Diffuse Axonal Injuries, Interruptions and Treatment Using

Audio-Visual Entrainment

- Dave SieverCE.T.

Abstract

The concept of entrainment is a biological response in an organism to a stream of stimuli in
which the organism in some way show&sonantesponse in frequendy the stimuli. The
concept AudieVisual Entrainment (AVE) involves the presentation of a continuous stream of
visual flashes of light and pulses of auditory tones. This is purported to inthuaevaave
frequencyresponsematchingthat of thestimui, also known as the frequenéyllowing
respons@andmore recently, brainwave entrainmente frequencynodelof AVE is what most
people thinkof whenthey consider AVEhowevemany other eventsccursimultaneouslyThe
frequencyfdl owi ng aspect of AVE is only a smal/l
occurat all Other effects of AVEncludedissociation and hypnotic induction; autonomic
nervous system calmingicreased cerebral blood flow; increasedirotransittersand
unexpectedrain-enhancingffects.

Concussions are typically categorizedtesdiffuse axonatraumatic brain injurfDA-TBI),

which is characterized by an interruption in the axonal pathways, either descending from the
neurons in the cortex to the thaius or from the thalamus to the cort@®iven that DATBIs

rarely show on an MR, it might be more precise to consider them as an interruption in signal
transmission rather tham injury.DA-TBIs impair both cognitive function and emotional
control,resuting in aspectrum opsychologicatisordersEEG recordings of a person with a
DA-TBI show loss of alpha activity (the main thalamocortical rhytlagitated beta activitgnd
aberrant delta and beta phase between the various cortical rédponslogcal deficits from
DA-TBIs, caused by either injury or feyean remain for decades.

Through its various mechanisms of action, AVE gaitkly re-excite thes@eurons and in turn,
reestablish the thalamocortical loops, thus restoring cognition, emotitrolcandaffect.

Introduction

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

of tones into the eaia specific frequencie3he frequency of the lights and tonesedare in the
brainwave frequency rangem .5to 40 Hz. AVE is one of the most intriguing stimulation
technologies as AVE devidegve been shown to influenaevarying degreedrain activityby

a myriad of influencesot simply frequency drivingiventheseother effects, we could poad

if we should simply rename the technique as auioal stimulation (AVS)Our senses are
constantly bombarddaly AVS. Consider watching TV or sitting on a street corner watching the
traffic. Theseactivities consist oAbundanguantities ofAVS, yett hey donét have
impact on the brairf-or instance, when AVE is randomized ap Hz (for example 10 Hz
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would randomize from 8 11 Hz) entrainment is reported to providsignificantclinical

impact. A ¢ Hz, the clinical effect is poor dt ¢ 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 entraining, hence A\Her this reasonig, we will use the term AVE
throughouthis atticle. Because AVE affects such a diverse range of neurological processes, it

has applicaons spanning from simple meditation and boosting cognitidhe treatment of

complex issues such as depression, pain dghuseaxonal 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 byamost of
complanentary effets are occurring simultaneousgsshown below:

Brainwave entrainment;

Dissociation/hypnotic inductign

Autonomic nervousystem calmingincluding heart rate variability)
Increased cerebral blood flow;

Increased neurotransmitter activity;

Unexpectecffects.

ok wNE

(1) Brainwave Entrainment

One mechanism of &on attributed to AVE, and to some degree all stimulation technologies, is
related to frequencgriving of brainwave activityknown as the frequency following response
and more recently as entrainmdgtrainment occurs when a bodily rhythm reflectsrtinghm

of the stimuli to which it is exposeBor example, braiwaves observed &EEG reflect the
dominant braimave frequencyuplicating the frequency @fuditory, visual or tetile stimuli.

Photic driving of braimaves was first discoverdyy Adrian aad Matthews back in 193%hile
auditory entrainment was first demonstrabgdChatrianand colleagues 1959. Photic
entrainment occurs best ne@omaplld&isneyetah, nat ur a
1973).AVE utilizing squarewave photic stimiation shouldbe avoided in those with
photosensitive epilepsy, where flashing lights of certain #eqies may trigger a seizure
(RuuskanerUoti & Salmi, 1994 Erba, 2001 Trenité et al.,2001) while sinewave stimulation
does not produce harmonics andy well be safer for epilepticBénker, et al, 1978 Regan,
1966;Townsend1973 Van der Tweek Lunel, 1965). Figure 1showsthe EEG effects of
squarewave(xenon flashphotic entrainment at a variety of frequencies
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Figure 1. EEG Showing Photic Entrainment (Kinney, et al, 1973)

AVE effects are primarily associated with frontadrietal, occipitabrain regions and near the
vertex Frederick et al.,1999. For exampleFigure 2showsa qEEG (gantitativeelectre
encephalograph), or "bramap" rom the SKIL (Stermai#Kaiser Imaging Labs) database, 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
refererced with the oval area on the legend. It is through 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), whitpical of semisine

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 entranent can enhance braiaves at a particular frequencgntrainmentan
also inhibit tke hdf frequency of stimulation, whicls usefulfor treatingthose with excess
brainwvave activity at slower frequencies such as w#pressionADHD, strugglingcollege
students and seniovgth agerelated cognitive decline (Siever 2003€pr instancethose with
ADHD show excess frontal theta &7 Hz) activity and too little SMR @to 15 Hz). By
stimulating in the frequency range i to 15 Hz,the sensomotor rhythm (SMR) activity over
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the motor strip is enhanced while frontia¢ta activity rangindgrom 6 to 7.5 Hz is nhibited, thus
accomplishing botloutcomesat once(frontal lobe activation and motastrip calming) Figure 3
showsexcesw/e theta activity from an ADHD child. At the 3@inute mark(red arrow) SMR
stimulation at twice his dominattieta(roughly 14 Hz)was given, which quickly suppressed his
theta activity(Collura & Siever, 2009)

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

Several studies have been completedesthe 1950s on hypnotic induction and dissociation
(Walter, 1956 Lewerenz, 1963Sadove, 1963ylargolis, 1966 Leonard et al.,1999& 2000)
and altered states of consciousnétsaf, 1971; Lipowsky, 1975; Glicksoht®87). The first
study on dissociatiomduced via 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 thainearly 80% of the participants inglstudy
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, iegnefoundly reducedutonomic
activity (sympathetic and compensating parasympatheticjrenautonomic nervous system
returrs to homeostasis (also knowndissociation and restabilizationDAR) (Siever, 2003a).
Assisting clients witla history oftrauma to dissociate (in a constructive and meditative way),
during the course of treatmdaastimportantFor example, Figure $hows a typical reducn in
forearmsEMG (electromyography recorded with surface/skin electroded)Figure &hows a
typical increase in finger temperature during AYftawes, 2000)Notice that retabilization
begins after roughlgix minutes of AVE, when the user begins dissociating am@tonomic
nervous system settleswn.

Figure 5. Forearm sEMG Levels during AVE (Hawes, 200)
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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 alsaneasursconsistacy inheartrhythm 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
disarder following a disturbing event with her recently separated husband.ttithsused 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 lightsasdraot

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 breathingycle and six (24/4preaths 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 fran the emWave PGvww.heartmath.coin The uppetleft window
indicates the actual heartrate throughout the recordimg bottomleft window shows a score as
determined by an algorithm which looks at the high verswshleart rate, roundedness 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 shows 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 compensatory 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 spékandclamp

(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 oétautonomic activation.

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 timehbart ratéhad

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 be done 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 CerebralBlood Flow

- Al e s

High

Cerebral blood flow (CBF) is ess@aitfor good mental health andriction.Measureof CBF
show that hypoperfusion of CBF is associated with many forms of mental disioidedsng
anxiety, depression, attentional and behavior diso deisher, et al., 2000) 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

a Sahumanh Reson8mcefhe eartt{Balser&f

stimulationtechnques occur
Wagner, 196Q)

Figure 9. Cerebral Blood Flow at Various Photic Entrainment Repetition Rates (Fox &
Raichle, 1985)
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(5) Increased Neurotransmitter Activity

Neuotransmitters affect all of brain functioningome neurotransmitters such as glutamate and
norepinephrine excite brain arousal while other neurotransmitters such as serotonin and GABA

calm the brain down. Withlonrger m str ess andgodbamr enexirmr r atntseni
such as dopamine, serotonin and norepinepishnédown, leaving us feeling lethargic and sad.

For instanceSeasonal Afictive DisordefSAD) involves reducetkvels of melatonin, a
neurotransmitter thaegulates circadian rhyttsrandhibernation in animaldMelatoninslows
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 eery psychatric disorder Moderate levels of norepinephriteb r ai n6és 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 disagle
including anxiety, depression, obsessoegnpulsive disorder, schizophrenia, memory and
cognitive disorders has been linked to branrotransmitter actiorefnmons, 2010; Arco &
Mora, 2009).There is evidence thaerebralspinal fluid levelsof melatain fall while serotonin,
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 windeytime levels of melatonin typicallycrease
alertness (Figur#O0).

Figure 10. Neurotransmitter Levels Following AVE (Shealy, et al, 1989)
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(6) UnexpectedEffects

Both nonentraining aspects aiudiovisualstimulation and unexpected sidéects of

entrairment are emerging within the literature. For instance, for treating Auditory Processing
Disorder (APD), often comorbid with Autism Spectrum Disorder, the Tomatis M&fhad

threepart technique in which a variety of filtered prenatal sounds, then filkenatls of Mozart
music and Gregorian Chants, followed by an active phase, are presented via headphones to the
patient. Marked improvements in auditory processing, various forms of memory and cognitive
improvements have been observed (Ressin, 2007).
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Intranasal Light Therapy (ILT) is a technique involving the shining of near infrared light into the
nasal cavity from a lighémitting diode (LED) mounted on a small clip. Ample evidence of ILT
has shown effectiveness in treating a multitude of neurolbdisarders including insomnia,

mild cognitive i mpairment, Al zheimeroés Diseas
and stroke. The current theory of function has been based on optimizing the results for blood
irradiation, which may be holdingbac t he br ai nds potential for be

(Lim, 2013). Although the main premise of entrained light is that the frequency of the light
pulsess affectingthe brain, this does not preclude the fact that entrained light shines through the
skul and into the brain directly, as does light therapy.

Many studies on near infraréNIR) light therapy for a variety of brain issues ranging from
depression to concussion have been emerging in recent years (Doidge, 2015). NIR light has been
shown to impove mitochondrial function in hypoxic cells, increase adenosine triphosphate

(ATP), important for cellular metabolism because it releases local nitric oxide, which in turn
increases regional CBF. A recent study utilizing an array of head mounted traaisoeani

infrared LEDs on people with mild traumatic brain injury, showed significant improvements in
cognitive performance, social, interpersonal and occupational functions (Naeser et al., 2014).

One of the most intriguing effects of entrained light ineslthe application of 40 Hz (gamma)
photic entrainment for one hour into the eyes
Disease. This study showed that, within a few hdugtgamyloid plaques were reduced in the

range of 50 to 70% and micraglcell body diameter increased by6¥6from consuming the

betaamyloid deposits (laccarino et al, 2016).

Clinical Research

Over the past several decades, AVE has been associated with several types of beneficial
outcomesspanninga widevariety ofclinical applicationsfor SAD (Berg & Siever 2009, for
improving concentration and memory in college studeBsiynski & Tang, 1998; Budzynski,
et al, 1999; Budzynslet al, 2007 Wuchrer, 2009, for reducing worry in college students
(Wolitzky-Taylor & Tech, 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 falling in seni@srf &
Siever, 2004 for treatingA | z h e i(Budzynsgkis etal., 2002) for improving brain function
and memory in senio®Villiams, etal., 2006;Palmquist 2014), for reducing chronic paifrom
occupational injurff{Gagnon& Boersma, 199%, for reducing symipms of fbromyalgia (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; Siever, 2008, for treathg PTSDin war vetyTrudeau, 1999 and for
improving sleepTang et al., 206). Whereas there is not space in this brief review article to
describeall the studies cited, Table 1 lists a variety lofical conditions, along with theumber
of studies énd the size of the population), as well as the type of demographic
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Table 1. Clinical Studies Involving AVE.

Condition Studies (N) Demographic
Attention Deficit Disorder (ADD) 4 (359) School children
Academic performance in college students 3 (134) Codllege students
Reduced worry/anxiety in college students 3 (163) College students
Drug rehablitation 1(4) General population
Depression andnxiety 3(93) General population
Improved cognitive performance in seniors 1 (40) From senio
Redued 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
Seasonal Affective Disorder (34 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/meditation 10 (>2000) Generapopulation

Pain andibromyalgia 5 (178) General population
Insomnia 1(10) General population

Post Traumatic Stress Disorder (PTSD)

1(15) ~600 cases

Public, military, police

Literature reviews 5 Diverse population
Premenstrual Syndrome (PMS) 2 (23 General population
Diffuse Axonal Injuries (interruptions) 1(5) Closedhead injuries
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The Enigma of AVE

In this sectionwe turnour attentionaway from the traditional frequency driving effects of AVE
to mechanisms and principles that underlieihe a i n 6 s eppansds temtrairingstimuli.
There are several potential mechanisms that relatertiinearfrequencyspecific responses.

In particular,network properties and nonlinear effeocfsAVE may produce results beyond
simple changes iarousal such aactivation or relaxationOn the surface, a repetitive stimulus is
nothing more than the combinationmofinysingle stimuli However, menoninear effectof
entrainments the presence ofreeuronakefractory period after each stimulughich includes

the time that a neuraequires taepolarizecompletely. If a stimulus is presented within the
refractory period, thpreviousresponse to thnextstimulus will be affected by #t stimulus and
may extend beyond the simple veetalditionof the stimuli,so that the response is now
different

But the function of the brain is acutely conditioned on factors ascdynchrony, network
conrectivity and selorganizatiorso complexneuralprocesses camand dooccur Whereas
physical processesich as blood flowpeurotransmittersnetabolic activity, and related
physiology might be expected teorganizéhemselvesn a predictable fashion, neuronal
networkreactiongo repetitve stimuliat various frequencies and via different modalitiesukho
be expected to be muamore complex

Neuroplasticity

Neuroplasticity is the ability for the brain to mfydthe ways it responds &timuli. Stimuli may
come from the environment or simply be thoughts one is thipiihggh in turn can form
dendriticconnectionsNeurons and their synapses may be excitatory or inhyatadlinearity
of the responseould be impossible to predict.

Neuroplastic effects of repetitive stimulation include those that involve changes in neuronal
responsivity and tendencty activate, even after the cessation of the stimulatorHe b b 6s | aw
(1961)states hat fAcel | s,wihraet tfoigcbéurtherondimateshthatmeural
networkschangebecausef stimulated neuronal firindBut there is moréo this story irthat the
Aneutrlmats fire out of Ofterydoring leaming; sememeutonsarte firiagy n ¢ . 0
and wiring together while others are firing and wiring apart simultanedestynstance,

cognitive training involves both learning a desiredascand suppressing an undesiaation.

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 change€nce tke neurons are off lin@s withdiffuse axonal interruptionsould

active neuroplastic changes tulktleabhad pushs neur on
required to reactivate thét recent study in mie with intentionally damaged retis and ojic

nerves found substantial regeneration in the group of mice that received intense visual

stimulation {im et al, 2016)whereas the controls in a normal visual environment showed

insignificant regeneration.
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Repetitive stimulation, particularly when itquiuces metabolically significant activity such as
action potentials, can have both immediate and lasting effects on the brainefféetsgvould

be primarily due to the physical consequences of the increased activity of neurotransmitters,
transmembrantansport mechanisms, and the associated 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 theakmoval
metabolic byproducts, as well as the reuptake and transport of neurotransmitters. It is therefore
reasonable to expect that repetitive stimulation can have efiggtst only neurons, but also
associated structures including theaglrascular struares, and othesupportive tissues.

Clinical Examplesof Enigmatic Effects of AVE

The five exampledelowindicate that the dissociative a@BF aspects of AVE are just as or
likely even more imprtant than thérequencyfollowing effects As mentionedabove, AVE
affectsCBF, neurotransmitters, dissociated stateéglautonomic activityall 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 deep stewith dualfrequencyAVE of alphabeta or
SMR/betafrequenciesThis iscounterintuitive, as higher frequencies such as betadB% Hz)

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

SomeElectro-Encephalography ( EEG and Quantitative EEG (QEEQ Terms

Before we start looking dhe followingcase studiesveneed to look at some definitions and to

note thatwve are only going to attessEEG and qEEG techniquesd wewill only review qEEG
measures ofreatestoncern There are a few methods for placing electrodes on the head. These
EEG recordingsvere made uspg electrodes placed according to the internatit@al0 EEG
electrodeplacement systenThis type of montage has 19 recording sites with two noise

cancelling electrodes on the earlobHEse term 1620 means that the electrodes are placed at

10% and 20%uritervals between the nose and inion from front to back and between the ear canals
from side to sideThe brainwvaves being recorded are referenced against thamas- this is
termedlinked-earsor areferentialrecording (referenced against the ears@sosed to other

recording electrodes, known adifferentialrecording).

First, several minutes dEEG arerecordedff the scalp After thesedata hae been saved as an
EEG file, that data is downloadedorfEEG analysis software riéfacts relatingo eyeblinks
and movements, plus muscle activity from jaw, neck and body movemetite@removed
with the intention of leaving only true EEG activity. Tépgantity(q) of true EEG activity
remaining is processed with Fourier FrequeAnglysisand otfer analysis such as coherence,
comodulation, phase, efthesedatamay also beompared to a database which was created
using the exact same montagyed with participants who wedeemed psychologically normal
according tqpsychometridesting Theanaly®s in the followingexampleshave beemprocessed
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using the StermaKaiser Imaging Labs (SKIL) qEEG softwaj@terman & Kaiser]1999;
Lorensen & Dickson, 2004; Johnstone, Gunkelman & Lunt, 2005; Kaiser, 2007; Kaiser, 2008;
Kaiser & Meckley, 2012).

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

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

Dave Siever pagel3 copyright 2016



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 waatets generally appear with temposghchrony across brain

regions. Thisneasureshe degree to which the spindles and wavelets are in aligwmitbnt

respect to timeFor instance, alpha is an idling rhythm, so when alpiradtes throughout the

brain are in alignment, it means that the brain is taking small breaks together and processing
information together. When the spindles are out of alignment, a part of the brain may be sending
information to another part thatistagin a br eak so the i nformation ¢
Conversely, a part of the brain may be requesting information and the part with the information

i s taking a break and thi¢aldtwith petpleaiodatenb&toldget t h
somethingwice before they understand it or having to always check twice when driving in order

to see traffic and road signs, or those who r
other informationComodulation is 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 thalamus and associated structtlites entire
thalanocortical synchronizationoop normallytakes100 msec to@mplete White-matter

damage slowand may even stop propagation of signals to and from the neurons and the
thalamusWhen neurons lose this symonizationpulsefrom the thalamusthey begin to fire
randomly and completelyut of sync withbothdamaged ad intactregons of the brainlmagine

you are at a concert ancetband has encouraged the audigncgap to the beat of the soagd
everyone isdoingsaéwoclapspes econd (delta). However, there
seem to get the rhythnight and are clapping on the dfeat. They are still clapping at two claps
persecond like everyone else, just 180° out of phase with the remaining audience. This would
show up as a delta phase issue.

Beta PhaseThis is a measure of synchrony betweertical areas It may also reflect a general

thalamocortical desynchrony wérious Rich Club neuronal networKshese are densely packed
neurons segregated into 66 clusters or hubs (Hagmann, et al., 2008).
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Case Report I Boosting Cerebral Blood Flav Effect

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 activif has beenwell established
(Teicher, et. al., 2000).

CLIENT INFORMATION:

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

HISTORY':

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

mild pain throughout her body. She has been diagnosed by a medical doctor to have ADD and
fibromyalgia. Because she struggtedead more than half a page of her text books at a time, she
would readand reread in an attemptlearnher study material and often stayeg until 3AM.

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

that she is flooded withi to 8Hz dominant and slowed alpHahe wa only able to read two to

three paragraphsebf or e Af o0 g gi n grbe bminvave @nges argetlai(1tta4 Ha), g .
theta(5to 7 Hz), alpha(8 to 12 Hz), low betaand senso+imotor rhythm (120 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 tha Fox and
Raichle (1985)and others havehown thatphoticentrainment increas€BF with the maximum
increase at 7.8 Hz, it is plausible that the AVE recovered her brain function due to the CBF
aspect of AVE. Figur&4 showsnormalizedorainvave 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

| t 6 s b e svnthaivleta stimiation effectively puts ADHD children into a deep sleep,
whereas alpha, theta and delta entrainment will not. The mechanism behind this counterintuitive
result may be that of dissociation, or perhaps beta AVE suppresses slow frequahties a

puson At he brakes, o0 which in turn allows the

CLIENT INFORMATION :

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

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 eFiguref5showsihia rougigEEG,dlooded &ith anriety
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 beta frequency AVE7 Hz) would reduce his anxiety in teememanner that would

put an ADHD child tcsleep, 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 Ef(irearbeat
artfacts areapparentn both Figure % and 7). Figure B shows his qEEG as compared with a
normative databasalotice the difference betwedris premeasuresKigures 5 and16) andhis

post measuregd-iguresl7 and18). Notice the calmer brainwaveskiigure I7 versus Figure 15.

The calmingeffect lasted for about two days. He began a program using either beta or beta/SMR
AVE every morning upon wakening duat he could go about his day wélcalm 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 40Year-Old M ale with ADHD and SevereAnxiety.

Figure 17. EEG of a 40 Year-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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Traumatic Brain | njury (TBI)

An excellent literature review by Ribbers in 2010, outlittee economic, emotional and socio
economic impacodf TBIs of all types.In the USA 1.6 million people sustain a TBI annually,
roughly 50,000 people die from a TBI and one year afijary, 125,000 continue to be disabled
(Finkelstein et al., 2006 broad range of psychological illnesses result from thalamic
dysconnectivity. A study of 243 individuals at clinical higék for psychosis found that
thalamocortical disconnects were to@rlarly pronounced in the individuals who developed-full
blown illness. A pattern ofidespread hypoconnectivity between the thalamus, prefrontal and
cerebellar areas (Anticevic et al., 2015; Dikne¢mal.,2009) indicated clear evidence of an
associatio between penetrating head injury and kbeign cognitive impairments six months or
longer postinjury. There were strong correlations betweengwst intelligence, volume of brain
tissue lost and the brain region damaged. A systematic review on soctabifing

after TBI was performed by Temkiand colleaguem 2009 at least six months after the injury.
They concluded there was a direct relationship between the severity of the injury and social
outcomesDepression and anxiety are highly correlatedhwiBI andpersist for many months
(Bombardier, 2010).

Thalamocortical Issues: Injuries or Interruptions of the Diffuse Axonal Type

The most common type @Bl is aninjury or interruption of the iffuse axonatype (DA-TBI).

A DA-TBI is a frequent resulyf traumaticacceleration/deceleration or rotational injurdéshe
headandsometime®venafever. Depending on severitgymptomsange from mildly

noticeable tgersistent vegetativeate in patientsDA-TBIs aremost commonly the result from
sportsinjuries andmotor vehicle accidents and the most significant cause of disability in patients
with traumatic brain injuries. It is called diffuse because unlike some other brain injuries that are
localizedin one arega DA-TBI iswidespreagusuallyaffecting largebrainarea. DA-TBIs are
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described as the formatiaf several small tears distortions at the grawhite matter junction
and within the corpus callosuan other networks

Fever has also been found to causs lof brain function. ThompsoRjnto-Martin and Bullock,

in 2003 found thatpatients with DATBI present on imaging studies were over nine times more
likely to develop neurotrophic fever in patients with DBl versus other forms of TBI (patients
without diffuse axonal interruptionsgll other factors being equal. Fever can also foktnwke

and cardiac bypass surgery (Ginsberg & Busto, 1998). In a study of 110 patients admitted within
24 hours of stroke, more severe symptoms were associated with fexgerdelokility
(temperaturebetween 37.5°C and 38.0°C) (Hindfelt, 1976).

Following a brain injury, the brain goes into a state of shock, called diaschisis. During diaschisis,
inflammation is high and heavy energy demands are placed on the brain to facilitate repair. All
of these eves affect neurons, not only in the injured areas, but throughout the brain (Doidge,
2015, p 86. TBI-triggered thalamic inflammation has been linked to being caused by neuro
inflammation in the form of glial activation triggered by the TBI and has beemnstmpersist

up to 17 years after traumatic brain injury (Ramlackhansingh et al., 2011). Chronic activation of
microglia is implicated in many neurodegenerative disorders. In 2015, Scott and his colleagues
further demonstrated using diffusion MRI to esitmaxonal injury andhow that thalamic
inflammation is correlated with thalancortical tract damage.

With hundreds of millions or even billions of neurons ta&#rine, the famous phrase coined

by Car |l a S meurors that fire tag8ti9el, witedgether and neurons that fire out of

synglose theirlinkd princi ple comes into pl ayfflmend affec
from becoming disconnectad the first place

A DA-TBI is best expressed #salamocorticatlisconnectivit TCD). The dpha rhythm is
generatd by billions of synchronized cortietilalamic circuits and healthy alpha is close to 10
Hz (Schreckenberger, et al., 2004). In the case of & B thereis an electrical blockage to
either axons or dendrites in the loop betwd®ndortex and the thalamwss shown in Figure 19.
This caugstwo things to occur:

1) the alpha rhythm becomes attenuated or eliminated entirely in certain brain regions.
Typical eyesclosed alpha amplitude in healthy people shows an alpha/bet&ratblz
range / 2680 Hz rangepf approximaely three or more (Kaiser, 20071n those with
DA-TBIs, the alpha/beta ratio is often less than one. This low alpha activity, coupled
with excessive beta activity results in subjective feelings of agitation ambaness.

2) because the affected neurons are no longer receigyigcaironization pulse from the
thalamus, they begin oscillating on their own in the 1 to 2 Hz range (low delta) (Thatcher,
et al., 1989Steriade, et al., 1993). Now ththeneuronsare osdlating without a
synchronizatiorpulse, delta phase is asynchronous and disconnected in relaion to
database of a healthy brand the delta phase measure will show abnormalities
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Figure 19. Diffuse Axonal Interruption or | njury Showing Thalamocortical Disconnectivity
(Image: Scientific American).
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Delta Phasel ndicators of a DA-TBI: As mentioned, vth the loss of the thalamic sync pulse
neurons no longer fire in rhythemdlow-frequency endogenouandom firing of neuronis
revealed by poor delgghase This random firingalsomakeshe EEGappeati n 0,06 syh owi ng
increaseahoppylooking beta activity(Doidge, 2015p 103). Individual neurons firing
randomly would theoretically wash out in the KHz raagé not be observable in tB&G. Of
the66 Rich Clubneuronahubs, consider thalhe thalamocortically disconnected hwiesre
firing randomlyas complete unitand in the 1 to 2 Hz range as shown by Thatcher,,&i989
Thenthese hubsvould produce increasingly choppy ERtcorrelationwith anincreasing
number ofdisconnected hub®Vith increasingseverity of a DATBI, beta phase discontinuities
would alsoincrease in frequency.ow frequencybeta phase abnormalitie®uld appeam
relation to small injuriesvhile gamma phase discontinugierould appeain relation to large
injuries.

The author has workddr several yearwith people struggling in the aftermath of a head injury
and has observed alpha drop out in everything from forceps deliveries, fevers, physical head
injuries and unknowwgauses. However, a lack of understanding of the underlying physiology
within the psychological and psychiatric professions may result in many of those WATHBBA

to be misdiagnosed as other disorders including the low alpha/high beta type of anxiety.

Beta Phaselndicators of a DA-TBI : The followingscenaricservesasan analogy talarify

synchronized deltaearsusasynchroousdelta.Imagine yu are at a concert listening to a band

playing. The beat of the song is 120 beats/minutéz()2 The audience lgas clapping their

hands to the beat of the music,es@ryone is doing so at two claps per second (déiia).

microphone was in the room processing the sound of the clap, spectral analysis would indicate it

to be at Hz. But once the song has endedery person in the audience applauds the
performersAlthough each person continues to clap at roughly two claps per second or 2 Hz, but
intheirowntime everyoneds cl appi nNgwthoesarmsoéd s desynchr
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desynchronized claps are reverberatimgughout the auditoriumnd a roar envelopes the room

And the | arger the audience, t hhteclidtergdmenr i n pi
audience of 10 peopleersis the roar froman audience of 1000)hese disconnected claps

would appeaas high frequency noiseven though the saes are all at roughly 2 claps per

second2 Hz). In the brain, once the neurons (at 1 to 2 Hz) are desynchronized and firing in their
own time, we would expect to see desynchronized beta and thereforephdsetdesynchrony

Sofar, few analyss have been done, but observations have shown beta phase desynchrony in the
15to 40 Hz range with the desynchronized beta frequency dependent on the sizel@he

Thelarger the region of CD the highethefrequerty of beta phase discontinuify=10). These
discoveries are in their infancy and require more exploration.

DA-TBI Case Examples

Thefollowing threeexampleslemonstrate the diversity of presenting symptoni3A{TBIs.
We will review a youngvomanwith arxiety and anorexia possibly resulting from a fever, a
womanwith lost cognition following a motevehicle accident and a young man dealing with
binge alcoholism whose head injury as a child aassult of his skull being crushbg close to
2.5 cmerafalb) af

Theremarkableaspects othis population argust how similar their brainwaves aras they all

show alpha dropoutamqbord e | t a phase. |l tds true that there
the anorexic shows some signs of OCD and the yowrgwith the childhood head injury shew

severe alpha loss and delta phase problems. Despitesthabeariancesthe underlying nature

of a DaTBI may manifest int@ spectrum of disordersDespite the clinical diagnosis, these

disorders should not be@wgsidered as entities in themselwesil a DA-TBI has been ruled out.

AVEOGs Slurprise

To reestablish the lost alpha activity, it always seemed logical to provide entrainment at an alpha
frequency. However, this techniquasinotoeenoverly successful. Wit came as a surprise

were two things: 1) beta stimulatiab 20 Hzwould reestablish an alpha rhyttanaround 10 Hz

and; 2)dual frequency stimulation (where the left visual fields and left audio were presented at a
different frequency than the rightg)) would reestablish the alpha rhythm. This technique

provided leftside entrainment at SMR (12 to 15 Hz) and Hgilde entrainment at beta (20 Hz)
frequencies. A solid physiological explanation as to whyorks is yet to be revealedll we

know is that it produces fast and pronounced effects clinically.
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CaseReport DA-TBI 17 Interpersonal Anxiety and Mild Anorexia (with
OCD)

Researclof ObsessiveCompulsive DisorderdCD) showed similar brainwave signatufes
hoardes, countes, cuttes, anorexcs and ritualiss. Brainwave signaturesere primarilyslowed
alpha with a locus over the anterior cingulate agltadphase issues similartttat ofa DA-TBI
(Siever, 203).

CLIENT INFORMATION :

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

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

This young woman strugglesith social anxietymild obsessive&eompulsiveness relating to her
anorexiaand delayed sleepnset insomiafor about three year3.o the observer, she appeared
relaxed, peaceful and calm, but she wasch moreanxiousthan she appead She also e
guite a tense lefide masseter musclhe was light sleeper most of her lifAs nervousness
grew abouthe challenges of entering college, bBlereponset latencyncreased from
approximatel\20 minutes to twdours and her desire to eat was diminished

Assessments antlVork Done

HWhi |l e itds good to treat t klentdheEf@ewehaveds most
theclienttrack how they think things are going byngpletinga Symptans Checkbst-90-

Revised(SCL-90-R, a 90-question selreported questionnaiyeuring treatmentAn overall

score of 50 is the norm. Higher scores represent a pafassessment than the normal

population while lower scores indicate better than norAatore of 60 is one standard

deviationoff the norm. Scores higher than 60 eoasidered clinical.

2) A 19-channel10-20 montage)referential/linkeeears EEGindgEEGwas completed for
eyes closed, eyepen, AVE with gesclosed and post AVE withyesclosed.

3) AVE at alpha/beta (left side at 10 Hz and rigibe at 190 21 Hz usingheadphones argplit-
field eyesets) frequreies to inhibit her slow brawaves vas used while her brainwaves were
being recorded.

4) The dient was given AVID Delight Pro, which uses a combination of A¥&d Cranie
electro stimulation (CESCES presents a small electrical pulse across the cranium. The
resulting stimulus flows aoss the brain stem and primarily stimulates serotonin and endorphin
production making it beneficial for calming the mind and reducing pain.
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