Audio-Visual Entrainment and Diffuse Axonal Injuries/Interruptions
- Dave SieverC.E.T.
Introduction

Audio-Visual EntrainmentAVE) is a techniqueising flashes of lightsito the eyesnd pulses

of tones into the eaws specific frequencie3he frequeng of the lights and tonassedare in the
brainwave frequency rangeom .5to 40 Hz. AVE is one of the most intriguing stimulation

technologies as AVE devideave been shown to influenaevarying degreesrain activityby

a myriad of influencesiotsimply frequency drivingAs a result of thesether effects, we could

ponder if we should simply rename the technique as auidioal stimulation (AVS)Our senses

are constantly bombardéy AVS. Consider watching TV or sitting on a street corner watghi

the traffic. Theseactivities consist ohbundanguantittesolAVS, yet they dono6t h
an impact on the braifror instance, when AVE is randomized ap Hz (for example 10 Hz

would randomize from 8 11 Hz) entrainment is reported to pide asignificantclinical

impact, at ¢ Hz, the clinical effect is poor and ato Hz, the clincal effect is all but lost. Sib
appearshatthe myriad of effects from AVS only occur when the stimulation is kept fairly

rhythmic and therefore entraininigence AVE For this reasonig, we will use the term AVE
throughouthis article Because AVE affects such a diverse range of neurological processes, it

has applicaons spanning from simple meditation and boosting cognitidhe treatment of

complex isues such as depression, pain affdsk axonal injuriegthe most commotype of

brain injury).Butfi r st , | et 6s understand the physiology

Physiologyof AVE

While cliniciansoftenthink of AVE as only entraining its frequency into the byairost of
complanentary effets are occurring simultaneousgsshown below:

Brainwave entrainment;
Dissociation/hypnotic inductign
Autonomic nervousystem calming
Increased cerebral blood flow;
Increased neurotransmitter activity.

arwnE

(1) Brainwave Entrainment

One mechanism of action attributed to AVE, and to some degree all stimulation technologies, is
related to frequencgriving of brainwave activityBy definition, entrainment occurs when a

bodily rhythm reflects the rhythm of the stimuli to which it ipeged For example, braimaves

observed \a EEG reflect the dominant brarave frequencyguplicating the frequency of

auditory, visual or tetile stimuli. Photic driving of braimwaves was first discoverdxy Adrian

and Matthews back in 193while auditoryentrainment was first demonstrateyl Chatrianand

colleaguesn 1959. Photic entrainment occurs best ne
(Toman 1941;Kinney et al., 1973)AVE utilizing squarewave photic stimulation shoulze

avoided in those withhptosensitive epilepsy, where flashing lights of certain feegies may
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trigger a seizureRuuskaneroti & Salmi, 1994 Erba, 2001 Trenité et al.,2001) while sine
wave stimulation does not produce harmonics and may well be safer for epilBptiée( et
al., 1978 Regan1966; Townsend 1973 Van der Tweek Lunel, 1965). Figure 1showsthe
EEG effects of squar@ave(xenon flashphotic entrainment at a variety of frequencies

Figure 1. EEG Showing Photic Entrainment (Kinney, et al, 1973)
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AVE effects are primarily associated with frontadrietal, occipitabrain regions and near the
vertex Frederick et al.,1999. For exampleFigure 2showsa qEEG (gantitativeelectre
encephalograph), or "brainmap” from the SKIL (StersKamnser Imaging Labs)atabase, in 1

Hz bins showing the frequency distribution of AVE at 8 Hz. The area within the circldzat 8
shows maximal effects of AVE in central, frontal, and parietal regions (&t ihGhis case) as
referenced with the oval area on the legend thiough associated influences on frontal brain
regions that AVE has been shown effective in reducing depression, anxiety, and attentional
disordersA harmonic is also present at 16 Hz (the circled image), which is typical ofsssni
wave (part singpart square wave) stimulation.

Figure 2. Brain Map in 1 Hz Bins - During 8 Hz AVE (SKIL -Eyes Closed)

In as much as entrainment can enhance a particaisquare wavgentrainmentan also
inhibit the half frequency of stimulatioithis isusefulfor treating depression akDHD. For
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instancethose with ADHD show excess frontal thetadY Hz) activity and too little SMR (13
to 15 Hz). By stimulating from 18 15 Hz, theta activity ranginigom 6 to 7.5 Hz is nhibited,
thus accomplishing botiingsat once This technique also increases concentration in college
students and cognition in seniors (Siever 2003c). Figure 3 siaesa/e theta activity from an
ADHD child. At the 36minute mark(red arrow) SMR stimulation at twice his dominant theta
(roughly 14 Hz)was given, which quickly suppressed his theta act{@flura & Siever, 2009)

Figure 3. Theta Suppressiorn(site FZ) Using AVE at Twice the Dominant Theta.
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(2) Dissociation/HypnoticInduction

Several studies have been completed since th@sl@bhypnotic induction and dissociation
(Walter, 1956 Lewerenz, 1963Sadove, 1963ylargolis, 1966 Leonard et al.,1999& 2000)
and altered states of consciousnétsaf, 1971; Lipowsky, 1975; GlicksohtQ87). The first
study on dissociation induceth entrainment involved hypnotic induction, which found that
photic stimulation at alpha frequencies could easily put subjects into hypnotic tfidrmgsr &
Schneider, 1959) as shownkigure 4 Notice thanearly 80% of the participants in the study
were in a hypnotic trance within six minutes of photic entrainment.

Figure 4. Photic Stimulation Induction of Hypnotic Tr ance (Kroger & Schneider, 1959)
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(3) Autonomic Nervous SystentCalming

When people dissociate in a healthy, meditative way, there is madiforeducedautonomic
activity (sympathetic and compensating parasympatheticjrenautonomic nervous system
returrs to homeostasis (also knowndissociation and restabilizationDAR) (Siever, 2003a).
Assisting clients witla history oftrauma to dssociate (in a constructive and meditative way),
during the course of treatmerg importantFor example, Figure $hows a typical reduch in
forearmsEMG (electromyography recorded with surface/skin electroded)Figure &hows a
typical increase ifinger temperature during AVBHawes, 2000)Notice that retabilization
begins after roughlgix minutes of AVE, when the user begins dissociating am@tonomic

nervous system settleswn.

Figure 5. Forearm EMG Levels during AVE (Hawes, 2000)
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Figure 6. Peripheral Temperature Levels during AVE (Hawes, 2000)
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Autonomic Calming and Heart Rate Variability

Heart rate variability (HRV)s a measure of variance of heart rate swing during ingpiratid
expiration. It alsaneasursconsistency ifmeartrhythm over time. lis an excellent measure of
autonomicarousal and biofeedback method for learning meditatigathing(Gervitz, 2000)
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Figure 7shows acase study of a 3@earold mother of twostruggling with postraumatic stress
disorder followng a disturbing event with her recently separated husband.tilisused a

DAVID AVE device fom Mind Alive Inc The DAVID wasused with a meditation protocol.

The eyesetand the headphones are placed on the participant, but the lights and tavaks are
turned onThe DAVID devices have a heartbeat sound that is played through headphones at 24
beats per minute (bpm). The participant is instructed to leatbr two hearbeats and exhale

for two heartbeats. This maka fou-beat breathing cycle antkg24/4) breaths per minute.

After aboutl0 minutes of breathinghe session is halted. There is a short break of a few minutes
and the session is repeated, but now with the entraining lightsr@eslturned on.

The screen shot taken from the emWaveC (vww.heartmath.coin The uppeteft window
indicates the actual heartrate throughout the recordimg bottomleft window shows a score as
determined by an algorithm which looks at the high versus low hearroaindedness of the
waves and consistency over time. The loweght window indicates the average heart rate and a
score as to how well the heart followed a breathing rhythm of six breaths per minate(¢hdl
breath cycles). The uppeght display shws the spectral analysis of the breathing. Given-a 10
second breathing cycle, there should be a peak at 0.1 Hz and the spectral display would look

mu c h

k e

a

wi tchos

hat .

Sympathetic

activity

while compensaty parasympathetic activity is indicated at frequencies above 0.1 Hz.

The

w o mirad iis @anstantly bombarded with distressing thoughts that she simply cannot

stop.Although she is trying to breathe at six breaths per mish&shows a spike anthmp

(and unhealthyheart rate frequendys is typical with fear and anxietyjer score is zero, her
coherence ratio is 100% in the low category and her average heart rate is 99 bpm. Her spectral
display looks like a mountain range with all of the autoncawtosation.

Figure 7. Heart Rate Variability Just Prior to 7.8Hz AVE
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A few minutes later,lse was put on AVE at 7.8 Hz and immediately began to calm dswgeen
in Figure 8 Recording began at after five minutes of AVE, at which time her heattadte
already &llenby 22 beats per minuté&his recordingshows the effects of DAR. Her breathing
and heart ra& quickly becene stable. Aside from avethoughtghat crept in just past the two
minute mark, she was completely relaxéthagine what could beashe in terms of preventing
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http://www.heartmath.com/

the development of postaumatic stress disorder if AVE devices were dispensed to people
experiencing natural disasters or acts of terrorism.

Figure 8. Heart Rate Variability during 7.8

Hz AVE
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(4) Increased Cerebral Blood Flow
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Cerebral blood flow (CBF) is esseal for good mental health andriction.Measureof CBF
show that hypoperfusion of CBF is associated with many forms of mental disioidedsng
anxiety, depression, attentional and behavior disodeisher, etal., 200), and impaired
cognitive function Amen,1998 Meyer, etal, 1994;Meier, et al,2015). Some of the purported
beneficial effects oAVE have been attributed to increases in frontaloe§BF (Fox &

Raichle, 1985Fox, etal, 1988 SappyMarinier, etal., 1992). For example, FiguBeshows an
increase of 28% in CBF within the striate cortex, a primary visual processing area within the
occiput. As an interesting note, maximatieases in CBRave been shown to occur when

stimulation techniques occuraron d = 7 .
Wagner, 196Q)

8 Hz,

t he
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Figure 9. Cerebral Blood Flow at Various Photic Entrainment Repetition Rates (Fox &

Raichle, 1985)
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(5) Increased Neurotransmitter Activity

Neurotransmittersfect all of brain functioningSome neurotransmitters such as glutamate and
norepinephrine excite brain arousal while other neurotransmitters such as serotonin and GABA

calm the brain down. Withlorger m stress andgade@pos esasitersot r d thhem
such as dopamine, serotonin and norepinepishnédown, leaving us feeling lethargic and sad.

For instanceSeasonal Afictive DisordefSAD) involves reducetkvels of melatonin, a
neurotransmitter thaegulates circadian rhythms ahitbernation in animals Melatoninslows
brairvavesand reduces CBE&s it prepares us for sle@durphy, 1993). Endorphins are essential
for blocking pain and are the h&®f analgesic medicatiohow levels of serotonin are part of
most &ery psychiatric disordeModerate levels of norepinephrieb r ai nés aradr enal i n
involved in mental vigilance. Norepinephrine is increasgadaffeine, which is why we enjoy a
cup of coffee so much in the mornimgdirect correlation between psychiatric disorders
including anxety, depression, obsessigempulsive disorder, schizophrenia, memory and
cognitive disorders has been linked to branrotransmitter actiorefnmons, 2010; Arco &
Mora, 2009).There is evidence thatrebralspinal fluid levelsof melatonin fall whileserotonin,
endorphin, andiorepinephrindevelsrise considerably following 10 Hz, whitgght AVE
(Shealy.et al.1989. Increases in endorphins reflect increased relaxation while increased
norepinephrine along with a reduction in winderytime levels ofmelatonin typicallyincrease
alertness (Figur#O0).

Figure 10. Neurotransmitter Levels Following AVE (Shealy, et al, 1989)
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Clinical Research

Over the past several decades, AVE has been associated with several types of beneficial
outcomesspanninga widevariety ofclinical applicationsfor SAD (Berg & Sievey 2009, for
improving concentration and memory in college studeBsifynski & Tang, 1998; Budzynski,
et al, 1999; Budzynslat al, 2007 Wuchrer, 2009, for reducing worry in college students
(Wolitzky-Taylor & Telch,2010, for the treatment oADD, ADHD and behavior disorders
(Carter & Russell, 1993 oyce & Siever, 2000; Micheletti, 199%or regaining motor control in
post aneurysmRussell, 199§ for treating depression and risk of faliiin seniorsBerg &
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Siever, 2004 for treatingA | z h e i(Budzyngkis etal., 2002) for improving brain function
and memory in senio®Villiams, etal., 2006;Palmquist 2014), for reducing chronic paifrom
occupational injurffGagnon& Boersma, 199), for reducing symptoms oftfromyalgia (Berg et
al., 1999)for reducing symptoms démporemandibular dysfunctiofManns et al.1981;
Morse& Chow, 1993 Thomas & Siever, 1989for reducing anxiety during dental procedures
(Morse& Chow, 1993; Sieve 200d), for treating PTSDn war vetgTrudeau, 1999 and for
improving sleepTang et al., 206). Whereas there is not space in this brief review article to
describe all of the studies cited, Table 1 lists a varietyimtal conditions, along witlthe
number of studies (and the size of the population), as well as the type of demographic

Table 1. Clinical Studies Involving AVE

Condition Studies (N) Demographic
Attention Deficit Disorder (ADD) 4 (359) School children
Academic performance in celie students 3 (134) College students
Reduced worry/anxiety in college students 3 (163) College students
Drug rehabitation 1(4) General population
Depression andnxiety 3(93) General population
Improved cognitive performance in seniors 1 (40) From seniors
Reduced falling and depression in seniors 1 (80) From senio
Memory in seniors 1 (40) Seniors- drop in
Dental (during dental procedures) 3 (>50) Patients

Temporo Mandibular Dysfunction (TMD) 3 (76) General population
Seasonalffective Disorder (SAD) 1(74) General population
Headache (migraine and tension) 2 (35) General population

Neurophysiology >100 (>3000 General population
Heart rate variability antdypertension 5 (148) General Population
Hypnosis/dissociation/medition 10 (>2000) General population
Pain andibromyalgia 5(178) General population
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Condition Studies (N) Demographic
Insomnia 1(10) General population
Post Traumatic Stress Disorder (PTSD) 1(15) ~600 caseg Public, military, police
Literature reviews 5 Diverse population
Premenstrual Syndrome (PMS) 2 (23) General population
Diffuse Axonal Injuries (interruptions) 1(5) Closedhead injuries

The Enigma of AVE

In this sectionwe turnour attentionaway from the traditional frequency driving effeof AVE
tomechani sms and principl es edpbnsestendrainihgstimuli. e t he
There are several potential mechanisms that relatertiinearfrequencyspecific responses.

In particular, we are interested in how networkgandies and nonlinear effects may produce
results beyond simple changesanousal such aactivation or relaxationOn the surface, a
repetitive stimulus is nothing more than the combinatiomarfysingle stimuli However, me
norlinear effectof entrairmentis the presence ofreeuronakefractory period after each
stimulus, vhich includes the time that a neun@guires taepolarizecompletely. If a stimulus is
presented within the refractory period, greviousresponse to #nextstimulus will be #ected
by that stimulus and may extend beyond the simple vexddition of the stimuliso that the
response is now different

But the function of the brain is acutely conditioned on factors asaynchrony, network
conrectivity and seHorganizatiorsocomplexneuralprocesses caand dooccur Whereas
physical processes such as blood floeyrotransmittersnetabolic activity, and related
physiology might be expected teorganizehemselvesn a predictable fashion, neuronal
networkreactiongo repetitve stimuliat various frequencies and via different modalities should
be expected to be muahmore complex

Neuroplasticity

Neuroplasticity is the ability for the brain to mfydthe ways it responds &timuli. Stimuli may
come from the environnmé¢ or simply be thoughts one is thinkjvghich in turn can form
dendriticconnectionsNeurons and their synapses may be excitatory or inhyatedlinearity
of the responswould be impossible to predict.

Neuroplastic effects of repetitive stimulationclude those that involve changes in neuronal
responsivity and tendency to activate, even after the cessation of the stimulatibe b b 6 s | aw
(1961)states hat fAcel | s,wihraet tfoigchéurtrondiatesthatmeural
networkschangeas a result of the stimulated neuronal firiBgt there is moréo this story in

Dave Siever page9 copyright 2016



that thehAbheb@roesout of Ofterydoring leamwing; sememeutonsafe sy n
firing and wiring together while others are firing and wiring apart gimmglously. Underlying

mechanisms can include changes in receptor distribution and response, increases or decreases in
the number of synaptic connections, cellular protein synthesis and metabolic or even anatomic
changesOnce the neurons are off lireess wth diffuse axonal interruptionspuld active
neuroplastic changes t ake suchtabbardpeshsreguirad fiper m
to reactivate theMA recent study in mie with intentionally damaged retis and optic nerves

found substantialegeneration in the group of mice that received intense visual stimulaion (

et al, 2016)whereas the controls in a normal visual environment showed insignificant

regeneration.

Repetitive stimulation, particularly when it produces metabolically saamt activity such as

action potentials, can have both immediate and lasting effects on the braineffeetsavould

be primarily due to the physical consequences of the increased activity of neurotransmitters,
transmembrane transport mechanisms, aacssociated vascular, respiratory, and recovery
mechanisms. Vascular changes would include alterations in capillary structure and physiology
and changes in blood flow. The associated recovery mechanisms take care of the removal of
metabolic byproducts, a well as the reuptake and transport of neurotransmitters. It is therefore
reasonable to expect that repetitive stimulation can have effiettsnly on neurons, but also on
associated structures including theagirascular structures, and otsapportve tissues.

Clinical Examplesof Enigmatic Effects of AVE

| will presentfive examplegelow which indicate that the dissociative &#F aspects of AVE
are just as or likely even more ionpant than the bramave driving (frequency effectsis
mentione above, AVE affect€BF, neurotransmitters, dissociated stasgglautonomic
activity, all at the neuronal level.

For many years, we have observed that ADHD children fall asleep during beta frequency AVE
andit is common for clients to fall into deepesp with duafrequencyAVE of alphabeta or
SMR/betafrequenciesThis iscounterintuitive, as higher frequencies such as betadBb Hz)

are typically associated with alertness, and yet AVE in the beta range, often pugartheally
hypo-arouseduser into a deep sleep, which alsakes AVE a valuable tool for assessing sleep
issues such as poor sleepset and sleep apnea.

Some EEG andEEG Terms

Before we start looking at oexampleswe need to look at some definitions and to notevileat
areonly going to adressEEGand qEEG technique®/e will only review gEEGmeasures of
greatestoncern in thesease exampledhe first thing to note ithatthese are EEG recordings
usinga 1020 EEG electrode montage. This type of montage has 19 recsitliagvith two
noisecancellingelectrodes on the earlobdhe term 1620 means that the electrodes are placed
at 10% and 20% intervals between the nose and inion from front to back and between the ear
canals from side to sid&iven thatthe brainvavesbeing recorded are referenced against the ea
inputs this is termedinked-earsor areferentialrecording (referenced against the ears as
opposed to other recording electrodes, knowndiffexentialrecording).
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First, EEG is recorded from the braimr 8everal minutes. After the data have been saved as an
EEG file, that data is downloaded into qEEG analysis software. Then artifacts relating to eye
blinks and movements, plus muscle activity from jaw, neck and body movements are removed
with the intentiom of leaving only true EEG activity. Thgantity(q) of true EEG activity

remaining is processed with Fourier Frequency Analysis, and other analysis such as coherence,
comodulation, phase, efthe datanay also b&eompared to a database which was creasauy

the exact same montagad with participants who were deemed psychologically normal in
psychometric questionnaires. The analysis in the following exarhplesbeen processed using
the StermayKaiser Imaging Labs (SKIL) qEEG softwai®terman & Kaisr,1999 Lorensen &
Dickson,2004 Johnstone, Gunkelman & Lur#Q05 Kaiser,2007 Kaiser, 2008; Kaisef

Meckley, 2012).

The following gEEG analysiBigure 11 shows a picture of the electrode setup and Fig2re 1
shows the electrode cap being warinile experiencing AVE

Figure 11. 10-20 Montagewith Linked -Ears References (Al and A2)

{ ‘
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Absolute Magnitude: The average volteeamplitudes averagealer time Shownin microvolts
(uv) for each frequency band.

Database Magnitude:Theabsolute magnitud@ comparison t@ database with the average
healthy population.

Comodulation: Spindles and wavelets generally appear with some synchrony across brain

regions. Thisneasureshe degree tavhich the spindles and wavelets are in alignmieot.

instance, alpha is an idling rhythm, so when alpha spindles throughout the brain are in alignment,

it means that the brain is taking small breaks together and processing information together. When
the pindles are out of alignment, a part of the brain may be sending information to another part
that is taking a break so the information doe
requesting information and the part with the informationistakgy a br eak and stil
there. You sethis a lot with people who have be told something twice before they understand

it or having to always check twice when driving in order to see traffic and road signs, or those

who require afairbitof i me t o recall someon €dwdulatmme or ot |
compared against a normative database.

Delta Phase:This is a measure of the integrity of the whitatter extending from neurons to
other regions of the braiparticularly the thalamsiand associated structur@&his entirecortico-
thalamicsynchronizatioioop normallytakes100 msec to completg/hite-matter damage
slowsand may even stop propagation of signals to and from the neurons and the thalaetus.
neurons lose this syhmonizationpulsefrom the thalamugshey begin to fire randomly and
completelyout of sync withbothdamaged anohtactregons of the brainlmagine you are at a
concert and t band has encouraged the audig¢nagap to the beat of the soagd everyone is
doingso atwoclapspes econd (del t a) . However, there are
the rhythm right and are clapping on theloéfat. They are still clapping at two clgps second
like everyone else, just 180° out of phase with the ren@imirdience. This would show up as a
delta phase issue.
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Case Report 1 Boosting Cerebral Blood FlowEffect

Giving a person wh a slow dominant alpha brauavethe exact frequency &VE caninhibit
the same frequenci his isbelieved by the authdo possiblybedueto the increase in CBRN
inverse correlation betwed&BF and slowwave EEG activitynas beenwell established
(Teicher, et. al., 2000).

CLIENT INFORMATION:

Condition: ADD and Fibromyalgia YOB: 1987
Sex:Female Handedness: Rig
Medications: None

HISTORY':

This college student has been struggling with low energy, poor focus, poor comprehension and

mild pain throughout her body. She has been diagnosed by a medical doctor to have ADD and
fiboromyalgia. Because she struggles targwre than half a page of her text books at a time, she
would readand rereads in an attempt to learn her study material and often stays upAivhtil 3

Figure B shows hemagnitude on the SKIL databasestandard deviation$SD). Here we see

that she idlooded with7 to 8Hz dominant and slowed alptahe wa only able to read two to

three paragraphs bef oThebrdinfwavg gigesgrelth(@ to4Hzand qui
theta(5to 7 Hz), alpha(8 to 12 Hz), low betaand senso+imotor rhythm (2 to 15Hz), faster

beta(16to 20 Hz) and even fastdreta(21 Hz and above)

Figure 13. EyesClosed ZScored Apha usingLinked-Ears, Z-Scored Analysis on the SKIL
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During 30 minutesof AVE at 7.8Hz, her 7 to8 Hz acivity did increase. However, 3@inutes
following AVE, herabnormally high brawaves a7 to 8Hz normalized Given that Fox &
Raichle(1985)and others havehown thatphoticentrainment increas€BF with the maximum
increase at 7.8 Hz, it is plausible that the AVE recovered her foraition due to the CBF

aspect of AVE. Figur&4 showsnormalizedbrainvave activity30 minutesfollowing the

cessatiorof AVE. This young womanmvasnow able to read 10 pages before losing her attention.

Figure 14. QEEG Analysis D Minutes Post7.8 Hz AVE

CaseReport 2 - Calming High Frequency Beta Type of Anxiety Using Beta
AVE

|l tds been well known that beta stimulation ef
whereas alpha, theta and delta entrainment will not. The mechanism behind iésiotuitive

result may be that of dissociation, or perhaps beta AVE suppresses slow frequencies and thus
puson At he brakes, 06 which in turn allows the c¢

CLIENT INFORMATION :

Condition: ADHD, Anxiety YOB: 1958
and Obsessiv€ompulsive Dsorder

Sex: Male HandednessRight

Medicationsnone
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HISTORY:

This is a case of B0-yearold male diagnosedith ADHD, but he also complaineaf intense
generalized anxi e@Figurei5showsiiarouggEEG,dlooded \aithxaety-
producing beta EEG activity. Figur® $hows higJEEG as compared with a nhormative database.
Notice hisexcessive activation from beta activity as he was experieqciig severanxiety

(pink areas from 18 15Hz and 2%0 35Hz).

To see if betdrequency AVE(17 Hz) would reduce his anxiety in teememanner that would

put an ADHD child to sleep, he was placed on a DAVID Delight AVE unit using squared sine
wave photic stimulation and isochronic auditory toneghWifour minutes of AVE, his

excessive beta activity quickly vanished along with his anxiety, as shown in Big(lmearbeat
artifacts areapparentn both Figure % and 7). Figure B shows his qEEG as compared with a
normative databasalotice the difference betwedris premeasuregFigures 5 and16) andhis
post measured-iguresl7 and18). Notice the calmer brainwaveshigure 17 vs Figurel5. The
calmingeffect lasted for about two days. He began a program using either beta or beta/SMR
AVE every morning upon wakening duat e could go about his day withcalm demeanor.

Figure 15. Raw EEG of a 40Y ear-Old M ale with ADHD and SevereAnxiety
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Figure 16. QEEG of a 48Year-Old M ale with ADHD and SevereAnxiety
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Figure 18. QEEG of a 40Year-Old Male at Four Minutes of 17 Hz AVE
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Cortico-Thalamic Issues:Head Injuries or Interruptions of the Diffuse Axonal Type

Diffuse axonal injuryor interruption(DAI) is a frequent result of traumatic
acceleration/deceleiah or rotational injurieandsometimesvenafever. Depending on
severity,symptomgange from mildly noticeable foersistent vegetativeage in patients. DAI is
most commonlyhe result fronsports injuries anchotor vehicle acciden@nd themost
significant cause adlisabilityin patiens with traumatic brain injuriest is called diffuse because
unlike some othebrain injuries that arcalizedin one areaDAI is widespreagdusually
affecting a large areét.is traditionally described as thermationof several small tears or
distortions at the grawhite matter junction and within the corpus callosomother networksA
DAI typically results inthalamocortical gsconnectivitf TCD), a condition in whictelectrical
signals between the neuraofghe cortex and the thalamaeeinterrupted, as shown Figure

19.
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Figure 19. Diffuse Axonal Interruption or | njury Showing Thalamocortical
Dysconnectivity (Image: Scientific American).
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An excellent lierature review by Ribbers in 20Xd)tlines tle economic, emotional and socio
economic impact of Bls on those inflicted with thenin the USA 1.6 million people sustain a

TBI annually, roughly 50,000 people die from a TBI and one year after injury, 125,000 continue
to be disabled (Finkelstein, 2008) broad range of psychological illnesses result from thalamic
dysconnectivity. A study of4£3 individuals at clinical highisk for psychosis found that TCD

was particularly pronounced in the individuals who developeebfalin illness. A pattern of
widespread hypoconnectivibetween the thalamugtefrontal and cerebellar are@mticevic et

al., 2015 Dikmenet al, 2009)indicatedclear evidence of an association between penetrating
head injury anddngterm cognitive impairments simonths or longepostinjury. There were
strong correlations between gest intelligence, volume of brain tissue lost and the brain region
damagedA systematic review on social functioning affé@8l was performed byemkinand
colleaguesn 2009at least sixnonths afer the injury. They concluded there was a direct
relationship between the severity of the injury and social outcddegsession and anxiety are
highly correlated with TBI and persist for many months (Bombardier, 2010).

TCD directly affects the alpha rityn. The alpha rhythm is mediated by billions of synchronized
corticaktthalamic circuits and healthy alpha is close to 10$th(eckenbergeet al., 2004).

In the case of BAI, there is an electrical blockage to either axons or dendrites in the loop
between the cortex and the thalamus causithingsto occur 1) the alpha rhythm becomes
attenuated or eliminatad certain regions or entirelgnd2) because thaffected neuronare no
longer receiving aynchronization pulse from the thalamus, thegib®scillating on their own

in thel to 2Hz range (low delta) (Thatcher, et al., 198%riade, et al., 1993). Now thae
neuronsare oscillating without aynchronzationpulse, delta phase is asynchronous and
disconnected in relation to a databaka bealthy brainThatcher, et al1989) and the delta

phase measure will show abnormalities.

Following a brain injury, the brain goes intestate of shock, called diaschisis. During diaschisis,
inflammation is high and heavy energy demands are platétedorain tdacilitate repair. All
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of these eventaffect neurons, not only in the injured areas, but throughout the brain (Doidge,
2015 p 89. TBI-triggered halamic inflammatiornas been linked to being caused by neuro
inflammation in the form of géil activation triggered by the TBI and has been shown to persist
up to 17 years after traumatic brain injyRamlackhansingkt al., 2011)Chronic activation of
microglia is implicated in many neurodegenerative disordier2015,Scott and his colleagae
further demonstrated using diffusion MRI to estimate axonal injury and show that thalamic
inflammation is correlated with thalanuortical tract damage.

Fever has also been found to causs lof brain functionThompson, Pintévartin andBullock,

in 2008, found that patients with DAI present on imaging studies were over nine times more

likely to develop neurotrophic fever in patients with DAI vs TBI patients without DAI, all other
factors being equaFever can also follow stroke and cardiac bypass sp(@nsberg & Busto,

1998).In astudyof 110 patients admitted within 24 hours of strakeye severe symptoms were
associatedwith ever and Asubfebril i tCyanmud3§.0°CHnpfeltr at ur e s
1976).

With hundreds of millions or even bohs of neurons taken eline, thefamous phrase coined

by Carla Shatz in 199Zineurons that fire together, wire together and neurons that fire out of

syng lose their linko principle comesnto play andaffectedneurons continue to stay off line

from becoming disconnectad the first placeWith the loss of the thalamic sync pulseurons

no longer fire in rhythmandlow-frequency endogenowuandom firing of neuronss revealed by

poor delta phas@ his random firingalsomakeshe EEGappeafi n 0,0 syhowi ng i ncr ea
choppy-looking beta activity(Doidge, 2015p 103). Thelow alpha activitycoupled with

excessive beta activity results in feelings of agitation and anxioudngssal eyesclosed épha

amplitude in normal peoplghows an alpha/beta i@bf threeor more. In those with DAIs, the
alpha/betaatio is often less than one.

Thefollowing threeexampleslemonstrate the diversity of presenting symptoms of DA(ks.
will review a youngvomanwith anxiety and anorexia possibly resulting from a fevevoman
with lost cognition following a motevehicle accident and a young man dealing with binge
alcoholism whose head injury as a child ma®sult of his skull beingrushedby close to 2.5
cm (10) .after a fall

Theremarkableaspects othis population ar@gust how similar their brainwaves aras they all

show alpha dropoutamqmbord el t a phase. ltd6s true that there
the anorexic shes some signs of OCD and the young man with the childhood head injurg show
severe alpha loss and delta phase problems. Despitevthesees, | proposgspectrum of
disordersarisesfrom DAIs and tlis should be considered in that light and NOT formaigated

for their individual clinical diagnosis until a DAI has been ruled out.

AVEGsSs Surprise

To reestablish the lost alpha activity, it always seemed logical to provide entrainment at an alpha
frequency. However, this technique was not overly succe$§tht came as a surprise were two
things: 1) that beta stimulatia@t 20 Hzwould reestablish an alpha rhyttanaround 10 Hzand,

2) that dual frequency stimulation (where the left visual fields and left audio were presented at a
different frequency thathe right side) would reestablish the alpha rhythm. This technique
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provided leftside entrainment at SMR (12 to 15 Hz) and Agilde entrainment at beta (20 Hz)
frequencies. A solid physiological explanation as to wkyorks is yet to be revealedll we
know is that it produces fast and pronounced effects clinically.

Case Report DAI 1i Interpersonal Anxiety and Mild Anorexia (with OCD)

When conducting research with case studies with a hoarder, counter, cutter, anorexic and
ritualist, the authomvassurprised tmbserve they all had similar braiave patternsonsistent
with obsessiveompulsive disorder (OCDYhey all showed a lowoltage, alpha dropout
conditionand delta phase issues similaatDAl, but with a locusof slowed alpha/heightened
theta EEG activityplong the cingulate.

CLIENT INFORMATION :

Condition:Generalized Axiety, YOB: 1997
Obsesive-Compulsive Disorder \{ith Anorexia)

Sex:Female Handedness: Right
Medications20 mg of Prozac
HISTORY:

This young womarstruggledwith social anxietymild obsessive&eompulsiveness relating to her
anorexiaand delayed sleepnset insomni#or about three year3.o the observer, she appeared
relaxed, peaceful and calm, but she wasch moreanxiousthan she appeed She ao hal

guite a tense lefide masseter musclhe was light sleeper most of her lifAs nervousness
grew about the challenges of entering college steponset latencyncreased from
approximatel\20 minutes to twdours and her desire to eat wawidished

Assessments antlVork Done

HWhi |l e itds good to treat t klentdhEeEf@ewe haved s
theclienttrack how they think things are going byngpletinga Symptans Checkbst-90-
Revised(SCL-90-R, a 90-question slf-reported questionnaiyeuring treatmentAn overall
score of 50 is the norm. Higher scores represent a poorasselsment than the normal
population while lower scores indicate better than norAatore of 60 is one standard
deviationoff the nam. Scores higher than 60 arensidered clinical.

2) A 19channel, referential/linkedars EEGand qEEG was completed for eyes closed, eyes
open, AVE with gesclosed and post AVE witayesclosed.

3) AVE at alpha/beta (left side at 10 Hz and rigikie @ 19to 21 Hz usingheadphones argplit-
field eyesets) frequreies to inhibit her slow brawaves was used while her brainwaves were
being recorded.
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4) Client was given ®AVID Delight Pro, which uses a combination of A¥&d Cranieelectro
stimulation CES).

EEG and gEEG Analysis

In thesnapshobf EEG activity shown in Figur0, both slow wave and fastaveEEGare
present. Here we ssemespindled beta in the frontal, temporal, parietal and occipital regions.
This generally represents anxious andinsettled persorrastbrainwave activity may

contribute to feelings of anxieti#Z, CZ, andPZ (and to a lesser degr&3 and C3are quite

high in sloved alpha waveslowed activity over FZ and CZ (plus delta phase issues) are
indicators of OCD.

Figure 20. Raw WaveformsPre AVE 1 EyesClosed Condition

Beta waves Alpha | Slow | Beta spindles
y waves | wave v

What we see here in her eydesed analysis is slowed activity with the locus along the midline

at FZ and CZ primarilyFigure21), whichis characteristic of OCD. Wimeher data is compared

against theSKIL databaséFigure 22), it is apparent that she shows some degree of alpha/theta
dropout across the frequency range ¢d 46 Hz, with asignificantlossat 10 Hz.To the best of

her and her mothero6s recol | ec,butltashadfevere has ne
relaing to viral infections Therefore, his maynot bea sign of concussigiout relating to a fever

at one time in her life, leaving her withddfuse axonalnterruption but not injury per se.
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