE

Aswe have seen, EEG patterns are not simplistic

or linear, and more than one pattern is usuaiiy
evident. Ona casc-by-casc basis, however, the EEG
subtypcs seem to correlate well with individuals
clinical presentation. Thus, aithough the EEG/
QEEG subtypes (which cut across the DSM-
IV-TR categories) are not generally considered
diagnosticaiiy spcciﬁc, the phcnotypc framework
can be used to guidc a pcrsonaiizcd approach to
medicine through its ahiiity to prcdict agiven
subgroup’s treatment response (Gunkelman, 2007).
For cxamp]c,whcn the phcnotypc model was tested
with ADHD, it was predictive of effective response
to stimulant medication (see Arns etal, 2008).

In using QEEG-guided neurofeedback to
treata person with a condition as compicx and
hctcrogcncous as ASD, it seems obvious that
the baseline EEG measurements would be both
relevant and necessary for dcsigning a pcrsonaiizcd
neurofeedback trearment plan. By using the QEEG
report to idcntify a pcrson’s phcnotypc patterns
and then using those patterns to guidc suhscqucnt
EEG training, it becomes possible to developa
customized protoco] that secks to normalize and
optimize cach individuals EEG.

QEEG-guided neurofeedback is based on
normaiizing dysrcguiatcci brain regions that relate to
spcciﬁc clinical presentation. With ASD, this means
that the approach is spcciﬁc to cach individual’s
QEEG subtype patterns and presentation. The goal
of neurofeedback with ASD is to correct ampiitudc
abnormalities and balance brain Functioning, while
coherence neurofeedback aims to improve the
connectivity and piasticity between brain regions.
This tailored approach has impiications that should
not be underestimated. For cxampic, correcting lefe
tcmporai lobe abnormalities will affect spccch and
communication symptoms; working with right
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parictai or tcmporai-sidcd abnormalities will affect
social and emortional functions; a shift in frontal
abnormalities will influence attention; addrcssing
central abnormalities will affect impuisivity;

and attention to posterior abnormalities can
influence sensory functions. Clinicians, inciuding
the authors, have had amazing resules wich ASD,
inciuding signiﬁcant spccch and communication
improvements, calmer and less aggressive behavior,
increased attention, better cyc contact, and
improvcd socialization. Many ofour patients have
been able to reduce or eliminate their medications

after completion of QEEG-guidcd neurofeedback.

NOT ALL STATISTICAL OUTLIERS
ARE ABNORMAL

When using the QEEG, the EEG results are
comparcd with a normative reference popuiation to
assess which average values differ between the two
groups. Because itis highiy iikciy that divcrgcnccs
from the mean will be seen in many domains, such
as absolute and relative power and multivariate
connectivity, it is most important to focus on the
mcaningfuincss ofa given divcrgcncc, which allows
the neurofeedback training, protoco] to be further
pcrsonaiizcd. It should be rccognizcd that while

a statistical divcrgcncc may be associated with

an actual abnormal ﬁnding, there are three other
possibiiitics. Spcciﬁcaiiy, a divcrgcncc also may be
due to one of the Foiiowing:

1. A compensatory mechanism that
hcips the individual cope with the real
abnormalicy (Barry ctal., 2011)

2. An uniquciy outiying measure that
presentsasa speciai skill or pcrformance
(such as very fast aipha and declarative
memory pcrformancc) but not
compensatory for any other ﬁnding

3. A central nervous system arousal “tuning”
issue, with muitipic divcrgcnt statistics
seen due to frcqucncy drifting outside
normaliy cxpccted ranges

An cxtrcmciy important task of the clinician is to
continuousiy monitor both clinical and behavioral
changcs to be assured that one of these three
mechanisms is not hcing affected ncgativcly. For
cxamplc, in the case ofcxampic number two, if
memory issues present and the training was in the
aipha frcqucncy (spcciﬁcaiiy, in the tcmporal areas),
the training should be changcd and the patient
carcfuiiy monitored.

ASD AND NEUROFEEDBACK
RESEARCH FINDINGS

Notwithstanding the fact that the use of
neurofeedback with ASD is still rciativciy recent, a
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number of studies have now been conducted that
point to this modality’s potential. These include
two pilot studies not guidcd by QEEG, anda
small number of somewhat larger experimental
studies, some of which were QSEG—guidcd
(Coben,2007; Coben & Hudspcth, 2006; Coben
& Padolsky, 2007).

PILOT STUDIES

Two pilot group studies of the effects of
neurofeedback on ASD symproms have been
conducted. In the first (Jarusiewicz, 2002), 12
children each were assigncd toan cxpcrimcntal or

a control group. The cxpcrimcntal group received a
mcan of 36 neurofeedback training sessions (rangc =
20-69). Treatment protocols were based on Susan
Othmer’s Protocol Guide for Neumﬁedba& Clinicians
(Othmer, 2008) to determine over-, under-, and
unstable arousal. The study used the Autism
Trearment Evaluation Checklist (ATEC) (Rimland
& Edelson, 2000) to assess outcomes. Children
who complctcd neurofeedback training attained an
average 26% reduction in total ATEC-rated autism
symptoms in contrast to 3% for the control group.
Parents rcportcd improvementin socialization,
vocalization, anxicty, schoolwork, tantrum
behaviors, and slccp habits; the control group had
minimal changcs in these domains. However, the
outcome measures used were based solcly on parent
report with no other objcctivc outcome measures.

The second pilot study (Kouijzer et al, 2009a)
included 14 children with ASD. Seven were in the
treatment group and 7 in the wait list (no treatment)
control group; controls were matched for age,
gender, and 1Q scores but were not randomly
assigncd. The treatment group received 40 sessions
of neurofeedback on the right sensory motor
strip. Theta activity (47 Hz) was inhibited while
SMR activity (12-15 Hz) was rewarded. Pre- and
post-assessment consisted of EEG lcarning curves,
QEEG anaiyscs, tests of executive functioning, and
behavior rating scales. The neurofeedback-trained
group demonstrated signiﬁcant improvementin
atcentional control, cognitivc ﬂcxibility, and goal—
setting comparcd with the control group. Results of
parent rating scales also showed improvements in
social interaction and communication skills. These
changcs were associated with improvements in EEG
lcarning curves. Intcrcstingly, this same rescarch
group pcrformcd a12-month foliow—up of the
treated patients with ASD (Kouijzer ctal, 2009b).
Changcs in executive functioning and behavior were
both maintained, suggcsting that neurofeedback
may have iong—lasting effects for children with
autism.

Although these two pilot studies showed positive
results, caution should be exercised due to their very
small sampic sizes. Nevertheless, optimism i'cgarding
their ﬁndings led to more controlled research with

largcr samplc sizes.
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CONTROLLED STUDIES WITHOUT
QEEG GUIDANCE
Two neurofeedback studies have focused on
abnormal mu rhythms (Oberman etal,, 2005).In
aseries of two experiments, Pinedaand colicagucs
(2008) studied 27 children with high-functioning
autism. In study I, cight high—functioning males
were randomly assigncd toan cxpcrimcntal (n=5)
or placebo (n = 3) group. One subject dropped out
of the cxpcrimcntal group midway through the
training, Neurofeedback training included thirty
30-minute sessions with rewards for mu-like activity
(8-13 Hz) and inhibits for EMG (30-60 Hz) at C4
(right central location). Parent rating scale data
using the ATEC showed small changes (9-13%) in
two of the four cxpcrimcntal participants. These
pilot data should be considered prclimimry dueto
the very small samplc size.

In the second study (Pineda eral., 2008),
19 children with high—fu nctioning ASD were
randomly assigncd toan cxpcrimcntal (n=9)or
placebo (n = 10) group. One very positive addition
to this study was the verification of participants
diagnoscs through the Autism Diagnostic
Observation Schedule (ADOS) (Lord etal., 1999)
and the Autism Diagnostic Interview-Revised
(ADI-R) (Ructer eral, 2003). The neurofeedback
training was similar to that providcd in study 1,
except that the reward band in study 2 was 10-13
Hz. Again, parent ratings showed a small but
significant reduction in symptoms (ATEC total
score). However, of concern was an increase in
ratings of scnsory/ cognitive awareness in excess
of 40% that did not occur in the placcbo control
group. This suggests that, according to their parents,
participants improvcd in some areas but worsened
in others. The areas of improvement may have been
based on the frcqucncics and locations trained.

CONTROLLED STUDIES WITH

QEEG GUIDANCE

In the largcst pubiishcd, controlled study to date

of neurofeedback for autistic disorders, Coben

and Padolsky (2007) studicd 49 ASD children.
The cxpcrimcntal group included 37 children

who received QEEG-guided connectivity
neurofeedback (20 sessions performed twice per
week); the wait list control group included 12
children matched for age, gcndcr, race, handedness,
other treatments, and severity of ASD. The study
used a broad range of assessments, including
parcntal judgmcnt of outcome, ncuropsychological
tests, behavior rating scales, QEEG anaiyscs,

and infrared imaging. Treatment protocols were
assessmentbased (including QEEG power and
coherence) and individualized for each child.
Children received neurofeedback training witha
spcciﬁc focus on the remediation of connectivity
anomalies. Based on parcntal judgmcnt of outcome,
there was an 89% success rate for neurofeedback

and an average 40% reduction in core ASD
symptomatology. There were also signiﬁcant
improvements, as comparcd with the control group,
on ncuropsychologica] measures of attention,
executive functioning, visual pcrccptual processes,
and ianguagc functions. Reduced cerebral
hypcrconncctivity was associated with positive
clinical outcomes in this popuiation. Inall cases of
rcportcd improvementin ASD symptomatology,
positive outcomes were confirmed by
ncuropsycho]ogical and ncurophysiological
assessment.

Inanother study related to mu rhythms, Coben
and Hudspeth (2006) studied 14 children with
ASD who were identified as having signiﬁcantly
high levels of mu rhythm activity and a failure
to suppress mu during observational activity.

All 14 children received asscssmcnt—guidcd
neurofeedback, with a strong focus on aspects of mu
power and connectivity. The participants were non-
random ly assigncd toan intcrhcmisphcric bipolar
training group (n=7) oracoherence training

(n=7) group dcsigncd to increase connectivity
between central regions and the pcriphcral frontal
cortex. All patients were given neurobehavioral and
ncuropsycho]ogical testing and QEEG assessment.
Both groups ofpaticnts improvcd signiﬁcantiy on
neurobehavioral and ncuropsychological measures.
However, only in the coherence training treatment
group was mu activity signiﬁcantly reduced.
Increased coherence was associated with diminished
muand improvcd levels of social functioning.

Lastly, Coben (2007) conducted a controlled
neurofeedback study focused on intervention for
prominent social skills deficits based on a facial /
cmotionai-proccssing7 model. Fii‘ty individuals with
autism were included, and all had prcviously had
some neurofeedback. All patients underwent pre-
and post—ncuropsycho]ogical, QEEG, and parent
rating scale assessments. The 50 individuals were
non-randomly assigncd to active neurofeedback
(n =25) and wait list control (n = 25) groups. The
TWO groups werce matched for age, gcndcr, race,
handedness, medication usage, autistic symptom
severity, social skill ratings, and Visuai-pcrccptuai
impairment levels. Neurofeedback training
was QEEG-connectivity-guided and included
coherence training (along with amplitudc inhibits)
between maximal sites of hypocohcrcncc over
the right posterior hcmisphcrc. The group that
received the coherence training showed signiﬁcant
improvements in autism symptoms, social skills,and
visual pcrccptuai abilities. In addition, regression
analyscs showed that changcs in Visuai-pcrccptuai
abilities signiﬁcant]y prcdictcd improvements in
social skills. QEEG analyscs were also signiﬁcant,
showing improvements in connectivity and source
localization of brain regions (fusiform gyrus,
superior tcmporal su]cus) associated with enhanced
visual/facial /emotional processing,
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In the five controlled studies that have examined
neurofeedback and ASD, three of which were
%EG—guidcd, atotal of 180 individuals wich

autism have been studied with positive results
rcportcd in cach stndy These ﬁndings have included
positive cliangcs as evidenced l)y parcntal Ieport,
ncnropsyclaological ﬁndings, and changcs in the EEG
(Coben,2007). Based on the guidclincs of Coben
and Padolsky (2007) and Yucha and Montgomery
(2008), neurofeedback for autism is considered
“possibly efficacious.” Added to these initial l‘indings
of cfﬁcacy is prcliminary evidence that the effects of
neurofeedback on the symptoms of autism are long—
lasting (1-2 years) (Coben & Wagner, 2010; Kouijzer
etal,2009b).

We are currcntly worl<ing on structured research
that incorporates the emerging clinical application
of neurofeedback for ASD cases with the phcnotypc
approacla, corrclating EEG/QEEG patterns with
brain structure using functional magnetic resonance
imaging (FMRI) and diffusion tensor imaging (DTT).
For cxamplc, the Nacional Insticutes of Health
(NIH) recently funded a study at the University of
California, San Dicgo (UCSD), that is cvaluating the
impact of neurofeedback on ASD in which one of
the authors (ML) is involved. Spccil‘ically, this study is
investigating QEEG, fMRI,and DTT results of both
QEEG-guided and mu neurofeedback in both ASD
and typical students. These imaging tools utilize an
MRI scanner to look at blood flow and water densicy,
rcspcctivcly.

Another important usc of the EEG/QEEG for
the ASD population involves measuring brain wave
activity to guidc treatment with other commonly
used tlicrapcutic modalitics, such as mcdication,
hyperbaric oxygen therapy (HBOT), and biomedical
trearments. Three of the authors (JN, ]G, and ML) are
cnrrcntly bcginning prcliminai‘y rescarch in these areas
of application.

There are five limitations that prevent firm
conclusions from l)cing drawn from the studies
conducted to date. Some of these limitations are bcing

addrcsscd l)y our current I’CSC(lI’Cll

First, the studies have largcly included
non-randomized samplcs, meaning thatan
unknown selection bias could have existed
that could have influenced the ﬁndings.

Second, none of the complctcd studies
(with the exception of the UCSD study
in pi‘ogrcss) have included participants or
thcrapists/ experimenters who were blind
to the treatment condition. Knowlcdgc
of group placcmcnt could have affected
the findings to the extent that those in
treacment (and their parcnts) may have
been more prone to report signiﬁcant
changcs.

Third, none of the sctudies attcmptcd
to control for placcbo effects,
actention from a caring professional,

or expectations of treatment benefit.
However, in the current UCSD

study, we (ML) are also having typical
students complctc neurofeedback. A
randomized, double-blinded, placcbo—
controlled study, altlaough complicatcd
and difficult to (lo, would be optimal to
further demonstrate cﬂ:icacy.

A fourth limitation is that very young
children (under four years of agc)

and adults have not been rcprcscntcd
in these studics, SO gcncralizarion to
these groups is not possiblc. These
populations should be the focus of

tuture research invcstigationsi

Lastly, ASD individuals who are lower
functioning or who have more severe
symptoms associated with autism
have not been included in research to
date, althougla clinicians, inclucling the
authors, have had successful treatment

outcomes.

Overall, the use of QEEG o assess subtypc
patterns of ASD is important in both analysis of
brain bioelectrical patliologics and for treatment
selection and success. The use of neurofeedback
with ASD is l)ccoming a liighly personalized and
successful trearment option and continues to be

very promising.

As1(JN) mentioned at the beginning of this
article, QEEGs and QEEG-guided neurofeedback
have significantly increased the benefies [ can offer
my patients on the autism spectrum. Though the

clinical outcomes [ observe from biomcdically

oriented treatments have been signil‘icant, at
times lcading to full recovery, the addition of
QEEG-directed neurofeedback has given a
higli percentage of my patients the al)ility to get
“unstuck” and bcgin moving again on the road to
recovery. Once unstuck, many of them have gone
much farther than thcy would have ever gone with
the other biomcdical, l)cllavioral, and educational
treatments | use or reccommend.

One of the subtypcs described above,
aberrant EEG or short intermittenc episodes of
cpilcptiform behaviors (a term coined by some
as subclinical seizures), has guidcd me to suggest
a clinical trial of anticonvulsant tlacrapy even
when children do not have true seizure activity.
In the past, only children with documented
scizure activity were prcscribcd anticonvulsant
medications. Research studies vary as to the
incidence of true seizure activity in the autism
population; 33% would be a close average. Now,
however, itis l)ccoming more acccptcd for
children on the autism spectrum who do not
have documented scizures but who have atypical,
aberrant EEG brain wave activity (approximately
66%-75%) to at some point be givena clinical trial
of anticonvulsant tlacrapy, cspccially when other
treatments are not producing the cxpcctcd results.
It is not uncommon for parents to report that the
addition of an anticonvulsant medication to their
child’s treatment regimen resulted in increased
languagc, focus, attention, cognition, and positivc
behavioral changes. With the QEEG subtype
analysis and QEEG-guided neurofeedback
protocols dcvclopcd by my coauthors (JG and
ML), I have become more successful in choosing
appropriate treatments, whether medications
or natural agents. By l<nowing this important
information, I have been able to target spccil‘ic
medications or natural agents rather than
“l)linclly prcscribing" ncuropsychological or
ncuropsychiatric medications as is commonly
done by psychiatrists and ncurologists who do not
believe in or obtain QEEGs to help guide their

choice of medications.

Thougli the clinical outcomes I observe from biomcdically

oriented treatments have been signiﬁcant, at times lcading to
full recovery, the addition of QEEG-directed neurofeedback
has given a high percentage of my paticnts the ability to get

“unstuck” and bcgin moving again on the road to recovery.

Once unstuck, many of them have gone much farcher chan

thcy would have ever gone with the other biomedical,

bchavioral, and cducational treatments I usc or rccommcnd.
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The neurofeedback testimonials that parents
have shared with me over the years have varied
anywhcrc from their child sh()wing mild yet
undeniable progress to stories where QEEG-
guidcd neurofeedback was their childs “Wow
Factor.” Because parents are always looking for
the Wow Factor for their child, to put things
in perspective for this article as well as to kccp
from overstating the case, itis important for
me to include the Reality Factor. Most of
the treatments parents use for their autistic
children producc slow progress over a pcriod
of months to years. So it is with neurofeedback.
While neurofeedback has the p()tcntial to be
one of the best trearments used, it is best when

parents understand thatitis in addition to their

child’s total treacment regimen and that it will
work rclativcly s]owly asit produccs positive,
prcdictab]c results. Although neurofeedback
might only require three to six months of
treatment for disorders like ADHD, it has been
my experience that neurofeedback for children
with fu”-syndromc autism is a process that is best
to continue indcﬁnitc]y for as long as the parents
are sceing benefits or as long as repeat QEEGs
are showing improvements in clectrical activity
patterns.

The accompanying story was written by the
mother of one ome patients and shows the
tremendous potcntial of neurofeedback when
itisincluded as an important comp]cmcntary
treatment for children on the autism spectrum.

Kylc’s story demonstrates that, for some children,
neurofeedback can be the Wow Factor, though
itis important to remember that Kylc’s overall
prior treatments had primcd him so that
neurofeedback could take him the last steps.
Many ()fy<)u will idcntify with the evolution of
Kylc)s experience in his carly years as his parents
lost him, and the emotional curmoil that his
parents have suffered through the years that
followed in their accempr to get Kyle back. It

is important to understand from this parcllﬂs
story, only one of hundreds I could share, that
Kylc)s parents took action, did many things, and
continued to persevere until the various picces
()nylc’s autism puzzlc ﬁnally came togcthcr to
producc the beautiful picture thcy hopcd to sce.

KYLE'S BIOMEDICAL RECOVERY

Previous infertility issues, miscarriage, and stillbirth made
delivering a healthy baby the most joyous day of my life!
However, the tenacity | needed to achieve this feat was only the
beginning.

Kyle developed normally during his first year of life and we,
his loving parents, relished his smallest accomplishments. At 14
months, Kyle's development plateaued; our extended family
noticed the arrested development, and by age two and a half,
Kyle was diagnosed with autism! Truly, this was the cruelest frick
that Mother Nature could play.

As parents, we were told that there was no cure for this
neurological condition and that only behavioral interventions
could improve his life. Never had | felt so alone. We
sought early infervention immediately: applied behavior
analysis, auditory integration therapy, Tomatis sound therapy,
occupational therapy, and physical therapy. Although these
therapies were somewhat helpful in focusing Kyle, there
remained an absolute disconnect fo people. He did not respond
fo his name, turned light switches on and off, spun wheels
repetitively, rocked, and had virtually no eye contact. The few
words he had were rarely used; instead, he would point fo what
he wanted.

| could not accept that, after all | had been through, this
child could not be recovered. | set out to find a cure for my
son. | voraciously researched on the Internet, networked with
other moms, consulted with practitioners, and gathered the
results of numerous fests. Up to this point, only one practitioner
seemed able to help my son: Carol Alexander, a holistic nurse
practitioner who was our angel on Earth but who is now in
Heaven. Carol treated the massive overgrowth of yeast and
bacteria in Kyle's gastrointestinal system. | will never forget Kyle's
"die-off” experience, whereby his behavior became volatile and
disruptive. After a couple of weeks of living with what seemed
like a demon, my son re-emerged. His glazed-over eyes were
now lucid and could engage with mine. This was miraculous.

Carol knew of her impending demise and referred us to Dr.
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James Neubrander when Kyle was five years old. We began
methyl-B 12 immediately, and Kyle was a responder! Language
increased, eye confact improved, and social engagement
began. Dr. Neubrander’s protocol slowly began to recover
our son. This profocol included continual tweaking of Kyle's
supplement program, chelation, and some hyperbaric oxygen
therapy. Although helpful, none of these were the panacea
that neurofeedback ultimately provided. (However, had we not
done the preceding biomedical inferventions first, it is probable
that Kyle would not have been cognitive enough to perform
neurofeedback.) Once Kyle began neurofeedback, he began
to take care of his personal needs fully, no longer depending on
us for self-care. With continued neurofeedback sessions, Kyle's
stereotypical behaviors decreased, his socialization increased,
his focus improved, his academics accelerated, and ambition
emerged.

Kyle has now been doing neurofeedback for quite some
time and because of it continues to become more and more
neurotypical. Now we see a 12-year-old young man who is
on the fast frack. Not only has Kyle moved to a school with
higher-functioning students, but he also does horseback riding,
plays the drums, and plays golf. He talks on the phone and
does chores around the house. He is gifted in electronics and
continues to amaze us on that front as well. Overall, we see a
young man who is desfined for normalcy and excellence in his
life.

The journey to this point has been fraught with emotional,
financial, and physical hardships. Throughout it all, my mantra,
"Believe,” propelled me to recover Kyle. He will continue
Dr. Neubrander's profocol and most definitely will continue
neurofeedback. Dr. Neubrander has always been on the
cuffing-edge of autism treatments, and we thank him for gently
persuading us fo do neurofeedback in the beginning when
we did not feel we could afford it. We can now say without
any doubt that of all the treatments we have done for Kyle,
neurofeedback tops the list.
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