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Background. Treatment of fibromyalgia syndrome (FMS) remains a clinical challenge. Pain, somatic and cogni-
tive symptoms may be due to neurosensitization involving CNS-activated autonomic and musculoskeletal reac-
tions, associated with EEG abnormalities that may respond to brainwave-based stimulation biofeedback. This
study’s objective was to examine the efficacy and safety of a novel EEG neurobiofeedback treatment, the Flexyx
Neurotherapy System® (FNS), and electrophysiological responses in persons with fibromyalgia.

Methods. A randomized, double-blind, placebo-controlled clinical trial was conducted in two private prac-
tices: a free-standing neurobiofeedback center and a rheumatologist’s office at an academic medical center.
Sixty-four participants with FMS (American College of Rheumatology criteria; Wolfe et al., 1990) for at least three
years and symptoms for at least 48 months with no recent remission were randomized to ireatment. A total of 22
treatment sessions were administered over at least 11 weeks of active (n = 33) or sham (n = 31) FNS therapy. Pri-
mary efficacy measures were the Clinical Global Impressions improvement scores, Clinician (CGI-I) and Partici-
pant (PGI-I) versions. Secondary outcomes included dolorimetry and tender point count, questionnaires
(fibromyalgia symptom scales, CNS Dysfunction Questionnaire, Fibromyalgia Impact Questionnaire, Symptom
Checklist-90-R), and EEG activity (delta, aipha, total amplitude).

Results. More participants treated with active FNS than with sham improved partially or fully on the CGI-I at
session 22 (p = .01) and follow-up (p = .04). The active FNS group had a higher CGI-1 full response rate at session
22 (p < .05) but not at one-week post-treatment (p = .07). Significant active versus sham PGI-I responses were not
detected (p>.10). There was no significant treatment effect on any secondary outcome measure and no specific




symptom improved preferentially with active compared with sham FNS. The most commonly reported side effect
was fatigue/tiredness. Pre-treatment delta/alpha EEG amplitude ratio > 1 was associated with PGI-I (but not
- «CGI-I) response independent of treatment group assignment.
Conclusion. FNS monotherapy is insufficient for ireating chronic, nonremitting FMS.
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This commentary to the Kravitz, Esty, Katz, and Fawcett (2006) study reports a significant flaw in the hardware
used in the study. This hardware problem was not known at the time of the study and was only revealed later in tech-
nical analyses of the equipment. The difference in outcome between the Kravitz et al. study versus other studies us-
ing low energy electromagnetic feedback stimulation may be explained by this analysis.

KEYWORDS. Neurotherapy, Flexyx Neurotherapy System, fibromyalgia, controlled clinical trial, treatment,
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Reflections on FMS Treatment, Research, and Neurotherapy: Cautionary Tales 63
Mary Lee Esty, PhD

Treatment planning for a patient diagnosed with fibromyalgia (FMS) requires neurotherapists to consider a wide
range of potential causes during history taking. Effective treatment planning often involves interventions from mul-
tiple specialists coordinating treatments. Creation of a treatment team may involve, in addition to neurotherapy,
medical specialties such as infectious disease, physical medicine, neurology, nutrition, and rheumatology, as well
as cranial sacral and myofascial treatments, and surface electromyography (sSEMG). Understanding the signs of
common complications in those diagnosed with FMS is vital to effective treatment.

KEYWORDS. Neurotherapy, fibromyalgia, chronic fatigue syndrome, chronic pain, chronic infection, myofascial
pain

The LENS (Low Energy Neurofeedback System): A Clinical Outcomes Study
on One Hundred Patients at Stone Mountain Center, New York 69
‘Stephen Larsen, PhD
Kristen Harrington, MA
Susan Hicks, BA

Introduction. The Low Energy Neurofeedback System (LENS) developed by Dr. Len Ochs (2006a) uses feedback in
the form of a radio frequency carrier wave, administered at a positive offset frequency from the person’s own domi-
nant EEG frequency. Although it is an unusual biofeedback procedure, the feedback being invisible and the subject
passive, clinical evidence supports the efficacy of the LENS across a spectrum of conditions. Published research
studies (Schoenberger, Shifflet, Esty, Ochs, & Matheis, 2001; Donaldson, Sella, & Mueller, 1998; Mueller,
Donaldson, Nelson, & Layman, 2001) have shown the effectiveness of the LENS method with traumatic brain in-
Jjury (TBI) and with fibromyalgia. No study to date has evaluated LENS treatment across the spectrum of disorders
and with a significantly large sample. This study was devised to address these issues. The study hypotheses were
that the LENS treatment would be effective in reducing both systematic symptom ratings and measurements of EEG
amplitudes, and that the therapeutic effect would produce the most rapid improvements in early sessions of treat-
ment.

Method. “Blinded” research associates selected the first 100 patients from approximately 300 case files that
met the following inclusion criteria: the person had received at least 10 treatment sessions, completed an initial
CNS questionnaire, and that session-by-session subjective symptom ratings (SSRF) had been obtained. Patients
ranged from 6 to 80 years old, almost evenly divided between male and female, with a wide range of symptoms and
comorbid DSM-IV diagnoses.

Results. Data were statistically analyzed for significance and corelational variables. Average symptom ratings
across 15 major problem areas (e.g.. anxiety, mood disturbance, attentional problems, fatigue, pain, sleep prob-
lems, etc.) showed significant improvements (p < .0001) from beginning to end of treatment. After an average of
only 20 treatments the mean average of patient symptom ratings (0-10) declined from 7.92 to 3.96, a 50% improve-
ment. Equally significant was the drop in EEG amplitude at the highest amplitude electrode site (HAS; p < .0001)
as well as a lesser but still significant decrease at Cz (p < .002). A final analysis of the average symptom score with
the HAS score showed them to be highly correlated. All hypotheses were confirmed.




Conclusions. LENS treatment appears to be very efficient and effective in rapidly reducing a wide range of
symptoms. It particularly produces rapid improvements in the first five to six sessions. Recommendations for future
research are provided.

KEYWORDS: Neurofeedback, EEG biofeedback, LENS, Low Energy Neurofeedback System

Effective Use of LENS Unit as an Adjunct to Cognitive Neuro-Developmental Training 79
Curtis T. Cripe, PhD

This article describes three case studies where the Low Energy Neurofeedback System (LENS) was used to aug-
ment neurotherapy/neuro-development training to help overcome cognitive and developmental issues. Simulta-
neously applying neuro-developmental exercises and LENS training has reduced treatment time in our clinic for
certain conditions such as Pervasive Developmental Disorder (PDD) and Autistic Spectrum Disorder. The LENS
training actually seems responsible for allowing other forms of treatment 10 take place.

The first case study was of 4 1/2-year-old identical twins, with developmental delay and autistic spectrum that
completed their training within 18 months and graduated out of our program symptom-free, performing as normal
G-year-olds. The second case involved Attention Deficit Disorder with hyperactivity and Oppositional Defiant Dis-

. order in a 12-year-old male with comorbid learning and memory issues compounded by undetected food allergies
which had affected CNS functioning since birth. The final case was a 43-year-old female with a mild head injury
and significant visual and auditory processing problems. In all cases the post-treatment quantitative EEG results
demonstrated normalized Z-scores. Cognitive ability testing with the Woodcock-Johnson® III Tests of Cognitive
Abilities (Woodcock, McGrew, & Mather, 2001) likewise documented that post-treatment cognitive abilities had
normalized. Following the case presentations clinical impressions about LENS training and its effectiveness are
presented.

KEYWORDS. Neurotherapy, neuro-development, EEG and cognitive abilities, toxicity

The LENS Neurofeedback with Animals 89
Stephen Larsen, PhD
Robin Larsen, PhD
D. Corydon Hammond, PhD
Stephen Sheppard, PhD
Len Ochs, PhD
Sloan Johnson, MA
Carla Adinaro, ARIA-Cert
Carrie Chapman, BA

Background. A customary route for research in the life sciences is to begin with animal studies, and only after thor-
ough evaluation, attempt the same procedure with humans. In this pilot clinical outcomes study, the inverse proce-
dure is followed. Encouraging results in the areas of CNS regulation led clinicians to explore whether the method is
equally effective with animals who suffered the same problems as humans. The qualities studied included aggres-
siveness, mood instability, hypervigilance, inability to learn from experience. Species studies over about three
years consisted of horses, dogs, and cats.

Method. All animals were treated on the Low Energy Neurofeedback System (LENS) using the I-330 C2, the
mini-C2, or the GP plus EEG processor with a laptop computer. Unlike with human subjects, it was impossible to
use “eyes-closed” condition, so blink artifact was impossible to rule out. Animals stood in stalls, tied to hitching
posts (horses), or on the floor or in their owner’s lap (dogs and cats). With most animals the “stim” condition was
used, with a brief second or two of stimulation embedded in a longer period of “no-stim,” four 1o twenty seconds
depending on the situation. Where possible, a cortical map was done of from ten to twelve sites on the animal ver-
sion of the standardized mapping system developed by Holliday and Williams (1999, 2003) to match human map-
ping. Since it has become available several months ago, the Animal CNS Questionnaire was used, and a five
symptom or more “Subjective Symptom Checklist” completed on each treatment session with the owner. Narrative
reports were collected from owners, but also from professional animal trainers and handlers. In some cases ani-
mals were photographed or videotaped before and afer.

Results. The animal studies are similar in outcome to the human results. As judged by owners, independent wit-
nesses and professional trainers and handlers, animal behavior improves in the dimensions of flexibility, calmness,
emotional stability, intelligence and problem solving The authors did not feel placebo “controls” were necessary
or appropriate 1o these experiments. They had head injuries, survived natural catastrophes, or were abused or ne-
glected (sorry to say) by owners. What was observed, in case after case, is that the more treatments administered
the “easier” it became to administer additional treatments (animals were more complaint and calm).

Conclusion/Discussion. Results with animals are parallel to and confirmatory of results with human children




and adults. Animals may be traumatized by many causes, not the least of which is human in origin. Thus it is re-
warding to see a human procedure help them. With treatment, the animals seem more calm, adaptable, and natural.

- - Some of the results resemble the easy and short-term treatments of human children and infants, who have not yet
had a chance to acquire (more difficult to dislodge) habits and defense mechanisms around their problems. These
studies are highly preliminary, but very encouraging. The authors would love to see the LENS method applied to a
variety of species and in ever-increasing numbers.

KEYWORDS. Neurofeedback, EEG biofeedback, veterinary, behavior modification, animal behavior, animal
training, animal EEG .
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Preface

LOW ENERGY NEUROFEEDBACK
SYSTEM: NEW IDEAS, TREATMENT,
AND METHODS

My experience has led me to conclude that
most patients/clients and professionals do not
like learning about new treatment methods, es-
pecially those diseases and diagnoses related to
brain functioning. For patients and clients, they
are comfortable with simple information pro-
vided on many occasions and through visual
media or reading. This media information is
simple, easy to understand and presented repet-
itively. People become comfortable with the in-
formation and when they are comfortable with
the information, they begin to believe that the
information is true and not question the basis of
the information. For professionals, a paradigm
shiftin how to treata person with a diagnosis af-
ter they leave school/training is difficult when
they learn that the treatmentinvolves electronic
machines and computers. Forexample, they are
comfortable with the treatment methods of psy-
chotherapy, medication and relaxation as they
are simpler to understand, conceptualize and
implement, and most importantly, the profes-
sional does not have to learn computer analysis
or brain wave patterns. Professionals are trained
with methods that seem intuitive and practical,
but when they encounter a new treatment, they
oftenuse acriterion thatis muchhigher than the
criterion for currently accepted treatment mod-
elsorlike our clients/patients, they are comfort-
able with the information and do not question

the assumptions. Often this culminates in a
view of “no change” and we will do what we
have always done because it is just too difficult
to conceptualize or explain a new treatment;
and besides psychotherapy and medication are
good for many problems and diagnosis.

As youread this publication of the Journal of
Neurotherapy on a treatment called Low En-
ergy Neurofeedback System or LENS, please
remain open to new ideas and technology that
can help our clients and patients. I purposely
did not use the word “new” as this treatment
method was in development for 15 years. (In
our quickly changing society, the word new is
ofteninnovative and positive, butin the helping
professions, “new” is met with skepticism and
questions.) I remember many years ago when
Dr. Ochs discussed the combination of lights
and EEG used during feedback and I was inter-
ested from the point of how one could use this
treatment to decrease the number of sessions.
This volume of the Journal of Neurotherapy
provides our readers with an in depth look at
LENS, provides a history of the treatment, and
describes the potential for this technology to
impact the field of neurofeedback or EEG bio-
feedback. This treatment has the potential to be
another tool in our toolbox of helping patients
with brain related diseases and diagnosis.

Tim Tinius, PhD
Editor
Journal of Neurotherapy
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Introduction

D. Corydon Hammond, PhD

This volume introduces thereader to aunique,
innovative neurofeedback/neurotherapy tech-
nology called the Low Energy Neurofeedback
System (LENS). The LENS treatment method
has gradually evolved over the past 16 years
primarily through the innovations of Len Ochs,
PhD. In this volume you will read about the
LENS, its historical evolution, and its applica-
tion in the treatment of a variety of diagnostic
problems.

By way of introduction, let me offer a per-
sonal perspective. In the 1990s I listened to
meeting presentations by Len Ochs and felt ex-
tremely puzzled. He often expressed his belief
that neurofeedback clinicians were overtrain-
ing their patients and that many patients did not
need 30-minute long training sessions. In fact,
he said that sometimes even 10 seconds of treat-
ment might be too much. At that point in time
the previous version of the LENS used photic
stimulation in association with the EEG bio-
feedback. In my clinical work I often used a
neurofeedback system that had similarities to
the LENS in its use of photic stimulation. How-
ever, despite using what seemed to be relatively
similar equipment, I simply could not resonate
with Len Ochs’ statements about over-stimu-
lating patients by having lengthy treatment ses-
sions. My training sessions with patients were
30 minutes long and yet, in the majority of
cases, my patients reported significant im-
provements in their symptoms following this
traditional neurofeedback. Finally, I dismissed
what Dr. Ochs was saying. It simply did not fit
with my own clinical experiences.

Soon after the beginning of the new century I
came to understand the reason for the disparity
between our clinical experiences. Len Ochs
asked the Lawrence Livermore Labs to do an
analysis of his equipment. They discovered,
much to everyone’s surprise, that the extremely
weak photic stimulation associated with his
treatment was not the operative factor. The
analysis determined thatthere was auniqueele-
ment with the system-an exceptionally tiny
electromagnetic pulse was being delivered
down theelectrode wires tohead of the patients.
The timing of the electromagnetic pulses was
determined by the way in which the lights were
timed to flash in relationship to the dominant
brainwave pattern of the patient. The LENS
system now became comprehensible to me. It
was understandable that some patients could
feel over-stimulated by this treatment-the
LENS training was completely different from
other neurofeedback systems. A very weak

. electromagnetic signal was influencing the

brain, which could understandably have the po-
tential influence of over-stimulating someone if
they received too large a dose.

Research has found that the far far stronger
electromagnetic field emitted by a cell phone
can have potential negative effects on EEG
brain patterns. For instance, Kramarenko and
Tan (2003) found that after 20 to 40 seconds of
cell phone usage, slow wave activity (2.5-6.0
Hz) appeared in the contralateral frontal and
temporal areas. These slow waves, lasting for
about one second, reoccurred every 15 to 20
seconds at the same recording electrodes. After

D. Corydon Hammond is Professor, Physical Medicine and Rehabilitation, University of Utah School of Medi-
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the cell phone was turned off the slow wave ac-
tivity progressively disappeared, and local
changes decreased and disappeared after 15 to
20 minutes. They found similar changes in chil-
~ dren, but the slow waves had higher amplitude
and appeared earlier in children (10 to 20 sec-
onds) than adults. They found that their fre-
quency was lower (1.0-2.5 Hz), occurred at
shorterintervals, and had alonger duration. Re-
search thus suggests that cellular phones may
reversibly influence the human brain, inducing
abnormal slow waves in the EEG of awake per-
sons. In contrast, as you will read in this vol-
ume, a few seconds of exposure to the much
weaker electromagnetic fields from LENS has
a therapeutic effect of reducing high amplitude
slow activity in the EEG. The difference seems
to be that (a) the electromagnetic signal is far
weaker, and (b) itis individualized and updated
16 times each second so that it remains at a fre-
quency that is consistently faster than the pa-
tient’s dominant EEG frequency.

Having learned about the Lawrence Liver-
more Lab analysis, I could now comprehend
how the LENS training operated and, therefore,
no longer believed that Len Ochs must be from
another galaxy far, far way. Nonetheless, I was
still troubled by one other contingency. Dr.
Ochs talked abouta few patients feeling side ef-
fects associated with LENS treatment. Prior to
understanding the operative mechanism in
LENS treatment, patients often received 5, 10,
oreven 20 minutes of treatment. This could cer-
tainly cause some patients to feel over-stimu-
lated or fatigued. Even though I observed that
refinements in both the equipment and clinical
procedures were being made, I was still con-
cerned about even a small percent of my pa-
tients having a side effect where they felt
“wired or tired,” even though this rarely lasted
for more than one day.

Another reservation stemmed from my lin-
gering doubts about how sessions could pro-
duce therapeutic changes when they only con-
sisted of the delivery of a few seconds of
stimulation. EventhoughIsaw encouraging re-
- search appearing on the use of LENS treatment
with fibromyalgia (Donaldson, Sella, & Mueller,
1998; Mueller, Donaldson, Nelson, & Layman,
2001) and traumatic brain injuries (Schoenberger,
Schiflett, Esty, Ochs, & Matheis, 2001), I was
still skeptical. The professor part of me won-

dered how much of a placebo response was
involved. Itcertainly seemed possible that posi-
tive expectancies could be fostered by clinicians,
leading to placebo responses. Consequently I
simply continued using more traditional neuro-
feedback which I knew was usually effective.

An experience then challenged my thinking.
Two years before editing this volume, I was a
participant on a panel at a professional society
meeting with Dr. Stephen Larsen, adecadelong
colleague of Dr. Ochs. Stephen was talking
about his experiences in using LENS with ani-
mals. For example, he described a dog that had
been hit by a car, began having seizures, and
had become aggressive. After a small number
of sessions the seizures ceased and the dog’s
former pleasant demeanor returned. As I heard
these case reports of animals, in contrast to my
patients, it seemed very hard to imagine that a
dog who was having electrodes placed on his
head was reasoning at some level, “Gosh, this is
going to make me feel better, quit biting people,
and stop having seizures!” I decided to investi-
gate LENS more seriously. I first reread the
published research reports and then talked with
therapists in three different countries who had
beenapplying LENS clinically. I was favorably
impressed and obtained training from Len
Ochs.

Although I had casually known Len Ochs for
many years, as I studied hours of videotapes of
him teaching and then spent two days being in-
dividually tutored by him, I was deeply im-
pressed by his* personal characteristics. In a
field focused on technology, he emphasizes the
importance of the therapeutic relationship and
creating rapport. He exudes a kindness and car-
ing. What was perhaps mostimpressive was the
fact that despite more than three decades of
clinical experience and the creative innova-
tions he has brought to this field, he remains
modest and refreshingly honest. He candidly
admits how much is still not known about
LENS treatment, how it achieves its effects,
and the fact that LENS treatment does not
succeed with all patients.

In spite of his unpretentiousness and the fact
that LENS research is still in its infancy, I am
convinced that Len Ochs has created a technol-
ogy that has great therapeutic potential. It is for
this reason that I decided to edit this volume.
LENS isuniquein thatitdoes notrequire the pa-
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tient to “work” during neurofeedback. The fact
that the patient is not required to have the im-
pulse control, attention, or stamina to concen-
trate for significant periods on a computer
screen can be particularly appealing. These fac-
tors open up new possibilities for the treatment
of patients who are very young, oppositional,
seriously autistic or disabled, minimally able to
cooperate, and even for the humanitarian treat-
ment of animals with brain-based disorders.

In over 30 years of clinical practice as a psy-
chologist I have been cautious about new treat-
ments that lacked research support. In particu-
lar I have been wary of any therapeutic
approach that presented itself as being the “one
true light”—a panacea for all the various clinical
conditions we find in our patients. This has also
been my stance since entering the field of
neurofeedback fourteen years ago. I have tried
to remain open to learning from different indi-
viduals and approaches within the field. Many
experienced professionals have things to offer
and a single approach to neurotherapy is un-
likely to produce positive outcomes with every-
one. I have studied the research on iatrogenic
effects that began being published in the 1960s
and 1970s. Thisresearchinforms us that whena
therapist follows a unitary approach to treat-
ment and fails to individualize therapy, this is
one of the primary factors associated with pro-
ducing adverse and negative effects. Thus I
have remained eclectic in my approach to the
practice of neurofeedback. I value still having
my traditional neurofeedback tools available to
me, and I prize the addition of LENS tomy ther-
apeutic armamentarium.

My own clinical experience with LENS sug-
gests thatitis not always superior to other types
of neurofeedback—but what approach within
psychology or psychiatry is always successful?
With many patients, however, I have found that
LENS treatment produces unusually rapid,
even startling symptomatic improvement. In
the same way that we teach our patients, I be-
lieve that it is likewise important for clinicians
tonotengage indichotomousreasoning, either-
or thinking. Our treatment options are not lim-
ited to a choice between either using the LENS
or reliance on more traditional neurofeedback
approaches. Many clinicians will use LENS as
well as other neurofeedback modalities, some-
times with the same patient. Thus whenI have a

patient who has experienced 8 to 10 LENS ses-
sions and he or she does not display some
symptomatic improvements, I will often add
traditional neurofeedback and reduce the dos-
age of LENS training. This decision stems from
two factors. First, Len Ochs often says, “Less is
more.” By this he means, as he explains in his
paper, that sometimes a lack of symptomatic
improvement may stem from the patientreceiv-
ing too large an amount of stimulation/feed-
back. Therefore, I may reduce the amount of
LENS input from perhaps six seconds (one sec-
ond at each of six electrode sites) to only two
seconds, and spend the remainder of the session
doing more traditional neurofeedback. The sec-
ond rationale for adding another modality is
something that I have already emphasized-
nothing works for all patients. In still other
cases I have seen the rapid symptomatic im-
provements that commonly occur with LENS
in the first 10 to 20 sessions, but then progress
may have slowed, but furtherimprovements are
still desired. In such a case, other traditional
neurofeedback modalities may also be added to
the therapy.

This volume provides a valuable introduc-
tion to LENS. It begins with an extensive over-
view by Len Ochs. His introduction includes
information about the historical evolution of
his equipment, theoretical background, and
practical information about the clinical use of
LENS. The next contribution is a very well
done, double-blind, placebo-controlled re-
search study with fibromyalgia. What may sur-
prise our readers is that this study by Kravitz
and his colleagues did not produce the hoped
for results. It is nonetheless included (with the
encouragement of Dr. Ochs) because we can
learn as much from publishing negative results
as from positive outcomes. We should not be
afraid to publish such studies. Two commen-
tary articles follow the fibromyalgia study.
They are illuminating in helping us understand
the reasons that the Kravitz study did not pro-
duce positive results. The first commentary by
Len Ochs elaborates details that were unknown
at the time of the study about the operative
mechanism in the feedback, and about the ex-
cessive dosage level that was being adminis-
tered. The second commentary by Mary Lee
Esty, a co-author of the Kravitz research study,
discusses the multi-causal nature of fibro-
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myalgia and the fact that no single modality,
such as neurofeedback, can hope to address all
of the etiologic factors. The Esty commentary
~ will prove enlightening for all clinicians work-
ing with fibromyalgia, and it will encourage
more thorough pre-treatment assessment and a
broader conceptualization of interventions that
may be helpful with this condition.

The next contribution is from the Stone
Mountain Center, led by Dr. Stephen Larsen.
This large clinical research paper presents a
case series of 100 patients treated with the Low
Energy Neurofeedback System. The system-
atic symptom ratings provide impressive docu-
mentation of the rapid treatment effects that
commonly occur with LENS training and their
relationship to reductions in EEG amplitudes.
This study is particularly encouraging because
itdemonstrates the effectiveness of LENS with
a very broad range of symptoms in only 20 ses-
sions. The next clinical paper is by Dr. Curtis
Cripe, who presents three case reports on his
work with the LENS in the treatment of serious
neurodevelopmental and learning disability
problems. Although LENS treatment is only
one component within his treatment model, Dr.
Cripe describes the invaluable role that he has
found it to play. The final contribution is by
Dr. Stephen Larson and his co-workers on the
use of LENS training with animals that are
experiencing neuro-behavioral problems.

We do not yet have enough controlled re-
search in the field of neurofeedback in general,
including with regard to LENS treatment. This

volume, and the few studies that have already
been published, simply provide anencouraging
foundation from which to proceed. For me,
however, one of the most exciting aspects of
LENS treatment is that by its very nature it
lends itself to conducting double-blinded pla-
cebo controlled experiments with both animals
and humans—something that holds tremendous
promise for advancing the field of neuro-
feedback in gaining acceptance by the evi-
dence-based medical, psychological, neurosci-
ence, and academic communities. Such studies
are already underway and we look forward to
learning more from their results.
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The Low Energy Neurofeedback System (LENS):
Theory, Background, and Introduction

Len Ochs, PhD

SUMMARY. This article presents the concepts, operations, and history of the Low Energy
Neurofeedback System (LENS) approach as they are now known and as it has evolved over the
past 16 years. The conceptual bases and practical operating principles as described are quite differ-
ent from those in traditional neurofeedback. The LENS, as a behavioral neurofeedback applica-
tion, often provides the same qualitative outcome as that in traditional neurofeedback, with
reduced treatment time. doi: 10.1300/J184v10n02_02 [Article copies available for a fee from The Haworth
Document Delivery Service: 1-800-HAWORTH. E-mail address: <docdelivery@haworthpress.com> Web-
site: <http://www.HaworthPress.com> © 2006 by The Haworth Press, Inc. All rights reserved.]
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INTRODUCTION

The Low Energy Neurofeedback System
(LENS) is an EEG biofeedback system used in
clinical applications and research in the treat-
ment of central nervous system functioning. It
is unique in the field of neurofeedback in that
instead of only displaying information on a
computer screen to assist the patient in condi-
tioning healthier brainwave patterns, the LENS
uses weak electromagnetic signals as a carrier
wave for the feedback to assist in reorganizing
brain physiology. The following describes the
rationale for the LENS system, as well as subse-
quent discoveries. Also presented are some
suggestions for future research and practical
application of the LENS technology.

Evolution of LENS and Relevant Concepts

The major implication of this paper is that
both the physically and psychologically trau-
matized brain has demonstrated vastly greater
capacity for recovery than has previously been
appreciated. Secondarily, the LENS appears to
help the traumatized person achieve clearly in-
creased performance inrelatively short periods
of time, with a quite non-invasive, low technol-
ogy procedure. On the other hand, other kinds
of EEG biofeedback may be just as effective as
the LENS under some conditions. Although no
claims are being made here that the LENS is
better than any other form of treatment, it is,
however quite different from other neuro-
feedback modalities, as well as from other
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neurostimulation techniques such as audio/vi-
sual stimulation and particularly transcranial
magnetic stimulation, where the intensities
used are thousands of times stronger than
" LENS uses. Lastly, there appears to be no basic
science yetrevealed to help understand the phe-
nomena described here, thus creating a new
areaofinquiry in the neuro-behavioral sciences.

The following section s presented for histor-
ical purposes to outline the order and context in
which the significant components in the devel-
opment of the LENS were observed including:
a description of the instrumentation; the means
of measuring and controlling the feedback in-
tensity; the problems and benefits observed in
the development of this system; and treatment
management problems and how they evolved,
particularly with regard to different popula-
tions.

History. During the summer of 1990, Harold
L. Russell, PhD of Galveston, Texas, tele-
phoned Len Ochs, PhD in Concord, California.
He asked Ochs to develop a device which pro-
vided fixed-frequency photic stimulation. His
interest was based upon the work of Marion Di-
amond, PhD (1988) in her work on the effects of
environmental stimulation on cortical com-
plexity inrats. Russell (Carter & Russell, 1981,
1984, 1993) had experimented with exposing
school children with performance problems
and high inter-test variability to daily, 20-min-
ute repeated cycles of 10 Hz, for one minute,
then 18 Hz for a minute, for six weeks. Russell
used bright red flashing lights inside impro-
vised welder’s goggles. His idea was to use the
flashing lights to stimulate the brains of the
school children.

- It was my impression that any simple fixed-
frequency stimulation would be an inefficient
way to provide the desired stimulation to alter
brainwave activity. The degree to which a per-
son’s EEG (electroencephalographic activity)
is influenced by external (e.g., photic) stimula-
tion depends on many factors, including their
dominant brainwave frequency from moment-
to-moment, and the intensity and frequency of
the stimulus used. Although the intensity and
frequency of a fixed stimulation frequency
could influence the EEG, another factor that
might have bearing on entrainability of the
EEG is the size of the difference, at any mo-
ment, between the stimulation frequency and

the predominant energy of the EEG, in which
lies the dominant frequency. The dominant fre-
quency is the frequency at that moment ata spot
on the person’s head which is stronger than any
other frequency. With that as a hypothesis, it
seemed appropriate to suggest that a treatment
approach might be to tie the stimulation fre-
quency tothe dominant, or peak, EEG frequency.

Since from 1in 4,000 children and about 1 in
20,000 adults are estimated to be photosensi-
tive (Quirk et al., 1995), and thus vulnerable to
experiencing a seizure with photic stimulation,
this could occasionally present severe prob-
lems. Photo-hypersensitivity refers to the reac-
tivity to light that is strong enough to elicit con-
vulsions—whether the person is epileptic or not.
If, for instance, the person were to have a sei-
zure-whether from epilepsy or the stimulation
evoking a photohypersensitive seizure—the fre-
quency of that seizure would become the domi-
nant frequency. In other words, if the stimulation
frequency equaled the dominant frequency, the
stimulation would further stimulate any pre-ex-
isting seizure. Fortunately this could be dealt
with easily by programming the software to
prevent the software from ever being equal to
the dominant frequency. An example of how to
do this was to define the stimulation frequency
as some percentage of the dominant frequency.
It was anticipated that this strategy would begin
to displace and disperse some of the energy of
any seizure activity to other non-seizure brain-
wave frequencies. Fortunately, setting the stim-
ulation frequency to some percentage greater
than 100% of the dominant EEG might satisfy
those in the neurofeedback community (Lubar,
1985) advocating for increasing EEG frequen-
cies for enhanced cognitive control. Further,
using a percentage less than 100% of the domi-
nant frequency might satisfy those advocating
decreasing EEG frequencies for enhancing
emotional integrity and decreasing chemical
dependence (Peniston & Kulkosky, 1991).
Russell agreed to pay for the programming of
the original software according to this concep-
tion. Hence, the software was programmed into
devices that would be called electroencephal-
ographic entrainment feedback (EEF).

The original EEF software was designed to
link together the J&J I-330 EEG module 201
(and afterward the J&J 1-400), and the Synetic
Systems Synergizer (Seattle, Washington), a
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light-and-sound generation device whichfitin-
side an IBM-clone computer through software
know as BOS, a DOS-based interpreted plat-
form developed by William Stuart, of Bain-
bridge Island, Washington. As originally con-
ceived, the software was to allow the Synergizer
card to set the flash frequency of the lights in-
side some welder-type goggles, and to continu-
ously resettheir speed as the dominant EEG fre-
quency of the person’s brain changed on a
moment-to-moment basis. The software also
set and reset the frequency of binaural auditory
tones coming through ear phones, in the same
way it set the light frequency. The feedback
might pulsate at 105% of the dominant fre-
quency during one 10-second period, then 95%
of the dominant frequency during the next, and
alternate between the two conditions. The soft-
ware never let the flash frequency equal the
dominant frequency.

The initial system, funded by Russell’s AVS
group, involved many features that have now
been discarded, while the current software now
includes many features that were not yet con-
ceived. Discarded features central to the origi-
nal conception were: the necessary use of visi-
ble light feedback, the use of sound feedback,
the use of fixed time limits for changing offsets,
the use of the same size offsets from the domi-
nant frequency, the necessary use of offsets, the
necessary use of alternating offsets, and the
necessary use of offsets of arbitrary sizes.

New features include the generation of the
feedback signal from within the EEG (the elec-
troencephalograph) device itself, as well as the
ability to control the feedback, using the J&J
I-330 C2 family of EEGs. The use of the J&J
I-330 C2 permitted the portable use of the sys-
tem from a suitable desktop or notebook
computer.

It is important to note that there were many
technical inadequacies of the first generation
EEF system. Yet the results from this techni-
cally “inadequate” system appeared to be better
than any other treatment for closed-head
trauma. Interestingly, the results were not quite
as good when the more technically sophisti-
cated second generation system was intro-
duced. This led those involved to try to dupli-
cate some of the inadequacies of the original
system. The major required change was to re-
tard the feedback, which was produced much

more rapidly in the replacement unit for the
I-330 C2. We had to introduce a time lag be-
tween the occurrence of any EEG event and the
feedback tied to its occurrence. The critical
learning from this experiment was that techni-
cal precision does not necessarily lead to clini-
cal efficacy. The current use of the LENS em-
ploys extremely weak intensities of feedback
anddoesinvolvethe patient’sown EEGdriving
the feedback, but does notinvolve any conscious
participation or even positive intention.

Differences Between the LENS
and Traditional Neurofeedback

The following statements reflect the current
status of the EEG biofeedback field at this time.

1. The field of EEG biofeedback or neuro-
feedback is relatively new. There are rel-
atively few studies with chronic condi-
tions, controlled or otherwise, that offer
understandings of what will work, under
what conditions, to what extent, and with
whattime, physical, and monetary costs.

2. Each of the various kinds of EEG bio-
feedback involves its own set of rituals,
with relatively little analysis of what al-
ternatives might be used.

3. None of the forms of EEG biofeedback
appear to have ever cured a progressive
condition such as Alzheimer’s, multiple
sclerosis, Parkinsonism, or dementia.
However, they probably have increased
functioning and quality of life for many
people in the earliest stages of any of
these diseases, perhaps for atleast several
years and when applied properly.

4. Each form of EEG biofeedback seems to
complement and enhance the effects of
all of the others, as well as other forms of
therapy.

5. Based on interviews with former patients
of nearly each form of EEG biofeedback,
each approach seems roughly compara-
ble in effects, no matter how inexpensive
or how expensive the treatment was, with
some specific differences from treat-
ment-to-treatment to be defined with
later research.

6. Nearly all forms of EEG biofeedback
work with easy cases and become more
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cumbersome and delicate (with satisfac-
tory outcomes) with complex cases, but
appear nevertheless at their clinical effi-
cacy limit with the current technologies
because of technical problems of manag-
ing coherence and other issues.

7. Finally, while each form of EEG biofeed-
back may appear scientific, the applica-
tion of each is probably more of a
physiologically-based art than science at
this stage of the game. Even so, all of the
forms of EEG biofeedback seem to offer
provocative and interesting hope for
many who have been declared to be at the
end of their options for improvement.

The LENS differs from traditional EEG bio-
feedback in that the LENS does not require the
person to understand the meaning of, or labori-
ously attend for ahalfhour to the feedback in or-
der to influence their brainwave activity and
benefit from the treatment. No attentional, dis-
crimination, prolonged stillness, or learning
demands are placed on the individual. In addi-
tion, the LENS uses a somewhat different con-
ceptual approach to selection of which EEG
sites to train. Traditional neurofeedback uses
protocols based on either symptoms or on ab-
normalities found in QEEG brain maps, with
both approaches often utilizing only a limited
number of electrode sites for training. In con-
trast, the LENS treatment is also guided by a
topographic EEG map, but one which prioritizes
electrode site abnormalities based on both EEG
amplitude and EEG variability. Unlike other
neurofeedback approaches, LENS treatment is
then administered at all 19 (or more) electrode
sites. Treatment consists of the delivery of a
tiny electromagnetic field carrying the feed-
back signal down the electrode wires for only
one second at each of the chosen electrode sites
during every session. This input stimulation
varies from moment-to-moment, updated 16
times per second based on the dominant EEG
frequency changes. Generally between one and
seven of the ordinary electrode sites are treated
during each session.

Finally, central to the application of LENS
treatment is the concept of patient reactivity/
sensitivity and the response of the patient’s ner-
vous system. We adapt the duration of stimula-
tion, session frequency, and degree to which the

stimulus is offset from the dominant EEG fre-
quency to the patient’s reactivity, and closely
related to their vitality and degree of symptom
suppression.

The LENS may be used as a tool to use in a
treatment context with other EEG biofeedback
or neurofeedback modalities or as a single solu-
tion to several problems. The LENS is being
studied as a potential treatment of adults and
children with CNS-mediated disorders in the
USA, Australia, Canada, Germany and Mex-
ico. It has been shown to produce rapid resolu-
tion of difficult cognitive, mood, anxiety, clar-
ity, energy, physical movement and pain
problems when compared with more tradi-
tional forms of psychotherapy or medication
treatment. No efficacy comparisons are offered
in relation to other forms of EEG biofeedback,
or neurofeedback, since no comparative studies
have been undertaken.

Itis important to note that the LENS does not
require the patient’s attention, focus, orienting
toward feedback, home practice of self-regula-
tion techniques, or, indeed, any conscious par-
ticipation in any self-regulatory activity (ex-
cept showing up and not removing the
electrodes from the head). The LENS appears
to operate on the basis of the biophysical prop-
erties of the feedback signals themselves,on the
tissues of the brain and related structures such
as the vascular system. In addition to not requir-
ing attention, focus, and attention toward feed-
back, the LENS approach, tolerates gross
movement and artifact without reducing effi-
cacy, or inappropriately rewarding maladaptive
behavior or physiological reactions.

Feedback signals of differentintensities, fre-
quencies, and wave form shapes appear to have
different clinical effects. There are only the be-
ginnings of sophisticated research into the
properties of the OchsLabs system. Itis still too
early to draw any conclusions about the mecha-
nisms or properties of the systems used. The
LENS can be used with extremely hyperactive
patients and still maintain apparent efficacy.
The LENS feedback exposures can be as short
as one second per session for the appropriate
patient and still have apparent efficacy, which
means that it demands relatively little coopera-
tion from the patient.-
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Benefits of LENS

The LENS appears to: (a) increase ease of
functioning; (b) increase clarity of functioning;
(¢) reduce the amplitude and variability (in-
cluding spiking) of the EEG activity across the
1-40 Hz spectrum at each of the standard 10-20
electrode sites when there is some amplitude
and variability to start with; (d) increase the am-
plitude and variability of the EEG when there is
too little variability sometimes to show the full
extentof the pathology, before it diminishes the
amplitude and variability; (e) reduce or alleviate
central nervous system problems as described
below; (f) allow new information (psychother-
apy, counseling, education, relationship-spe-
cific information from a spouse or co-worker,
etc.) to be recognized, taken in, used and re-
membered much more easily without interfer-
ence or defensiveness.

The LENS appears to shorten the treatment
times required for the improvement of some se-
rious cognitive, mood, energy, pain, and motor
control impairments. The LENS also appears to
offer patients previously considered untreat-
ableanew option for remediation of symptoms.
Based on experience with both EEG biofeed-
back research, and the use of pulsating lights
and other energy fields in neurological exami-
nations to study seizure activity, it is hypothe-
sized that the mechanism of action involves al-
tering the person’s maladaptive inhibitory
neurotransmitter activity. The LENS has been
declared a “minimal-risk” device by several
independent human subject review boards
(IRBs).

Improved functioning has been observed for
those patients receiving the LENS treatment
who had plateaued in theirrecovery from motor
paralysis and CNS-mediated cognitive and
mood impairment after mechanical and psy-
chological trauma. Reported improvements
have persisted since data collection was begun
in 1994 (and even earlier with antecedent
systems).

Improvement has been reported in most of
the subjects (N = 2500, in approximately
90,000 sessions as of 2005) who have been
treated with the LENS. When the subjects for
this research and treatment have fallen within
the areas that are known to be particularly treat-
able such as mild traumatic brain injury, fibro-

myalgia, and explosive autism, the success rate
has reached over 80%. The more the patient’s
history has been complicated by lifelong prob-
lems preceded by an intergenerational history
of problems in parents and grandparents, and
when the patient’s problems have been numer-
ous and complex, it is much more complicated
to judge the efficacy of this approach; thus, the
“success rate” may drop precipitously.

Side effects from the use of the LENS have
been similar to those that result from any
change in situation (biofeedback, meditation,
moving a household, body work; i.e., disrup-
tive upon over stimulation) but transient and
notinvolving any organ system damage or dys-
function. The three most common side effects
when there has been over stimulation have been
fatigue, anxiety or hyperactivity, and no im-
provement in clinical symptoms. All of these
situations resolved themselves, usually within
a few hours or days, by temporary withdrawal
from treatment and decreased exposure to
feedback.

Optimal Kinds of Cases. The LENS appears
to have its best effects for: (a) mild traumatic
brain injury if the person was formerly high
functioning; (b) the diffuse pain of fibromy-
algia and its associated fatigue and mental fog-
giness, but leaving untouched any underlying
myofascial pain for conventional treatment;
and (c) explosive behavior, regardless of its
cause, whether it is in an adult, a non-autistic
child, or an autistic child.

More Difficult But Positive Cases. The LENS
has been shown in uncontrolled, anecdotal ex-
perience, to produce less consistent, less reli-
able, and more difficult-to-obtain-but neverthe-
less still positive, results in cases of: (a) autism:
more sociability, greater affection, verbal skill,
more grace and balance; (b) trauma from child-
hood sexual or physical abuse, work, and war
stress; (¢) clinical depression secondary to anx-
iety disorder; (d) bipolar disorder secondary to
anxiety disorder; (e) alcohol and cocaine ad-
diction: less craving, less defensiveness and
depression; (f) childhood schizophrenia and
Asperger’s syndrome: less fear, greater inde-
pendence and achievement; less compliance
(not to be equated with oppositional), greater
independence, less fearfulness and anxiety, and
more self-direction; (g) some types of chronic
fatigue syndrome: greater energy and clarity;
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(h) attention-deficitdisorders; (i) physical head
injury symptoms from moderate to severe. In
the latter case positive outcomes were found in

_clinical research that was conducted under Of-
fice of Alternative Medicine-National Insti-
tutes of Health Grant to determine the efficacy
of the LENS on reducing cognitive deficits
among people suffering from closed head inju-
ries (Schoenberger, Shiflett, Esty, Ochs, &
Matheis, 2001).

It is important to note that while clinical im-
provement has been noted in all of the condi-
tions cited above, the course of treatment with
the LENS alone was often inelegant, cumber-
some, involving trial and error and clinical
skill. The reasons for the complexity of treat-

“mentare reasonably well understood. However
we still have not evolved treatment protocols to
solve the treatment complexity problems and
make them as apparently successful and easy in
the discrete conditions that were noted above as

. areas of application where the best effects have

been achieved. :

METHODOLOGY AND DISCUSSION
The LENS Treatment Process

The LENS works by continuously monitor-
ing EEG activity and then uses thesereadings to
determine the frequency of very small electro-
magnetic fields that are “offset” several cycles
per second (hertz) faster than the patient’s dom-
inant brainwave. This feedback stimulus input
is then delivered downelectrode wires at gener-
ally seven or fewer electrode sites in the course
of a treatment session, for only one second per
site. This input is much weaker than what the

" brain receives from holding a cell phone to
one’s ear.

How can non-perceivable feedback to the
brain that is of such minimal magnitude still be
influential? While the mechanism of how this
happens remains to be determined, it is clear
fromboth the documented effects of these feed-
back signals on the amplitudes and variability
of brainwaves, that (a) this feedback is being
processed by the brain, and (b) the impact of
these signals, when used correctly, canimprove
people’s functioning in their own experience
and the experience of others who observe them.

While these effects are clear to the profession-
als who use the LENS, it remains the job for
controlled, double-blind, randomized studies
to demonstrate these effects to others. It alsore-
mains for basic research to describe the mecha-
nisms that allow these effects to take place, as
well as the variables which minimize and
maximize the effects.
The current the LENS process involves:

1. Assessing the sensitivity, reactivity, fra-
gility, hardiness, and prior history of
problematic symptoms that are no longer
present. This is done with a simple ques-
tionnaire found in the Appendix B.

2. Anassessmentlooking at the following:

a. The relative proportion of different
frequency band activity within the
raw EEG. If there is more delta ampli-
tude, then it is likely there may be an
acquired problem such as head injury.
If alpha is predominant then there may
be more of a pervasive developmental
issue such as ADD with genetic influ-
ences.

b. The clinical reaction to a standard
dose of stimulation feedback. There is
no substitute to putting a toe in the wa-
ter, experiencing some of the feed-
back, and then looking at whathappens
over the next twenty-four hours.
Then, despite theoretical ideas about
the appropriateness of the dose, the
person may find that the dose in that
administration is just right, or too
much. Signs that it may be too much
are that the person is profoundly fa-
tigued, or restless and overly ener-
gized, both of which usually disappear
within twenty-four hours.

c. Assessment of which offset frequency
from the dominant frequency is most
efficacious at which to present stimu-
lation.

d. If the prospective client appears rea-
sonably sturdy, an offset evaluation is
performed to assess these factors.

e. If the person appears from the evalua-
tion to be vulnerable to over stimula-
tion, a much shorter and less intense
evaluation is done, giving all the in-
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formation above except a suggestion
about which offset to use. The offset
frequency is then presumed to be 20
Hz faster than the dominant frequency
for the most sensitive-reactive clients.

3. Mapping. Construction of a topographic
map of EEG activity, without necessarily
providing any feedback, of amplitudes
across the 1-30 Hz spectrum across the
entire scalp. Electrode site selection in
treatment is determined by ranking EEG
activity fromleast to highestin each EEG
band, in microvolts amplitude and stan-
dard deviation sum for each sensor site. A
single channel EEG is used, monitoring
each of the standard 10-20 electrode sites
in sequence. While amplitude and stan-
dard deviation measurements appear to
be reliable enough and reasonably corre-
lated with quantitative EEG (QEEG)
patterns, measuring correlations among
multiple sites is not currently possible
since the sites are measured in sequence,
and not simultaneously.

4. Treatment providing the feedback in the

" dose and at the offset frequency as sug-
gested by the above evaluations, in a se-
quence prescribed by the map.

5. Monitoring the subjective reactions of
the patient through self report and the re-
ports of others when available, and the
objective changes in the EEG (obtained
by periodic remapping) to eontinue or
modify the dosage and site sequences
used in the treatment.

6. Involving other tactics to evaluate in-
ferred EEG comodulation (correlated ac-
tivity in amplitude and/or standard devia-
tion) across the scalp. Comodulation may
be responsible for treatment complexity,
as well as the duration and stubbornness
of their condition.

Most recipients of the LENS input stimula-
tion will have no immediate reaction to the use
of this procedure. Some will have relatively
short courses of treatment. However, some of
those with latent emotional conflicts and
intergenerational genetic physiological prob-
lems will require longer treatment processes.

Even though this type of stimulation has
been found to reduce seizures when they are

present, in some patients who have had seizures
in the past but where they are not currently pres-
ent, they have been known to reappear for a
brief period of time. Hence the pre-treatment
interview is useful in anticipating a complex or
problematic treatment. This allows both the
therapist and client a chance to review whether
the re-experiencing of seizures (or other prob-
lems such as anger outbursts, tics, inconti-
nence, or migraines)is something that the client
will tolerate.

Reaction Patterns Observed During Treat-
ment. An interesting complexity appears when
symptoms become worse during LENS treat-
ment, Many of these patterns we are about to
discuss have been considered “side effects.” In
fact, they may better be considered as stages in
treatment that are sometimes experienced in
gaining mastery over symptoms. These prob-
lems are of five types.

First, vascular type reaction patterns: whether
talking about vascular (throbbing pain), peri-
ods of anger, rage, sadness, obstinacy, explo-
siveness, bed wetting (below age six), tics, or
convulsions, these episodes become sharper,
but shorter in duration, and farther apartin time.
As they become increasingly brief, they are ex-
perienced increasingly as a fraction of their for-
mer intensity, and may not show at all on the
surface, in the behavior of the patient. Itis often
said that as treatment proceeds, the reactions
pass faster and have less of a grip on the patient.
Finally, their intensity diminishes.

In the end, patients often reflect that circum-
stances that would have evoked a symptom no
longer do. They are completely inarticulate as
to what process is happening inside themselves
to bring about this change. However, theyretro-
spectively do notice the difference and attribute
it to the LENS treatment.

It has been mentioned that the results
brought about from the LENS may be either the
result of placebo or hypnosis. Yet many of the
recipients of the LENS had numerous previous
treatments, and many novel ones. Each of these
individuals had the opportunity to have hypno-
sis or placebo work during prior treatment ex-
perience. If placebo and hypnosis, either di-
rectly or indirectly, have not occurred in the
past for these patients, it would seem implausi-
ble that the LENS would finally bring them the
placebo results that prior attempts had failed to
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bring. They are involved inreceiving the LENS
treatment because previous placebos have not
worked. Therefore, it is assumed that placebo
_ plays very little part in their current improve-
ment.

Treatment with LENS

It is most important to understand that just
starting the use of the LENS does not bring an
immediate halt to patient symptoms; in fact,
they may appear worse for a while. While these
symptoms are ones the patient has had in vary-
ing degrees previously and are not caused by
the treatment, the change in the way the prob-
lem manifests itself and is now experienced is
directly attributable to the LENS treatment.
The increasing sharpness of these problems,
predictable or not, is always of concern for pa-
tients, care givers, and referral sources alike. It
is also important to know that we expect the
therapist to predict and discuss the anticipated
changes in how the problems may shift in their
manifestations in order to give the patient pre-
dictability and confidence in both the treatment
process and therapist. A therapist who does not
predict this sequenceis depriving himorherself
of the confidence of the patient. Further, itisim-
portant to be considerate of the patient, allow-
ing him or her to choose not to become involved
in this approach if the possible consequences
are not appealing.

Second, muscular type reactions: muscle
contraction pain in non-spastic muscles, and
the terrible muscle contraction pain in those
with spastic muscles, may occur in head injury,
stroke patients, and whenever there s paralysis.
Muscle contraction pain of a non-spastic type
simply diminishes with time, in contrast to the
vascular pattern cited above. There is also pain
from the LENS-evoked spasticity reduction
thatis seeninconditions suchas TBIandstroke.
This has been in nearly every instance almost
intolerable to the patient and those close to the
patient. Special care needs to be taken with pa-
tients who are hypersensitive to pain medica-
tion and are, therefore, unable to use it to allevi-
ate this temporary pain. This intense pain
appears to be a function of the decreased brac-
ing offered by non-spastic muscle fibers, which
permits the spastic muscles to contract with in-
creasing vigor before they too begin to soften

and relax. When this reaction occurs, the intense
pain experienced during spasticity reduction
typically lasts from three to five days. Itis often
accompanied by the sequence of uncontrolled
muscle contractions, jumping limbs, increases
in sensation, and then the return of partial or
complete movements. Note: This kind of pain
can be reduced or often completely eliminated
with the use of a modality called photonic stim-
ulation.

The third type of reaction is the surprise
re-appearance of convulsive or tic-related phe-
nomena that may have long since disappeared.
This is actually considered a sub-type of the
first class of vascular reactions. These prob-
lems re-appear after their long absence, to the
near-horror and fright of the parents, care giv-
ers, and referral sources. Bed wetting, tics, sim-
ple or generalized convulsions, and emotional
explosions, may suddenly appear for a few
weeks before they subside and make way for
higher functioning levels not seen before.
Anticonvulsant medication has been extremely
useful as an adjunct when the severity of the be-
havior warrants. The advent of more functional
behavior after the cessation of these symptoms
has led to the speculation that the untoward be-
havior had been inhibited by the same mecha-
nisms that kept the patientlimited in other ways
of functioning. When the behavior has reap-
peared, and then once again remitted, it may be
that the brain found another mechanism to con-
trol the aberrant behavior while permitting the
flourishing of adaptive and useful skills. Nev-
ertheless, everyone involved needs to provide
support, care, and safety in the presence of diffi-
cult behavior. To date no one has been caught
foreverinatrap of regressive, destructive, or bi-
zarre behavior, although the behavior has on
rare occasion been extreme and frightening to
nearly everybody involved in the very unusual
instances when it has occurred.

The fourth type of reaction has been the
emergence of adaptive but unvalued, or frankly
disvalued, behavior in the patient. Examples of
this have been: less fearfulness and greater in-
dependence of autistic and Asperger’s chil-
dren, which may be outside of the parents and
schools value systems (i.e., children who ex- -
press anger at siblings when anger is felt to be
“bad,” children and young adults that become
more interested in their own and others’ sexual-
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ity, children who become more independent,
adventurous, and exploratory, and, therefore,
begin to take risks which frighten parents; chil-
dren who voice their own points of view and
needs may be contrary to what the parents see
appropriate; and children who no longer fecl
compelled to sit still within the constraints of a
rigid school system). All of these behaviors
have occurred as greater functioning, greater
independence, and greater self-control became
more prominent. Some parents who have
blanched at the changes in their children will
usually keep struggling to be supportive, while
other parents have done little but glory at the
changes in their children. It is advised to avoid
treatment if, in discussions with the patient or
family, they areunwilling torisk the occurrence
of such behavior. In the approximately two
dozen autistic or Pervasive Developmental
Disorder childrenI have treated withthe LENS,
only one has failed to respond at all, for
unknown reasons, while all the rest have
delighted their parents with their achievements.

Another example of a positive reaction with

untoward effect occurred in the treatment of an-

older man who had experienced a traumatic
brain injury more than a dozen years before he
entered treatment. As someone from out of
town, he had allocated only a week for treat-
ment before he needed to resume his travels.
One of the major problems he had experienced
since his head injury wasrage, which showed it-
self in verbal and physical violence. Other
problems were chronic angina for which he
took medication (and frequent drinks of alcohol
from a flask always with him), and a loss of
three-dimensional vision. After his first treat-
ment he was freed from heart pain and an-
nounced that he no longer needed to drink to
control the pain. Within 45 minutes after the
treatment he announced that his three-dimen-
sional vision had returned. At first he walked
uncertainly as if he was wearing his first pair of
trifocals. The next day his wife accompanied
him to therapy. He was visibly distressed. She
had announced to him that she had suffered his
abuse long enough and that she was no longer
going to take it-since she no longer had to. She
continued to hurl invectives at him and he ac-
cused her of trying to destroy the good effects of
the treatment. She was offered treatment for the
post-traumatic stress which she most certainly

suffered, but she declined. He was asked to be
supportiveof herin heranger, considering what
she lived with for years. Over the next few days
under her relentless attacks he regressed to his
former state. At the end of treatment they left:
him in pain, his three-dimensional vision again
lost, and drinking again, and with her as his
long-suffering care taker. This illustrates the
importance sometimes of working with the en-
tire social system, rather than narrowly focus-
ing on a particular physiological problem in
isolation. It also illustrates the inadvisability of
working under fixed time limits.

A fifth type of reaction is the recapitulation
of previous symptoms, from the most recent to
the oldest. Often patients will re-experience
first, recent symptoms, and in the last stages of
treatment, re-experience symptoms that they
experienced as infants. They will often wonder
why, forinstance, as therapy is about tobe com-
pleted, they are experiencing abdominal pain.
When questioned, they can often remember
having such pain or remembering stories of
how they had such pain in childhood. These are
transient reactions and often pass in a week or
sO.
Diagnoses. The LENS is a non-specific
treatment approach; that is, treatment planning
is not guided by diagnosis, which is seen by
some as a weakness of LENS treatment. Part of
the problem with treating many conditions that
have been resistant to amelioration within con-
ventional medical and psychological circles is
threefold. First, there is much misdiagnosis.
Many of the diagnoses that are proffered are
catch basins and euphemisms, and are substi-
tutes for professional ignorance. The problems
of diagnoses of many of these conditions, such
as Asperger’s, Parkinsonian variants, tuberous
sclerosis, attention-deficit disorder, fibromy-
algia, bipolar disorder, etc., are often beyond
the discriminative skills of many practitioners
and the most fashionable diagnoses are often
used. Second, many conditions are beyond the
discriminative capabilities of the diagnostic
systems themselves, or their existence as inde-
pendent entities is controversial and at the
whim of what the medical-insurance system
will accept given political (turf) and economic
considerations. Third, the diagnostic name it-
self can say little about the treatment when the
individual differences among people with the
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same diagnosis can demand major differences
in treatment strategies.

Considerable heterogeneity of brainwave
patterns has been found within the broadly de-
~ fined diagnostic categories. Replacing treat-
ment guided by diagnosis, LENS treatment is
predicated on the fact that many psychological
and medical conditions involve various types
of abnormal EEG activity (Hughes & John,
1999). LENS treatment is designed to reduce
abnormal brainwave patterns and is individual-
ized based on the distinctive amplitude and
variability patterns found through topographic
brain mapping, as well as the patient’s subjec-
tive reactions to treatment. Finally, it may be
said, considering the vastresponsibilities of the
brain, that the brain, itself, is a non-specific or-
gan. This means that injuries to it may take this
shape or that, without any specific predictable
outcomes, associated witha particularlocation,
size, depth, or type of injury. Although some
outcomes are certain ina gross sense, the partic-
ularities of any injury are always some unique
combination for the individual involved. The
practices of clinicians using the LENS are often
filled with almost nothing but patients who are
exceptions to medical and psychological predic-
tions of “no recovery possible.”

Differences between the LENS and Conven-
tional Photic Stimulation Systems. The LENS
differs from currently available consumer (or
professional) AVS devices in the following
ways. Most of these devices are considered en-
trainmentdevices. They lock the brain wave ac-
tivity on the frequency used to stimulate. The
LENS disrupts the way the brain locks onto fre-
quencies, or clusters of frequencies, hopefully
helping to free the brain from rigid patterns so
that it can have the flexibility to pursue the tasks
that it and the person need it to pursue. Second,
most of the AVS devices use light frequencies.
The LENS uses various frequencies of electro-
magnetic energy instead of photic stimulation,
with is accompanying small risks of evoking a
seizure. Light has not been use in most of our
applications for the past seven years.

Third, with the LENS, the person’s EEG ac-
tivity controls the frequency of the pulsations in
the energy field. This customizes the pulse rate
to the person’s own activity as it continuously
changes. The stimulation frequency of con-
sumer sound and light systems is both pre-pro-

grammed and set; a selection is made on the de-
vice’s front panel, or programmed to change in
a way unrelated to the person’s actual brain ac-
tivity. Thus the input stimulation is not individ-
valized to the unique and ever changing
brainwave patterns.

Fourth, the LENS uses electromagnetic en-
ergy fields infinitesimal in strength, while other
devices use much stronger signals. The LENS
may, despite the weakness of its energy fields,
obtain its power through sustained resonance
between the person’s EEG activity and the pul-
sation frequency of the field returned, which
may be received by the brain because of its abil-
ity to detect patterns. While much of this is
speculation, it has been observed that when the
resonant pattern of the feedback is broken
(when thelink between the dominant frequency
and the feedback is broken) there are no longer
any beneficial effects from our stimulation.
Thatis, when the feedback resonance is broken,
both negative as well as positive effects canstill
appear, but, depending on the frequencies, in-
tensities, and doses involved, they appear with
much less consistency and predictability.

A noteontheuse of the word resonance: Res-
onance tends to be used in two ways in current
medical parlance. Inthe phrase Magnetic Reso-
nance Imaging, resonance is achieved by the
power of the magnetic field on the electrons
adding energy to the electrons to move them
into higher order shells. Persinger (1974),
Sandyk (1994), Rife (1953) and others use the
word resonance to refer to a state in which a
stimulus intensity or frequency matches a
known or theorized fixed frequency in the
body. The word “resonance” is used here in a
new way in the history of science: that of the
changes in the stimulus continuously matching
changes in a physical variable (such as brain
waves or heartrate). In this sense the resonance
is a dynamic one, rather than a static one.
Hence, this is a feedback system. However, un-
like other biofeedback systems that feed back
informational stimuli, the LENS feeds back
physical stimuli, the physical properties of
which affects physiological changes.

The LENS Equipment Requirements. LENS
requires a brain wave measurement device; a
computer fitted with an EEG device that con-
trols the emitted energy-field; software to link
the brainwaves with the stimulation radio fre-




Len Ochs 15

quency (RF) carrier wave and a system that can
deliver levels of energy field feedback at low
but precise levels of intensity. These levels are
lower in intensity than the electrical field that
surrounds digital wrist watches.

In order to provide feedback, the individual
is first fitted with the EEG electrodes. In our
previous systems, the patient used to wear
glasses with components mounted on surface
of the lenses, or sat with the glasses mounted on
astand at some distance in front him or her. The
operator monitors the computer screen and
controls and intensity and duration of feedback
so the person remains comfortable. The contin-
ued presence of the equipment operator is nec-
essary to watch the quality of the electrode con-
tact,and to determine that the patient preferably
remains motionless for. a few seconds before
the stimulation is given.

While the final determination on how the
LENS works must rest with a great deal of re-
search, we believe that the LENS achieves its
results by breaking up the rigid, self-protective
way the brain has of responding after psycho-
logical (stress) or physical trauma and restoring
the inhibitory capacity of the cortex.. There is
evidence that during any kind of trauma the
brain protects itself from seizures and over-
loads by releasing neurochemicals that protect
it from these dangers. Unfortunately, the pro-
tectionalsoreduces functional capacity, notun-
like the effect of swelling on joint articulation.
Long after the trauma is over and the danger is
past, the ‘protection’ may still remain. The per-
son can, therefore, become stuck in various
kinds of disabilities due to the reduced neural
flexibility of functioning.

Technology Development of the LENS.
There was something wrong with nearly all the
LENS design elements and procedures from
the point of view of those experienced in tradi-
tional EEGrecording and EEG neurofeedback.
This is acutely evident in relation to:

* the established practical concerns regard-
ing shaping reinforcementcontingencies

* using visual and/or auditory, or radio fre-
quency feedback carriers for the feedback
of information to the brain

* managing high and low frequency EEG
activity

* thinking in terms of under- and over-
arousal phenomena

» maximizing the amplitudes of some EEG
frequencies while inhibiting the ampli-
tudes of other frequencies in relation to
particular problems '

* locating electrode sites for training

* using topographic maps to provide a treat-
ment plan

* resisting micromanaging the inhibit and
reinforcement settings of the EEG in bio-
feedback treatment

* deferring to subjective reports, rather than
quantitative measures of the EEG as ei-
ther signs of pathology or progress.

There were no clues in the literature for guid-
ance in the preliminary clinical work with the
LENS or its predecessors, so the initial treat-
ment guidelines became: Try it on oneself first,
always strive to maintain patient’s comfort, and
cut back if symptoms reflecting over stimula-
tion follow a treatment—even if the post-session
discomfort had nothing to do with the treat-
ment.

EEG Site Location. Between 1990 and 1995
the predecessors to the LENS most frequently
found success with consistent use of FPZ as the
electrode site for the active electrode (with the
reference on an ear lobe, and ground at the back
of the neck). Depression was typically dis-
patched insix sessions. This raised the question
about the efficacy of choosing any specific site
over another at the start of the treatment: one
site appeared to be as good as the next when us-
ing the precursors to the LENS in the early
1990s. An observation that had no meaning at
the time was that delta, primarily, and theta,
secondarily, were predominant in the frontal
EEG amplitude of nearly all of the patients. In
1995 Ochs wrote a short piece titled Many
Kinds of Depression Are Curable to spread the
good news.

No clear differences in either the way the
original light feedback was tolerated or the
speed of treatment were found when monitor-
ing the EEG at the sites that were historically
popular with traditional EEG biofeedback ther-
apists: occipital locations of O1 and O2, the top
of the scalp at CZ, or the site of insult or its con-
tra-coupdamage. The central forehead site FPZ
was tried because the side effects were mini-
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mal, results were as good here as at the other
sites, and because it was easier to avoid elec-
trode paste in the hair of the patients during the
initial rapport-building session. The frontal site
- was therefore selected as the point for use at the
commencement of treatment. The frontal site
has indeed always been more prone to artifact
from eye movement, jaw movement, facial ex-
pression changes, swallowing, etc. However,
since the artifact itself decreased as a function
of treatment progression, it seemed plausible to
accept the artifact decrease as one of the global
indicators of improvement. This suggested the
selection of FPZ as an initial starting site. As a
consequence, the artifact component of the
EEG records was and still is kept, rather than
discarded, as is done in conventional neuro-
feedback treatment.

Another consideration was related to the
work of Davidson and Hydahl (1996) and their
observation that the leftfrontal area was less ac-
tivated in depression. Moving the electrode lo-
cated at the front-center of the forehead to the
left produced, again, no improvement in pa-
tients with depressive features. Thisisnottosay
that lateralizing the traditional EEG biofeed-
back might not make a difference in the suc-
cessful treatment of depression. Using the
LENS approach, however, the clinical efficacy
of changing the electrode placement to the left
frontal area and the practicality of using FPZ
overrode all the other considerations pertaining
to the selection and use of the more standard
electrode sites.

Interestingly, in 1995, with no changes in
equipmentor software, the selection of FPZ asa
site nolonger seemed efficacious. In contrast to
the delta and theta amplitudes that were pre-
dominant in the frontal EEGs of previous pa-
tients, alpha now seemed more predominant in
the frontal EEGs of those entering treatment.
Instead of rapid resolution of depression, irrita-
bility and moodiness often resulted from treat-
ment. In contrast to the rapid resolution of de-
pression that had previously been seen, and in
contrast to any certainty about how to treat that
depression and about placing the active elec-
trode at FPZ, there was no longerany idea about
where to place the electrode, either on the basis
of the literature or my own experience. This in-
cluded experimenting with placing the active
electrode at C3, C4,0Z, 01,02, and at CZ. In

an unsystematic way the electrode was moved
throughout the standard 10-20 sites. At times
there was a remarkable response from sites no-
body had talked about; at other times there was
no response from any sites addressed.

To better understand what was happening,
less expensively than with quantitative EEG
brain mapping, single-channel data was col-
lected from all the sites, one site at a time, and
this data was fed into Microsoft Excel’s surface
map. Anexample of the resulting mapis seenin
Figure 1, which displays an example of a case
with high delta amplitudes throughout the right
hemisphere.

A histogram (bar graph) was then created,
one bar per electrode site. At first the data made
nosense whenit was simply organizedin the or-
der in which the data was collected. But, when
rank-ordered from lowest-to-highest ampli-
tudes foreach EEG band, it then appeared thatit
was a picture of the functionality of the sites—
that is, the lower the measured amplitude in
microvolts, the more the cortex appeared to be
inhibiting the subcortical activity from reach-
ing the cortex so that it could be measured. The
greater the inhibitory activity exerted by the
cortex, the higher the level of functioning. Fig-
ure 2 illustrates the data from Figure 1 in this bar
graph format, displaying the amplitudes and
standard deviations of the data, rank ordering
the electrode sites. The rank ordering became
the clue about which sites to select for treat-
ment, and in which sequence. A consistent, or-
ganized way to select active electrode sites
might be to proceed from those with lowest am-
plitudes to those with the highest amplitudes.
This might not have been the only way to select
sites, or necessarily the best way, but at least it
was empirical and not based on static experience
or research based on aggregated data.

Therationale for this was thatin starting with
the better-functioning (lower amplitude) sites
and proceeding to lower functioning (higher
amplitude) sites, the better functioning sites
might respond more rapidly and stimulate the
more poorly functioning sites. By the time the
sites with the lower amplitudes were addressed,
the higher amplitudes at other sites would have
already decreased, lessening the work that
would need tobe done. This turned out tobe true
whenthe amplitudes were among the highest.
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FIGURE 1. LENS Map
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The Need for Mapping. A person’s perfor-
mance can be impaired, even though the EEG
activity atany one site is low and smooth across
the spectrum. Itis necessary to see whatkinds of
amplitudes are at other sites. It thus became

necessary to move away from the forehead site
and move the electrode to other sites around the
scalp without the historical biases about elec-
trode placement. The next stage was to look at
each site for evidences of focal high amplitude
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and high variability activity, and provide stimu-
lation at that site until the EEG activity was low
and stable. The activity at each site was as-
sessed and worked with until ideally no high (>
2.0 uV) amplitude/variability activity was ob-
served.

Italsobecameclear that the information used
to make the surface maps could be used to gen-
erate treatment plans, specifying the order of
sites to be used in treatment. This gives the ther-
apist an empirical basis for starting treatment
where the cortex is most functional, and work-
ing toward points of less functionality, thereby
building upon the patient’s strengths in devel-
oping their discriminatory capability.

The Beginnings of Mapping. Beginning in
1996, performing inexpensive surface EEG
maps that showed the relative amplitude and
variability of the EEG at each electrode site (as
seen in Figure 1) provided an unexpected treat-
ment benefit, in addition to providing graphic
pre and post measures. These maps were ac-
quired by measuring the activity ateachsiteina
specified sequence, using a single-channel
EEG instrument. Maps constructed in this way
do notallow accurate measurements of the rela-
tionships among sites. The unexpected benefit
of the sequential maps is that they do provide an
explicit plan of which sites to treat, and in what
sequence. Beginning at the sites of the lowest
activity, and working toward sites with the
highest activity, is the same as working from
where the cortex is most functional to where itis
least functional.

Hyper-Reactivity: Alternating the Polarity
of the Leading Frequency (Offset). One of the
first clear reactions encountered in the use of
precursors to the current LENS was hyper reac-
tivity to the visual feedback stimuli. Initial
work began in 1990 with two individuals with
post-traumatic stress symptoms (PTSD). Nei-
ther had been successfully treated with stan-
dard psychotherapy, relaxation training, or
with biofeedback (including EEG biofeed-
back). One of the individuals reacted strongly
tothe visual and auditory feedback. She jumped
in her seat, and complained of a headache and
backache.

Later, patients complained about some as-
pects of the feedback. Some expressed dislike
of the “flicker” of the lights. Others complained
about the color; others, the brightness. Some

could not verbalize the quality they didn’t like,
but reacted physically, or just said that they
didn’tlike it. Others invoked a variety of verbal
and non-verbal startle responses. One individ-
ual became explosive and frightened staff
members in other rooms with the volume of his
outbursts. '
In each of these cases, the therapist’s re-
sponse was to change the direction of the lead-
ing frequency or offset. If the lights were set to
flash at +5 Hz faster than the dominant fre-
quency, the polarity was changed to let them
flash at —5 Hz (more slowly than the dominant
frequency). In nearly all instances of this prob-
lem, changing the polarity of the leading fre-
quency, or offset, decreased the immediate un-
comfortable reactions. Further polarity changes
at the occurrence of these reactions continued
to manage and minimize the reactions. Chang-
ing the polarity of the feedback offset was the
preferred way to minimize these reactions be-
cause the software permitted fast and easy
changes of polarity. While a brightness control
was available, it involved more time and com-
plex manipulation of the controls.
Alternating polarities had so much impactin
the early 1990s that the old procedure, then
called EEF (EEG Entrainment Feedback) was
modified to allow for specific sequences of
pre-programmed polarity alternation. Alternat-
ing polarities was one of the importantelements
of the patent. The alternating polarities seemed
to decrease the hyper reactivity of patients. One

~of the major differences between the ap-

proachesintheearly 1990s and now is that there.
are few, if any, immediate reactions of discom-
fort for which the alternating polarities would
be needed. In contrast to the measures taken
during those early days, today’s strategies tend
to be much more subtle.

What'’s in a Name? The LENS process was
originally called EEG Entrainment Feedback
(EEF), despite the urging of others, who per-
sisted in the argument that the system seemed to
be freeing the brain from being locked up (en-
training on itself). The ultimate inspiration for
changing the name from EEF to EDF (EEG
Disentrainment Feedback) was found in Chaos:
Making of a Science, by Gleick (1988, p. 293).
Gleick used the word “disentrainment,” refer-
ring to the unlocking of a system. This enabled
the precursors to LENS to be seen as disen-
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trainment systems. The name of the process
was changed from EEF to EDF. After that, the
name changed to Neurophotic Stimulation, to
EEG-Driven Stimulation, and finally, to the
Flexyx Neurofeedback System (FNS), terms
that were less theoretically encumbered and
more descriptive names.

It should be emphasized that the treatment
effects observed were not due to training to in-
crease some components of the EEGband orin-
hibit others, even though the observable
changes in the EEG activity across the 0-40 Hz
band appeared comparable to those obtained
from the traditional EEG biofeedback training.
Experienced EEG clinicians and researchers
have been observed attempting to truncate the
EEG band activity atone end or the other, orata
selected frequency, either based on some theo-
retical basis, or previous experience. Early EEF
work was also done this way (i.e., attempting to
“speed” the EEG by using positive leading fre-
quencies). The system is now run by primarily
controlling dosage: the duration of the session
and the intensity of the feedback signal.

It is important to understand that in no way,
as some people think, is the EEG ever “sped” or
“slowed,” with the LENS. Under most condi-
tions the amplitude and standard deviation
across the spectrum is reduced. Furthermore,
this effect is accomplished from the biophysi-
cal effects of the feedback signal and its reso-
nance with the EEG of the person, rather than
from any reinforcement to elaborate or inhibit
the activity in certain bands or frequencies.

Subjects’ sensitivity to the brightness of the
old visual feedback was recognized while
working with Dr. Herbert Gross’ patients, a
neuropsychiatrist who specialized in head in-
jury. The patients’ brightness sensitivity be-
came apparent when the brightness of the lights
could not be sufficiently reduced to permit pa-
tient comfort. Although good results had been
achieved using red LEDs, among the most irri-
tating colors one could employ, the protocol
was changed touse green LEDs when it was ob-
served that the red LEDs annoyed the head in-
jured population. This change worked well for
the group of head injured patients who had been
functioning extremely well prior to their head
injuries.

Hypersensitivity. An informal survey of
“normal” people, in contrast to those with

symptoms, using light stimulation devices
available to consumers showed that they en-
joyed lights at full brightness. At that time, the
operating presumption was the brighter the
lights, the better the results. Once the idea was
grasped that red lights were both too irritating
and too bright, the use of red lights gave way to
the more tolerable green ones. The desensitiza-
tion process was developed gradually, slowly
introducing the patients to increased light
brightness. This desensitization process al-
lowed them to maintain their comfort with
lights of increasing brightness. After desensi-
tizing them to the green lights, it was again pos-
sible to use the glasses with the red light-emit-
ting diodes (LEDs), and eventually with
continued desensitization, at full brightness in
that generation of hardware and software, as
well.

While the green LEDs, with their decreased
brightness, worked for those who had per-
formed well prior to their head injuries, they
were inadequate to meet the sensitivities of a
second group of patients with heterogeneous
diagnoses prior to their exposure to the LENS,
including diagnoses of borderline and various
anxiety problems. These patients required
green LEDs with tissue paper folded over them,
or with masking from manila folder material,
and even partial covering from vinyl black elec-
trical tape. Only with such masking could these
ultra-hypersensitive patients be comfortable,
even with the lights at their lowest intensities.
This ultra-hypersensitivity was observed even
without light.

As clinical work continued with both head
injury and non-head injury patients, it soon
became apparent that greater incidence of be-
havioral and physical pathology seemed to cor-
respond with increasingly prominent hyper-
sensitivity to the visual feedback. In other
words, patients with depression, energy prob-
lems, irritability, explosiveness, violence, dis-
tractibility, short-term memory problems, dif-
ficulty in organization, problems following
conversation, and difficulty reading, may have
all had irritable brains as evidenced by rela-
tively large amplitude, low frequency activity,
withrelatively high standard deviations. This is
anentirely testable hypothesis, and to the extent
itisdetermined to be true, is arather remarkable
statement about human functioning and func-
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tional impairment. In fact, diagnosis of hyper-
sensitivity might include much lower level
light than is usually used in the detection of
~ photo-hypersensitivity, with more sensitive
behavioral observations than frank seizure or
EEG spike and wave prominence. This discus-
sion of photohypersensitivity refers to pre-
1999 work with the antecedents to current
LENS work.

Historical note: The following discussion
was applicable when LENS feedback was ad-
ministered for periods of up to 20 minutes per
session. Since 1999, the feedback exposure is
typically as brief as one second per electrode
site, with an average of four sites worked with
during any session, which typically occurs once
aweek. Thus desensitization pre-1999 was quite
different from that which has occurred since
thenthrough the present. Itis placed here, rather
thaninan appendix, to give the reader a sense of
the flow of the LENS development, as well as to
contrast the current practice.

Desensitization. Desensitization used tobe a
cornerstone of our early work linking EEG with
photic stimulation. There is no question that for
some patients, desensitization of some type
may still beimportant when they appear to have
energy and sudden-onset problems. However,
as the mix of patient diagnoses and presenting
problems became more complex, and more pa-
tients showed fatigue as a major complaint, de-
sensitization began to play a smaller part. At
this present time, because the feedback signals,
even though not visible, evoke EEG changes
much more rapidly than they used to be, it is of-
ten not possible to expose patients for a brief
enough time to the signals to start the desensiti-
zation process. The difference between and one
and two seconds can be profound to a very sen-
sitive patient.

With the more recent, briefer treatment dura-
tions characteristic of the LENS, there does not
seem to be enough time orreason toconductde-
sensitizationthe way we used todoit. However,
desensitization can still be accomplished through
the use of the offset settings. Heredity also plays
a part. When parents had a history of mood or
energy problems, problems were chronic, or
slow in onset, desensitization became less help-
ful and gave way to the application of feedback
with only the gentlest touch, the briefest and
least frequent application. For this group, the

therapist using the old I-400 system might use
only green lights, masked glasses, and never
raise the brightness above “1””in brightness and
1% in duty cycle during the entire course of
treatment. Work has been progressing since
1998 using the profoundly low intensity feed-
back, and while the electromagnetic stimuli are
not visible, this still produces changes in the
EEG when the EEG is observed after the feed-
back stimulus has been given.

Here is an example of how the need for de-
sensitization was discoveredintheoriginal sys-
tems. Ordinarily, the brightness of the lights
was varied frequently during a treatment ses-
sion and over the course of treatment. Just dis-
cussing the brightness of the lights, and none of
the other treatment variables such as electrode
site, for example, an intensity of “1”” may have
been used during the first six sessions. As the
sessions progressed, symptom intensity de-
creased. In the seventh through the tenth ses-
sion, intensity was increased to a brightness of
“2.” In the eleventh through the thirteenth ses-
sions the brightness was increased to “4.” In
other words, not only was the brightness in-
creasing, but the pace of increase was coming
more and more rapidly as time progressed. Per-
haps in the fourteenth session the brightness
was increased three times, from “6” to “18” to
“36.” The brightness ratings are in quotation
marks because they are arbitrary in value. No
luminosity values were ever formally evalu-
ated for the numerals used to indicate bright-
ness. Yet the brightness values were linearly
controlled by current flow; so that relative to
each number, a brightness of “2” is half that of
“4.” Whereas initially going from “1” to “2”
would have been uncomfortable for this hypo-
thetical patient, in the end leaping from “18” to
“36 would have been quite comfortable. In the
meantime, symptom intensities across the
entire range would commonly have dropped
precipitously.

During one session, by accidentally using
new software with a hidden defect, a protocol
was loaded that held the light frequency low
and constant during the feedback periods, re-
vealing EEG activity which was initially seen
when the patient’s complaints were prominent.
A young woman in her thirties, otherwise high
functioning, complained of a post-puberty his-
tory of premenstrual fatigue, irritability, racing
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thoughts and sleeping problems, leaving her
with severely restricted professional job func-
tioning fifty per cent of the time each month.
She left her job to avoid the continuous, ex-
treme effort needed to fulfill her professional
duties two weeks of each month. For two men-
strual cycles after desensitization had been
completed, her sleep problems ceased, as did
her racing thoughts, irritability, and diurnal fa-
tigue. During her third premenstrual cycle,
however, her fatigue returned and was ever
present. Examination of her EEG spectrum re-
corded under moderately bright light showed
relatively large amounts of high amplitude, low
frequency activity when the brightness was
consistentacross all four feedback periods. The
session was constructed using a one-minute,
no-feedback pre-baseline, four 18-second peri-
ods of feedback (during which feedback stimu-
lation may or may not be given), and a one-min-
ute no-feedback post-baseline, all repeated 17
times. All recording was done eyes closed. The
electrodesite was Cz, withaleft-earreference.

The high amplitude, low frequency activity
was not present when the light brightness was
reduced to 10% during the first and third
18-second feedback-possible periods. The in-
formal hypothesis that alternating brightness
would have no effect in accelerating change in
EEG amplitudes seemed patently wrong. Al-
ternating flashes between the left and right eye
succeeded in lowering the amplitude of the
EEG more than when we lowered the bright-
ness of the feedback light stimulation, perhaps
because there was only half as much stimula-
tion being given.

At the current time, the intensity of the feed-
back signals (which are no longer photic stimu-
lation) are so weak, their effects so strong, and
the treatment times necessarily so short, that is-
sues of desensitization have taken aback seat to
dosage. The exposures are now so short that it
hasbeendifficult to see how to manageadesen-
sitization program. Ithas not been until recently
that six years of experience with the low power
electromagnetic carrier wave feedback has al-
lowed us to understand how to begin to inte-
grate our prior experience with lights into cur-
rent LENS work. Currently, increasing the
number of electrode sites that we work with
during each session, decreasing the interval be-
tween sessions, and decreasing the offset fre-

quency at which we provide the stimulation are
all ways to increase the power of the feedback
stimulation and treatment dose.

Desensitization and Level of Functioning.
Another past observation, equally testable, was
that the level of some patients’ functioning con-
sistently increased as their comfort increased
with progressively brighter light feedback.
This means that depression, irritability, reac-
tions to bright or interrupted light, impatience
and explosiveness lifted, non-focal pain de-
creased, violence ceased, distractibility, anxi-
ety reactions, organization, problems follow-
ing conversation, and difficulty reading were
all markedly ameliorated-without any claim
that they were totally erased. The problems
were improved enough that friends, spouses,
distant relatives, employers, and last, the pa-
tients, themselves, were delighted and sur-
prisedattheimprovement. Academic gradeim-
provements were noticed as well. These
observations were echoed by physicians and
neuroscientists not involved in this treatment
(although no attempt was made to keep them
blind to who was involved in the treatment). In
retrospect, it may have been that the enhanced .
ability of the cortex to inhibit electrophysi-
ological reactions from the increased bright-
ness of the feedback stimulation was the sign
that the cortex had repaired itself. In contrast, if
someone’s brain had become re-traumatized, it
was very difficult to re-desensitize the person
for unknown reasons.

Welearned that it was not always possible to
desensitize someone. Desensitization was indi-
cated especially when a person was energetic,
and less useful when the person often felt fa-
tigued. It is also possible that new techniques
will permit successful partial desensitization of
those people otherwise unable to tolerate the
standard process.

Pace of Desensitization. There was acharac-
teristic desensitization curve, even though the
entire desensitization process could take any-
where from five minutes to five months. The
initial pace of desensitization was always rela-
tively slow, relative to its much higher rate of
change at the end of the treatment process. The
desensitization curve appeared to have been an
accelerating curvilinear function in which the
slope of the rate of change of the light intensity
was often imperceptible initially, but its rate of
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change was geometric at the end. Put another
way, the initial brightness changes may be 1%
at a time, but increase in units to 20% at a clip
_ occurred in the final minutes of the process.

We found that during a long desensitization
process, lasting months, the final 80% of the
brightness changes may occur in one treatment
session. This pattern was consistent across all
patients whenever the need for desensitization
was present. The desensitization curve was
reminiscent of the logarithmic curves in the
Weber-Fechner law of perception, in which
brightness increases logarithmically with the
absolute value of the brightness of the stimulus.
The observation of the adaptation of the brain
may cast light on the flip side of the brightness
estimation: that is, on the place that the rate of
reconnectivity of the cortex plays as it regains
competence.

Decreasing Light Intensity After Desensiti-
zation. One patient, early in the exploration of
the LENS, suffered workplace abuse trauma
and re-experienced symptoms formerly mini-
mized by the LENS. Sheremained free fromher
former dislike of the brighter lights, however.
There was the implication that she had not re-
lapsed into photosensitivity and, therefore, did
not need a lowering of the light intensity. Con-
tinued treatment with the LENS at high levels
of intensity, however, did not lead to a decrease
in her new trauma symptoms, which showed
themselves prominently as depression, anxi-
ety, and anger. High amplitude and variability
in low EEG frequency bands again showed it-
self in her record. It was hypothesized that the
intensity might be re-stimulating her pathology
(i.e., perpetuating her re-traumatization). As a
test of this hypothesis the intensity of the lights
was drastically lowered and almost immedi-
ately she reported a decrease in her depression.
During this same period, Russell was using the
LENS with a few patients who had experienced
cerebral vascular accidents. He applied this
change in approach to the therapy he was doing
and found that motoric and cognitive rehabili-
tation progress was stimulated and accelerated
by lowering the intensity of the lights.

Interestingly, many users of pre-programmed
frequency, commercially-available sound and
light systems run their systems at full intensity.
The colors and patterns are visually interesting
at full intensity. The patients most often will

seek full intensity, partly for aesthetic reasons,
and partly, upon questioning, because they
think that brighter is inherently better and that
all treatments inherently involve the struggle to
tolerate discomfort-which they feel they should
do if they really want to improve.

However, it is probably not legitimate to
equate the stimulation from fixed or ramping
frequencies of the audio-visual stimulation
(AVS) systems with that of the LENS and its
predecessors. The AVS systems’ stimulation
intensity may be seen as ambient light, or
“noise” stimulation, not nearly so tightly re-
lated to the living, dynamic EEG. This may be
supported by the observation that AVS users
need to use much brighter light intensities than
what was ever used in the LENS predecessors.
It seems to me that the inherent resonance of the
LENS-type stimulation allows the LENS stim-
ulation to remain at very low intensity and still
have dramatic physiological and behavioral ef-
fects. Itis apparently not the case thatbrighter is
always better, nor that tolerating increased dis-
comfort will accelerate recovery. In fact, when
comfort is used as a cue for intensity settings,
and the feedback LENS intensity is minimized,
improvements in energy, mood, and cognitive
integrity are often noted. This has been our
experience with our older light stimulation
systemand with the newer versions of LENS.

When the LENS treatment is completed, the
cortex may be in a very different state than it
was at the start of treatment. Whether or not pa-
tients had been desensitized, the patients were,
in fact, more receptive to and discriminating
aboutexternal stimuli, butnothypersensitive or
hyper-reactive. Their responses were more
flexible and appropriate to the level of feedback
present in the moment. In view of the greater
sensitivity, is it any wonder, then, that high in-
tensity, strobic feedback would act as if it was
overloading the cortex of these individuals and
in a sense replicating the internally-produced
pathology that once was there? Decreasing the
feedback stimulation after the desensitization
process might be more effective because the
brain has, through the course of treatment,
become more responsive to feedback.

The pathology of some brains may require a
major change or reorganization at the start of
therapy, and trying to work locally at the site of
damage may not be useful if the person is very
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energetic. Once the brain has been globally re-
organized by the desensitization process and
the patient is comfortable at full intensity, con-
tinued feedback at the peak level of intensity
may now overwhelm the cortex. This repre-
sents a method by which one may safely experi-
ment with replicating trauma and recovery
from trauma. After desensitization, by lower-
ing the intensity of the feedback, we may be
more able tolocally stimulate the cortex—some-
thing that we were unable to do at the start of
treatment. At this stagein treatment, behavioral
changes may be more closely tied to what is
commonly thought of as local cortical neuro-
psychological functions. In other words, local
site feedback and local site recovery may be ad-
dressable only after global feedback and reor-
ganization has taken place. This might also
mean that following LENS treatment, further
localized treatment with traditional neuro-
feedback might have more affect than it would
have had previously.

In an interesting side note, a highly func-
tional scientist was put on an older LENS sys-
tem, and not only felt nothing, but was unable to
be overdosed by extremely high levels of
brightness. It may be that one of the defining as-
pects of functioning well is that the brain is able
to flexibly respond to high stimulation input, at
least in relatively short exposures.

Cortical Permeability. In the early days of
using EEG-driven feedback, it was noticed that
the EEGs of high-functioning individuals were
rather quiet, low amplitude recordings. In con-
trast, the EEGs of dysfunctional and physically
traumatized individuals were typically filled
with high-amplitude, low frequency band ac-
tivity. Recollect that the cortex is one of the last
organs to develop both ontogenetically and
phylogenetically. The ostensive purpose of the
cortex is to provide the integration and inhibi-
tion of subcortical brain center activity, which
results in the appearance of our higher function-
ing capabilities.

The appearance of this EEG slowing that is
seen as high amplitude delta, theta, and alpha
activity, has been, in the view of traditional
EEG and neurofeedback circles, considered a
problem. Activity in these frequency bands is
often inhibited during neurofeedback. Discus-
sion of delta, theta, and alpha excesses was and
is often prominent in exchanges of ideas about

treatment. Yet delta, theta, and alpha activity
may not be the entire problem because activity
in these bands is commonly present when
higher functions are not engaged.

Occasional high amplitude activity in low
frequencies (which is often seen as pathologi-
cal) may be present in individuals who not only
function well, but who are exceptionally cre-
ative. These exceptions are not understood.
Thus one needs to be careful about glibly
pathologizing all EEG slowing, just as spinal
anomalies were overly pathologized early in
the history of MRI.!

In individuals having problems, however,
the presence of activity in these slower fre-
quency bands may translate into sections of the
cortex, by their impaired inhibitory function-
ing, permit the delta, theta, and alpha activity to
show themselves and be recorded at the scalp.
Thatis, these areas of the cortex no longer func-
tion properly, and do not inhibit the low fre-
quency activity. Itis the poor functioning of the
cortex that fails to inhibit the physiology that
givesrise to the excessive EEG activity, which
allows the high amplitude EEG activity to be re-
corded; that is the problem—not the activity it-
self. The task, then, of the treatment is to bring
back the functioning of these impaired sections
of the cortex. The sign that these areas are re-
turning to normal function is twofold. First, the
EEG amplitudes become inhibited and lower.
Second, functional improvement results. The
objectis toreduce the permeability of the cortex
so that it regains its inhibitory and integrative
functions. This, in turn, permits higher function-
ing to return.

Decreases in the Amplitude and Variability
of Low Frequency Activity. There were, and are,
decreasesin EEG amplitude and variability that
accompany LENS feedback if the initial ampli-
tudes are high enough. Decreases appear across
the entire 1-30 Hz spectrum, but especially in
the low frequency 1-12 Hz EEG range, includ-
ing that activity which is clearly and even prob-
ably attributable to artifact.

These decreases are sensitive to the level of
intensity of the feedback. There is a window at
any time in which the feedback intensity will
decrease the amplitude and variability. If the
intensity is too low or too high-a Yerkes-
Dodgson curve-amplitude reduction will not
occur. In fact, if the intensity is (resonant and)
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too high, the amplitudes may rise, as mentioned
above. . _

The range of intensity in which the ampli-
_ tudesdrop will vary with the phase of treatment.

For those with the energy and stamina, higher
levels of feedback will decrease amplitudes and
standard deviations early in the treatment. As
treatment progresses and the patient becomes
more sensitive and less hyper reactive, the in-
tensity will need to be reduced in order to con-
tinue to reduce the levels of activity. Reducing
the level of intensity is necessary to reduce the
amplitude and standard deviation, and to
increase the functioning the patients.

These evoked (by feedback) amplitude and
variability reductions may reflect, on a neur-
onal level, organic events which parallel the re-
covery of energy, mood, and cognitive capaci-
ties. These alterations in functional reactivity
appeartorepresent thequieting of the brain, and
the containing of emotional and attentional im-
pulses in a state of ambient readiness. The re-
covery of skill was apparent in both those who
had clear mechanical and physical trauma, and
those who suffered lifelong energy, emotional,
anxiety, and cognitive functional problems.

This lowering of the EEG’s amplitude using
the LENS stands in contrast to other attempts to
increase amplitudes of the same EEG bands us-
ing traditional EEG biofeedback. Whether it is
the feedback itself, the desensitization process,
alternate offset polarity, or some other element
of the procedure that automatically affects the
amplitude and variability decrease, the key
point is that these decreases occur in the LENS
process without the treatment directing this,
which is so characteristic of traditional EEG
- biofeedback. The implication is that some ele-
ment(s) in the LENS treatment process triggers
a self-organizing/corrective mechanism in the
brain which optimizes functioning, and which
requires no conscious involvement of the
individual receiving the feedback.

In addition to the frequent appearances of
EEG slowing, we encounter infrequent in-
stances of patients with EEG suppression, or
very low amplitude and low standard deviation
EEG activity. These have been most frequently
seen in chronic fatigue and fibromyalgia, and
usually interlaced with depression. Depres-
sion, seen apart from occurrences of chronic fa-
tigue, is most often accompanied by elevation

in EEG activity. Ordinarily we have screened
out those with unusually low amplitude EEG
activity (less than 1 pV) because they have been
particularly refractory to our methods.2

One more type of EEG activity is important
to mention: normal or high amplitude EEG ac-
tivity, accompanied by standard deviations of
below 1. The EEGs of those with these abnor-
mally smooth EEG recordings are often seen to
show dramatic rises in elevation following
LENS treatment, often accompanied by in-
creases in functioning. This appears to be adue
to a treatment-induced lifting of suppression of
the EEG. The increase in functioning may be
due to the freeing of energy bound by the
neurochemistry of suppression. Those with
problems functioning speak of the enormous
effortittakes to think, organize, plan—-inshortto
compensate for both their symptoms and due to
the suppressive effects of neurochemical pro-
tection. '

Diagnostic Considerations. The LENS has
been successfully and reliably used with au-
tism, Asperger’s syndrome, post-concussive
disorders, depressive disorders, post-traumatic
stress disorders, attention deficit disorder with
and without hyperactivity, chronic fatigue syn-
drome, fibromyalgia, and spastic paresis fol-
lowing cerebral vascular accidents. The im-
provements have been significant enough to
have made noticeable differences in the lives of
patients, both at home and at work. It may be
more useful to think about the above disorders
as variations of a single disorder (cortical per-
meability or insufficiency), in which the cortex
is inadequate to the task of inhibiting the
bioelectrical activity.

The Potential Central Locus of “Periph-
eral” Problems. Most pathology is treated pe-
ripherally, even when there are known central
nervous system mechanisms. To date, periph-
eral treatment has been attempted though exer-
cise, diet, etc., except where frank neuroleptic
or neurosurgical intervention has been in-
volved. For instance, fibromyalgia is typically
seen as a muscle problem, since the tender
points have been muscular, even though the
balance problems, mental fog, and fatigue are
typically seen as central problems.

The LENS provides a behavioral way to di-
rectly influence central mechanisms versus the
indirect means used in traditional EEG feed-
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back. With the LENS, the signals picked up
from the brain are ultimately fed back into the
tissues of the brain. The information the LENS
feeds back to the brain has no graphic or sym-
bolic meaning, as does the information from
traditional EEG neurofeedback, so there is
nothing to interpret. However, while the infor-
mation is fed back directly into the brain, it is
also not targeted (i.e., certain frequencies are
not associated with particular functions) and
there is no selectivity of where the feedback
signals go in the brain.

It is true, however, that only one site at any
one time establishes the resonance source for
the feedback and that is the site of the active
electrode. So while the feedback is believed to
permeate all of the brain tissues and is non-spe-
cificinthat sense, it remains resonant only with
the site of the active electrode, the site whose
dominant frequency is generating the basis for
the feedback signal (feedback frequency =
dominant frequency + offset).

The extent of the promise of this approach
can only be imagined. Emerging theories of
brain function, specifically with regard to the
self-organizing capability of the brain, will find
the LENS a significant intervention model for
both clinical treatment and pathology simula-
tion studies.

The Corrected Technical Inadequacy Un-
corrected: Alternating Hemispheric Feedback.
One of the more interesting sides of exploring
the LENS has been the extent to which precon-
ceptions about accuracy have been unneces-
sarily attached to efficacy. There were clear
inaccuracy problems in our first generation
software, causing the left and right lights to
strobe 180 degrees out of phase. It was assumed
that they had been flashing in phase synchrony.
When the lights flashed at lower frequencies,
however, they were observed to flash together
only inconsistently. The asynchronously flash-
ing lights were called to the attention of the pro-
grammer with the intention of emphasizing
how remarkable it was to obtain good results
with phase dyssynchrony.

As the second generation software was de-
veloped, left-right flash phase synchrony was
initially looked at as an imprecise sloppiness,
and not included. While the. desensitization
process seemed identical in the second-genera-
tion system, the results seemed to hold less

well-until the programmer was persuaded to
supply an option for permitting the lights to
strobe 180 degrees outof phase. Additionally, it
was suggested that alternating hemispheres
were stimulated with the left-right alternating
feedback. This strategy seemed to inhibit high
voltage activity relatively rapidly across the
spectrum. The use of alternating light feedback
was especially useful later in treatment. Using
alternating feedback as the first element of
treatment prevented treatment from having the
carry-over between sessions that it did when it
was used later in treatment, wherein it appears
to amplify treatment effects. The transfer of
learning value from alteration of phase later in
treatment may correspond developmentally
with the acquisition of stereoptic vision.

Initially, it looked as if the work with alter-

nating sides flashing might be an example, sub-
ject to experimental verification, of the power
of accidental digressions from pre-planned de-
signs. Initially it looked as if the left-right alter-
nating stimulation was extremely significantin
a number of ways. However, years later, the
question changed as to whether this was justan-
other way of reducing the intensity of stimula-
tion, only providing 50% of the intensity at any
one time. This question could be resolvable
now by doing athorough analysis of the electro-
magnetic field emitted by any visual stimula-
tion device so that the concurrent visual and
electromagnetic influences can be understood
for their individual contribution to any observed
phenomena.
. Consciousness Is Optional. Psychologists
and traditional biofeedback therapists tend to
hold to the model of treatment as a conscious
process. Yetan unknown percent of patients re-
ceive therapy that is primarily conversational
for long periods of time with minimal concrete
results (even though they may report feeling
better). Non-psychotherapeutic psychiatrists,
on the other hand, tend to see medication as the
primary component in the recovery and symp-
tom alleviation/management process, relegat-
ing the patient’s conscious participation and
learning a secondary, if not functionally irrele-
vant role.

The LENS appears to offer a behavioral
non-pharmacologic, non-surgical and non-psy-
chotherapeutic way to influence behavior, cog-
nitive function, and feeling states, especially
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with regard to symptoms that result from me-
chanical and/or psychological trauma. LENS is
behavioral and not medical because the signals
_ are profoundly minimal in intensity. It seems
likely that functioning, and not structure is di-
rectly influenced; the adaptability of the indi-
vidual and subsystems of the individual are in-
fluenced, and adaptability is learning.

Our subjects show significant decreases in
EEG amplitude and standard deviation without
specific instructions to suppress this activity.
LENS, therefore, complements both pharma-
cologic and psychotherapeutic techniques.
Conscious self-development associated with
psychotherapy can be valuable, butcan proceed
better when the patient’s consciousness is
clearer and thereby more able to process infor-
mation.

Is It Self-Regulation Even Though It Is Not a
Conscious, Deliberate Process? The use of the
LENS has been criticized as inducing passive
change in the patient, which has little chance of
promoting either a sense of empowerment or
long-term change in the patient’s psychologi-
cal status. It is here hypothesized that the
LENS, instead, shortens treatment by eliminat-
ing a major portion of the time-consuming
feedback process, clarifies the patient’s tenden-
cies to control the inner flow of conscious expe-
rience, and still permits the chance to desensi-
tize, drop defenses, and allow neurochemistry
to return to productive homeostasis. Further,
the EEG disentrainment supports, but does not
force, the patient to experience unfamiliar
states of consciousness that enhance the
chances of recognizing these states with further
treatment. While the person receiving the
LENS treatment may feel as if they are “not do-
ing anything” and are not involved in a con-
scious learning process, they have nonetheless
brought themselves to a setting that is structured
to allow theirbrainto adapt and learn ata neuro-
logical level.

Traditional neurofeedback therapy undoubt-
edly contributes to the acquisition of self-regu-
latory skills, as well as operantly conditioning
healthier brainwave patterns. However, the
elimination of the lengthy and hard work in
front of a computer screen with LENS treat-
ment still seems to promote acute patient
awareness of the operation of his or her defen-
sive structure and process. The acquisition of a

state of passive-allowing of experience seems
facilitated by the LENS as it increases the pa-
tient’s awareness of being drawn into different
states of consciousness.

Most of our self-regulatory processes are
non conscious, and not voluntary. To take on a
mission of micromanaging even a significant
portion of these non conscious processes seems
to me to significantly reduce one’s available
conscious resources for tasks usually requiring
large amounts of consciousness: learning new
skills, and appreciating and enjoying life. It
seems ideal to me to find ways to maximize our
non conscious skills, so that we can find greater
ease and clarity for our conscious lives.

Is the EEG Really Necessary to Drive the
Feedback? This question is of central impor-
tance. If the EEG is unnecessary to enhance the
clarity and ease of our conscious experience,
then ways can be found much less expensively
to efficaciously use the fixed and/or pre-set fre-
quency feedback in treatment.

There were several inadvertent triple blind
studies conducted during the history of the
LENS. Triple blind studies are ones where even
an experimenter does not know who gets what
procedures. Not only were the subjects and ma-
chine operators blind to the study, but I knew
only in retrospect exactly what happened. Un-
beknownst to me or anybody else, during the
use of our earlier light feedback system, it was
discovered that the EEG had somehow been
disconnected from the lights and that the flash
rate had remained at 4 Hz regardless of the in-
strument readings to the contrary. After some -
investigation it became clear that there was a
bug in the program, installed by accident by the
programmer after he “upgraded” the software.
This bug prevented any change in the LENS
programming without effectively disconnect-
ing it from the EEG.

Reviewing the records of the half-dozen pa-
tients seen during the time of the problem, all
were found to have regressed during the period
that the EEG was disconnected from the visual
feedback. They were all either more hypersen-
sitive, or more depressed. Patients were pro-
vided with enough free treatment to correct the
problem and they began to progress again.

This experience yielded several different
conclusions. First, itappears thatusing the EEG
to influence the feedback stimulation rate is in-
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deed necessary and useful. Second, programs
that were developed that intuitively compen-
sated for theirritating fixed-frequency feed-
back by dropping the intensity of the light feed-
back that was originally used further reinforced
the utility of very low intensity levels. Third,
the default fixed frequency was changed from 4
Hz to 20 Hz, to guard against inadvertent delta
and theta feedback occurring in the event of a
programming error. Last, considering the ac-
tual effects of over stimulation conditions in
replicating pathological states and functioning,
it may be possible that we can better study cen-
tral nervous system problems by using the
proper kinds and levels of feedback stimulation
to experimentally replicate and even tempo-
rarily evoke problems in the brain to more
accurately study brain functioning, impairment
and recovery.

Frequency of Treatments. The optimal treat-
ment schedule is one that leaves the individual
refreshed. There is no treatment schedule that
affects everybody the same way. Treatments
canbe effective when delivered on a daily basis
if the patient can tolerate this level of feedback.
On the other hand, it is possible to leave the pa-
tient slightly disoriented, fatigued, and with a
headache from sessions which are too frequent
or long in duration, or where the offset is too
low. While each patient is different, these fac-
tors generally underlie clients’ reported post-
session discomfort. With such patients, much
less frequent treatments may be the ones that
speed the course of treatment the most. Treat-
ment effects do appear to need a critical mass of
treatments to overcome the rigidity of the
system that perpetuates the symptom systems
and pathology. )

The therapist must be willing to rely on the
signs of subjective discomfort of the patient,
such as fatigue, rigidity, obsessiveness, and de-
pression that will not respond, and be willing to
take the risk of giving too little feedback by re-
ducing the stimulation even to such small
amounts that it seems ridiculous (i.e., one sec-
ond per month) if need be. Thus while the range
of feedback intensity dose can be enormous
(e.g., ranging from three sessions/day to six
seconds per week) the primary cues for deci-
sion making all come from the patient to the
therapist who is willing to risk anxiety and the
appearance of being foolish, but who will, to

advance the welfare of the patient, reduce
feedback intensity.

One of the seductive elements in the use of
the LENS is that longer treatment sessions can
appear to work well for some treatment popula-
tions, such as autistic children. This may fitinto
preconceived ideas that a therapist may have
about the necessity of lengthier sessions. The
consequence of longer sessions is that while
they work in the short term, on a week-to-week
basis they contribute to a slower pace for the oc-
currence of improvements. The therapists
maintain that longer sessions do work for this
population. My response is “But have you tried
briefer...?”

Duration of Treatment and Factors that De-
termine Treatment Length. The degree of sensi-
tivity to the LENS feedback, how rapid the rate
of desensitization, and the pre-existing dura-
tion of the symptoms and efforts to compensate
for them are the best determinants of the dura-
tion of treatment. For example, the average du-
ration of treatment for a formerly high function-
ing, multi-tasking patient who had ahead injury
2.5 years prior to treatment, is approximately 6
sessions with seven or fewer seconds of feed-
back during each session. If the person had life-
long problems prior to the trauma, the treatment
time ranges from 40 to 70 sessions. If the prob-
lemis severe post-stroke or spinal cord bruising
paresis, the course of treatment may number
into the hundreds of sessions. However, for
those with mild to moderate stroke, even with
paralysis, shocking relief from paralysis may
be seen in between 6 and 14 sessions. An aver-
age of three sessions has produced startling re-
sults with people who have been overly stressed
by work and/or home conditions over several
years. No matter if the patient is suicidal, if they
were high functioning before the protracted
stress their treatment has averaged three
sessions.

Reducing Treatment Time with Offsets. The
antecedent systems to the LENS were designed
with offsets from the start, originally to reduce
the chance of elaborating a seizure that might
havebeen triggered by the original bright flash-
ing feedback lights. At that time offsets were
called “leading frequencies,” because it was
thought that they led the dominant frequency to
rise or lower. The term “offset” was felt to be
more descriptive.
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If the feedback signal frequency could never
equal the peak, or dominant frequency, two ef-
fects were anticipated. First, the feedback fre-

quency might not elaborate seizure activity if
" there was a tendency toward seizing. Second,
the offset feedback frequency might shift en-
ergy away from the seizure frequency, which
would be the peak EEG frequency at that time.
Indrawing energy away from the dominant fre-
quency, the amplitude of the dominant fre-
quency would be lowered, corresponding to the
effect ordinarily seen.

Defining Frequency Offset. The offset eval-
uation originated from examining patient data
in a typical year-end review. Up to that time we
rotated through each of the standard offsets of 5,
10, 15, and 20 Hz ateach site we treated. During
one particular year-end review of data it was
noticed that patients considered more sensitive
showed lower EEG amplitudes during the peri-
ods when higher offsets (15 or 20 Hz) were
used; and patients considered more reactive
and less sensitive showed lower EEG ampli-
tudes during the periods when the lower offsets
(5 or 10 Hz) were used. If higher functioning
levels accompanied lower amplitudes, then it
might be wasting time to expose patients to off-
sets that didn’t do much to lower their ampli-
tudes. The task then became to design an evalu-
ation that demonstrated the EEG response to
each of the standard offsets. It initially used a
baseline of one minute, followed by each of the
offsets, structured as follows:

» One second of feedback with an offset of
5, followed by one minute of post baseline
monitoring

* One second of feedback with an offset of
10, followed by one minute of post base-
line monitoring

* One second of feedback with an offset of
15, followed by one minute of post base-
line monitoring

* One second of feedback with an offset of
20, followed by one minute of post base-
line monitoring

Toreduce the possibility thatrelaxing during
the 1-minute baseline would affect the EEG
amplitudes during the stimulation, the baseline
was lengthened to six minutes to be sure that the
patienthad stabilized inrelaxation before being

exposed to the first offset. If the amplitudes of
delta and alpha are measured after exposure to
feedback at different offsets from the measure
dominant frequency, the amplitudes resulting
fromeach offset can be assessed. The offset that
produced the lowest band amplitude would be
the one to select during treatment to achieve
maximum decrease in amplitude activity. .

The problem with providing several differ-
ent offsets in an evaluation, if the offsets are
presented in the same order, time after time, is
that order effects may be influencing the re-
sults. Infact, itis probably true that order effects
influence the observed responses of EEG am-
plitudes to the offsets. To randomize the order
of presentation, however, brings its own prob-
lems. In order to prevent the patient from being
over stimulated, there is limited opportunity to
present stimulation during any one session.
Offset evaluations ordinarily provide a signifi-
cantdose of four seconds of stimulation, and are
reserved for those patients who are sturdy
enough to tolerate them. So it seems inadvis-
able to do a comprehensive presentation of
stimulation with counterbalanced orders of
presentation and hope to find the “real” or
“right” offset. Rather, the offset evaluation is
viewed as a starting place from which to derive
the offset.

Interestingly, it was found that the numbers
defined as offsets have face validity. A patient
who is reasonably insensitive and foggy at the
start of the treatment will often have an offset
closerto 5 or 10 Hz. If the patient, in later treat-
ment, declares that they are not much clearer
and better functioning, one would expect thata
repeat offset evaluation will show the offset re-
defined at a higher number. The patient, then,
will also seem more discriminant, less foggy,
and more functional. And in fact, the repeat off-
set evaluation often redefines the offset at
closer to 20.

Figure 3 displays an example of an offset
evaluation. It shows the response of the delta
frequency band amplitude and standard devia-
tion to one second of feedback stimulation at
the four different offset frequencies of 5, 10, 15,
and 20 Hz. It can be seen that the most effective
offset frequency for reducing delta was 5 Hz.

Does the EEG Change with LENS Stimula-
tion? There is usually a question in the minds of
both the prospective patient as well as the pro-
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FIGURE 3. Delta Response to Different Offsets
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spective therapist about whether the LENS ac-
tually changes the EEG. After all, therapists us-
ing traditional neurofeedback complained that
they saw relatively little change in the EEGs of
some of their patients. While change inthe EEG
itself may or may not be correlated with achiev-
ing the kind of change that a patient wants, at
least it can serve as encouragement that some-
thing positive may happen sooner rather than
later. The offset evaluation has three purposes.
First, as above, it empirically defines an offset.
Second, it provides a chance for the non-sensi-
tive patient to put a toe in the water and experi-
ence a standardized dose of feedback. If the pa-
tient is known to be very reactive (e.g., to light,
sound, medications, weather changes, foods,
odors, and other people), one can presume an
offset of 20, and use a less demanding proce-
dure than the offsetevaluation to provide an ex-
perience. In either case we use a test dose of
feedback stimulation to be as sure as we can that
the experience leaves the patient comfortable.
Finally, we can compare the baseline and feed-
back sections of the evaluationto see ifthe EEG
has changed in amplitude and standard devia-
tion.

We have two choices in selecting an offset
frequency to use in LENS sessions. One choice
is touse the graph of deltaresponses to the alter-
native offset frequencies. The other choiceis to
use the alpha responses. Delta activity has al-
ways seemed moreresponsive thanalphaactiv-
ity, perhaps because alpha activity may be more
genetically determined. Therefore, we use the
graph of delta activity for selecting our offset
frequency. This choice has proven more suc-

cessful than using alpha offset for reducing
elevated amplitudes across the frequency spec-
trum. In addition, delta offset responses are fa-
vored over the reactions to offsets within the
theta band because clinical experience has
shown that using delta offset data was most ef-
fective in reducing both delta and theta activity
(in comparison with using theta offsets).

InFigure4itis clear that delta amplitude and
standard deviation dropped from the baseline
following feedback. In contrast to Figure 3, this
figure presents the average of data from all four
of the offsets. However, it also shows thatalpha
amplitude and standard deviation slightly in-
creased. This demonstrates that measurable
EEG changes can be documented in a brief ten
minute evaluation, with as little as four seconds
of feedback being given during that time.

Reducing Treatment Time with Brain Map-
ping. Quantitative EEG (QEEG) was discon-
tinued in the early 1990s because it did not offer
clear and reliable guidance in defining which
sites to work with and in what sequence. The
LENS practitioners were seeking treatment
planning answers about patients who presented
more complex problems. These problems cre-
ated uncertainty about how best to bring about
progress, and especially in choosing electrode
sites. A useful mapping system would graphi-
cally specify the order and sequence of sites to
treat. The operational definition of an “appro-
priate” electrode site is one with reduced
evoked EEG amplitude within five minutes.

It has been our clinical experience that by
simply mapping the amplitude and standard de-
viation of the EEG at 19 or more electrode sites,
we can specify electrode site sequencing and
placement. As a basis for treatment planning
with LENS this seems to speed the rate of EEG
change, wasted treatment time is avoided, and
discomfort is minimized by choosing and treat-
ing multipleelectrode sites during each session,
following an order from lowest amplitude/vari-
ability to greatest amplitude/variability.

EEG Coherence Issues. EEG coherence is
correlated phase activity in a frequency band
between different EEG sites. Variability in the
form of standard deviations can also be corre-
lated, but is usually not talked about in relation
to coherence across electrode sites. Interest-
ingly amajor EEG reference makes no mention
of coherence in its index (Niedermeyer & da
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FIGURE 4. Offset Evaluation: Averaged Frequency and Standard Deviation Changes
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Silva, 1999) making the following discussion
highly speculative.

The Clinical Side of Coherence. There are
patients who are easier to treat, and those who
are more complex. “Easier” means that ampli-
tudes reduce and stay low at the sites treated.
The easier patients do not suffer an exacerba-
tion of their symptoms after initial treatments.
“Complex” means that (a) frequency band am-
plitude at any site may increase after it lowers,
(b) another frequency band may increase in ac-
tivity at the site monitored, (c) band amplitudes
at the same site may see-saw (alpha and delta
amplitudes may see-saw), (d) band amplitudes
at one site may fall while the same band ampli-
tudes may rise at a different site, and (e) symp-
toms may flare up after the session. Coherence
problems may be recognized by any of these
items. On the topographic maps, map areas
showing pools of the same color are, in fact,
showing areas with the same amplitudes of ac-
tivity within a frequency band. The sites, then,

have correlated amplitudes which may reflect
the probability of high coherence. A review of
100 topographic maps, sorted into piles of
low-to-high areas of similar amplitude was
roughly correlated with patients who were, re-
spectively easy-to-hard to treat. This evaluation
was crude and bears systematic and precise in-
vestigation.

Hunches About Coherence and Systems.
Correlated activity may mean that the activity
occurs in a system, an integrated pattern. As
with any system, the activity asa whole behaves
different than the behavior as the sum of the
parts. Changes in the activity at specific sites
thatare part of a system would be expectedto be
more resistant to change, and especially to last-
ing change. Therefore, it is expected that a sys-
tem would need to be worked with as a whole
system, rather than at just at one or two sites.

Components of Systems. There are three ma-
jor components of systems: (a) sites that are not
involved in a system, (b) sites that react to the
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activity in a system and either amplify the sys-
tems activity or dampen the system’s activity,
and (c) the generators of the system’s activity,
influenced by the other components. When a
site responds to treatment and remains affected
withoutrebounding after the session, itacts asif
itisunrelated tothe system. If there were nosys-
tem present, as is sometimes the case, the per-
sonwouldexperiencea “miracle,” asuddenand
noticeable reduction in symptoms.

Ramifications of Coherence for the LENS
Treatment Planning: A Story. As a metaphor,

let’s say that there are three types of people in a

riotous intersection. First, there are the by-
standers. They are the ones who are easily
moved by those trying to reduce the noise in the
intersection. They are not particularly involved
in the activity, and do not contribute to the
noise. But their presence does encourage the
others fomenting the noise.

Second, there are the collaborators. They
have varying degrees of interest and involve-
ment in generating the noise in the intersection.
They provide reinforcement and energy for the
instigators of the noise and they derive satisfac-
tion from their involvement. The degree of ease
with which the collaborators can be moved is a
function of their relationship with the instiga-
tors, and with the amount of energy they have.
Last, there are the instigators. They provide the
energy for the crowd.

In any system, there are the energetic
sources, the other components that are influ-
enced and in turn influence, and the uninvolved
parts. The trick for treatment is to discover how
to move the less-involved parts, continue to re-
duce the overall energy in the system, and to
nudge the system toward lower noise and
greater flexibility.

It may be said that our job is to reduce the
noise in the above intersection: to increase the
ease with which messages are exchanged in the
brain. If we ask each person in the intersection
tomove, the ones that first move will be the ones
least involved: the bystanders. With the by-
standers absent, there is less encouragement for
the collaborators and the instigators.

The next to move will be the least motivated
of the collaborators. Their absence provides
still less reinforcement for the more motivated
collaborators and the instigators, making iteas-
ier to move more collaborators. In a reiterative

fashion, the crowd thins, with more collabora-
tors losing motivation as it does. In the end, the
instigators may or may not be moved. How-
ever, there is now much more room for traffic to
flow and the intersection can be more func-
tional. It is the function of the LENS map to
empirically define which of the sites are by-
standers, collaborators, and perhaps, the insti-
gator(s)-the generators. Of course this is some-
thing of a conjecture and may to a large extent
be unnecessary. However, it does provide a
methodology for approaching the complex
clinical pictures with which we deal. In fact, us-
ing the LENS map the way we do may be one of
the factors contributing to the relatively short
treatment times. There may well be alternative
ways of organizing the treatment approach that
could result in further reduction in treatment
duration, more efficacious results, or both.
The Brainas a System. There are such things
as simple problems. These cases generally have
a sudden onset of symptoms without an
inter-generational or genetic basis to the symp-
tom. The treatments are even simpler for those
people who were especially high functioning
before their injury or trauma. Treatment of
these individuals with acquired CNS problems
is often a joy. They may be the cases shared
among colleagues, the ones which impress the
audiences, and propel the sales of EEG equip-
ment. For these instances, itis quite plausible to
apply traditional neurofeedback or the LENS
method to one or two of the standard 10-20elec-
trode sites and watch the miracles happen. Un-
fortunately, informal surveys of therapists us-
ing all of the current models of neurofeedback
equipment on the market evoke reports that
from 50 to 80 percent of the time the therapists
do not feel like they know what they are doing.
They feel lost about treatment direction and
disappointed at the results they are obtaining.
Achieving success with LENS at any one
electrode site (i.e., reducing EEG amplitude
and variability) canlead to behavioral rebounds
and reactions such as transient hyperactivity or
fatigue. When doing topographic maps sequen-
tially at different electrode sites, it is quite ap-
parent when the problems that a person has
seem to be occurring within a system or multi-
ple systems of activity as measured across the
scalp. The complex cases invariably show
many kinds of EEG activity (i.e., unwanted
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rises in amplitudes and variability) that are
caused by isolated successes at the sites that
were treated in isolation. If a site or a few sites
~ are treated without recognition of the extant
systems, then there are often untoward post-
session problems.

This hypothesized activity occurring in sys-
tems may be the same as hypercoherence: the
same frequency appearing at multiple sites
across the scalp at the same time. If these sites
are linked together, and if the therapist is treat-
ing one or a few of the sites, changes in those
few sites will cause a reaction in the rest of the
system which may both evoke strong concern
or worry in the patient, and create management
problems in treatment, as well as cause unnec-
essarily long and uneconomical treatment
processes.

The topographic mapping process that we
utilize holds promise to enable the therapist to
understand how to approach the areas involved
in the pathology in a graded, elegant way, and
without any biases based on “known facts”
stemming from neuropsychology or literature
reports. Mapping reduces the chances that a sta-
tistically unusual site plays a prominent part in
the functional pathology. It reduces the chance
that the unusual site or combination of sites will
be missed, delaying the problem’s resolution.

The maps show the frequency bands’ evoked
amplitude undulations shrinking spatially,
dampening, and eventually stabilizing in am-
plitude as treatment progresses. This translates
into being able to observe the chaotic energy
systems moving around and rearranging them-
selves across the scalp surface as they become
electrically less noisy. The surface maps are
transformed into other graphs that specify
which sites are to be worked with, and in which
sequence (see Figure 2).

Having these maps of evoked activity avail-
able also permits the therapist to compare cur-
rent versus previously measured values. When
there is too much of a discrepancy, the loss of
accuracy indicates that the map is no longer a
faithful guide to treatment and that another map
is needed to accurately predict the strategic site
sequences.

Sensitivity vs. Hypersensitivity. When pa-
tients firstenter treatment they tend to see them-
selves as overly sensitive. In fact, they tend to
be quite reactive, but quite insensitive. An ex-

tremely reactive individual is so reactive to
stimuli and caught up in the emotional, cogni-
tive, glandular, vascular, immunological, and/
or motoric elements of the reactions that there is
literally no opening for being aware of the stim-
uli. Hypersensitiveindividuals are rarely aware
of much about their situations or of their feel-
ings. They are aware of their reactions to these
situations and feelings, rather than of the situa-
tions themselves. For example, they may be
overwhelmed by their reactions of discomfort,
or overwhelmed by the difficulty of taking
things in.

The LENS ordinarily reduces the amplitude
and variability of the EEG across the spectrum.
Inother words, the EEG becomes less hyper-re-
active to the LENS feedback. This may be a
function of the enormous dynamic range of the
feedback intensity, which can potentially be
varied by 100,000 gradations from the weakest
to most intense feedback intensity levels. Turn-
ing the feedback on and off will at times show
correlated amplitude and variability changes in
the EEG on the screen, even though patients
cannot feel the feedback. As the patient’s hy-
per-reactivity drops, the patient tends to experi-
ence a subjective increase in ease, greater abil-
ity to follow conversations, to understand what
isread, and to think more clearly. Clarity is are-
flection of greatér perceptual acuity and a less-
ening of mental fog. Often there are reports of
increasing quiescence and decreases in rest-
lessness. The intersection, as in the above story,
has become quieter and more functional. An-
other way to putitis that the patientis becoming
more sensitive-but less hyper-reactive. The re-
sultis that the patient is more aware of the envi-
ronment and of inner feelings; more aware of
likes, dislikes, needs, and satisfactions of those
needs. The good and bad news is that while the
patient can be happier and unhappier, there is
more chance, because of decreased hyper-reac-
tivity, to be more thoughtful about life.

Sensitivity: Its Acknowledgment, Manage-
ment, and Benefits. The phenomenon of sensi-
tivity to feedback intensity is one of the most
intriguing aspects of the LENS. There is an ap-
parent relationship between dysfunction and
reactivity to stimulation. Patients express this
verbally and/or motorically. This can also be
observed during treatment as increasing delta,
theta, or alpha activity across a number of sites,
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withoutareturnto baseline within five minutes.
These factors led me and my colleagues to con-
sider alternative treatment models arising from
our new views regarding brain trauma and its
resolution.

The apparent plasticity of the dysfunction
under the feedback of the LENS itself casts con-
siderable doubt on the traditionally held view
that much post-trauma dysfunction is attribut-
able to the trauma; perhaps it is largely attribut-
able to the brain’s own protective mechanisms.
Rather than working with trauma-induced
braindamage, inthe case of braininjury we may
need to be working with the brain’s own
self-protective neurochemical systems.

What is most important is that we apparently
are far more sensitive than we have ever ex-
pected, at least when we become injured or in
any way dysfunctional. Much of the medical es-
tablishment, and to a certain extent the psycho-
logical rehabilitation establishment, has taken
up the “Jack Lalane” exercise, gain-through-
pain approach to rehabilitation. This was the
mentality which was originally applied to the
LENS work until it was recognized that the op-
posite was the only approach that consistently
produced positive outcomes. It has turned out
that the more we take into account sensitivity,
making treatment as gentle as possiblein previ-
ously unimaginable ways, the neuronal strength
of the patients has been supported, andrecovery
follows far more often than not.

This shift in paradigm regarding the units of
analysis, intervention and mechanismof action
often means that the feedback intensity is kept
to a minimum. During the early sessions the
therapist needs to know how to be content to
make very small interventions until the patient,
with decreased symptoms, becomes ready for
more pungency in the feedback. Ithas only been
when the patient’s sensitivity has been care-
fully considered that maximum speed of treat-
mentisachieved. Otherwise valuable treatment
time is spent recovering from treatment-in-
duced relapses.

Suppression. EEG activity suppression. Al-
most without exception, all relatively high am-
plitude EEG band activity drops (even with
high beta) following LENS feedback. How-
ever, low amplitude and standard deviations
canand dorise. When this occurs the low activ-
ity is understood to have been suppressed. Pre-

scription medication can cause this kind of sup-
pression. Internal automatic self-medication
with perhaps inhibitory neurotransmitters might
also cause this kind of suppression.

At first it was thought that the rises in ampli-
tude that occur with the LENS treatments were
signs of over stimulation and signs of pathol-
ogy. However, it has become apparent that
most amplitude and standard deviation in-
creases occur in the context of increasingly
competent functioning-although not infre-
quently inthe contextof some narrowly defined
and extremely disruptive symptoms. Forexam-
ple, while the patient is becoming more relaxed
and less depressed, there may be an increase in
seizures, tics, temper, muscular pain, toileting
accidents, and perhaps substance abuse. These
are not seen as side effects of treatment now. In
contrast, they are now seen as transition states
during which short-term compensations andin-
hibitions have been released. They occur in
those with histories of the observed problems.
It may be that the very problematic, potentially
dangerous, and most likely socially very em-
barrassing symptorns were intuitively suppres-
sed—and most likely forgotten, until the current
treatment.

These symptoms, depending on their pathol-
ogy and severity, typically lasta week, and then
remit. They may also re-occur when a virus,
other infection, or other body change is still
pre-clinical and unobserved. However, after
one or two infection or bodily change cycles,
they no longer appear.

It is extremely important that each prospec-
tive patient be interviewed for such previous
historical symptoms. Their presence is not nec-
essarily a contraindication for the LENS ap-
proach. But if they were present at one point in
his or her life, it is a chance to ask the patient
whether the symptoms for which he or she is
seeking relief are important enough to out
weigh the risk of re-encountering for a short
time the intensely problematic symptoms from
earlier life. It takes a relatively short while, dur-
ing treatment, for the brain to integrate—rather
than inhibit—problematic pathophysiology, and
thus bring marked relief.

The What, Why, and How of the LENS. There
are three considerations concerning the LENS
and its mechanism: What is happening, why it
happens, and what treatment strategies bring
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about the effect. These can be labeled, respec-
tively: permeability, inhibitory neurotransmit-
ter activity alterations, and applied chaos the-
_ory. The statements addressing each area of
concern are testable.

What. Changes in cortical permeability: It
has been observed thatindividuals with chronic
central nervous system functioning problems
have higher levels of recordable low frequency
electrical activity at scalp sites. It has further
been observed that as the functioning of the in-
dividual improves with treatment, the ampli-
tude of the EEG diminishes across the spectrum
at each scalp site.

On a descriptive level, the most parsimoni-
ous way to picture what happens as functioning
improves and as the measured evoked EEG am-
plitude drops, might be in terms of decreasing
permeability of the cortex: the higher ampli-
tude activity probably remains present sub-
cortically. It may be that it is simply not mea-
surable at the scalp surface as the cortex
re-assumes its integrative capacity and blocks
the appearance of the higher amplitude sub-
cortical activity at the surface. The use of in-
dwelling (needle) electrodes at various depths
simultaneously may help differentiate cortical
from subcortical activity, and show with treat-
ment, evidence of increased cortical activation
as differentiated from subcortical activity.

Why. Inhibitory neurotransmitter activity al-
ternations: Feeding back frequency informa-
tion that is different from that which is mea-
sured, but nevertheless still a function of the
frequency measured, may place different
neurochemical demands on the synapses which
feed the measured activity. If there is post-trau-
matic inhibitory neurotransmitter activity in-
terfering with cortical function (i.e., making the
cortex more permeable) and if the mechanism
perpetuating this activity is disturbed and is al-
tered, then the synaptic neurotransmitter mix
mightbe altered to once again permitdecreased
permeability and proper cortical functioning.

How. Applied chaos therapy: Most neuro-
feedback treatment focuses on the shaping of
activity in one or two frequency bands through
voluntary controls atone or two sites. One of the
complaints about the duration of neurofeed-
back treatment is that it takes too long and is tco
expensive. The sites commonly treated are, as
often as not, the ones showing the highest mea-

sured amplitudes, making the task from the start
a difficult one.

While treatment of acute patients with good
premorbid histories may respond to a simpler
treatment strategy, such a strategy may not suf-
fice for patients with complicated, life-longhis-
tories and syniptoms. In contrast, without try-
ing tospeed or slow the EEG activity, the LENS
addresses all of the of the standard 10-20 sys-
tem scalp sites as a method to control the feed-
back in a sequence based on a ranking of
site-permeability (irritability) from least to
most. By using this method, the activity at both
the sites that have problems in isolation, and at
sites that act in coherence systems, can be de-
creased in a predictable manner. This may re-
duce treatment time and expense in compli-
cated cases, and increase the longevity of a
positive outcome.

CONCLUSION

The LENS has shown significant effects in
the treatment of a variety of CNS mediated dis-
orders. Ongoing research will be required to
fully understand the mechanisms of action and
algorithms for directing treatment (e.g., site se-
lection, feedback intensity, duration, etc.). The
following are some tentative conclusions re-
garding the benefits and underlying principles
of the LENS.

Treatment benefits include: decreased feel-
ings of irritability, anger, fatigue, anxiety, de-
pression, and decreased angina when caused by
cortical problems. Improved mental clarity (de-
creased “mental fog”), sleep, energy, concen-
tration, attention, short-term memory, improved
vision and speech when due to cortical prob-
lems, and increased ease of functioning. Tangi-
ble clinical improvements are typically noted
within three to six sessions. Reductions in EEG
amplitude and variability will often be noted
within the first five minutes of the first session.

The LENS in the Current Social/Scientific/
Clinical Context. The following are issues of
concern expressed by non-The LENS profes-
sionals.

Invasiveness

In contrast to traditional EEG feedback, the
LENS could be considered minimally invasive.
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The field strength of the stimulation is only
10-18 watts/cm2, whichis farless invasive than
medication or electroconvulsive therapy, and
microscopic in comparison to transcranial
magnetic stimulation or even in comparison to
the stimulation received from holding a cell
phone to one’s ear.

Other-Directed (Therapist Regulated)
vs. Self-Regulation

Two attitudes are interwoven in this contro-
versy. One idea is that consciousness is a re-
quirement for self-regulation. If the regulation
that occurs is not conscious and intentional, it is
not self-regulation. Yet the spinal cord and
lower brain centers are not only responsible for
many of our life-support systems, but they also
can learn and adapt quite nicely without con-
scious intervention. In other words, we may be
just as smart subcortically (and unconsciously)
as we are consciously. So it seems wasteful to
devalue non-conscious self-regulation and to
throw away resources that can be mobilized for
learning and life enhancement. Furthermore,
although conscious effort and work is involved
with traditional neurofeedback, it is not so
much teaching self-regulation as it is facilitat-
ing the operant conditioning of healthier
brainwave patterns.

The second controversy is the locus of con-
trol issue, or who is in control, therapist or pa-
tient? This issue seems to be grounded in the
naive belief that traditional biofeedback places
the patient in charge, and that he or she is truly
engaged in self-regulation. There is, of course,
the implicationthat when a therapist is adminis-
tering an energy field, the process is controlled
by the therapist. In fact, the design of the treat-
mentprotocol used in traditional biofeedback is
also under therapist control (i.e., whether toen-
hance a particular high frequency activity and
inhibitlow frequency activity). Further, the op-
eration of the threshold, which determines
which EEG activity gets which kinds of rein-
forcement, is likewise under therapistcontrol in
traditional EEG biofeedback.

Similarly, the therapistis clearly in control of
the structure of the LENS session, butis guided
by the patient’s subjective sense of whatis com-
fortable and uncomfortable. In contrast, when
using the LENS protocols, the goal of the LENS

treatment is flexibility of neural functioning,
and there is no unilateral influence on the brain
to either produce more fast-wave activity or
more slow-wave activity. The patient’s brain is
left free to do as it needs to, when it needs to, as
the amplitude and variability decrease across
the spectrum.

Hopefully, both LENS and general neuro-
feedback procedures will maximize the ability
of the patient to be self-regulating. However, it
is naive to hold the premise that traditional EEG
biofeedback places the patient in charge of the
structure of the treatment, or that neuro-
feedback is teaching self-regulation in the
sense of learning a conscious skill. It seems that
the more important scientific concern needs to
be: Under which clinical conditions is LENS or
traditional neurofeedback most effective and
efficient? Each system may have its own
domains of applicability.

Physical or Psychological Harm

The Thalidomide tragedy has made every-
one aware of the importance of looking at
long-term effects of a prospective treatment,
and rightly so. It is always worth reviewing the
probability that wherever there is change, there
is disruption. And whether good or bad, there
can always be unpleasant as well as beneficial
effects, even if the treatment is “entirely natu-
ral.” Oneissue here is not whether there are “un-
pleasant side effects,” but to identify what they
are. Side effects or adverse reactions have been
noted with traditional neurofeedback technol-
ogy (Hammond, Stockdale, Hoffman, Ayers,
& Nash, 2001) and in fact, if misapplied tradi-
tional neurofeedback has the potential to evoke
iatrogenic effects, including seizures (Lubar et
al., 1981; Lubar & Shouse, 1976, 1977). Once
identified, the prospectiverecipientof the treat-
ment can weigh the benefits against the risks of
treatment. The unpleasant side effects of treat-
ment discovered to date echo the unpleasant ef-
fects of any other kind of change process,
whether itis hypnosis, psychotherapy, biofeed-
back, yoga, etc. With the LENS system, no pa-
tient over the last three years has ever reporteda
new symptom; that is, one that had never before
beenexperienced by that patient. However, any
current symptom, physical or psychological,
can be temporarily exacerbated.
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Another issue here is to differentiate un-
pleasant “‘side-effects” from disruptive signs of
health and recovery. As people become clearer
_ abouttheir own reactions to adifficult, unpleas-
ant, and even treacherous world, they are in-
clined to become more angry, sad, or anxious,
and appropriately so. They are apt to become
less tolerant of what ought not to be tolerated.
However, it is the amount of increased thought-
fulness and productivity about the noxious ele-
ments of life that makes these reactions differ-
ent from the hyper-reactive, blind reactions that
characterized their lives prior to the LENS
treatment. These considerations need to be
made clear when individuals are considering
LENS treatment.

Dearth of Literature

It must be acknowledged that apart from this
volume, there is only a limited scientific re-
search (Donaldson, Sella, & Mueller, 1998;
Mueller, Donaldson, Nelson & Layman, 2001;
Schoenberger et al., 2001) on the use of LENS.
We know little about the effects of variable-fre-
quency feedback on EEG activity. However,
we now have considerable clinical experience
inworking with anumber of diagnoses. As with
most clinical areas of application of traditional
neurofeedback, adequately controlled outcome
studies with LENS are lacking. Therefore, the
informed consent process with patients must
acknowledge these facts to allow patients to
make an informed decision about using a more
investigational treatment.

Fear of LENS Treatment Being Too Rapid

Finally we should mention a frequently ex-
pressed concern about the LENS producing
therapist unemployment because it is too rapid
or effective. It is true that the LENS often re-
duces treatment time, making for more rapid
patient turnover, and placing new demands on
a’therapist’s marketing skills. However, it also
often increases a’therapist’s effectiveness,
opens up treatment as an option to new popula-
tions, and makes treatment more affordable and
enjoyable. Further, it increases the number of
patients atherapistcanhelpinshorterlengths of
time.

Summary

LENS is an innovative type of neuro-
feedback that has evolved over the past 16
years. Itinvolves the use of very weak electro-
magnetic energy fields which are fed back to
the brain based on the brain’s dominant fre-
quency from moment-to-moment. This feed-
back is usually effective in reducing high am-
plitude activity, in many cases shortening the
length of treatment that is required in compari-
son with traditional neurofeedback. Treatment
sessions are brief, and because of the minimal
demands it places on the patient it is very ap-
pealing to some patients and opens up treatment
options for new populations of patients. The na-
ture of LENS technology will also facilitate do-
ing double-blind, placebo controlled studies
which can advance our field.

NOTES

1. Some proportion of activity in the different fre-
quency bands seems healthy, with either too much or tco
little being potentially problematic. Delta, for example,
seems to have a functional role in facilitating inner con-
centration by suppressing extraneous cortical inputs. A
deita deficit can correlate with reduced frontal cortical
regulation or gating of maladaptive behavioral impulses
or extraneous cues, and can be found in conditions such
as cocaine addicts, alcoholics, ADD, subtypes of OCD,
and schizophrenia (Alper, Prichep, Kowalek, Rosenthal,
& John, 1998). Increased theta band activity may be
seen in highly experienced mediators, and increased
delta and theta EEG activity have also often been found
in association with various kinds of cognitive activity,
such as performing calculations (e.g., Fernandez et al.,
1995; Klimesch, Doppelmayer, Russegger, & Pachinger,
1996).

2. Offsets were originally implemented to reduce the
possibility of exacerbating seizure activity and EEG
slowing. When amplitudes are unusually low, an offset
of zero may help to stimulate the physiology to increase
amplitude. However, we have very little experience to
state this with any confidence.
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APPENDIX A

This arficle seeks to offer some historical background, an outline of the theoretical basis for how the
Low Energy Neurofeedback System (LENS) works, and the approach to treatment which is evolving from
the applied clinical work and research being initiated by OchslLabs. The LENS is still evolving at a rapid
pace. It is thus impractical to conceive of this overview as being up-to-date for any length of time. The
reader is cautioned to avoid any conclusion that this information reflects current practice. The reader is
also cautioned to avoid seeing any information presented herein as a claim for the LENS to be efficacious
for any condition, medical or psychological. This is the most objective depiction possible of the evidence
on hand for its benefits and risks. No claims are being made.

The reader is cautioned that the purpose of this article is to enumerate some of the phenomena,
issues, and concerns which were encountered, and not to provide a decision tree about which settings,
options, conditions, and choices are to be made in any particular clinical instance. The information about
settings, conditions, and treatment options.presented are to exemplify the concepts. The actual number
of options and considerations in the treatment planning process are outside the scope of this article.
Further, there is still not enough concrete research-based information about the particular benefits or
drawbacks of any particular setting or settings, or whether such settings are useful or necessary. Compo-
nent analyses are needed to determine which conditions (protocols) are necessary and useful.

The reader of this article may find more questions being raised than answered. This is the nature of the
opening of a new arena of observation and study. In this case, this arena is the area of behavioral bio-
physics: the interaction of resonant (feedback) physical stimuli on brain functioning. It is possible to ask of
most of the statements in this article, “What is the evidence?” “Where are the data?” In fact, after 15 years
of this exploration there is still a search for the fundamental questions. Furthermore, after 15 years, how
to do research with the LENS is only beginning to clarify itself.

APPENDIX B
CNS Functioning Assessment
Name Date of Birth Age
Todéy’s Date Time Diagnosis

Are you able to drive a motor vehicle? Yes Partially No Are you able to work or study?
Yes Partially No Are you able to sustain a close relationship with someone? Yes Partially No

How frequently do you have problems in the following areas? Please pick a number from
0-to-10. “0” means Not at all, and “10” means All the time.

If one or more of your parents had this, or a similar problem, place a P in the column headed by
“Parents?”

If the problem came on suddenly, put an S in the column head by “Suddenly?”

Sensory Frequency (0-10)  Parents? Suddenly?

Light, in general, or lights, bother you
Problems with the sense of smell
Problems with vision

Problems with hearing

Problems with the sense of touch

Emotions

Problems of sudden, unexplained changes in mood
Problems of sudden, unexplained fearfulness
Problems of unexplained spells of depression
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Problems of unexplained spells of elation
Problems with explosiveness

Problems with itritability

Problems with suicidal thoughts or actions

Clarity

Feel “foggy” and have problems with clarity

Problems following conversations (with good hearing)

Problems with confusion

Problems following what you are reading

Realize you have no idea what you have been reading

Problems with concentration

Problems with attention

Problems with sequencing

Problems with prioritizing

Problems not finishing what you start

Problems organizing your room, office, paperwork

Problems with getting lost in daydreaming

You cover up that you don't know what was said or
asked of you

Energy

Problems with stamina
Fatigue during the day
Trouble sleeping at night
Problems awakening at night
Problems falling asleep again

Memory

Forget what you have just heard

Forget what you are doing, what you need to do
Problems with procrastination and lack of initiative
Problems not learning from experience

Movement

Problems with paralysis of one or moré limbs
Problems focusing or converging the eyes

Pain

Head pain that is steady
Head pain that is throbbing
Shoulder and neck pain
Wrist pain

Knee pain

All-over pain

Joint pain

Other pain (specify)

Other Problems

Problems with nausea

Skin problems

Problems with speech or articulation
Dizziness

Noise in ears (Tinnitus)
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. Treatment of Fibromyalgia Syndrome
Using Low-Intensity Neurofeedback
with the Flexyx Neurotherapy System:
A Randomized Controlled Clinical Trial

Howard M. Kravitz, DO, MPH
Mary Lee Esty, PhD
Robert S. Katz, MD

Jan Fawcett, MD

SUMMARY. Background. Treatment of fibromyalgia syndrome (FMS) remains a clinical chal-
lenge. Pain, somatic and cognitive symptoms may be due to neurosensitization involving CNS-ac-
tivated autonomic and musculoskeletal reactions, associated with EEG abnormalities that may
respond to brainwave-based stimulation biofeedback. This study’s objective was to examine the
efficacy and safety of a novel EEG neurobiofeedback treatment, the Flexyx Neurotherapy Sys-
tem® (FNS), and electrophysiological responses in persons with fibromyalgia.

Methods. A randomized, double-blind, placebo-controlled clinical trial was conducted in two
private practices: a free-standing neurobiofeedback center and a rheumatologist’s office at an aca-
demic medical center. Sixty-four participants with FMS (American College of Rheumatology cri-
teria; Wolfe et al., 1990) for at least three years and symptoms for at least 48 months with no recent
remission were randomized to treatment. A total of 22 treatment sessions were administered over
at least 11 weeks of active (n = 33) or sham (n =31) FNS therapy. Primary efficacy measures were
the Clinical Global Impressions improvement scores, Clinician (CGI-I) and Participant (PGI-I)
versions. Secondary outcomes included dolorimetry and tender point count, questionnaires (fibro-
myalgia symptom scales, CNS Dysfunction Questionnaire, Fibromyalgia Impact Questionnaire,
Symptom Checklist-90-R), and EEG activity (delta, alpha, total amplitude).

Results. More participants treated with active FNS than with sham improved partially or fully
on the CGI-I at session 22 (p = .01) and follow-up (p = .04). The active FNS group had a higher
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CGI-I full response rate at session 22 (p < .05) but not at one-week post-treatment (p = .07). Signif-
icant active versus sham PGI-I responses were not detected (p>.10). There was no significant treat-
merit effect on any secondary outcome measure and no specific symptom improved preferentially
with active compared with sham FNS. The most commonly reported side effect was fatigue/tired-
ness. Pre-treatment delta/alpha EEG amplitude ratio > 1 was associated with PGI-I (but not CGI-I)
response independent of treatment group assignment.

Conclusion. FNS monotherapy is insufficient for treating chronic, nonremitting FMS. doi:10.1300/
J184v10n02_03 [Article copies available for a fee from The Haworth Document Delivery Service:
1-800-HAWORTH. E-mail address: <docdelivery@haworthpress.com> Website: <http:/fwww.HaworthPress,
com> © 2006 by The Haworth Press, Inc. All rights reserved.]

KEYWORDS. Fibromyalgia, Flexyx Neurotherapy System, neurofeedback, controlled clinical

trial, treatment

INTRODUCTION

Fibromyalgia is a syndrome of unknown eti-
ology and uncertain pathophysiology (Simms,
1994). Fibromyalgia syndrome (FMS) is char-
acterized primarily by widespread pain, de-
creased pain threshold, diffuse tenderness,
sleep disturbance, fatigue, and often psycho-
logical distress (Forseth, Gran, Husby & Forre,
1999; Lawrence et al., 1998; Makela, 1999;
McBeth, Macfarlane, Hunt, & Silman, 2001).
Diagnosed using the American College of
Rheumatology’s (ACR) criteria (Wolfe et al.,
1990), this condition is more prevalent in
women than in men across the entire adult age
spectrum (Wolfe, Ross, Anderson & Russell,
1995; Wolfe, Ross, Anderson, Russell & Hebert,
1995). Disability due to FMS is a major public
health concern due to impaired functioning in
occupational, social and family roles, reduced
quality oflife, and increased health services uti-
lization (Burckhardt, Clark, & Bennett, 1993;
Calahan & Blalock, 1997; White & Harth,
1999; White, Speechley, Harth, & Ostbye,
1999; Wolfe & Vancouver Fibromyalgia Con-
sensus Group, 1996).

A clinical diagnosis of FMS requires wide-
spread pain for at least three month’s duration.
Decreased pain threshold is elicited by direct
- digital palpation of specific sites called tender
points (Wolfe & Cathey, 1985) and with a pres-
sure algometer (dolorimeter) (Simms, Golden-
berg, Felson, & Mason, 1988; Tunks, Crook,
Norman, & Kalaher, 1988). ACR criteria de-
fine “widespread” as pain on palpation of at
least 11 of 18 designated tender point sites
(Wolfe et al., 1990). ‘

Treatment of FMS remains a clinical chal-
lenge. In a meta-analysis of 49 short-term clini-
cal trials (one week to six months) involving
2,066 participants, Rossy et al. (1999) found
that many pharmacological and non-pharma-
cological treatments benefited persons with
FMS. In controlled studies, non-pharmacologi-
cal treatment was more efficacious than phar-
macological treatment alone in improving
self-report of FMS symptoms (e.g., pain, fa-
tigue, morning stiffness) and a similar trend for
improvement was found on daily functioning
measures. However, improvement in daily
functioning consistently showed the lowest ef-
fect size in both pharmacological and non-
pharmacological studies. Moderately large ef-
fectsizes were found forimproved physical and
psychological status but comparisons with
pharmacological treatments showed no differ-
ential effect. There were significant benefits for
non-pharmacological treatment with and with-
out concurrent medication use.

Biofeedback is one non-pharmacological
modality. Biofeedback treatment, particularly
electromyography biofeedback using surface
electromyography (SEMG) procedures, show
mixed results (Rossy et al., 1999; Schwartz,
1995; Simms, 1994). Donaldson, Nelson and
Schulz (1998), Mueller, Donaldson, Nelson
and Lyman (2001), and Flor, Birbaumer, and
Turk (1990) suggested that the characteristic
FMS neurosomatic symptoms (e.g., cognitive,
mood, sleep) may be due to a neurosensitization
process that becomes self-perpetuating through
CNS-activated autonomic and musculoskeletal
reactions, resulting in muscle ischemia and
hypoxia and the release of pain-producing sub-
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stances in the periphery that feedback to the
CNS. Thus, tender point abnormalities may
represent secondary hyperalgesia, which de-
pends on central nervous system pain mecha-
nisms (Staud, 2002). The outcome of this pro-
cess may be a chronic generalized pain
syndrome that is associated with EEG abnor-
malities and that may respond (i.e., by “CNS
desensitization”) to a brainwave-based bio-
feedback known as EEG biofeedback or
neurofeedback (Budzynski, 1999; Mueller et
al., 2001).

Mueller et al. (2001) treated a preliminary
series of thirty patients primarily (n=26) or ex-
clusively (n = 4) with EEG-driven stimulation
(EDS), a specific form of neurofeedback, and
reported that a variety of FMS symptoms im-
proved substantially. Treatment endpoint in
this case series was self-reported “noticeable
improvements in mental clarity, mood, and
sleep” and change from diffuse to localized
pain (Muelleretal., 2001, p. 933). Thus itis not
surprising that they found “significant reduc-
tions in a broad array of symptomatology”
(p. 947). Patients were treated until they re-
sponded, at a cost of approximately $3,500 to
$4,500 for assessment and treatment. EDS
treatment ranged from 16 to 80 hours (mean =
37 hours) spread over 5 to 36 weeks (mean=15
weeks). Most patients received additional ther-
apies including sEMG biofeedback, physical
therapy, massage therapy, and medication.

In this study we investigated the use of the
Flexyx Neurotherapy System® device (FNS;
Flexyx, LLC, Walnut Creek, CA). Similar to
EDS, whichis described as an “interactive EEG
entrainment device” that uses a combination of
EEG biofeedback and frequency-modulated
light stimulation thatis fed back to the patient to
entrain the EEG (Mueller et al., 2001), FNS
combines conventional EEG biofeedback and
subthreshold photic stimulation (see Ochs
commentary in this volume) in an effort to
change EEG patterns (Schoenberger, Shiflett,
Esty, Ochs, & Matheis, 2001). Initially, FNS
was developed for altering EEG patterns asso-
ciated with cognitive dysfunction and ulti-

mately to improve functioning in persons with .

traumatic brain injury (Schoenberger et al.,
2001). FNS does notrequire the subject’s atten-
tion, focus, or orienting toward the feedback
because the stimulus is not perceptible. Instead,

the feedback signal is thought to affect tissues
of the brain and related structures in some as yet
mechanistically undefined way without the
subject’s conscious participation (Len Ochs,
personal communication, July 17, 1999).
FNS’s potential benefit in fibromyalgia has
been shown only in the described uncontrolled
case series. The most common side effects have
been fatigue, anxiety, hyperactivity, and a tem-
porary intensification of symptoms that previ-
ously had been problematic (Len Ochs, personal
communication, July 17, 1999; Schoenberger
et al., 2001). These reactions usually resolved
within hours or days following temporary with-
drawal from and/or decreased exposure to the
feedback, and may have been due to over-treat-
ment.

We conducted whatis, to our knowledge, the
first randomized, double-blind, placebo-con-
trolled study to assess the efficacy and safety of
FNS neurofeedback for short-term (22 ses-
sions; 2 sessions/week for 11 weeks) treatment
of patients with FMS.

METHODS
Participants

Outpatients wererecruited to the study attwo
private practice sites, a free-standing neuro-
biofeedback center in Chevy Chase, MD and a
rheumatologist’s office located at an academic
medical center in Chicago, IL. The Chevy
Chase site also recruited via newspaper adver-
tisements and at a public meeting of the local
Fibromyalgia Asscciation. Initially, a third site
was involved but due to alleged protocol viola-
tions and concerns regarding data integrity this
site was dropped about midway through its en-
rollment; data for these participants were not
available for analysis. Dr. Len Ochs, developer
of the FNS equipment, coordinatedresearch ac-
tivity at all sites. The Chicago site handled ad-
ministrative activities and data management.
Each study site obtained local institutional re-
view board approval of the protocol. Partici-
pants gave written informed consent at screen-
ing and were not paid for participating.

Enrollment occurred between September
1999 and June 2001. Selection criteria in-
cluded: (a) age 18-62 years old; (b) diagnosed
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with fibromyalgia by ACR criteria (Wolfe et
al., 1990) atleast three years before study entry,
by a rheumatologist or appropriate specialist;
(c) experienced symptoms for at least 48
~ months with no recent remission of symptoms
to any degree; (d) free of chronic viral infection;
(e) no history of any significant medical condi-
tions such as hepatitis, herpes, lupus, multiple
sclerosis, rheumatoid arthritis, polio, epilepsy,
rheumatic fever, or cancer, whether a current
condition or in remission; (f) free of any condi-
tion contributing to medical instability, such as
any history of seizures, asthma, diabetes,
hypotension; (g) no history of neck or back sur-
geries; (h) no multiple chemical sensitivities;
(i) no history of debilitating chronic fatigue;
(j) free of developmental disabilities, or signifi-
cant psychological disorder for which treat-
ment has become necessary, or history of
electroconvulsive therapy; (k) not currently
taking morphine or its derivatives (e.g., oxy-
contin), benzodiazepines, or fluoxetine; (I) not
presently engaged in litigation regarding their
physical condition; (m) no prior exposure to the
study treatment; (n) attained a minimumeduca-
tional level of grade 8; and (o) able to read and
comprehend English. Those meeting these cri-
teria were invited to a screening evaluation that
included dolorimetry and EEG mapping (de-
scribed below) to determine eligibility. Screen-
ing laboratory tests (blood and urine) were done
to rule out any significant medical problems
that could contribute to symptoms of fibro-
myalgia or widespread pain.

Procedures
Study Treatment

Based on previous clinical experience, treat-
ment sessions were scheduled twice weekly for
eleven weeks. The necessary equipment for
EEG neurofeedback consists of (a) a 486
DX2-66 MHz personal computer with 8 mega-
bytes of RAM, 1 gigabyte hard drive, tape
backup, 2 serial-I parallel input/output ports,
16550 UART, S-VGA capability, a monitor
and mouse, and capable of running Windows
3.1 or Windows 95; (b) J&J Enterprises 1-330
Compact 2-channel EEG with an on-board
feedback generator powering; (c) J&J Enter-
prises goggles, which include diodes embed-

ded in a set of plastic glasses; (d) a set of J&J
goggles modified to be incapable of providing
any feedback; and (e) Flexyx USE-2 Software
and Microsoft Word 6/Excel 5 or MS Office
4.2. The Flexyx USE2 software was written
specifically for this system and is not available
commercially. The equipment has been de-
scribed elsewhere (Mueller et al., 2001; Ochs,
1993, 1997; Schoenberger et al., 2001). MLE
and LO trained the FNS therapists.

Prior to randomization, participants were re-
quired to demonstrate an average delta EEG
amplitude of atleast 3.0 microvolts with a stan-
dard deviation of at least 0.70 on the EEG map.
These criteria are based upon clinical traumatic
brain injury data (Schoenberger et al., 2001).
Brain stem damage is reflected in suppressed
amplitudes and this baseline was established to
assess the presence of dysfunction while still al-
lowing for the effect of medications.

Data from the FNS screening/mapping ses-
sion provided the treatment guide for the active/
sham FNS treatment sessions. This screening
session of topographic EEG assessment was
conducted without any feedback component.
FNS maps were done under medication condi-
tions requiring that all pain and antidepressant
medications that can be safely stopped not be
taken for 48 hours prior to mapping. The impor-
tance of this mapping procedure is that it gener-
ates a critical path specifying the sequence in
which one 10-20 site is to be designated as the
“active” site from which to measure the EEG
during treatment and determines the sequence
in which sites are treated. The EEG is moni-
tored for four seconds at each of 21 electrode
sites. The electrical activity at this so-desig-
nated site controls the pulsation frequency of
the feedback.

Eligible participants were randomly as-
signed to one of the two treatment conditions,
either active EEG neurofeedback (active FNS)
oraplacebo condition (sham FNS), in whichall
aspects of treatment were identical except that
no feedback was given. All participants wore
identical-appearing goggles/glasses during the
treatment. Although very small electromag-
netic pulses may have been delivered through
the electrode wires, the sham FNS goggles/
glasses should not have provided sufficient
electrical input to provide feedback. A dipole
switch was added to prevent any stimulation
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from reaching the electrode wires before treat-
ing the final 29 participants (13 of whom re-
ceived sham FNS). Separate analyses of this
subgroup showed no significant increases in
active versus sham FNS treatmentresponse dif-
ferences so all participants were combined in
the analyses. Goggles/glasses were coded by
the manufacturer and were assigned to each re-
search site by a third party. We considered the
sham (placebo) condition credible because the
intensity of feedback in the treatment condition
is too low to be perceived visually. Strobing of
the diodes could not be perceived by partici-
pants in either condition. Double-blinding of
both therapists and participants was maintained
until after the first follow-up assessment evalu-
ation, one week post-treatment.

During FNS treatment sessions, active and
sham, the participants sat comfortably with
their eyes closed, engaged in no specific activ-
ity, with the glasses held by the therapist so that
the ear pieces did not block the diodes, and their
ends two inches from the participant’s cheeks.
The feedback intensity was .001 during all
phases of the treatment. Feedback sessions pro-
vided for a minimum of one second and a maxi-
mum of three seconds per session. A maximum
number of three sites were treated during a ses-
sion. Ifa participantcould not tolerate three sec-
onds per session (i.e., reporting treatment-re-
lated discomfort during the session or within
the subsequent 24 hours) further reduction in
intensity was achieved by holding the glasses
uptotwenty inches from the participant’s face.

Participants were permitted to continue sta-
ble doses of medications during the study.
Without permitting this, we could not have en-
rolled subjects in this study; few participants
were willing (or thought they would be able) to
stop pain or sleep medications, including
psychotropics, despite their apparent ineffec-
tiveness (Scharf, 2003). However, pain medi-
cations, psychotropics, and anti-inflammatory
medications had to be stopped for at least 48
hours before FNS maps (as described above).
During treatment, medication doses could be
reduced if indicated but not raised, and new
medications except for those unrelated to
fibromyalgia treatment (e.g., antibiotics, anti-
sinus medication) could not be started.

Randomization

The randomization schedule was obtained
from a website (http://www.randomizer.org;
June 12, 2006) and was distributed in separate
blocks of eight to each site. The randomization
ratio varied within each block (i.e., not neces-
sarily 4:4) but an overall 1:1 study ratio of ac-
tive FNS to sham treatment was planned.
Blocks of eight were allocated so that treatment
could be unblinded after participants com-
pleted the one-week follow-up evaluation and
sham FNS nonresponders could be offered an
opportunity to repeat the 22-session treatment
protocol with open-label active FNS soon after
completing the blinded trial. Non-varying and
equal (4:4) ratios would allow therapists to de-
termine the treatment allocation sequence
because they also administered the open-label
treatment.

Measurements

Selecting a single primary outcome mea-
surement that adequately characterizes the
FMS treatment response is challenging be-
cause there are a number of different aspects.
Persons may respond to treatment in diverse
ways and FNS could have a variety of effects.
Therefore several outcome measurement in-
struments, each examining a different main do-
main. of symptom(s) and/or function, were
used.

Clinical Global Impression

The Clinical Global Impressions Scale (Guy,
1976) global improvement scales, clinician-
(CGI-I) and participant- (PGI-I) rated versions,
were the primary outcome measures. Although
thereis no generally accepted and reliable mea-
surement for gauging severity or change in
FMS symptoms this instrument is used exten-
sively in clinical trials. White and Harth (1996)
reviewed outcome measures usedin clinical tri-
als for FMS and found that the most sensitive
indicator of change was the physician’s global
assessment. Physician global assessment score
as measured by visual analog scale also was a
component of Simms, Felson and Goldenberg’s
(1991) three-item response criteria set.
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A rating of 1 (very much improved) or 2
(much improved) on the CGI-I and PGI-I
7-pointscales is considered a full response (“re-
mission”). The clinician-rated severity of ill-
" ness (CGI-S) subscale ranges from 1 (normal,
not atall symptomatic) to 7 (among the mostex-
tremely symptomatic patients) and was rated
prior to the first treatment session.

Dolorimetry and Tender Point Counts

Dolorimetry is a procedure for quantita-
tively assessing pain tolerance/threshold over
hypersensitive areas. The dolorimeter used was
a hand-held spring-loaded gauge with a range
of 0-10 kg and capped with a 1.54 cm? stopper
(pressure threshold meter; Pain Diagnostics
and Treatment, Inc., Great Neck, NY). Dolori-
metry was performed at the 18 sites delineated
in the ACR criteria for fibromyalgia (Wolfe et
al., 1990). Those performing this procedure,
masters-level trained rheumatology nurse-
practitioners in Chicago and trained non-medi-
cal research assistants in Chevy Chase, were
taught to increase the dolorimeter pressure at a
consistent rate of (approximately) 1 kg/second
and to record the pressure at which participants
reported pain, not tenderness. A mean dolori-
metry score was calculated at each assessment
by summing measurements fromeach of the 18
anatomic sites. To reduce the skew of the data,
the maximum score recorded at each dolorim-
etry site was 4 kg/1.54 cm2. Dolorimetry was
repeated at sessions 9, 16, 22 and post-treat-
ment follow-up. Inter-rater reliability data be-
tween sites were not obtained.

Tender point counts were based on dolor-
imetry data. Instead of conducting independent
tender point examinations, each dolorimetry-
elicited positive site was counted as a tender
point. Thus, a “positive” tender point was de-
fined as pain elicited by pressure less than 4 kg/
1.54 cm? at a dolorimetry site. At study entry,
this criterion level of pain had to be presentin at
least 11 of the 18 ACR criteria-defined sites.

Fibromyalgia Symptom Scales

Participants completed seven Likert-type
scales measuring pain (generalized and spe-
cific), “fibro-fog” (memory, concentration,
multitasking; Donaldson, Sella & Mueller,

1998), depression, and fatigue, before starting
treatmentand at sessions 5,9, 13, 16, 19,22 and
at follow-up. For each symptom, participants
were instructed to rate its severity over the pre-
ceding seven days (including the session day)
onahorizontal scaleranging from 1 (“none”) to
10 (“extremely severe”).

Symptom Checklist-90-R (SCI-90-R)

. Psychological factors were measured with
the SCL-90-R (Derogatis, 1994), a multidi-
mensional, self-report symptom inventory.
The two treatment groups were compared on
the three global indices of the overall extent of
psychological distress. The Global Severity In-
dex is a mean of all items. The Positive Symp-
tom Total and Positive Symptom Distress In-
dex scores are based on all items endorsed as
“not at all” responses. Higher scores indicate
more severe symptoms. The SCL-90-R was ad-
ministered at screening and one-week post-
treatment.

Fibromyalgia Impact Questionnaire (FIQ)

The FIQ (Burckhardt, Clark & Bennett,
1991) is a brief, self-rated multidimensional in-
strument for assessing symptoms, functioning
and health status. The time frame is the last
seven days. The modified version that we used
included a question regarding number of days
slept well and a checklist of symptoms experi-
enced in the previous three months. Also, we
used horizontal Likert-type scales, similar to
the specific fibromyalgia symptom scales and
ranging from O (no problem/symptom absent)
to 9 (symptom very severe), instead of the vi-
sual analogscales. The FIQ was administered at
screening and one-week post-treatment.

CNS Dysfunction Questionnaire (Flexyx,
LLC, 1996)

This instrument consists of eight subscales—
sensory, emotions, clarity, energy, memory,
movement, pain, and “other problems.” It was
completed pre-treatment and was repeated at
sessions 9, 16, and 22. The principal focus was
to assess cognitive concerns (“fibro-fog”)
which are reported commonly by patients with
fibromyalgia. Subscales have 2 to 13 items
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each, which are rated on frequency of occur-
rence from O (not at all) to 10 (all the time); the
total score is obtained by summing the subscale
scores.

Side Effects

Side effects were monitored at each session
by asking participants if they had experienced
any problems or symptoms. These were graded
as 0, none; 1, does not significantly interfere
with functioning; 2, significantly interferes
with functioning; 3, nullifies therapeutic effect.

Data Analysis

Baseline characteristics were summarized
for the whole sample and by treatment group as-
signment. Categorical variables were com-
pared using chi-square or Fisher’s exact test for
count data and continuous variables were com-
pared using independent t-tests for means.

Outcome assessments were conducted prior
to that session’s treatment. Thus, session 1
baseline assessments were conducted afterran-
domization but before the first treatment, and
the final on-treatment assessment, which was
conducted atsession 22, was completed prior to
the final treatment. The one-week post-treat-
ment outcomes were conducted after a week of
no treatment to assess continued efficacy. Be-
cause the purpose of this report is to present
acute treatment effects, we are interested
mainly in the session 22 response, but for com-
parison we also report the one-week post-treat-
ment outcomes. Symptom worsening at this
follow-up could be due to treatment discontinu-
ation effects and/or loss of supportive contact
with staff.

The primary efficacy measure was the pro-
portion achieving full response on the CGI-I
and PGI-I scales. Dropping the third study site
reduced the expected total enrollment to 64 par-
ticipants for the two remaining sites. With 32
per treatment group, the power to detect a true
active versus sham treatment difference in re-
sponse rates is .73, based on a predicted 30%
differencein percentages of CGI-Iresponders.

Active versus sham treatment response based
on dichotomized end-of-treatment global im-
provementscores was analyzed using multivari-
ate logistic regression (Hosmer & Lemeshow,

2000) for the last available assessment point
(last observation carried forward). Baseline
covariates in these models included pre-treat-
ment CGI-S in the CGI-I analysis, and PGI-I
since the initial screening score for the PGI-I
analysis.

Secondary outcomes included two pain
measures (dolorimetry, tender point counts),
and four self-report clinical scales (symptom
scales, CNS Dysfunction Questionnaire, SCL-
90-R distress scales, FIQ). Repeated measures
analyses for data collected at more than two
time points (including pre-treatment) were
conducted using the generalized estimating
equation approach (GEE; Diggle, Heagerty,
Liang, & Zeger, 2002). GEE models the mean
response as a function of time within each treat-
ment group and adjusts for within-site correla-
tions of outcome measures (since subjects
within a single site are more likely to be simi-
lar). This approach also permits inclusion of
subjects with missing data so that subjects may
contribute different numbers of observations.
Pre-treatment baseline score for the outcome
measure was a covariate. Outcomes measured
only twice, pre-treatment and end of treatment
(either session 22 or one-week post-treatment),
were analyzed using repeated measures analy-
sis of covariance. Differential improvement in
the active FNS group versus the sham group
was assessed by the treatment group-by-ses-
sion (time) interaction, the statistical test of pri-
mary interest. Clinical site (Chevy Chase, Chi-
cago) and its interactions with treatment and
time were included in the models. If any site in-
teraction term was statistically significant,
treatment effect was re-estimated using only
the Chevy Chase sample since most partici-
pants were treated there. If all site interaction
terms were statistically non-significant they
were omitted and the site was retained as a
covariate. Safety data are presented according
to randomization assignment.

Evoked EEG amplitudes (mean, standard
deviation), in microvolts of delta, alpha, and to-
tal activity, were obtained before treatment was
administered and at sessions 9, 16 and 22. We
determined whether the baseline minus end-
point (session 22) amplitude differed between
the two treatment groups. CGI-I and PGI-I re-
sponses at session 22 were examined as a func-
tion of pre-treatment minus session 22 change
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in EEG amplitude means and standard devia-
tions to see if treatment outcome was related to
EEG change. Finally, we explored whether the
global impressions outcomes were related to
* relative EEG amplitudes (i.e., ratios; Laibow,
1999). We expected better responses if the
pre-treatment delta mean amplitude was greater
than the alpha mean amplitude (i.e., delta/alpha
ratio > 1).

Statistical analyses were conducted using
the Statistical Package for the Social Sciences
(SPSS for Windows Release 6.1.3, SPSS Inc.,
Chicago, IL, 1995) and Stata (StataRelease 7.0,
Stata Corp., College Station, TX, 2001). Data
are presented as frequency counts, percentages,
andmeant 1 sd, unless otherwise specified. Al-
pha level was set to 0.05 for statistical signifi-
cance and results are reported as two-tailed
tests of hypotheses unless otherwise specified.
As described above, multiple symptom-related
outcomes were analyzed because of uncer-
tainty regarding the specific outcome mea-
sure(s) that FNS might affect. P values from
secondary outcome measures were interpreted
asdescriptivein nature. Toavoid possible Type
Il errors we did not adjust for multiple compari-
sons (Rothman, 1990).

RESULTS
Recruitment and Retention

Of 159 screened for eligibility (24 in Chi-
cago, 135 in Chevy Chase), 64 (40%) partici-
pants metentry criteriaand were randomized to
treatment (8 [33%] in Chicago, 56 [41%] in
Chevy Chase), 33 toactive FNS and 31 to sham
FNS treatment, and 58 (90.6%) completed all
22 treatment sessions (30 active, 28 sham). Five
participants (3 sham, 2 active), all from the
Chevy Chase site, did not complete at least one
post-randomization efficacy evaluation and
were excluded from the treatment outcome
analyses. Reasons for discontinuance included
an extended trip abroad, preferred taking medi-
cation, long commute to treatment sessions,
family emergency, and job change that inter-
fered with scheduling treatment sessions. No
participant dropped out due to treatment-re-
lated side effects. One Chevy Chase participant

dropped out after treatment session 14 due to
intercurrent illness unrelated to FNS treatment.
Lastavailable data for this participant, who was
randomized to active treatment, were carried
forward in the endpoint CGI-I and PGI-I analy-
ses. GEE analyses were based on the treated
sample of 59. Treatment outcome data col-
lected only at session 22 and/or one-week
post-treatment could be analyzed only for the
58 study completers.

Pre-Treatment Baseline
Sample Characteristics

Table 1 shows the baseline comparisons for
the two treatment groups. Participants ranged
in age from 21-62 years old, and were mainly
well-educated, middle-aged married women.
Most (43; 67.2%) were employed. On average,
participants reported that their symptoms be-
gan over a decade before study entry and that
they were first treated for these symptoms ap-
proximately one to three years after symptom
onset. However, they were not diagnosed with
fibromyalgia until two to five and one-half
years later. Most commonly, the onset of
fibromyalgia symptoms was attributed to phys-
ical trauma (e.g., accident or injury) or some
other or unknown cause. Thirteen percent re-
ported a family history of fibromyalgia. The
two treatment groups were comparable on all of
these characteristics.

Medication Use

Participants randomized to active FNS re-
ported using at least one more type of medica-
tion at study entry than those randomized to
sham treatment. However, Table 1 shows that
the two treatment groups differed only in use
of allergy medication/decongestants. Vitamins
(79.7%), pain medications (71.9%; persons us-
ing opioids were excluded), and psychotropics
(64.1%; particularly antidepressants and hyp-
notics) were the most frequently used medica-
tions. Reproductive hormone therapies were
used by 34.4% (hormone replacement or oral
contraceptive), herbals or dietary supplements
or homeopathic remedies by 25%, and muscle
relaxants by 18.8%. No other type of medica-
tion was used by at least 10% of the sample.
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TABLE 1. Baseline Characteristics of Whole Sample and Each Treatment Group

- All Participants FNS Treatment Sham Treatment P value®
Number of participants ’ 64 332 31a
Site, number (%) 71
Chevy Chase, MD 56 (88) 28 (85) 28 (30) ‘
Chicago, IL 8(13) 5(15) . 3010
Age in years, mean (sd) 46.9 (9.2) 45.9 (9.5) 48.1 (8.9) .35
Gender, number (%) female 59 (92) 30 (91) 29 (94) 1.00
Race/Ethnicity, number (%) 87¢
White 59 (92) 31 (94) 28 (80)
Marital status, number (%) 434
Married 39 (61) 18 (55) 21 (68)
Single 18 (28) 10 (30) 8 (26)
Divorced 7(11) 5(15) 2(6)
Education in years, mean (sd) 16.3 (2.9) 16.5 (2.5) 16.2 (2.2) 62
Years since symptom onset, 11.3(8.1) 11.4(8.2) 11.2(8.1) .89
Mean (sd) (n=63) (n=32)
Years since diagnosed, 5.6(3.2) 5.1(2.6) 6.2 (3.6) .15
Mean (sd) (n=63) (n=32)
Years since first treatment, 9.5 (6.7) 10.6 (7.6) 8.3(5.49) A7
Mean (sd) (n=62) (n=32) (n=230)
Precipitant, number (%) 95
Post-infection 6(9) 3(9) 3(10)
Physical trauma 25 (39) 14 (42) 11 (36)
Infection & trauma 8(13) 4(12) 4 (13)
Other/Unknown 25 (39) 12 (36) 13 (42)
Family history FMS, number (%) 8(13) 4(12) 4(13) 1.00
Medication groups, mean (sd, Rarge) 4.0(1.9) 4.6(1.9) 34(01.7) .01
[Total = 27) (1-9)
Allergy/Decongestant Medication, 9(14) 8 (24) 1(3) .03
number (%)
CG!° severity, mean (sd, range) 4.7 (1.1,37) 4.7 (1.1) 4.7 (1.1) 27
PGI,! visit 1, mean (sd, range) 4.2(0.9,2-7) 4.3{1.1) 4.1 {0.7) .30
Tender points, mean (sd, range) 16.8 (2.0, 11-18) 16.8 (2.3) 16.8 (1.8) 51
Dolorimetry, mean (sd, range) 1.6 (0.9, 0-3.5) 1.5(1.0) 1.7 (0.9) 23

8 Two participants in the Flexyx Neurotherapy System (FNS) treatment group and 3 subjects in the sham treatmenit group, ail rom the Chevy Chase site,
dropped out of the study before completing at least one post-treatment assessment and were not included in the outcome analyses. Columns may not

sum to 100% due to rounding.

bBased on chi-square or Fisher's exact test for count data and on t-test for comparing means.

< Comparison of white versus minorities (1 African-American and 1 Hispanic in FNS group, and 2 Hispanics and 1 “Other” in sham group).
d Comparison of married versus unpartnered (single, divorced), chi-square test p = .41.

@ Clinician’s Global Impressions, severity of fibromyalgia (FMS) illness at screening.

! patient's Global Impressions, how felt since initial screen.

During the treatment trial, 11 participants (8
sham, 3 active FNS) decreased their painand/or
psychotropic medication (2 =2.33,df=1,p=
13).

Clinical Severity

The two treatment groups were comparably
symptomatic on the screening CGI-S scale
(mean = 4.7; moderately to markedly symp-
tomatic). The two treatment groups also had
similar mean dolorimetry (1.5-1.7 kg/1.54 cm?
and positive tender point (mean = 16.8) scores,

indicating marked tenderness. At the first ses-
sion (before treatment), the active FNS group
was slightly but significantly more severely
symptomatic on CGI-S change score (active =
4.9,sham=4.5;t=2.47,df =62, p=.016),and
the mean PGI (active = 4.3, sham = 4.1) indi-
cated “no change” since screening.

Site Differences

Pre-treatment global impressions and dolor-
imetry scores differed significantly at the two
sites. The Chicago sample was less severely
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symptomatic than the Chevy Chase sample on
the CGI-S (screen,3.6+0.5 versus4.9+1.0,p=
.001; session 1,39+ 1.0 versus 49 1.1,p<
_.02) but not on the PGI. Screening dolorimetry
was 2.8 +£0.5 in Chicagoand 1.4+0.8 in Chevy
Chase, and tender point scores were 14.0+ 3.0
inChicagoand 17.2+1.5 in Chevy Chase (both
p <.0005).

Treatment Outcomes

Primary Outcomes—Global Measures
(CGI and PGI)

As shown in Table 2, there were notable dif-
ferences in the active FNS group response rates
measured with these two scales. In multivariate
logistic regression analyses, controlling for
baseline severity and treatment site, active
treatment was associated with a higher im-
provement rate according to the CGI-I at ses-
sion 22 (Wald test = 3.91, df = 1, p < .05). At
one-week post-treatment, there was only a
non-significant trend for a treatment group dif-
ference (Waldtest=3.18,df =1, p=.07). There
were no significant treatment group differences
in PGI-I scores at either session 22 or at
one-week post-treatment.

TABLE 2. Summary of Treatment Outcomes—Global
Impressions Improvement at Final Session and
One-Week Post-Treatment?

.Session 22 One Week P Valueb
Post-Treatment
FNS Sham FNS Sham  Pre-22  Pre-i-
Week
Post
(n=31) (h=28) (n=31) (n=28)
CGl-,n 15(48B) 7(25) 15(48) 8(29) .05 07
(%)°
PGl,n 7(23) 8(29) 8(26) 6(21) 75 .56
(%)°

2 FNS, Flexyx Neurotherapy System&. CGlHl, clinician’s global impressions
improvement score; PGl-l, participant's global impressions improvement
score. CGI- and PGl-| rated in reference to change since began treatment.

b p value for each global impressions improvement score (CGI-I, PGI-l) is
based on logistic regression model estimates using the Wald test statistic
with one degree of freedom for the treatment effect, adjusted for site and
baseline score (CGI-| analysis is adjusted for baseline CGI severity score
because CGl-l is not measured at baseline; PGI-l analysis is adjusted for
baseline self-reported improvement since screening visit). In all analyses
the treatment-by-site interaction term was dropped because it was statisti-
cally non-significant. Last observation was carried forward for one FNS-
treated subject who dropped out after session 13.

© Number (%} rated ‘very much’ or ‘much’ improved.

Participants also were categorized accord-
ing to therapists’ ratings of therapeutic effect
taking into account partial responses (moder-
ate/marked versus minimal/no change/worse).
Atsession 22, active FNS was rated as havinga
moderate to marked effect for 56.7% and sham
FNS was rated as having a moderate to marked
effect for 25%; one-week post-treatment, ac-
tive and sham FNS were rated as effective for
50% and 25%, respectively. Controlling for
baseline symptom severity, active FNS was
rated as having a greater therapeutic effect than
the sham therapy at session 22 (Wald test =
6.14, df = 1, p = .01) and one-week post-treat-
ment (Wald test =4.09, df = 1, p =.04).

Secondary Outcomes—Pain and Other
Symptom Measurements

Dolorimetry. Table 3 shows that the pain
threshold in the FNS treatment group improved
minimally through session 22 and at one-week
post-treatment follow-up. Differential improve-
ment was not observed between the active and
sham FNS groups. Separate analyses with the
Chevy Chase sample alone also showed no sig-
nificant improvement for active versus sham
FNS treatment (p > .22).

Tender Points. According to the criteria of
Simms et al. (1988) a tender point score reduc-
tion of at least 25% or a tender point score of 14
or less (1991) is a clinically meaningful treat-
mentresponse. As Table 3 shows, no more than
25% of those in either treatment group met ei-
ther of the Simms et al. response criteria at ses-
sion 22 or one-week post-treatment. The per-
centages did not differ significantly between
treatment groups.

Symptom Scales. Table 4 shows the baseline
and endpoint symptom scale scores. GEE anal-
yses showed no significant treatment-by-time
interactions, indicating that symptom reports
did not differ between the FNS and sham
groups over the course of treatment on any of
the seven scales. Analyses were repeated using
data fromsessions 5, 13, and 19 only, when par-
ticipants remained on their concomitant medi-
cations, to eliminate the “cold-turkey withdrawal
effect” associated with their discontinuance for
48 hours preceding EEG mapping (sessions 9,
16, and 22). These results were not substan-
tively different.
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TABLE 3. Summary of Treatment Outcomes by Time Point and Treatment Group—Primary Pain Mea-
sures Baselme and End Point Scores?

Pretreatment Session 22 Post-Treatment P Valueb
FNS Sham FNS Sham FNS Sham Session 22 Post-
Treatment
(n=31) (n=28) (n=231) (n=28) {n=31) (n=28)
Dolorimetry, mean kg/1.54 cm? (sd) 1.47 (0.96) 1.72(0.81) 1.67(1.09)¢ 1.56 (0.97) 1.47(0.96) 1.45(1.01) Ri 22
Tender points responders, n (%) 7 (22.6)¢ 7 (25.0) 4(12.9)9 5(17.9) 1.0 72

8 Mean (sd) scores for FNS group at session 22 and 1-week post-treatment include last observation carried forward score for one subject.

b NS, Flexyx Neurotherapy System®:; P values for dolorimetry are for the treatment-by-session interaction in the general estimating equation (GEE) mod-
els. Dolorimstry score statistics are based on modeling the measures at sessions 9, 16, 22 and 1-week post-treatment follow-up as a linear function of
baseline score, treatment, site, session, treatment by session, and site by session (site-by-treatment and treatment-by-site-by-session terms were
non-significant and dropped from the models). P values for tender point responders are based on Fisher's exact test.

¢ Mean (sd) includes last observation score for one subject who dropped out before session 22 and post-treatment evaluations but was included in GEE
analysis.

d Includes session 9 score carried forward for one subject who dropped out before session 22 and post-treatment evaluations.

TABLE 4. Summary of Treatment Outcomes by Time Point and Treatment Group-Specific Symptom Se-
verity Scales Baseline and End Point Scores

Pretreatment Session 22 Post-Treatment P Valugb
FNS Sham FNS Sham FNS Sham Session 22 Post-
Treatment
(n=231) (n=28) (n=31) (n=28) (n=31) (n=28)

Generalized pain, 6.68 (1.45) 5.96 (2.01) 5.03 (2.30) 5.07 (2.36) 5.33 (2.58) 6.29 (2.26) .30 33
mean (sd)
Specific pain, 7.35 (1.50) 7.18 (1.61) 6.23 (2.28) 6.00 (2.24) 6.17 (2.38) ) 6.04 (2.12) .60 61
mean (sd)
Short-term memory  5.19 (1.76) 5.21(2.22) 4.40 (2.04) 4.64 (2.09) 4.40 (2.13) 4.54 (2.08) 53 .3gb
mean (sd)
Concentration, 5.39 (1.56) 5.25 (2.27) 4.47 (2.05) 4.61(2.20) 4.70 (2.48) 461 (2.28) .88 92
mean (sd)
Multitasking, 4.71 (2.37) 6.39 (2.18) 3.87 (2.27) 4.46 (2.24) 4.20 (2.75) 4.29 (2.11) 67 .82
mean (sd)
Depression, 4.29 (2.21) 4.14 (2.32) 3.43(2.61) 3.11 (2.02) 3.83(3.07) 3.71 (2.39) .88 .76
mean (sd) .
Fatigue, 7.19(2.10) 6.11 (2.30) 5.83 (2.36) 5.57 (2.32) 6.23 (2.60) 5.61(2.27) 40 .49
mean (sd) LT

aFNS, Flexyx Neurotherapy System®; P values are for the treatment-by-session interaction in the general estimating equation (GEE) modsts. Statistics
are based on modeling the scores atsessions 5, 9, 13, 16, 19, and 22 and at 1-week post-treatment follow-up as a linear function of pretreatment baseline
(session 1) scores, and treatment, site, session, and treatment-by-session (site by session, site-by-treatment, and treatment-by-site-by-session terms
were non-significant and dropped from the models, except as noted in footnote b). For each symptom, severity range = 1 (none) to 10 (extremely severe).
One subject in FNS group dropped out after session 13 but was included in the GEE analysis for both session 22 and 1-week post-treatment outcomes.

b Separate analysis was conducted with the Chevy Chase sample because the site-by-treatment interaction was significant (p < .05) at 1-week post-treat-
ment; the treatment-by-session interaction was not significant in this site-specific analysis.

CNS Dysfunction Questionnaire. We were
particularly interested in change in cognitive
complaints, especially “fibro-fog,” character-
ized by “foggy” thinking, reduced ability to fo-
cus attention and maintain concentration, and
forgetfulness (Mueller et al., 2001). On this
self-report symptom measure, there was no
statistically significant treatment-by-time in-

teraction for the total score or on any of the in-
strument’s eight subscales. Treatment-by-site
differences were found on the sensory (p <.01)
and movement (p < .04) subscales but separate
analyses with the Chevy Chase sample re-
vealed no significant difference in outcomes
between active and sham FNS.

Symptom Checklist-90-R. This instrument
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was administered at pre-treatment screening
and post-treatment follow-up. As shown in Ta-
ble 5, there were no significant differential
_ treatment effects on any of the three global dis-
tress change scores. On all global scores and the
nine symptom scales (data not shown), Chi-
cago participants had higher mean scores both
pre- and post-treatment. Moreover, except for
the paranoid ideation scale, mean scores were
higher in the active treatment group compared
with the sham treatment group. Re-analysis
limited to the Chevy Chase sample (N = 49)
showed no significant pre-post treatment dif-
ference betweenactiveand sham FNS groups.

Fibromyalgia Impact Questionnaire. Table 6
shows that there were no significant treatment
effects for any FIQ item. For the “depressed”
and “number of symptoms” items, data were
reanalyzed with the Chevy Chase sample alone
because there was a significant site-by-treat-
ment group interaction. The treatment-by-time
interaction was not significant for either item,
indicating no significant difference between
the two treatment groups.

EEG Maps and Treatment Response. As
shown in Table 7, the active and sham FNS
groups did not differ significantly in EEG am-
plitude change (means and standard devia-
tions) from pre-treatment to the final treatment
session. The only EEG correlate of global im-
provement scales outcome was alpha mean
amplitude, which decreased significantly in

TABLE 5. Symptom Checklist (SCL)-80-R Global
Indices of Psychological Distress Scores?

Pretreatment Post-Treatment

FNS Sham FNS Sham P Valueb

{n=30) (n=27) (n=30) n=27)
GSI, 0.75(0.48) 0.61(0.34) 0.65(0.54) 0.54(0.44) .87
mean (sd)
PST, 37.4(18.3) 30.7 (12.0) 32.7(16.4) 29.7 (16.1) .67
mean (sd)
PSDI, 1.73(0.37) 1.72(0.37) 1.63(0.44) 1.59(0.41) .25
mean (sd)

3 FNS, Flexyx Neurotherapy System®; GSI, Global Severity Index; PST,
Positive Symptom Total; PSDI, Positive Symptom Distress Index. N = 57,
pretreatment SCL-80-R not completed by one sham-treated subject and
one-week post-treatment SCL-80-R not completed by one FNS-treated
subject who terminated before the final session.

b P value for treatment-by-session interaction, representing differential im-
provement for active versus sham FNS treatment. Repeated measures
analysis of covariance model includes treatment group, site, and all inter-
actions.

sham-treated PGI-I responders compared with
the sham-treated nonresponders (b = 1.19;
Wald test = 3.83, df = 1, p = .05). There was a
trend for the alpha standard deviation to be re-
lated to PGI-I response in the active FNS group
(b=—3.51; Wald test = 3.24, df = 1, p = .07).
Delta mean and standard deviation and total
EEG amplitude mean and standard deviation
were not related to CGI-I or PGI-I response in
treatment group- and site-adjusted logistic re-
gression analyses.

A pre-treatment delta/alpha EEG amplitude
ratio > 1 was related to PGI-I but not CGI-I re-
sponse ratings. This relationship was signifi-
cant at one-week post-treatment; participants
with delta/alpha > 1, compared with those who
had a ratio < 1, had more than a six-fold higher
odds (odds ratio = 6.44, 95% confidence inter-
val = 1.65-25.17; p = .007) of PGI-I-rated “re-
mission.” This relationship did not differ by
treatment group; the ratio-by-treatment inter-
action was not significant. At session 22, there
was only a trend for the delta/alpha ratio to be
related to response (b=1.12; Wald test = 3.27,
df =1, p=.07).

Adeguacy of the Blinding—Participants’
Guess of Treatment Group Assignment

Before unblinding at the one-week post-
treatment assessment, participants were asked
what treatment they thought they had received.
Those in both treatment groups were equally
accurate in “guessing” their treatment. Twenty

. (67%; n = 30) in the active FNS group and 19

(68%; n=28) in the sham FNS group correctly
identified the treatment they had received
(Fisher’s exact test, p [2-tailed] = 1.0). Accord-
ing to the binomial test, neither proportion was
significantly greater than chance (50%) expec-
tation (active FNS, p = .10; sham, p = .09).
There was no significant site difference in
guessing correctly (Chicago, 60%; Chevy
Chase, 68%; Fisher’s exact test, p [2-tailed] =
1.0).

Safety and Side Effects

Of the 59 participants who completed at least
one post-randomization assessment, 31 (52.5%)
reported at least one side effect at any time dur-
ing treatment. Two additional participants, one
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TABLE 6. Fibromyalgia Impact Questionnaire Indices?

- Pretreatment Post-Treatment
FNS Sham FNS Sham P Value®
. (n=230) (n=28) (n=30) {n=28)

Physical functioning, mean, (sd) 1.41 (0.77) 1.32 (0.85) 1.28 (0.82) 1.15 (0.87) 34
# days teeling good,® mean (sd) 1.43 (2.10) 1.61 (1.85) 2.57 (2.60) . 2.50 (2.27) 92
# days slept well,® mean (sd) 1.77 (2.19) 1.82 (1.93) 2.43 (2.28) 2.57 (2.39) 61
# days missed work,%d mean, (sd) 0.55 (1.39) 0.22 (0.73) 0.55 (1.54) 0.08 (0.35) 46
Pain/symptoms interfere with work,d 4.30 (2.98) 4.39 (2.73) 3.00 (2.79) 3.39 (3.11) .16
maan, (sd)

Pain severity, mean (sd) 6.27 (2.41) 6.43 (1.79) 5.23 (2.34) 6.57 (2.23) .33
Tiredness, mean (sd) 7.63 (1.50) l 6.75 (1.58) 6.40 (2.30) 5.61 (2.13) 81
Waking tired, mean (sd) 8.00 (1.44) 6.75 (1.80) 6.43 (2.18) 5.57 (2.57) 12
Stiffness, mean (sd) 6.97 (2.17) 6.43 (2.08) 6.47 (2.83) 5.43 (2.17) 24
Tense/anxious, mean (sd) 5.30 (2.88) 5.04 (2.55) 4.77 (2.79) 3.82 (2.63) .95
Depressed, mean (sd) 3.23(1.94) 3.82 (2.42) 3.63 (3.03) 3.39 (2.77) a7
# symptoms,® mean (sd) 17.53 (4.55) 15.68 (4.18) 14.87 (5.76) 13.79 (5.26) .70

a N = 58, one-week post-treatment questionnaire not completed by one FNS-treated subject who terminated before the final session. FNS, Flexyx
Neurotherapy System®.

b p value for treatment-by-session interaction, representing differential improvement for active versus sham FNS treatment. Repeated measures analysis
of covariance model includes treatment group, site, and all interactions.

¢ Number {#) of days in past week (0-7).

d Based on 38 subjects employed at study intake, 20.in the active FNS group and 18 in the sham FNS group. Sites combined because only 3 Chicago sub-
jects were employed.

© Number (#) of symptoms (0-29).

TABLE 7. FNS EEG Maps?

Pretreatment Session 22
FNS Sham FNS Sham P Value?
(n = 30) (n=28) (n = 30) {n=28)
Alpha® mean (sd) 4.07 (1.27) © 447 (1.96) 4.20 (1.78) 4.62 (2.25) .86
Alpha® SD, mean (sd) 1.03 (0.38) 1.05 (0.49) 1.03 (0.45) 1.15 (0.63) 75
Deltad mean (sd) 3.69 (0.55) 3.86 (0.77) 3.76 (0.84) 4.04 (1.14) 76
Deltad SD, mean (sd) 1.20 (0.22) 1.41 (0.55) 1.18 (0.33) 1.33(0.38) 90
Total, mean (sd) 7.80 (1.34) 8.52 (1.93) : 7.94 (1.99) 8.63 (2.42) 87
Total SD, mean (sd) 1.42 (0.34) 1.61 (0.58) 1.35 (0.42) 1.54 (0.42) 62

aENS, Flexyx Neurotherapy System®, Pretreatment versus session 22 recordings of EEG amplitude averaged across 21 scalp sites, means (microvolts)
and standard deviations (SD). N = 58, post-treatment recording not available for one FNS-treated subject who terminated before the final session.

b P value for treatment group-by-session interaction, representing differential improvement for active versus sham FNS treatment. Model includes treat-
ment group, site, and all interactions.

€ Alpha = 8-12 Hz.
d Delta = 1-4 Hz.

in the active FNS group and one in the sham sham (35.7%) treatment groups. The symptom
FNS group, reported a side effect only at the reported mostcommonly, fatigue/tiredness, was
one-week follow-up. The percentages report- reported by 13 participants (10 in the active
ing side effects differed significantly (x2=7.35, FNS group). Pain, including headache, was re-
df = 1, p < .007) between active (74.2%) and ported by 10 participants (6 in the active FNS
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group). Three participants in the active FNS
group reported pain/fatigue associated with
stopping their medications at the FNS mapping
~ sessions (sessions 9, 16, and 22). Four partici-
pants in the active FNS group reported sleep,
drowsiness, or change in sleep patterns. Three
participants in the active FNS group reported
stiffness or muscle spasms. No other symptom
was reported by more than two participants.
Most side effects occurred early in the course of
treatment; 21 participants (15 with FNS, 6 with
sham) reported at least one at session 5, dimin-
ishing to only 10 (6 with FNS, 2 with sham) by
the last two sessions and 8 at follow-up. Earlier
in treatment, most side effects did not affect
functioning. During later sessions, 50%-64%
of side effects wererated as severeenoughtoin-
terfere with functioning. For two participants
receiving active FNS, side effects were rated as
“nullifies therapeutic effect”; one participant
did not report this level of severity until the
one-week post-treatment assessment. None
dropped out due to side effects, but in a few
cases treatment sessions were suspended tem-
porarily before resuming.

DISCUSSION

The major finding in this first randomized
controlled clinical trial of FNS for treating FMS
was that only the clinician-rated global impres-
sions scores detected a treatment-related re-
sponse, which persisted through one-week
post-treatment follow-up only for the com-
bined partial and full responders. Significantly
more participants treated with active compared
with sham FNS were rated as partially or fully
remitted. This result is tempered by the finding
that CGI-I and PGI-I outcomes were discrep-
ant, with clinicians’ ratings more optimistic
than those of participants. Moreover, a pre-
treatment delta/alpha EEG amplitude ratio > 1
was associated with PGI-I (but not CGI-I)
response independent of treatment group
assignment.

Improvement in global symptoms has been
used to measure outcome in clinical trials in-
volving other somatic conditions, such asirrita-
ble bowel syndrome (Brandtet al., 2002). Asin
irritable bowel syndrome, the clinician’s treat-
ment strategy for managing FNS is symp-

tom-driven, so we also examined symptom out-
comes. Dolorimetry ratings and tender point
counts did not improve significantly more in
the active than in the sham FNS group, and
other symptom, psychological, and function-
ing measures showed no benefit for active FNS
compared with sham.

Three studies on the efficacy of FNS have
been published and two, both by the same
group, involved patients with fibromyalgia.
The first was a retrospective study of 252 pa-
tients referred with fibromyalgia, but only 157
met ACR criteria plus had sleep and mental pro-
cessing problems (Donaldson, Sella & Mueller,
1998). Only 44 completed treatment and 40 re-
ported symptomatic improvement (6 had no
symptoms). EEG neurofeedback was com-
bined with sSEMG biofeedback and other myo-
fascial treatment, and continued until symp-
toms reached a plateau, usually after three to six
months of the integrated regimen.

The second study, described earlier (Mueller
et al., 2001), involved 30 consecutive outpa-
tients with ACR-diagnosed fibromyalgia (5
also had chronic fatigue syndrome). There was
no control group, treatment was non-blinded
clinical practice, and patients paid for treat-
ment. All but four had at least one additional
non-pharmacological therapeutic modality
(sEMG, physical and/or massage therapy) and
continued treatment until they experienced suf-
ficient symptomatic relief, or ran out of time or
money for further therapy. Their patients aver-
aged 51.9 hours of treatment over 14.7 weeks,
compared with 22 sessions over a minimum of
11 weeks in our study.

Did we under-treat? Mueller et al. (2001) re-
ported that pain measures (percent of body in-
volved in pain, pressure algometry, tender
points; only 17 of 30 had the latter two reassess-
ments) as well as other fibromyalgia symptoms
improved significantly at the conclusion of ac-
tive treatment. Follow-up assessment indicated
that, compared to pre-treatment, patients indi-
cated they were on average 62.2 + 21.6% im-
proved 3 to 18 months (mean = 8.2 months)
post-treatment.

Inthethird study (Schoenbergeretal., 2001),
12 patients with traumatic brain injury were
randomized to receive 25 FNS treatment ses-
sions over 5 to 8 weeks immediately or after a
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delay of 6 to 8 weeks (“wait-list” control
group). The immediate active treatment group
was compared at time 2 with the delayed (con-
trol) group, which was post-treatment for the
former group and pre-treatment for the latter
group. The active treatment group improved
significantly on a range of symptoms. Particu-
larly relevant for fibromyalgia vis-a-vis the
“fibro-fog” symptoms (which we measured
with the CNS Dysfunction Questionnaire and
the concentration, short-term memory, and
multitasking symptom scales), significant im-
provement was observed on measures of
cognitive functioning.

Based on the promising results of these three
studies, we conducted this double-blind, pla-
cebo-controlled clinical trial. The results raise
questions regarding FNS’s treatment efficacy
as well as study validity. What happened?

Does FNS really work or did the global im-
pressions scale measure some other aspect of
improvement, such as the quality of the partici-
pants’ relationship with the therapist? The
CGI-1, not the PGI-I, rating was the a priori pri-
mary outcome and the outcome on which the
power analysis was based. In fact, CGI-I active
vs. sham response differences were 23% and
19% at session 22 and one-week post-treat-
ment, respectively. Including partial respond-
ers in the analysis of therapeutic effect, the dif-
ferences were 31.7% at session 22 and 25% at
one-week post-treatment. These latter differ-
ences are close to our predicted 30% difference,
the basis for our power analysis.

Nevertheless, how can we explain the dis-
crepancy between clinician and participant
global impressions ratings? For example, did
therapists “break the blind” and were ratings bi-
ased according to expectations and awareness
of treatment allocation (note, we had no mea-
sure of clinicians’ “guesses,” only participants’
guesses)? Was site heterogeneity, either in type
of FMS patients seen, the therapists/evaluators,
or treatment orientation at these two different
geographically distinct locales a source of
study invalidity? Was the sham treatment a true
placebo (i.e., was it really inactive biologi-
cally)? Are 22 sessions an adequate treatment
regimen? Was the experimental design incon-
sistent with actual FNS use in clinical practice
in regards to the number of treatment sessions
and concomitant interventions?

Did the blind remain intact? Although ac-
tive- and sham-treated participants were equally
accurate in guessing treatment assignment,
those in the active group were more likely to
rate the study treatment as more effective than
previous treatment and those in the sham group
were more likely to rate study treatment as no
different or worse than previous treatment.
Moreover, of those rating themselves as remit-
ted, FNS treatment was rated as more effective
than previous treatments by 100% at session 22
and 93% at one-week post-treatment. Of those
who did not rate themselves as remitted, only
29% at session 22 and 33% at one-week post-
treatment rated the treatment as more effective
than previous treatment. Thus, thereis someev-
idence that treatment “guesses,” perceived
comparative treatment efficacy and, to a lesser
extent, self-rated improvement (PGI-I) were
associated.

An important methodological issue must be
raised here—does the site heterogeneity repre-
sent true difference in FMS patients, particu-
larly in regards to symptom severity, or does it
indicate a lack of inter-rater reliability? Thera-
pists received the same training in administer-
ing treatment and recording EEG activity (FNS
maps). However, dolorimetry raters did not un-
dergo inter-rater reliability training. Chicago
raters were two masters-level trained rheuma-
tology nurse-practitioners with considerable
experience in conducting dolorimetry exami-
nations. In Chevy Chase, four people with di-
verse clinical backgrounds did the dolorimetry
ratings—a registered nurse, two myofascial/na-
tionally certified massage therapists, and a very
experienced SEMG therapist. Two of these rat-
ers left the study but trained their replacements.
Dolorimetry has been considered more objec-
tive than tender point examination; neverthe-
less, discrepancies between dolorimetry and
tender point digital exam have been reported
(Cott et al., 1992; Wolfe, Ross, Anderson, &
Russell, 1995; Wolfe et al., 1990). This is a
moot point in our case because tender point
counts were derived from dolorimetry as
described by Muelleretal. (2001); independent
digital examination was not done.

Excepting the therapist CGI, all other out-
come instruments are participant-rated. Al-
though no specific inter-rater reliability train-
ingonthe CGI-Iscale was conducted, there also
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were no statistically significant site differences
on this outcome. Analytically, concerns can be
raised regarding the comparatively smaller
Chicago sample. To compensate, site was in-
* cluded as a factor and separate site-specific
analyses were conducted when significant in-
teractions involving site were found. Another
problem was that the study’s power was dimin-
ished after the third site was dropped midway
through the study, which was compounded by
an effect size that was smaller than expected.

While the pathogenesis of fibromyalgia is
not well understood, the proposed theories
share the postulate that these patients do not
perceive or respond normally to physical or
psychological stresses (Block, 1999). These
stresses are likely to be multifactorial, requiring
a combined therapeutic approach. Further-
more, not all fibromyalgia may be alike—
fibromyalgia attributed to different etiologic
factors may respond differently in terms of rate
and completeness. For example, FMS acquired
post-infection (9% of our sample) may be
slower to respond compared with FMS that de-
veloped post-physical trauma (39% of our sam-
ple); 13% of our sample reported both of these
factors and 39% reported “other/unknown”
precipitants. Donaldson, Sella, and Mueller
(1998) reported that those who responded only
slightly gave histories of fibromyalgia trig-
gered by a viral infection whereas those who
were greatly improved or symptom-free gave
histories of an antecedent trauma.

A possible limitation of our study is that
those with debilitating chronic fatigue were not
included. Thus, our sample may have been
somewhat atypical of FMS patients seeking
treatment. In fact, our sample could have in-
cluded patients with co-existing chronic fa-
tigue symptoms but they were not the more
severe cases.

The most important finding may be that for
fibromyalgia patients EEG treatment alone is
not sufficient for recovery. In this study we ex-
amined the therapeutic efficacy of FNS mono-
therapy. Clinically, fibromyalgia patients treated
with FNS receive a multimodal treatment regi-
men including the SEMG and myofascial treat-
ment as well, because the pain from the body
tends to perpetuate the CNS problems, prevent-
ing recovery (Donaldson, Nelson & Schulz,
1998; Muelleretal., 2001). It may be necessary

to combine the EEG stimulation with sSEMG to
getrid of muscle imbalances that cause spasms.
SsEMG is used to teach people to retrain their
muscles, thereby reducing muscle spasm. The
EMG identifies the problem, and the patient is
given specific exercises to do at home. The
SEMG treatment is coordinated with myofascial
release treatment. The fascial constrictions that
build up over years of imbalances have to be re-
moved by myofascial therapy in order for the
patient toregain full muscle function. The EEG
stimulation may facilitate muscle relaxation as
well as softening of trigger points/tender points
by some as yet not understood mechanism.
Lichtbroun, Raicer, and Smith (2001) noted
similarly that cranial electrotherapy stimula-
tion, while more effective than a sham treat-
ment comparator for treating fibromyalgia, has
potentiated the effects of biofeedback when the
two were given together for migraine (Brotman,
1989). Interactions among these various mo-
dalitiesand the need toindividualize treatments
complicate the design and conduct of clinical
trials involving FNS or other EEG-based stim-
ulation for fibromyalgia.

Finally, Paterson and Dieppe (2005) noted
that placebo or sham controlled trial designs
used for evaluating complex non-pharmaceuti-
cal interventions may generate false negative
results. Reduced active-sham treatment effect
sizes and inadequately powered studies can re-
sult from failure to consider that factors such as
empathy and focused attention may be integral,
not “non-specific,” aspects of the total treat-
ment effect. This certainly is a consideration in
FNS therapy.

Continued investigation of non-pharma-
cological interventions in well-designed con-
trolled clinical trials is essential. Wallace (1997),
citing Pioro-Boisset, Esdaile, and Fitzcharles
(1996), noted that in Canada 91% of FMS pa-
tients, compared with 63 % of control rheumatic
disease patients, use complementary and alter-
native medicine measures. Our negative study
may have been due at least in part to an experi-
mental design that was inconsistent with how
FNS isusedinclinical practice, such asin terms
of concomitant interventions and number of
treatment sessions. Thus, differences between
research and clinical practice settings in how
and when FNS is administered may account for
discrepant treatment outcomes.
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SUMMARY. This commentary to the Kravitz, Esty, Katz, and Fawcett (2006) study reports a sig-
nificant flaw in the hardware used in the study. This hardware problem was not known at the time
of the study and was only revealed later in technical analyses of the equipment. The difference in
outcome between the Kravitz et al. study versus other studies using low energy electromagnetic
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An element missing in the Kravitz, Esty,
Katz and Fawcett (2006) study is a discussion
of the equipment used in formal and informal
studies preceding that study, as well as in the
Kravitz study, from the perspective of the un-
derlying mechanism of the properties of the
carrier medium that was used for the feedback
stimulation. The Kravitz report treats all ver-
sions of the neurofeedback that were used as
one undifferentiated type. Furthermore, there
was no discussion of electromagnetic charac-
teristics of the different EEG preamplifiers. In

fact, from what we now know, itis probable that
the configuration of the I-330 C2 accounts for

“both the negative results and the side effects

seen in the current study. The stimulation char-
acteristics, electromagnetic characteristics or
light of equipment used in previous studies are
shown in Table 1.

First,a word aboutthe lights embedded in the
glasses that were worn for light feedback in the
pastandin the Kravitzetal. study. Long experi-
ence with the older I-400 preamplifier systems
had led us to exclusively use lights that were
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TABLE 1. Comparison of Electromagnetic Fields in
Equipment in Previous Studies.

Author EEG EM- Feedback  Observations
Model characteristics Carrier
Schoenberger 1-400 None Light Positive
etal. outcome
Muelleretal. 1-400 None Light Positive
outcome
Donaldson 1-400 None Light Positive
etal. outcome
Kravitzetal. 1-330 C2 Strong EMF+Light Negative

taped over with up to 60 layers of black vinyl
electrical tape. In fact, at times the layers of tape
were so thick that they pressed upon the eyes of
the patients wearing the glasses. Some of the
therapists joked about the possibility that one or
two photons per week might pass through the
tape to the eyes. No light was ever visible under
this condition, even though the results of the
supposed visual feedback seemedsatisfactory.

When the new I-330 C2 preamplifier was in-
troduced, however, the strength of the stimula-
tion seemed to be much greater than from the
previous 1-400. J&J Engineering worked with
us to reduce current flow to the lights until any
further reduction in light intensity would re-
duce the coded feedback information to a level
lower than the thermal noise of the electrons
passing through the wire to the lights in the
glasses.

Because one fibromyalgia patient fell asleep
for at least 45 minutes after each I-330 C2 ses-
sion, I was asked to assess the problem and to
see if I could further reduce the intensity of the
feedback. At the start of the session I removed
the glasses from the patient and moved them as
far away from her face as the cable from the
1-330 C2 would allow me—approximately four
feet. I pressed a graphic button on the screen
four times as I pulled the glasses further and fur-
ther away, delivering what I thought was four
seconds of feedback from the lights in the
glasses. Each time I pressed the button I could
see her EEG respond to the feedback impulse.
For the first time since this patient began using
the system, she was energized enough that she
was able to take areasonably long walk after the
session, and she was both free from fibromy-
algia pain and from mental fog. As we will see,
what really happened is that there was one less

cable—the cable to the glasses—draped over the
patient.

Early clinical use of the I-330 C2 EEG
showed the same kinds of untoward effects as
reported in the study. The presence of these ef-
fects impelled us to reduce the strength of the
radio frequencies. Radio frequency interfer-
ence filters were used to reduce the intensity of
the electromagnetic field. This field was con-
ducted by the EEG leads down to the patient’s
head. This made the EEG leads bidirectional
conductors, carrying the EEG signal tothe EEG
preamplifier in one direction, and the electro-
magnetic field with the feedback signal, to the
head in the other direction.

Again, the therapists using what was then
called the Flexyx Neurofeedback System
(FNS) system joked that I was soon going to
have them moving the glasses into the next
room. Our perplexity about the implausibility
of such stimulation doing anything at all led us
to feel the need to have the feedback signals an-
alyzed, which led to a private grant to have the
systemevaluated by Lawrence Livermore Labs
(LLNL) in Livermore, California.

Data from an unpublished LLNL (Bland,
2000) analysis of both the I-400 and the I-330
C2, which only became available after the com-
mencement of Kravitz study, showed that the
earlier I-400 models of the EEG had no
discernable electromagnet field aroundit, mak-
ing the LEDs in the glasses the source of the
feedback stimulation in the older system
(Bland, 2000). However the 1-330 C2 gener-
ated two different levels of electromagnet field
in addition to the light feedback stimulation.

The lowest level of electromagnetic field
had strength of 10~2! watts/cm?2. This is the
strength of the electromagnetic field while the
unit is simply recording data, but not providing
feedback-an emission for baseline operation, if
you will. The second type of electromagnetic
field has strength of 10~18 watts/cm?.

The generator for these fields was consid-
ered by the author of the LLNL (Bland, 2000)
study to be the crystal clock in the I-330 C2 that
generates the timing signals for the on-board
digital signal processor. The digital signal pro-
cessor provides the capability of much faster
analysis of signals than did the desktop com-
puter based analysis in the older [-400 system.
The 1-400 system had no such on-board micro-




Len Ochs 61

processor, and was, therefore, electromagneti-
cally much quieter. Furthermore, Lawrence
Livermore Labs said that the glasses, masked as
such by the black tape, played no part in the
stimulation feedback; in fact, they said that the
effects from the system came from theradio fre-
quency carrier wave for the feedback frequen-
cies. All wires attached to the EEG were said by
the LLNL staff to be antennas; that is, the EEG
leads (active, reference, and ground), the cable
from the EEG to the computer, and the cable to
the glasses were all, in fact, antennas conduct-
ing the electromagnetic field.

Even with the field strength reduced by the
radio frequency filters, it still proved somewhat
tricky to conduct treatment with very sensitive
patients. With the field strength lowered, I be-
gan to be bothered by what still seemed to be
feedback stimulation that was too intense.

Because I could not remove the radio fre-
quencies which were part and parcel of how the
EEG system now operated, in desperation and
holding my breath, I disconnected the glasses
from the EEG by unplugging the glasses cable.
Surprisingly, the system still worked-and
worked better. The EEG leads remained the ef-
fective source of the radio frequencies once the
cable to the glasses was removed. This, then, is
the configuration we finally settled on with the
I-330 C2, and used in treatment until still newer
generations of equipment were produced by
J&J with 3,000 to 4,000 times less electromag-
netic field strength. In fact, we nolongerneeded
the heavy electromagnetic field filters with the
newer equipment. We have found, however,
that we still need to continue the process of giv-
ing only seconds of feedback in any one ses-
sion. By the time we discovered that we needed
to eliminate the glasses, however, the Kravitz
study, with the greater intensity electromag-
netic field, was either well under way or had
completed the running of participants.

In summary, the EEG preamplifier used in
the Kravitz study emitted a hitherto unknown
radio frequency stimulus that was strong
enough to reduce the efficacy of the feedback
system. This caused temporary side effects
such as fatigue and interfered with the reduc-
tion of symptoms. This stimulation was not
present in the previous generations of equip-
ment, and is vastly reduced in intensity in the
current models—reduced enough to not be a
problem as long as we keep the feedback expo-
sure short with most of the clinical conditions
with which we now work. In conclusion, while
there may be other factors that encumbered the
efficacy of FNS in the study, it seems to me that
the electromagnetic field, in general, but partic-
ularly from the glasses cable, was the primary
reason that the Kravitz study did not succeed.
This seems supported by our clinical experi-
ences where we found the need to avoid using
the cable and glasses in working with patients.
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__Reflections on FMS Treatment, Research,
and Neurotherapy:
Cautionary Tales

Mary Lee Esty, PhD

SUMMARY. Treatment planning for a patient diagnosed with fibromyalgia (FMS) requires
neurotherapists to consider a wide range of potential causes during history taking. Effective treat-
ment planning often involves interventions from multiple specialists coordinating treatments. Cre-
ation of a treatment team may involve, in addition to neurotherapy, medical specialties such as
infectious disease, physical medicine, neurology, nutrition, and rheumatology, as well as cranial
sacral and myofascial treatments, and surface electromyography (SEMG). Understanding the signs
of common complications in those diagnosed with FMS is vital to effective treatment. doi:10.1300/
1184v10n02_05 [Article copies available for a fee from The Haworth Document Delivery Service:
1-800-HAWORTH. E-mail address: <docdelivery@haworthpress.com> Website: <http:/fwww.HaworthPress.
com> © 2006 by The Haworth Press, Inc. All rights reserved.]

KEYWORDS. Neurotherapy, fibromyalgia, chronic fatigue syndrome, chronic pain, chronic in-

fection, myofascial pain

Lessons learned from the experiences of
subjects in the Rush-Presbyterian-St. Luke’s
Medical Center and Neurotherapy Center of
Washington fibromyalgia study (Kravitz, Esty,
Katz & Fawcett, 2006) provide a rich and
evolving store of information for neurother-
apists treating anyone diagnosed with fibro-
myalgia (FMS). The coexisting conditions de-
scribed below are not proven causes of FMS,
eventhoughitis often tempting to make that as-
sumption. However, making such a link is a
task that will require more research. Nonethe-
less, an appreciation of common complications
often accompanying the FMS diagnostic label
is essential to good treatment planning. This

note is offered as supplementary information
that may be helpful to therapist and patient
alike.

Getting clear and reliable research results
with people diagnosed with FMS is very diffi-
cult. The official criteria for this diagnosis were
established for research purposes in 1990 as a
result of a consensus conference (Wolfe et al.,
1990). Two groups of doctors evaluated pa-
tients who had been diagnosed by physicians
considered experts on the condition. The result-
ing consensus opinion, arrived at independ-
ently between the two groups, was thatall of the
patients expertly diagnosed with FMS exhib-
ited 11 of 18 tender points in selected sites on
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the body. This work, which was originally in-
tended only foruseinasingle study, became the
standard for diagnosing FMS.
~ Full discussion of the difficulties with these
criteria would be lengthy and inconclusive. The
important point here is that diagnosis of FMS is
complicated. FMS is a condition that appears to
have multiple causations, a complex interplay
and mix of psychophysiological dysfunctions,
soft tissue damage, physical and emotional
trauma, infectious agents, toxic exposure, and
genetic syndromes. Some of the Rush study
participants (Kravitz et al., 2006) had a combi-
nation of these problems. The resulting variety
of symptoms that can be present in one person
makes treatment planning a challenge. The re-
mainder of this paper discusses different
etiologic factors that may be involved with the
various subtypes of FMS and their implications
for treatment.

CENTRAL NERVOUS SYSTEM
FACTORS

As aresult of following some of the subjects
inthe Rush study even after the study ended, the
Neurotherapy Center of Washington therapists
came to a deeper understanding of the frustra-
tions of patients and clinicians alike. Despite
current research establishing that people diag-
nosed with FMS are suffering from a central
nervous system (CNS) problem, there is still a
perception among some health care providers
thatitis a psychosomatic problem and that psy-
chotherapy is the treatment of choice. One lead-
ing FMS researcher states that FMS is a distinct
clinical syndrome deserving of informed medi-
cal care and continued research to better under-
stand chronic widespread pain (Russell, 1999).
Staud, Price etal. (2001) report that painratings
in response to a heat stimulus are greater in
fibromyalgia subjects as compared to controls,
providing evidence for central abnormal pain
modulation controls. Staud, Caril et al. (2001)
write that “FMS subjects required much lower
mechanical pressures than controls to elicit
wind-up, indicating abnormal pain mecha-
nisms. These same mechanisms may also play
an importantrole in FMS pain” (p. 79). Wittrup
et al. (2001) looked at markers of CNS injury
through measures of inflammatory markers in

cerebrospinal fluid and serum. They found an
immuno-inflammatory process in the CNS that
supports “a model of immune-mediated brain
injury leading to abnormal sensory processing
and widespread allodynia in FMS” (Wittrup et
al., 2001; p. 81). They also suggest that their
findings support subgrouping FMS patients by
etiology.

Of particular interest to neurotherapistsis re-
search from brain scans. Using SPECT scan-
ning, Mountz (2002) identified decreased
blood flow in the thalamus and caudate nucleus.
These are areas that generally modulate pain
signals. The research group concluded that“. ..
specific parts of the brain’s limbic system, the
thalamus and caudate nucleus, have decreased
blood flow. These areas seem to modulate pain
by inhibiting incoming pain signals. If they are
not functioning normally, they will not be able
to inhibit pain signals. Fibromyalgia seems to
‘turn off’ these areas, which allows pain signals
to continue uninhibited through the brain”
(p. 38).

Based on my clinical experience over the last
decade with many FMS patients, itis difficultto
agree with the suggestion that fibromyalgia is
the cause of a change in brain function. Given
what is now known from QEEG, imaging data,
and patient histories, trauma of some type has
changed the brain’s functioning and this is the
biomechemical contribution to the onset of
fibromyalgia symptoms. The thalamic area of
the brain is especially vulnerable to physical
damage from blunt and whiplash trauma. The
sella turcica (Turkish saddle) is the bony cavity
in which the pituitary gland is encased. The pi-
tuitary stalk passes through a small opening
leading to the hypothalamus. This cozy little
dwelling is highly protective of the master
gland, butthe designhas asignificantdrawback
to overall functioning following any head
trauma involving acceleration or deceleration.
When any momentum causes the head to be ac-
celerated or decelerated, the brain, suspended
in fluid, bounces in relation to the forces in-
volved, oris twistedin any rotational event such
asacarspinning. Theresultis a stretching of the
pituitary stalk and interference with hormone
functions in which the pituitary is a key player
(Silverman, 2002). The pituitary is responsible
for regulating hormones that affect many organ
systems. Thyroid, sex and adrenal hormone
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problems are only a few issues that can follow
trauma to this part of the brain.

Donaldson, Donaldson, Mueller, and Sella
(2003) identified sub-groups in fibromyalgia
based upon quantitative EEG (QEEG) brain-
wave patterns. This research points to a signifi-
cant CNS component in FMS. Perhaps, as they
suggest, there is an EEG signature in people
with fibromyalgia. Schwartz and Begley (2002)
provide a lively and well-documented history
of research onthe mechanisms and applications
for treatments based on neuroplasticity and
give hopeful news about the ability of the brain
to change in response to stimulation.

An increased understanding of the role of
brain function on pain and on chronic illnesses
is appearing more frequently in pain research
literature. Researchers (Tennant, 2003) pre-
senting at the American Pain Society and the
American Academy of Pain Medicine re-
ported, “. . . clear evidence that chronic pain
produces cardiovascular and immunologic
complications. Even more compelling was a
study by Sora and Associates from Northwest-
ern University that compared brain mass in
chronic pain patients with normal controls. The
chronic pain patients’ gray matter had signifi-
cantly less density . . . Although nervous sys-
tem-type pain, per se, is in early stages of re-
search, practitioners and patients need to be
keenly aware that there is growing evidence
thatuncontrolled pain may produce pathologic,
neurologic, immunologic, cardiovascular and
endocrine changes” (p. 8).

Neurotherapy

Even if the CNS dysfunction factor of FMS
etiology is accepted, does it follow that treat-
mentto correctonly the CNS contribution tothe
syndrome is sufficient for recovery? Itis my be-
lief that treatment of CNS dysfunction is an es-
sential component of any treatment plan for re-
covery from the symptoms of FMS, but in most
cases it is not sufficient. Neurotherapy will be
most successful in those who were functioning
well prior to a physically traumatic onset. It will
not produce significant change in those with
ongoing infection, significant toxic exposure,
or structural damage. Complicated psychologi-
cal trauma is another complication, as are
genetic syndromes.

As neurotherapists accept the challenge to
improve the CNS functioning of people diag-
nosed with FMS, the body must not be forgot-
ten. Soft tissue and structural problems, as well
as endocrinological issues caused by bio-
mechanical forces of head trauma, must be ad-
dressed directly. Infectious agents are often a
constant drain on energy and nutrition, and they
may have entered the CNS. All of these prob-
lems must be detected and properly treated to
maximize clinical benefits. Some case exam-
ples illustrate common problems presented by
FMS patients.

INFECTION

D is a 51-year-old woman who entered the
Rush study at age 46. She was in the placebo
group first, and had no positive response, but
had some significant, but not complete, relief
from the active treatment. There was improve-
ment, but she still had some symptoms even af-
ter some post-study FNS treatment. She re-
turned for more treatmentin late 2005 with pain
all-over, aching, and cognitive fogginess. Sur-
face EMG (sEMG) evaluation revealed 8 im-
balances of 13 muscles tested, many of them
extreme imbalances. Response to the EEG
stimulation treatmentled torapid improvement
in cognitive functioning. Three sEMG treat-
ment sessions gave her some tools that dimin-
ished painabit, but nothing helped with the ach-
ing. She was recently diagnosed with Lyme
disease and has just begun treatment. Her par-
tial response to treatments is typical of those
who have a chronic infection.

Irritable bowel syndrome, ulcerative colitis,
and infections such as mycoplasmas, herpes,
chlamydia and Lyme disease are common in
those with FMS diagnoses. These conditions
will make treatment response guarded at best.
Asanexample, Dennis and Bright (2003) wrote
a paper on treating fungal sinusitis. They had
collected data on 624 patients treated over 14
years with diagnoses of fibromyalgia, chronic
fatigue syndrome (CFS), arthritis, and other
immune diseases. These patients were treated
with medications, surgery where indicated, and
environmental cleanup to specific standards
of fungal presence. “Neurofeedback was at-




66 LENS: THE LOW ENERGY NEUROFEEDBACK SYSTEM

tempted without success before environmental
cleanup was accomplished” (p. 89). The con-
clusion was that wellness and effective neuro-
_ therapy can be achieved only after appropriate
interventions targeting the infectious process
are completed. _

Nicolson et al. (2000) has done extensive re-
search on the nature of Gulf War Iliness, docu-
menting the difficulty of differentiating FMS
from CFS and rheumatoid arthritis. They con-
cluded:

Bacterial and viral infections are associ-
ated with many chronic illnesses as caus-
ative agents, cofactors or more likely as
opportunistic infections in immune sup-
pressed individuals. The prevalence of in-
vasive pathogenic Mycoplasma species
infections (and possibly other bacterial
infections, such as Chlamydia, Borrelia,
etc.) in patients with Chronic Fatigue
Syndrome, Fibromyalgia Syndrome, Gulf
War Illness, Rheumatoid Arthritis and
other chronic illnesses was significantly
higher than in healthy controls. When we
examined chronic illness patients for
multiple Mycoplasma species infections,
we found that almost all patients had mul-
-tiple intracellular infections, suggesting
that multiple bacterial infections com-
monly occur in certain chronic illness pa-
tients. These patients generally respond to
particular antibiotics if administered long-
term, but an important part of their recov-
ery involves nutritional supplementation
with appropriate vitamins, minerals, im-
mune enhancement and other supplements.
Nutraceuticals appear to be necessary for
recovery and maintenance of a strong im-
mune system. In addition, patients should
be removed from potentially immune-de-
pressing drugs, such as some antidepres-
sants, to allow recovery of their immune
systems. Other chronic infections (viral)
may also be involved in various chronic
fatigue illnesses with or without myco-
plasmal and other bacterial infections,
and these multiple infections could be imi-
portant in causing patient morbidity and
resulting difficulties in treating these ill-
nesses. (p. 89)

Viral infection can even exist inside mus-
cles. One recent report (Douche-Aourik et al.,
2003) concluded that, “Enterovirus RNA has
been found previously in specimens of muscle
biopsy from patients with idiopathic dilated
cardiomyopathy, chronic inflammatory mus-
cle diseases, and fibromyalgia or chronic fa-
tigue syndrome (fibromyalgia/chronic fatigue
syndrome). These results suggest that skeletal
muscle may host enteroviral persistent infec-
tion” (p. 47).

PARASITES AND CHRONIC PAIN

A parasitic gastrointestinal infection can
cause extreme soft tissue pain. A clinical exam-
ple was found in one 23-year-old patient who
had a parasitic infection that caused inflamma-
tion of the descending colon thatlead to inflam-
mation of the tissues around the left hip with
swelling and intense pain. Inflammation of the
transverse colon leads to inflammation of sur-
rounding soft tissues such as the genitofemoral,
lateral femoral cutaneous and femoral nerves,
and the fascia connecting the diaphragm to the
T12 area of the spine. Inflammation of these
structures sets up a cycle of nerve irritation,
swelling, compression, reduced range of mo-
tion, and increased nerve irritation. The effects
are widespread causing pain even with proper
breathing and normal movement, resulting in
more bracing against pain, leading to more con-
striction of movement, increased irritation and
inflammation. Breaking this cycle requires
elimination of the infection followed by myo-
fascial release and re-education of body me-
chanics. Detection and diagnosis of some of
these infections can be a complicated process
butis the necessary first step of a treatment plan.

GENETIC SYNDROMES

Ehlers-Danlos Syndrome (EDS), a genetic
condition, is sometimes found in patients diag-
nosed with fibromyalgia. EDS is a rare heredi-
tary connective tissue disorder characterized
by unusually flexible joints, very elastic skin
and fragile soft tissue. The skin can be stretched
several inches and yet retain its original shape
on release. People with this syndrome bruise
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easily, have a lot of sprains and dislocation of
joints, bleed easily, and may have hernias.
There is no fully effective treatment, but some
physical therapy can strengthen tendons around
the joints. A mistaken diagnosis of FMS is un-
derstandable for people with EDS because the
nature of the tissues creates a vulnerability to
injuries from many oflife’s ordinary activities.

Another genetic condition that can compli-
cate treatment of FMS is von Willebrand’s Dis-
ease (vWD). It involves a deficiency of a pro-
tein that affects platelet function, resulting in
slowed cessation of bleeding. Platelets that
should form the first step in repairing a cut are
not active, so bleeding does not stop quickly.
People with vWD bruise easily, and bleed ex-
cessively after a cut or from dental work. Re-
covery from any invasive procedure is pro-
longed, and even a colonoscopy can be
physically traumatic. Fatigue from iron defi-
ciency becomes a problem.

STRUCTURAL INJURIES

Acceleration and deceleration forces wreak
exquisite damage on the brain’s internal struc-
tures leading to cognitive dysfunctions of
memory and attention as well as to the inability
of the brain to properly handle noxious stimuli,
including vestibular problems. Structural dam-
age resulting from physical trauma is often in-
volved in the onset of FMS. Severe coccyx in-
jury from a fall onto the tailbone often occurs
during stairway accidents, or from sports activ-
ities. This can be a cause of chronic headache.
Whiplash can cause a reversal of normal curva-
ture of the spine (cervical lordosis). This causes
extreme pain and requires skilled physical
therapy.

Motor vehicle accidents are the most com-
‘mon cause of traumatic brain injury, and whip-
lash is a commonly reported as a precipitating
cause of FMS. The effects of whiplash extend
far beyond the muscle damage that causes
headache and the neck/back spasms that can
lead to chronic pain. Damage to the central ner-
vous system results from physical forces on the
brain inside the skull. “Wherever there is mo-
mentum, there is a potential for tissue injury.
Whenever a whiplash injury occurs, there is a

risk for chronic painful complications such as
fibromyalgia” (Pellegrino, 2002; p. 14).
Brown (2001) documented G forces to the
brain resulting from low-speed rear-end colli-
sions. In the first 100 milliseconds after colli-
sion, the car moves from under the body and the
torso rises. The forces involved are compres-
sion, torsion, and shear. It is the compression
and shear that cause big problems. In 200 milli-
seconds the head starts back and rises. Between
200 to 300 milliseconds later, the body starts
forward—even faster than it went backward-but
the head always lags behind, and then whips
forward. One hundred milliseconds after a 20
mph impact, the acceleration inside the skull
reaches 18Gs. “The most important factor re-
garding motor vehicle collisions and injuries is
how much (or how little) of the collision force is
absorbed by the occupants” (Pellegrino, 2002;

p- 3).

VESTIBULAR DAMAGE

Serious vestibular problems can result from
head trauma and be coexistent with the FMS di-
agnosis. These must be taken very seriously be-
cause the condition affects all treatment of
these patients, neurotherapy as well as SEMG.
A clinical example illustrates the need for care-
ful treatment planning to avoid undue use of
resources.

One patient responded well to FNS with im-
provement in the cognitive area. Treatment of
the muscle imbalances was temporarily help-
ful, but would not hold. She had inner ear dam-
age that interpreted an off-center posture as
being balanced. This kept the muscles in chron-
ically stressful positions thatreinforced muscle
imbalances and pain. This condition mustbe re-
paired. Many of these people require treatment
for benign paroxysmal positional vertigo.

Another dysfunction that can result from
biomechanical trauma is a perilymphatic fis-
tula, an opening in the inner ear that causes se-
vere dizziness. It can sometimes be repaired
surgically. Another patient responded with im-
provement in cognitive functioning, but the
pain persisted. She had a serious fall on the
tailbone that was responsible for continuing
pain. Appropriate myofascial treatment has
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been helpful in reducing pain. Such falls are
often a factor in chronic headache.

CONCLUSION

In summary, taking the history of people di-
agnosed with FMS should delve into great de-
tail about head trauma and past illnesses that
were not usually considered significant at the
time. This meticulous investigation is impor-
tant even though thorough attention to the de-
tails of their history and symptoms can seem
somewhattangential to their main concerns. In-
volvement of proper specialists is then re-
quired. Neurotherapy alone will often not help
these people.
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The LENS (Low Energy Neurofeedback System):
A Clinical Outcomes Study on One Hundred Patients
at Stone Mountain Center, New York
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SUMMARY. Introduction. The Low Energy Neurofeedback System (LENS) developed by Dr.
Len Ochs (2006a) uses feedback in the form of a radio frequency carrier wave, administered at a
positive offset frequency from the person’s own dominant EEG frequency. Although it is an un-
usual biofeedback procedure, the feedback being invisible and the subject passive, clinical evi-
dence supports the efficacy of the LENS across a spectrum of conditions. Published research
studies (Schoenberger, Shifflet, Esty, Ochs, & Matheis, 2001; Donaldson, Sella, & Mueller, 1998;
Mueller, Donaldson, Nelson, & Layman, 2001) have shown the effectiveness of the LENS method
with traumatic brain injury (TBI) and with fibromyalgia. No study to date has evaluated LENS
treatment across the spectrum of disorders and with a significantly large sample. This study was
devised to address these issues. The study hypotheses were that the LENS treatment would be ef-
fective in reducing both systematic symptom ratings and measurements of EEG amplitudes, and
that the therapeutic effect would produce the most rapid improvements in early sessions of treat-
ment.

Method. “Blinded” research associates selected the first 100 patients from approximately 300
case files that met the following inclusion criteria: the person had received at least 10 treatment
sessions, completed an initial CNS questionnaire, and that session-by-session subjective symptom
ratings (SSRF) had been obtained. Patients ranged from 6 to 80 years old, almost evenly divided
between male and female, with a wide range of symptoms and comorbid DSM-IV diagnoses.

Results. Data were statistically analyzed for significance and corelational variables. Average
symptom ratings across 15 major problem areas (e.g., anxiety, mood disturbance, attentional prob-
lems, fatigue, pain, sleep problems, etc.) showed significant improvements (p < .0001) from begin-
ning to end of treatment. After an average of only 20 treatments the mean average of patient
symptom ratings (0-10) declined from 7.92 to 3.96, a 50% improvement. Equally significant was
the drop in EEG amplitude at the highest amplitude electrode site (HAS; p < .0001) as well as a
lesser but still significant decrease at Cz (p < .002). A final analysis of the average symptom score
with the HAS score showed them to be highly correlated. ‘All hypotheses were confirmed.
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Conclusions. LENS treatment appears to be very efficient and effective in rapidly reducing a
wide range of symptoms. It particularly produces rapid improvements in the first five to six ses-
sions.”Recommendations for future research are provided. doi:10.1300/J184v10n02_06 [Article cop-
ies available for a fee from The Haworth Document Delivery Service: 1-800-HAWORTH. E-mail address:
<docdelivery@haworthpress.com> Website: <http://www.HaworthPress.com> © 2006 by The Haworth

Press, Inc. All rights reserved. ]
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INTRODUCTION

The LENS

The Low Energy Neurofeedback System
(LENS), devised by Dr. Len Ochs and tested by
him and clinicians he has trained, has evolved
continuously for 16 years (Ochs, 2006a). This
neurofeedback system provides the patient
with instantaneous electromagnetic field feed-
back that is “offset” by 5, 10, 15, or 20 Hz faster
than the patient’s dominant brainwave fre-
quency to avoid any possibility of seizures be-
ing triggered by the procedure. While treatment
relied on flashing lights in the past, a technical
laboratory examination of the equipment
showed the effective mechanism of treatment
to be carried on radio frequency waves of ex-
tremely low intensity (Ochs, 2006b) and at
15-100m Hz frequency range.

Len Ochs (1994) had claimed to often obtain
very significant improvements with many
patients in less than ten sessions. This some-
times raised eyebrows and skepticism among
colleagues in the field of neurofeedback.
Nonetheless anecdotal experiences by trained
LENS practitioners, including the authors,
had confirmed the tenor of his claims. In addi-
tion, a growing body of published literature
(Donaldson, Sella, & Mueller, 1998; Larsen,
2006; Mueller, Donaldson, Nelson, & Layman,
2001; Schoenberger, Shiflett, Esty, Ochs, &
Matheis, 2001) had shown that the LENS was
effective inameliorating a variety of conditions
associated with CNS dysfunction. What seemed
unanswered was whether the LENS procedure
produced more effective results early in treat-
ment compared with later? Did all problems re-
spond equally well, or some problems respond
better and some worse than others? Therefore,
the authors decided to gather data on the effects

of LENS treatment in clinical office cases. This
paper reports our findings.

The authors began several years ago to sys-
tematically collect assessment and outcome
data on clinical cases that we treated. In each
case, during the intake interview, patients com-
pleted the CNS Questionnaire (see Appendix)
developed by Ochs (1996, 2006a). After com-
pleting the questionnaire patient were asked:
“Of these reported symptoms/problem areas,
which most impair your quality of life?” The
problems of greatest concern were then listed
first on our Subjective Symptom Reporting
Scale (SSRS), followed by others, until five or
more symptoms were elicited and entered.
Each was rated by the patienton a O to 10scale.
They were told, “Ten (10) means the worst pos-
sible interference with your freedom, creativ-
ity, and ability to enjoy life; Zero (0) means the
problem has disappeared or become unnotice-
able.” The therapist and the patient agreed to
work collaboratively to track these numbers
and their ratings were obtained at the beginning
of everysession. If the patient was achild, apar-
entor guardian was asked to help with the eval-
uation ratings. If a spouse or partner attended
the treatment session, they were asked to help
confirm the veracity of the answer—a “second
opinion.” Sometimes a symptom might have
fluctuated over the week. For example, insom-
niamay have varied from 2 (a pretty good night)
to a 6 (a much worse night’s sleep) as reported
on the SSRS rating form. In such cases, anaver-
age number for the period since the last session
(e.g.,the number 4, in our example) would tobe
entered for that period.

This study consists of a retrospective analy-
sis of the five most serious symptoms reported
by patients from the beginning to completion of
treatment. Figure 1 displays examples of aver-
age symptom ratings that were obtained over
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FIGURE 1. Progress of an “Easy” Care and a Difficult Case

the course of treatment with a relatively “easy”
case that responded rapidly, and with a more
difficult case that responded to treatment more
gradually.

METHOD
Sample

As indicated, our subjects were not specially
selected experimental subjects. They were pa-
tients who came for treatment between 2001
and 2005 at our offices in New Paltz, New York
City, Long Island, and Kingston, New York.
Approximately half of the patients were physi-
cian-referred. The sample ranged in age from
age 6toage 80 (see the distributionin Figure 2),
with the majority of the sample between age 11
and 60 and fairly evenly divided between male
and female. The majority of patients received
LENS treatment on a weekly basis, but a few
were treated twice weekly at the beginning, and
then toward the end of treatment most patients
were weaned off treatment with semi-weekly
or monthly sessions.

Sampling Procedure

From a sample of about three hundred pa-
tientfiles, 100 cases were randomly selected for
retrospective examination by blinded research
associates who knew nothing about the patients
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personally. The research associates signed a
formagreeing to protect patient privacy and the
actual names were masked and a code name as-
signed to each file. No attempt was made to se-
lect “good responders” or “poor responders” to
treatment. Simply the first 100 cases that met
the following criteria were chosen for study.
The file qualified for inclusion in the study if it
had:

1. An initial LENS topographic brain map.
Once selected, from these maps the
microvolt amplitudes were obtained for
the highest amplitude site (HAS) and for
the Cz electrode site.

2. The patienthadreceived 10 or more clini-
cal treatment sessions with the LENS.

3. Anintake CNS Questionnaire and initial
symptom ratings had been completed for
atleast five symptoms, and symptom rat-
ing data had been gathered for at least 10
sessions.

4. Measurements of the overall EEG ampli-
tudes at Cz and the HAS had been com-
pleted at the final treatment session.

Hypotheses

The following hypotheses were examined
to explore how observations by Len Ochs and
others clinicians would stand up to systematic
assessment across a variety of symptom ar-
eas.
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FIGURE 2. Distribution of Clients by Age
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* Lens treatment (independent variable)
will improve quality of life (dependent
variable) across a variety of CNS-related
symptom areas as reflected in the Subjec-
tive Symptom Rating Scale (Larsen,
2001).

* There will be a steady improvement in
symptoms throughout treatment, but im-
provement will be most noticeable in the
early sessions.

 There will be a decrease in overall EEG
amplitudes over treatment at the highest
amplitude site (HAS) and at the vertex
(Cz) as measured on a LENS topographic
map.

* There will be a correlation between sub-
jective ratings of symptom improvement
and an objective physiological measure of
EEG amplitude as measured in microvolt
levels.

In relation to the third hypothesis, it should
be noted that Ochs (2006a) has suggested that
cortical EEG amplitudes are highest where the
cortex is functioning most poorly in inhibiting
subcortical activity. The topographic map used
in LENS practice, withits accompanying histo-
gram (see Ochs, 2006a for an example) quanti-
fies measures taken at 19 or more electrode
sites. Based on our clinical experience, we pre-
dicted the HAS would decrease in amplitude as
treatmentrendered the cortex more functional.

Measures and Symptomatic Complaints

As indicated, ratings were examined on the
Subjective Symptom Rating Scale (SSRS) and
EEG amplitude measures were obtained. On
the SSRS we used the patient’s own descriptive
terms such as “fatigue,” “moodiness,” “mental

LTS

cloudiness,” etc. Many patients were tracked
onas many as eight to ten symptoms, but for the
purposes of this study we selected only the five
most significant symptoms.

After examination of the data 15 categories
were developed to which all of the symptoms
reported in the study could be assigned: Addic-
tion (alcohol, drugs, food, sex), Anxiety Prob-
lem (generalized anxiety disorder, panic attacks,
phobias, hypervigilance), Attention Problem
(ADD/ADHD, problems concentrating), Cog-
nitive Problem (cloudiness, cognitive deficit,
memory problems, confusion), Dissociation
(dissociated, detached, withdrawn), Disorga-
nization (disorganized, procrastination), Prob-
lem in Executive Function (impaired planning,
sequencing, impulsiveness), Pain, Fatigue (lack
of energy, chronic fatigue, fibromyalgia), Flex-
ibility Problem (rigidity or obsessive-compul-
sive disorder), Mood Disturbance (dysthymia,
depression, bipolar disorder, irritability, explo-
siveness), Sleep Disturbance (insomnia, early
morning awakening, restless legs), and a Mis-
cellaneous category for less frequently en-
countered symptoms (tics, seizures, psychotic
symptoms). The distribution of symptoms by
category in our sample may be seen in Figure 3.
It can be observed that the mostly highly repre-
sented problem areas were mood disturbance,
followed by problems with cognition, pain, dis-
organization, sleep, anxiety, attention, and fa-
tigue. Although most patients qualified for
multiple diagnoses, the complexity of problems
in the patient sample may be seen in Figure 4.

Equipment

All treatment was rendered on J&J 1-330 C2
or mini-C2 EEG processors with a sampling
rate of 1,028 samples per second, using the
electromagnetic emissions of their crystal
clock, offset ata faster frequency from the dom-
inant brainwave frequency. All treatment used
Ochs Labs proprietary versions of J&J’s USE 2
or USE 3 software to administer the stimula-
tions. Maps and offset assessments were pro-
cessed on Ochs Labs proprietary Report Gener-
ator.

All treatment followed an initial brain map at
19 or 21 sites, mapping each site individually
and processing the map and histogram for delta,
theta, alpha and beta frequency bands, along




Larsen, Harrington, and Hicks ) 73

with a measure of total amplitude and dominant
frequency maps and histograms. Where it was
possible to do an Offset assessment (meaning
the patient was not too neurologically sensi-
tive) this was done. If an Offset assessment
could not be obtained because the patient
seemed too hyper-reactive, the default of a
+20Hz offset was used. The hardier patients
were exposed to somewhere from 1 to 21 sec-
onds of stimulation (1018 watts/sq. cm?) per
session, while patients who were judged to be
too sensitive/reactive early in treatment were
simply exposed (at least initially) to the back-
ground energy level of the system without stim-
ulation, which has been found in laboratory
analysestobeonly 10~ 2! watts/sq.cm?ininten-
sity. The number of treatment sites and seconds
of exposure were based on the sensitivity/reac-
tivity of the patient as discussed in Ochs (2006a).

Confounding Factors

About halfof our patients come to us on med-
ication prescribed by their physician. Most
were informed that they should tell their doctor
that they were receiving neurofeedback and re-
leases were signed so that clinicians from our
facility could talk to their physicians, neurolo-
gists, or psychiatrists. They were advised that
during our treatment they might find them-
selves needing less medication to achieve the
same effect, and should they wish to reduce
medications, they should do so under the care of
their prescribing physician.

Although neurofeedback was, in our esti-
mate, the main therapeutic modality, a propor-
tion of the patients were also treated with
photonic stimulation (an infrared stimulation
device) for peripheral pain and fatigue syn-
dromes. Several were given instructions in
HeartMath (heart rate variability biofeedback).
Some took supplements such as B vitamins,
glyconutritionals, SAM-e and Rhodiola Rosea.
During treatment, patients did in fact often de-
crease their prescription medications. (This
measure, in fact, could be a pivotal one to exam-
ine in future studies.) We did not control for any
of these variables, nor did it seem possible to do
so. The only thing that all 100 patients had in
common was thatthey received the LENS treat-
mentforover 10 sessions, and most patients had

20 sessions of LENS treatment (see Figure 5).
The mean number of treatment sessions was
19.43 (SD=5.51). Asclinicians, our initial and
primary intent in working with these patients
was inhelping them improve their quality of life
and functioning, not conducting a controlled
study.

FIGURE 3. Frequency of Complaint by Category
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FIGURE 4

DSM IV-r Related Diagnostic Categories
Represented in Study

ADD, ADHD, attentional problems of all sorts, Learning Disabilities
Affective Disorders including Monopolar and Bipolar Depression, Dysthymia
Autistic Spectrum Disorders, including Aspergers Syndrome

Anorexia and Bulimia

Dissociation

Epilepsy and Seizure disorder

Explosive Personality Disorder, Oppositional-Defiance

Fibromyalgia, Chronic Fatigue, Lyme Disease, Epstein-Barr syndrome
High Blood Pressure

Headaches (Cluster, Tension and Migraine)

Irritable Bowel, Ulcerative Collitis

Obsessive Compulsive Disorder

Pain, both Acute and Chronic or both, Muscle Spasms, Dystonia
Paranoia and Schizophrenia

Post Traumatic Stress Disorder (PTSD)

Tourettes, and Tic Disorders

Traumatic Brain and Spinal Injury (TBI)

.
.
L
(]
»
.
]
e
»
o
(]
[
[
L]
(]
L]
(]
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Data Analysis

After gatheringand entering dataintospread-
sheets, the data was compiled and sent to an in-
- dependentstatistician for analysis. Twosample
paired t-tests were run on EEG amplitude
changes at the HAS and at Cz pre- and post-
treatment, and on the average symptom ratings
pre- and post-treatment. Logarithmic regres-
sions were then computed on each symptom
category to test if the patients were reporting a
reduction in symptoms and if that decline was
rapid in early treatment sessions.

RESULTS

The results confirmed all hypotheses and the
outcomes were found to be highly statistically
significant. Every symptom category not only
decreased over the course of treatment, demon-
strating that LENS treatment was clinically ef-
fective in ameliorating widely diverse CNS-re-
lated problems, but the second hypothesis was
confirmed as well. The decline in the average
ratings of symptom categories was found to be
greater in early sessions of treatment, with fur-
ther improvements occurring at a more gradual
pace over time, as the experience of Ochs
(1994) had suggested. This finding may be seen
in Figure 6. It was noted, however, that there
was still a definite ongoing continuum of
improvement up to 20 sessions and beyond.

In relation to this finding, clinical observa-
tions have encouraged us to urge that patients
notdiscontinue LENS treatment after the initial
rapid improvements, sometimes called “the
honeymoon phase” of treatment because the
nervous system continues to gradually reorga-

FIGURE 6. Plot of Average Score by Treatment All
Categories
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nize itself. Further treatments beyond the first
10 to 20 sessions may be necessary to consoli-
date and promote maintenance of the changes
achieved early in treatment. Determination of
the maintenance of changes over time will re-
quire a study with a post-treatment follow-up
period. '

When each of the 15 symptom categories
was plotted by treatment time, it was found that
on average the rate of improvement followed a
logarithmic curve, with most of the improve-
ments. occurring early in treatment, with
smaller but steady gains being made thereafter.
Although each category appeared slightly dif-
ferent, they all showed the same pattern of rapid
improvement with the exception of addiction
problems, which was the only symptom cate-
gory that did not appear responsive to LENS
treatmentin this study. Figure 7 shows linearre-
gression lines for four sample symptom areas,
illustrating what was seen across symptom cat-
egories. The r-squared values in rank order of
improvement for symptom categories were:
Disorganization, .985; Cognitive Problems,
.983; Attention, .956; Fatigue, .955; Mood Dis-
turbances, .954; Pain, .941; Anxiety, .928; Ex-
ecutive Function, .903; Miscellaneous Prob-
lems, .894; Sleep Disturbances, .891; Somatic
Complaints, .874; Flexibility, .864; Behavioral
Problems, .857; Dissociation, .715; and Addic-
tions, .0003.

It is evident as seen in Figure 8 that as the
length of treatment progresses, particularly be-
yond 20 sessions (at which point most subjects
had completed treatment), the number of ob-
served occurrences of symptoms decreases.
Thus beyond 20 sessions and with symptoms
that were less frequently represented in the
sample, the findings become less reliable as
seen in Figure 9. This did not, however, affect
the confirmation of the hypotheses of the study
which were primarily based on the effect of the
first 20 sessions of treatment.

As indicated, the first hypothesis was con-
firmed by our findings. Figure 10 displays the
change during LENS treatment of the mean
symptom ratings which, interestingly at post-
treatment (3.92) were exactly half of the pre-
treatment symptom levels (7.92), a finding that
was highly significant (p < .0001).

The third and fourth hypotheses are also con-
firmed. The overall EEG amplitudes were
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FIGURE 7. Regression Lines for Sample Symptom Categories
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found to significantly (p <.0001) decline over
the course of treatments at the highest ampli-
tude site (HAS), as seen in Figure 11. In addi-
tion, confirming the fourth hypothesis, this
EEG improvement was also highly correlated
(r-square =0.869) withimprovements in symp-
tomratings (as seen in Figure 12). This finding
adds validity to the accuracy of the improve-
ments noted in patient self-ratings of their
symptoms. Thus, each of the two separate mea-
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sures, subjective well-being (symptomratings)
and EEG amplitudes, both respond to the inde-
pendent variable (the LENS treatment).

A significant reduction (p < .0022) in the
overall EEG amplitude at Cz was also found,
decreasing from 10.67pv to 9.62uv. Since the
LENS treatment involved feedback stimula-
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FIGURE 10. Average Score Pre- and Post-Treat-
ment
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tion being received at one or more different
electrodesitesineachsession, we had noreason
to suspectthatactivity at CZ would be “treated”
more thanany other site since, on average, work
at Cz occurred only once in about every four to
five sessions. However, Cz has often been
considered an important site in traditional
neurofeedback (Tansey, 1990; Lubar, 1995).
The changes in EEG amplitude at the HAS

provides confirmation of LENS theory (as well
as effectiveness). Ochs (2006a) does not be-
lieve that LENS treatment will be effective by
simply concentrating the treatment in the area
of the brain with the highest EEG amplitudes.
Interestingly, research (Fernandez et al., 2003)
with traditional neurofeedback applied to
learning disability children found that the
greatestreductions in EEG amplitude often did
not occur at the site where neurofeedback treat-
ment was focused. Ochs (2006a) has theorized
that by having treatment proceed from loca-
tions where there are lower amplitudes toward
electrode sites where there are higher ampli-
tudes (which reflect less efficient cortical in-
hibitory processes) the functioning of the entire
cortex will be positively influenced and the am-
plitudes at the highest amplitude sites will de-
crease. Such changes had been previously ob-
served in clinical work by Larsen (2001).
Thoughin our current study the HAS would not
have received any more treatment emphasis
than was received at Cz (as described above)
there was found to be an average decrease in
amplitudes of 6.51uv at the HAS (see Figure
11). The mean amplitude at the HAS decreased
from 17.38pv to 10.84pv, representing a 37%
decline.

DISCUSSION

By basing our study on subjective symptoms
as described in the patient’s own words, we
have tried to make this study relevant to peo-
ple’s quality of life in a very immediate and
practical way. Itis true that this type of classifi-
cation of problems may have made this study
superficially seem less technical or profes-
sional than a study simply based on strict
DSM-IV criteria. However, symptoms are
what people suffer with and are the fundamen-
tal components that make up diagnostic catego-
ries. Whereas many studies through the years
have shown limited reliability in assigning di-
agnostic categories (e.g., Klein, 1982), we be-
lieve that symptoms are not only “where people
live,” but also are more reliably identified in
comparison with over-arching diagnoses.

The rationale for tracking five or more symp-
toms rather than a single one stemmed from the
factthatrarely dosymptomsexistinisolation. It
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has also been our clinical observation that im-
provement is often a non-linear process. Thus
an individual’s presenting complaints may
have been anxiety attacks and migraine head-
aches, but he or she may also complain of prob-
lems with fatigue, insomnia, and photophobia.
In our clinical work we have noticed in cases
like this that the target symptoms of anxiety and
migraines may remain approximately the same
for a while, while sleep improves and the pa-
tient becomes less light-sensitive. These are
good signs that seem to indicate that some
deeper neurological re-balancing is underway
and bodes well for the treatment. Suddenly one
day, the patient reports that her schedule is fill-
ing up, social anxiety is dwindling, and the mi-
graines are shorter in duration. This is, in fact,
not an atypical course of treatment.

Although it would have been ideal in our
study to use psychological tests with estab-
lished validity and reliability because most of
our patients had alarge number of symptomatic
complaints, we made the decision in our office
to use symptomratings at the beginning of each
session for accountability. One of theimportant
reasons for this decision was our desire to track
session-by-session changes in patient symp-
toms, in which case it would be impractical to
require patients to complete a lengthy psycho-
logical test (or multiple tests) once or twice
weekly. Therefore, we believed that subjective
ratings, particularly when combined with ob-
jective physiological (EEG) data, would allow
frequentand systematic verification of sympto-
matic changes. Our results support these deci-
sions. i

This study represents an uncontrolled case
series. Nonetheless, we believe that the topo-
graphic brain map documentation of EEG am-
plitude changes, and the correlation between
these changes and symptom ratings, demon-
strate the great likelihood that the changes in
our patients did not simply stem fromadesire to
please a therapist or placebo effects. Therapy
was also conducted by four separate therapists.

We should note, in contrast to our present
findings, that sometimes in treatment we have
found that there may be a rise in EEG ampli-
tudes associated with symptomatic improve-
ments, particularly when the patient has a low
voltage EEG at the beginning of treatment.
Sucha pattern often seems to be associated with

fatigue, depression, lack of motivation, and al-
coholism. As the person improves subjectively
in such cases, amplitudes go up. Our theory is
that in many of these cases, a kind of cortical
over-suppression might have been at work, and
the therapy restores energy toareas of the brain.

In the kind of clinical cases seen in our study
sample, we will also sometimes see the HAS
decrease in magnitude, while the lowest ampli-
tude sites come up in microvolts. The net effect
is to produce a more balanced looking brain
map (site sort), without the bright colors associ-
ated with high amplitude activity. Future stud-
ies can explore some of these variables.

The rapid improvements found in this study
following early LENS treatment sessions has
mirrored our clinical experience. We com-
monly see arapid decrease in symptoms which
then continue to diminish more gradually as
treatment progresses through about 20 ses-
sions. It has been our clinical experience that
sometimes shortly after patients have received
20 treatment sessions, and leading up to and af-
ter 30 sessions, there can sometimes be a surge
of symptoms temporarily worsening, followed
after about session 33 with the lowest symptom
ratings attained. From a clinical perspective,
these symptom fluctuations have particularly
seemed to be associated with more “chronic”
patients whose symptoms are more longstand-
ing and where we believe there is a strong ge-
netic component to the main problem areas
(e.g., an affective disorder, or familial ADD).
This clinical experience has suggested the hy-
pothesis that continued treatment may possibly
be gradually addressing increasing “layers” of
CNS dysfunction that did not immediately
present themselves.or respond readily to initial
treatments. These clinical observations support
the idea that improvements can continue to oc-
cur after a larger number of sessions than was
usually administered in this study, perhaps as
more “endogenous” factors associated with
even deeper levels of CNS functioning are
gradually calmed and normalized.

In summary, this study provides further ob-
jective evidence for the positive therapeutic
outcomes reported by Dr. Len Ochs in previous
studies. The results represented therapy con-
ducted by four separate clinicians, following
training procedures articulated by Drs. Ochs
and Larsen in the training conducted for profes-
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sionals, providing evidence that the outcomes
are not associated with simply a charismatic
therapist. Itis concluded that LENS provides a
_ very encouraging therapeutic option to tradi-
tional neurofeedback for the treatment of a
wide range of clinical, brain-related conditions,
particularly because LENS requires minimal
cooperation and allows the patient to remain
passive. It is recommended that future studies
employ randomized assignment to LENS treat-
ment in comparison with wait-list control
groups, with medication treatment, and that
placebo-controlled double-blind studies be
done.
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Effective Use of LENS Unit as an Adjunct
to Cognitive Neuro-Developmental Training

Curtis T. Cripe, PhD

SUMMARY. This article describes three case studies where the Low Energy Neurofeedback Sys-
tem (LENS) was used to augment neurotherapy/neuro-development training to help overcome
cognitive and developmental issues. Simultaneously applying neuro-developmental exercises and
LENS training has reduced treatment time in our clinic for certain conditions such as Pervasive
Developmental Disorder (PDD) and Autistic Spectrum Disorder. The LENS training actually
seems responsible for allowing other forms of treatment to take place.

The first case study was of 4 1/2-year-old identical twins, with developmental delay and autistic
spectrum that completed their training within 18 months and graduated out of our program symp-
tom-free, performing as normal 6-year-olds. The second case involved Attention Deficit Disorder
with hyperactivity and Oppositional Defiant Disorder in a 12-year-old male with comorbid learn-
ing and memory issues compounded by undetected food allergies which had affected CNS func-
tioning since birth. The final case was a 43-year-old female with a mild head injury and significant
visual and auditory processing problems. In all cases the post-treatment quantitative EEG results
demonstrated normalized Z-scores. Cognitive ability testing with the Woodcock-Johnson® III
Tests of Cognitive Abilities (Woodcock, McGrew, & Mather, 2001) likewise documented that
post-treatment cognitive abilities had normalized. Following the case presentations clinical im-
pressions about LENS training and its effectiveness are presented. doi:10.1300/J184v10n02_07 [Ar-
ticle copies available for a fee from The Haworth Document Delivery Service: 1-800-HAWORTH. E-mail ad-
dress: <docdelivery@haworthpress.com> Website: <http://www.HaworthPress.com> © 2006 by The Haworth
Press, Inc. All rights reserved. ]

KEYWORDS. Neurotherapy, neuro-development, EEG and cognitive abilities, toxicity

INTRODUCTION

Based on the objectively measured out-
comes, we first noticed how effective the addi-
tion of the Low Energy Neurofeedback System
(LENS) was in working with cases of extreme
pervasive developmental disorder (PDD). Later
we found it was equally effective in most of the
cases coming to our clinic. Due to the nature of

the PDD condition, progress can be very slow
and in some cases we found these children sim-
ply were not able to respond to training without
using the LENS treatments. Based on our clini-
cal experience we have found that cases involv-
ing excess delta or theta brain wave activity, es-
pecially when there is a concurrent underlying
medical condition, seem to be particularly re-
sponsive to LENS treatment. Assuming that we
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address the medical condition and apply a com-
prehensive neuro-development program which
includes LENS training, we make comparable
rapid progress with the PDD clients. In our clin-
~ icalexperience we have found LENS treatment
is limited or has no effectin cases where there is
an excess of beta brain wave activity. We have
found that the majority of these cases that in-
volve excess betaactivity seemtoinvolve med-
ical conditions, falling under the category of
malabsorption and/or neurotoxicity.

Recently in the field of neuroscience, many
studies are beginning to demonstrate that cog-
nition, even though it is influenced by genetic
factors, is also a developmental age appropriate
process based upon the maturation of the client.
Specific cognitive abilities are associated with
unique EEG patterns in both the non-engaged
(resting) and engaged states of different cogni-
tive activities (Goel & Dolan, 2004; Gray,
Chabris & Braver, 2003; Prabhakaran, Smith,
Desmond, Glover & Gabrieli, 1997; Rivera,
Reiss, Eckert & Menon, 2005; Zhang & Poo,
2001). Using quantitative EEG (QEEG) mea-
sures along with evoked potentials (EP and
ERP) measures, cognitive processes can be
quantified and a more specific determination
made as to which brain functions appear to be
inhibiting an individual’s performance (Zani &
Proverbio, 2003; Atherton, Zhuang, Bart,
Hu, & He, 2003; Aleksandrov, Polyakova, &
Stankevich, 2003; Ferstl & von Cramon, 2001;
Newman, Carpenter, Varma, & Just, 2003;
Geake & Hansen, 2005). When reviewing the
biomedical literature it has also been found that
some of the underlying cognitive performance
problems may be related to underlying health
issues which disturb cognitive processes. This
results in what can be more accurately de-
scribed as a loss of functional performance
(Beauchaine, 2001; Burgess, Zhang, & Peck,
2000; Porges, 2001; Burns, Baghurst, Sawyer,
McMichael, & Tong, 1999; Kidd, 2005; Uhlig,
Merkenschlager, Brandmaier, & Egger, 1997;
Tang et al., 1999; Eydie et al., 2005). These
health/medical issues may include such things
as neurotransmitter problems due to mal-ab-
sorption issues, allergy irritations, medication
effects, etc.

Our clinical assessment procedure evaluates
age-appropriate cognitive abilities and perfor-
mance. This requires us to both understand if

LENS: THE LOW ENERGY NEUROFEEDBACK SYSTEM

the client is functioning at optimal age-appropri-
ate cognitive levels, as well as to understand the
underlying reasons why normal performance is
not being achieved.

This paper presents three different case stud-
ies where LENS was used and where we docu-
mented that afterwards functional brain pro-
cessing issues were normalized. Brain function
was measured with both QEEG and psychometric
measures of cognitive functioning. The three
cases involved (a) developmental issues asso-
ciated with autistic tendencies, (b) attention
deficit disorder (ADD) problems that appeared
to be associated with health related issues, and
(c) auditory-visual hypersensitivity and learn-
ing disability problems associated with a head

injury.

METHOD
Analysis Perspective

At the Crossroads Clinic and Centers the fo-
cus is on evaluating and improving cognitive
abilities. Examining the client from a cognitive
neuro-functioning perspective requires one to
assess anindividual’s cognitive abilities as well
as to seek to determine the possible root causes
of poor cognitive performance. In the educa-
tional literature there appear to be four primary
schools of thought concerning intellectual cog-
nitive function: (a) the Cattell-Horn-Carroll
(CHC) theory (Cattell, 1971; Sternberg, 2000,
Sternberg, & Kaufman, 1998; Gilhooly, 1994)
which outlines 10 primary cognitive process-
ing domains thatinteract; (b) the Luria school of
thought (Cattell, 1971; Sternberg & Kaufman,
1998; Sternberg, 1998, 2000), which focuses
on the interaction between cognitive process-
ing engagement and executive functions;
(c) the Gardner school of thought (Gardner,
1983; Sternberg, 2000; Sternberg & Kaufman,
1998) which focuses on cognitive processing
styles; and finally (d) the Sternberg method
(Sternberg, 2000; Sternberg & Kaufman, 1998)
which focuses on the concept of developing life
mastery skills. As in personality theory, each
school of thought has its place in evaluating a
client’s overall cognitive profile.

Greenspan and his colleagues (Murray,
Clermont, & Brinkley, 2005) defined a term
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which they called “personal competence,”
which helps to define many areas of natural
cognitive ability. Personal competence is
viewed as comprising a set of skills that we use
in’ attaining our goals and solving problems.
Cognition refers to the sub-component of these
skills involved in thinking and understanding.
The Greenspan model consists of three ele-
ments: physical competence, personal compe-
tence and performance competence.

The evaluation model we use in our clinic
model extends the Greenspan model’s defini-
tion by including a fourth factor adapted from
Sternberg’s (2000) learned mastery concept.
We seek to quantify and track changes in over-
all levels of performance abilities as a person
progresses through our clinic program. This is
done through defining in a practical manner
what we term PQ™ or Performance Quotient.
Thisinitial qualitative mathematical function is
defined as: PQ = w,*P; + w,*P, + w;*P; +
w,*P, and consists of four main weighted (w;)
domains (P;) with several components: P, =
physical competence, P, = personal compe-
tence, P, = performance competence, and P, =
P-factor (the life mastery or maturity level of
the child). The broad domains defined above
are further divided into twelve sub-domains.

* Physical competence consists of the
health of our brain and nervous system, as
well as organ (e.g., vision, heart function-
ing) and motor competence (e.g., strength,
coordination).

* Personal competence consists of temper-

. ament (e.g., emotionality, distractibility),
natural personality (e.g., gregariousness,
social orientation), and our level of matu-
rity.

* Performance competence includes practi-
cal competence (i.e., the skill to think
about and understand problems in every-
day settings), conceptual competence (i.e.,
the skill to think about and understand
problems of an academic or abstract na-
ture), language (i.e., the skill to under-
stand and participate in communications),
and social competence (i.e., the skill to
think about and understand social prob-
lems).

* P, Factor represents both our innate and
learned ability to incorporate the concept

of “mastery.” Itrequires that we learn how
to interact with life, learn from it, and ulti-
mately contribute to its direction by help-
ing shape the events that come into our
world. Generally, this is measured by how
we are performing in life.

Weighting factors are determined based
upon the initial intake assessment and is biased,
based upon the areas where the client needs to
focus (i.e., healthissues, skill development, de-
velopment of cognitive abilities). The weight-
ing factor is derived from both objective physi-
ological measures as well as client or parent
reports. All P; factor scores are acombination of
physiologic measures, test scores and subjec-
tiveratings. Low scores indicate the need for fo-
cus on the physiological needs; medium scores
suggest the need to focus on personality or skill
set development, and higher scores indicate a
need for peak performance training or learned
mastery skill development. For younger chil-
dren the importance of using the P, factor is
more apparent than for adults, due to lack of de-
velopmentally age appropriate cognitive pro-
cessing skills which generally are learned at
younger ages.’

Training Methods

In all cases, training methods included
neuro-sensory stimulation during the use of
either the LENS unit and/or in combination
with conventional neurotherapy. Neuro-sen-
sory stimulation includes tactile, visual, and
auditory training, generally targeted towards
engagement of frontal/temporal/parietal inter-
actions. More specifically, these consist of a
series of exercises uniquely assigned and tai-
lored to the individual’s needs. Training exer-
cises and neurotherapy protocols were selected
based upon the QEEG, cognitive ERP data, and
standardized cognitive performance test data
obtained through cognitive ability tests, as well
as client goals. As the sessions progressed, ex-
ercises and protocols were adjusted during
treatment based upon follow-up QEEGs,
ERPs, and cognitive performance testing.

Case 1: Autistic Spectrum Disorder

Identical twins entered the program at age 4
1/2. Both girls were cognitively present, but
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overall age maturation was estimated at only
about 24 to 30 months of age based upon the
Nepsy (Kirk, Korkman, & Kemp, 1999) and
- Doman Delacato (Doman, Spitz, Zucman,
Delacato, & Doman, 1960) scores. They both
fell within the Autistic Spectrum Disorder
(ASD) based upon the Gilliam Autism Rating
Scale (Gilliam, 2002) and had previously been
diagnosed with the classification of ASD. Lan-
guage expression was “twin speak,” in that you
could only understand some of their expres-
sions, but they knew what was being said be-
tween them. When looking attheir QEEGs both
girls had nearly identical values within all fre-
quency bands. The most remarkable features
included excess absolute delta and beta values,
which exceeded three Z-scores as well as
hypercoherence in all frequency bands in ex-
cess of three Z-scores. Medical measures
showed that there was a significant gut dys-
biosis (intestinal inflammation often affecting
nutritional absorption, due to many possible
underlying issues including yeast overgrowth,
food allergies, antibiotic reactions, etc.) for
both girls, as well as heavy metal in their sys-
tem. It appeared from other medically based
measures that their neuro-immuoendocrine
systems were in a hypersensitive state which
resulted in other autonomic reactivities.

Looking at the Performance Quotient (PQ)
factor it was apparent that treatment bias
neededto be toward remediating the physiolog-
ical system and promoting enhanced cognitive
performance, which meant helping them ma-
ture to a more age appropriate natural ability.
For both girls the more problematic cognitive
systems were the auditory memory system, as
well as auditory processing, which impacted
their overall maturation and ability to engage
socially.

Treatment for both girls consisted of a two
pronged approach that included a set of sensory
integration/differentiation exercises along with
a set of cognitive development exercises. This
was combined with a medically based set of
treatments targeted at improving the function
of the gut, organ systems, and replenishing nu-
tritional support which biological test results
determined was missing. During each of their
treatment sessions neuro-developmental exer-
cises were applied along with targeted auditory
training in conjunction with LENS neurofeed-

back. In working with this population we
discovered empirically that during auditory
training sessions, if we would apply the LENS
training in each session for a certain number of
seconds in sequence at electrode sites F4, F3,
Fz, Cz, and Pz (which we have labeled the
“T-Walk™”),‘these cognitively compromised
children subsequently tend to respond more
rapidly to their cognitive developmental exer-
cises. Additionally, we find that the sensory
systems tend to begin to “calm down” or nor-
malize at a more rapid rate following the intro-
duction of LENS training.

As the twins matured their PQ scores im-
provedso that by the eighth month we needed to
shift the treatment focus to teaching social skill
sets. Both girls responded well to the program
and at age six they have both improved to the
point that they now hit their age appropriate de-
velopmental milestones. One became right
handed and the other left handed. Additionally,
their speech improved to a clear non-compro-
mised speech pattern and all cognitive abilities
normalizedto that of a typical six-year-old. Due
to overdependence on each other, catching up
on socialization required the children to be
placed in different kindergarten class rooms.
Table 1 displays the treatment progress of the
twins on various ratings, and Figure 1 presents
the QEEG of one of the twins that was done at
the beginning and at the completion of treat-
ment. The extreme excesses in absolute andrel-
ative power beta, as well as absolute and rela-
tive power alpha, are almost entirely normalized.
The most extreme beta absolute power ex-
cesses were at Fz, Pz, Cz, and T5 in the map

TABLE 1. Progress of Case One in Treatment

Treatment PQ GARS Doman-Delacato

time Score Indications

Intake 22 130 Severe 23 to 30 month cognitive
development

4 months 33 119 above 33 to 36 month cognitive

average development

8 months 42 98 average 46 to 60 month cognitive
development

12 months 66 69 very low 60 to age appropriate
development

18 months 86 12 none Age appropriate
development
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FIGURE 1. Case 1 Pre-/Post-Treatment QEEG
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foundinFigure 1, andrepresented deviations of
3.4,3.1,3.02,and 2.98 Z-scores, respectively.

Case 2: ADD with Comorbid ODD/Learning
and Memory Issues

The second case was a 12-year-old male who
was diagnosed by his psychiatrist with Atten-
tion Deficit Disorder (ADD) and Oppositional
Defiant Disorder (ODD), with comorbid learn-
ing and memory problems. Food allergies were
discovered to be present which affected central
nervous system functioning. The parents be-
lieved that this had been a problem since birth.
This young man presented clinically as well in-
tended, but extremely absent-minded or inat-
tentive, as well as argumentative. His grades
were mostly Ds because of his failure to turn in
homework, combined with his C and high D
grades on tests. He was in resource (special
classes for academic remediation) for math and
reading. He was very cranky and resisted any
direction unless it was self-initiated. His scores
on the Woodcock Johnson showed low normal
General Intellectual Ability (GIA) and atten-
tion issues, combined with a problem with
auditory working memory.

Medication treatment had been recommend-
ed, buthereacted negatively to Ritalin, Concerta
and Strattera. The Doman-Delacato develop-
mental profile also validated problems with
working memory and suggested a lack of brain

18-Month Follow-Up

system maturation in the ear and eye domi-
nance factor, and in basic mobility factors. This
resulted in anxiety and emotional ups and
downs.

His PQ factor score indicated that treatment
should focus on health, brain developmental
factors and basic academics. A three prong
treatment approach was initiated. Specific al-
lergy testing was undertaken with the discovery
thatan allergy to wheat and dust mites both sig-
nificantly affected his ability to perform on the
classic aural digit span for working memory. In
digit span testing his capacity ranged from 2
digits to 4 digits. For his age he should have
been attaining digits span scores of 6 or more,
which he was able to attain after three months of
treatment.

LENS neurofeedback was used to help re-
duce the excessive delta and theta brainwave
activity as well as to augment his developmen-
tal memory training during lab sessions. Dur-
ing his in-office lab training sessions he per-
formed neuro-developmental exercises along
with conventional theta inhibit/SMR enhance
neurotherapy protocols based upon his QEEG.
The results after 24 sessions showed his perfor-
mance at school had improved in most classes
from Ds to Cs and Cs to B +. At the end of 12
weeks he had graduated out of resource classes,
buthe was still struggling with his basic reading
comprehension.
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Initially, the family did not want to address
his academic issues, hoping they would just
clear up, but his PQ factor indicated a need to
shift to enhancing his personal skill sets. The
Wide Range Achievement Test III (Wilkinson,
1993) was administered and it was discovered
that it would be necessary for the young man to
relearn some academic basics in the area of vo-
cabulary building and reading strategies. A tu-
toring program was recommended and imple-
mented, which allowed his academic test
grades in the classroom to catch up. On a per-
sonality level, this initially cranky 12-year-old
became quite pleasantand helpful to staff. Sim-
ilarreports by his parents were made on his a six
month follow up. Table 2 summarizes treat-
ment progress, and Figure 2 displays his pre-
and post-treatment QEEG findings. As seen in
Figure 2, the extreme excesses of absolute

power across frequency bands were normal-
ized by the end of six months.

Case 3: Mild Head Injury

The final case is a 43-year-old female who
was suffering from a mild head injury with sig-
nificant visual and auditory processing hyper-
sensitivity. The sensory hypersensitivity cre-
ated harsh headaches and emotional pain. The
accident occurred from a hit-and-run car acci-
dent two years prior to her coming to our office.
She also presented with problems with mem-
ory, focus and attention. Memory aural and vi-
sual digit span scores indicated that something
was interfering with her memory system inter-
actions. Her General Intellectual Abilities (GIA)
score on the Woodcock-Johnson III Test of
Cognitive Abilities (Woodcock et al., 2001)

TABLE 2. Progress of Case Two in Treatment

efficiency

Treatment time PQ Score |WJCII Doman-Delacato Indications

Intake 33 GIA 83-89 weak thinking ability, normal cognitive Need for memory work, cross pattern
efficiency

2-months 63 GIA 98-104 normal thinking ability, normal cognitive | Need for memory work, cross pattern

6-month follow up | 88

cognitive efficiency

GIA 105-115 normal thinking ability, normal

Within normal ranges

FIGURE 2. Pre-/Post-Treatment QEEGs for Case 2
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was between 83 and 95, far below her level of
educational achievement. (She had a bachelor’s
degree in English.) Testing on the Doman-
Delacato profile indicated that her develop-
mental profile was age appropriate and her lack
of cognitive performance was most likely due
to a loss of memory function. She was assigned
cognitive development exercises which con-
sisted mostly of sensory system desensitization
combined with auditory and other cognitive de-
velopmental training as indicated by her QEEG
and other testing. Within twelve sessions of us-
ing the LENS combined with frequency spe-
cific auditory training, her hypersensitivity to
both sound and light began to normalize as indi-
cated from retesting and her self report. Cogni-
tive function returned to normal within 20 ses-
sions.

Table 3 summarizes her treatment progress
and Figure 3 presents her pre-/post-treatment
QEEG results. The pre-treatment QEEG showed
excess absolute power alpha and in absolute
power averaged across frequency bands. This
was no longer present after treatment. The pa-
tient’s traumatic brain injury discriminant
function scores and patterns normalized fol-
lowing treatment.

DISCUSSION AND CONCLUSION

Neurotherapy with the LENS is one of many
tools that we use. It has been our experience that
LENS can be very effective when used appro-
priately and in conjunction with neurodevelop-
ment, bio-chemical, physiological and body
health interventions. The LENS unit acts as a
very precise and specific tool. It is my impres-
sion, as was the case with the twins cited above,
that patients who are more significantly devel-

opmentally and learning disabled, or individu-
als with brain injuries are able to progress in
neurocognitive exercises because of the facili-
tating effects that come from LENS training.
Commonly LENS training seems to help jump
start cognitive systems, as it did with the twins,
and not only allow them to perceive what is be-
ingasked of them, butalso allow themto be able
to engage in the neuro-rehabilitation exercises.
In the case of the 12-year-old ADD/ODD male
citedin this paper, LENS training seemed to not
only accelerate the progress of this young man,
butitalsoenabled us to help normalize the audi-
tory processing to allow more normal auditory
perceptual integration. For the 43-year-old
woman who had experienced a traumatic head
injury, the LENS unit affected a change in her
hypersensitivity to both the auditory and visual
input. The LENS training seemed to be the fac-
tor that allowed subsequent desensitization ex-
ercises to become more effective, reducing
treatment time, and allowing her to regain nor-
mal functioning of her auditory and visual brain
systems.

Although our clinical results are uncon-
trolled and confounded by the inclusion of
other forms of treatment, it was our experience

“that prior to implementing LENS training our

treatment program with both children and
adults required 8 to 12 months for us to achieve
the same results that we are now achieving
within 3 to 6 months, once we added the com-
ponentof LENS training. Itappears that LENS
neurofeedback may be able to help accelerate
the reduction of the slow brainwave activity
during our treatment of allergies, as well as
help augment the performance of the memory
exercises during neurocognitive training ses-
sions.

TABLE 3. Summary of Treatment Progress in Case 3

Doman-Delacato Indications

cognitive efficiency)

Treatment time PQ Score |WJCII

Intake 55 GIA 83-95 (weak thinking ability, weak cognitive Normal development, hypersensitive
efficiency) sensory processing

2-months 83 GIA 110-115 (normal range thinking ability, normal | Normal development, sensitive

sensory processing

6-month Follow up |93
cogritive efficiency)

GIA 110-115 (normal thinking ability, rormal

Normal development, normal sensory
processing
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FIGURE 3. Pre-/Post-Treatment QEEGs and Brain Injury Discriminant Scores

Initial NxLink and Neuroguide Mild Traumatic Brain Injury Discriminate Match

Z\alues sFEEG Fearues Refrirazed 12 N

6-Month Follow-Up

ZNalves of EEC Fearaes Refrreaced 12 Nocan

Rebinve Power

REFERENCES

Aleksandrov, A. A., Polyakova, N. V., & Stankevich, L.
N. (2003). Evoked brain potentials in adolescents in
normal conditions and in attention deficit during so-
lution of tasks requiring recognition of short-dura-
tion acoustic stimuli. Neuroscience & Behavioral
Physiology, 35 (2), 153-157.

Atherton, M., Zhuang, J., Bart, W. M., Hu, X., & He, S.
(2003). A functional MRI study of high-level cogni-
tion. I. The game of chess. Brain Research & Cogni-
tive Brain Research, 16 (1), 26-31.

2N A3

Traumatic Srain Injury Discriminant Aralysis*

k-

Wentage CEFALLT

Traumatic Brain Injury Discriminant Araiysis®

TBI CSCREHIANT SCORE = 242 T FROSABLITY 30E> = Mot Sgadcant
The TE! Pratisbity I3ax 15 Iba subpeet = prebabid; of mambarstop nthe med hounabe ban myory
popaiatior {sew Thatchet et o EEG and Cin Meurapinsi! 73 53165 1838

Beauchaine, T. (2001). Vagal tone, development, and
Gray’s motivational theory: Toward an integrated
model of autonomic nervous system functioning in
psychopathology. Development and Psychopathol-
ogy, 13,183-214.

Burgess, J. R., Stevens, L., Zhang, W., & Peck, L.
(2000). Long-chain polyunsaturated fatty acids in
children with attention-deficit hyperactivity disor-
der. American Journal of Clinical Nutrition, 711
(Suppl.), 323-327.

Burns, J. M., Baghurst, P. A., Sawyer, M. G., McMichael,
A.J, & Tong, S. L. (1999). Lifetime low-level expo-



Curtis T. Cripe ) 87

sure to environmental lead and children’s emotional
and behavioral development at ages 11-13 years. The
Port Pirie Cohort Study. American Journal of Epide-
miology, 149 (8), 740-749.

Cattell, R. B. (1971). Abilities: Their structure, growth
and action. Boston: Houghton-Mifflin.

Doman, R. 1., Spitz, E. R., Zucman, E., Delacato, C. H.,
& Doman, G. (1960). Children with severe brain in-
juries: Neurological organization in terms of mobil-
ity. Journal of the American Medical Association,
174, 257-262.

Eydie L. Kolko, M., Bogen, D., Perel, J., Bregar, A., Uhl,
K., et al. (2005). Neonatal signs after late in utero ex-
posure to serotonin reuptake inhibitors. Journal of
the American Medical Association, 293,2372-2383.

Ferstl, E. C., & von Cramon, D. Y. (2001). The role of
coherence and cohesion in text comprehension: An
event-related fMRI study. Brain Research & Cogni-
tive Brain Research, 11 (3), 325-340.

Gardner, H. (1983). Frames of mind: The theory of mul-
tiple intelligences. New York: Basic Books.

Geake, J. G., & Hansen, P. C. (2005). Neural correlates
of intelligence as revealed by fMRI of fluid analo-
gies. Neuroimage, 26 (2), 555-564.

Gilhooly, K. J. (1994). Knowledge. In R.J. Stemberg (Ed.),
Encyclopedia of human intelligence (pp. 636-638).
New York: Macmillan.

Gilliam, J. E. (2002). Autism rating scales. Circle Pines,
MN: AGS Press.

Goel, V., & Dolan, R. J. (2004). Differential involve-
ment of left prefrontal cortex in inductive and deduc-
tive reasoning. Cognition, 93 (3), 109-121.

Gray, J. R., Chabris, C. F., & Braver, T. S. (2003). Neu-
ral mechanisms of general fluid intelligence. Nature
Neuroscience, 6 (3), 316-322.

Kidd, P. M. (2005). Neurodegeneration from mitochon-
dral insufficiency: nutrients, stem cells, growth fac-
tors, and prospects for brain rebuilding using integra-
tive management. Alternative Medicine Review, 10
(4), 268-293.

Kirk, U., Korkman, M., & Kemp, S. (1999). Essentials
of NEPSY assessment. New York-Chichester: Wiley.

Murray, T. S., Clermont, Y., & Binkley, M. (2005). In-
ternational Adult Literacy Survey Measuring Adult
Literacy and Life Skills. Ottawa: New Frameworks
Catalogue no. 89-552-MIE, no. 13.

Newman, S. D., Carpenter, P. A,, Varma, S., & Just, M.
A. (2003). Frontal and parietal participation in prob-

lem solving in the Tower of London: fMRI and com-
putational modeling of planning and high-level
perception. Neuropsychologia, 41 (12), 1668-1682.

Porges, S. W. (2001). The polyvagal theory: phylogen-
etic substrates of a social nervous system. Interna-
tional Journal of Psychophysiology, 42, 123-146.

Prabhakaran, V., Smith, J. A., Desmond, J. E., Glover,
G. H., & Gabrieli, J. D. (1997). Neural substrates of
fluid reasoning: an fMRI study of neocortical activa-
tion during performance of the Raven’s Progressive
Matrices Test. Cognitive Psychology, 33 (1), 43-63.

Rivera, S. M., Reiss, A. L., Eckert, M. A., & Menon, V.
(2005). Developmental changes in mental arithme-
tic: Evidence for increased functional specialization
in the left inferior parietal cortex. Cerebral Cortex,
15 (11), 1779-1790.

Sternberg, R. J. (1998). Abilities are forms of develop-
ing expertise. Educational Researcher, 27 (3), 11-20.

Sternberg, R. J. (2000). Handbook of intelligence. New
York: Cambridge.

Sternberg, R. J., & Kaufman, J. C. (1998). Human abili-
ties. Annual Review of Psychology, 49, 1134-1139.

Tang, H. W., Huel, G., Campagna, D., Hellier, G.,
Boissinot, C., & Blot, P. (1999). Neurodevelopmental
evaluation of 9-month-old infants exposed to low
levels of lead in utero: involvement of monoamine
neurotransmitters. Journal of Applied Toxicology, 19
3), 167-72.

Uhlig, T., Merkenschlager, A., Brandmaier, R., & Egger,
J. (1997). Topographic mapping of brain electrical
activity in children with food-induced attention defi-
cit hyperkinetic disorder. European Journal of Pedi-
atrics, 6 (7), 557-561.

Wilkinson, G. S. (1993). Wide Range Achievement Test-
III. Administration Manual. Wilmington, DE: Wide
Range, Inc.

Woodcock, R. W., McGrew, K. S., & Mather, N. (2001).
Essentials of Woodcock-Johnson III Cognitive Abil-
ities Assessment. Itasca, IL: Riverside Publishing.

Zani, A., & Proverbio, A. M. (2003). The cognitive
electrophysiology of mind and brain. New York: Ac-
ademic Press.

Zhang, L. 1., & Poo, M. (2001). Electrical activity and
development of neural circuits. Nature Neurosci-
ence, 4, 1207-1214.

doi:10.1300/J184v10n02_07




- _The LENS Neurofeedback with Animals

Stephen Larsen, PhD

Robin Larsen, PhD
D. Corydon Hammond, PhD
Stephen Sheppard, PhD
Len Ochs, PhD
Sloan Johnson, MA
Carla Adinaro, ARIA-Cert
Carrie Chapman, BA

SUMMARY. Background. A customary route for research in the life sciences is to begin with ani-
mal studies, and only after thorough evaluation, attempt the same procedure with humans. In this
pilot clinical outcomes study, the inverse procedure is followed. Encouraging results in the areas of
CNS regulation led clinicians to explore whether the method is equally effective with animals who
suffered the same problems as humans. The qualities studied included aggressiveness, mood insta-
bility, hypervigilance, inability to learn from experience. Species studies over about three years
consisted of horses, dogs, and cats.

Method. All animals were treated on the Low Energy Neurofeedback System (LENS) using the
1-330 C2, the mini-C2, or the GP plus EEG processor with a laptop computer. Unlike with human
subjects, it was impossible to use “eyes-closed” condition, so blink artifact was impossible to rule
out. Animals stood in stalls, tied to hitching posts (horses), or on the floor or in their owner’s lap
(dogs and cats). With most animals the “stim” condition was used, with a brief second or two of
stimulation embedded in a longer period of “no-stim,” four to twenty seconds depending on the sit-
uation. Where possible, a cortical map was done of from ten to twelve sites on the animal version of
the standardized mapping system developed by Holliday and Williams (1999, 2003) to match hu-
man mapping. Since it has become available several months ago, the Animal CNS Questionnaire
was used, and a five symptom or more “Subjective Symptom Checklist” completed on each treat-
ment session with the owner. Narrative reports were collected from owners, but also from profes-
sional animal trainers and handlers. In some cases animals were photographed or videotaped
before and after.

Results. The animal studies are similar in outcome to the human results. As judged by owners,
independent witnesses and professional trainers and handlers, animal behavior improves in the di-
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mensions of flexibility, calmness, emotional stability, intelligence and problem solving The au- -
thors did not feel placebo “controls” were necessary or appropriate to these experiments. They had
head injuries, survived natural catastrophes, or were abused or neglected (sorry to say) by owners.
What was observed, in case after case, is that the more treatments administered the “easier” it be-
came to administer additional treatments (animals were more complaint and calm).

Conclusion/Discussion. Results with animals are parallel to and confirmatory of results with
human children and adults. Animals may be traumatized by many causes, not the least of which are
human in origin. Thus it is rewarding to see a human procedure help them. With treatment, the ani-
mals seem more calm, adaptable, and natural. Some of the results resemble the easy and short-term
treatments of human children and infants, who have not yet had a chance to acquire (more difficult
to dislodge) habits and defense mechanisms around their problems. These studies are highly pre-
liminary, but very encouraging. The authors would love to see the LENS method applied to a vari-
ety of species and in ever-increasing numbers. doi:10.1300/7184v10n02_08 [Article copies available
for afee from The Haworth Document Delivery Service: 1-800-HAWORTH. E-mail address: <docdelivery@
haworthpress.com> Website: <http://www.HaworthPress.com> © 2006 by The Haworth Press, Inc. All
rights reserved. ]

KEYWORDS. Neurofeedback, EEG biofeedback, veterinary, behavior modification, animal be-

havior, animal training, animal EEG

INTRODUCTION

In the life sciences animal research has led to
the discovery of many useful things with appli-
cability to human health, illness, and its treat-
ment. During the 1960s Neal Miller (1969), at
Rockefeller University, was studying pleasure-
center brain stimulation on rats paralyzed by
curare. In response to a reinforcing stimulation
the rats were able to speed or slow their heart-
beat without muscular movement of any kind.
Miller’s work paralleled the work of Green,
Greenand Walters (1970) and Green and Green
(1986) with yogis that showed that humans
could likewise speed and slow their heart rate
through meditative techniques.

Sterman and Friar (1971) and Sterman (1977),
pioneers in the field of neurofeedback, discov-
ered that brainwave patterns in cats could be
modified and trained by operant conditioning.
Cats that were able to increase the sensorimotor
rhythm (SMR) were discovered to become
much more seizure-resistant when they were
later exposed to a toxic chemical that caused
seizures. This serendipitous discovery led to
research that successfully documented the
ability of neurofeedback to reduce seizures in
humans who suffered with uncontrolled epi-
lepsy (Sterman & Friar, 2000; Egner & Sterman,
2006).

Thus Sterman’s animal research with cats
provided the foundation for assisting epilepsy

patients, including workers in the aerospace in-
dustry who had been exposed to the toxic effects
of monomethylhydrazine, a volatile component
of rocket fuels. Sterman’s discoveries initiated
a whole generation of brainwave researchers
exploring the potentials of neurofeedback with
ADD/ADHD (Lubar, 2003; Monastra et al.,
2005) and in a variety of other areas (Hammond,
in press) including alcoholism and post-trau-
matic stress disorder (Peniston & Kulkosky,
1991; Peniston, Marrinan, Deming, & Kulkosky,
1993), learning disabilities (Fernandez et al.,
2003), peak performance training (Egner &
Gruzelier, 2003; Raymond, Sajid, Parkinson,
& Gruzelier, 2005), and anxiety and depression
(Hammond, 2005; Moore, 2000). Margaret
Ayers, who uses a system with digital real-time
neurofeedback, has also indicated that she has
successfully treated dogs and horses with
neurofeedback in the past twenty years (Ayers,
1987; Ayers, M. A., personal communication,
September 10, 2005).

However, apart from Sterman’s researchand
some unpublished case reports of Margaret
Ayers, neurotherapy has only been applied to
humans. This paper will report on the use of the
Low Energy Neurofeedback System (LENS)
in the treatment of a variety of problems in ani-
mals.

The LENS (Ochs, 2006) provides a unique
and passive form of neurofeedback which pro-
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duces its effects through the introduction of a
very tiny electromagnetic signal. This stimula-
tion, which is far weaker than the input we re-
ceive from simply holding a cell phone to our
ear, is delivered for one second at a time down
electrode wires. The frequency of the electro-
magnetic stimulation is determined, moment-
to-moment, by the dominant frequency of the
EEG which is measured in hertz or cycles per
second, and updated 16 times per second. The
client sits eyes closed, and the total time in
which electromagnetic fields are received in a
treatment session is usually only a few seconds
ata small number of electrode sites on the head.
This stimulationis believed to gently nudge the
brain off of its stuck points, assisting it to be-
come more flexible and self-regulating. Re-
search (e.g., Donaldson, Sella, & Mueller,
1998; Mueller, Donaldson, Nelson, & Layman,
2001; Larsen, 2006; Schoenberger, Shiflett,
Esty, Ochs, & Matheis, 2001), as well as clini-
cal experience has found LENS rivals tradi-
tional forms of neurofeedback in the treatment
of conditions such as traumatic brain injury,
fibromyalgia, ADD/ADHD, depression, and
other conditions (Larsen, 2006; Ochs, 1994,
1996).

Asshown in the CNS Questionnaire for Ani-
mals (see Appendix), animals often suffer from
some of the same brain and CNS-based prob-
lems as humans: epilepsy, brain injuries, ag-
gressiveness, depression, anxiety, lethargy,
clumsiness, hypervigilance, restlessness, and
attentional problems. Encouraged by the posi-
tive results with LENS training in humans, in
2003 we began to see if the LENS would assist
in remediating problems in animals. The cases
presentedin this paper were collected from sev-
eral different clinicians over about two and a
half years. There are also some comments from
Carla Adinaro, a professional dressage trainer,
and other animal handlers. Other cases on the
use of LENS with animals have been reported
in an earlier publication (Larsen, 2006). We
will summarize a few of the early cases from
Larsen (2006) and then proceed in reporting
some new cases in more detail.

METHOD

Animals were sometimes evaluated with a
LENS map (Ochs, 2006) utilizing the veteri-

nary version of the International 10-20 system
of electrode placement, as published in Holliday
and Williams (1999) and displayed in Figure 1.
It can be seen that although the site map is de-
picted on a horse’s brain, the same quantitative
LENS mapping analysis procedures that are
used in humans can be used in doing animal
analyses. This was found to be appropriate in
the cases where mapping was done, as if the dif-
ference between animals and humans were less
important than the similarities. In general, the
same brain wave ranges, as measured in hertz,
and the same meanings attributed to high ampli-
tude waves (measured in microvolts) seemed to
be observed. All mapping and treatments were
done with the J&J Engineering 1-330 C2 and
mini-C2 hardware.

Where it was not possible to do mapping, but
treatment was urgentand the animal too aggres-
sive to allow mapping, C3 and C4 electrode
sites were used in treatment. This was espe-
cially true in cats and in small dogs where the
heads are so small that it is difficult to differen-

FIGURE 1. Equine EEG (Adapted from Holliday and
Williams, 1999)
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tiate where one site left off and another began,
especially when our standard size electrodes
were used with very small animals. Although
clinical experience (Ochs, 2006) has found that
treatment in humans that is guided by a LENS
mapping assessment is more effective, thus far
we have no observations or data evaluating the
efficacy of using mapping procedures to guide
treatment in animals, versus using a more ge-
neric treatment approach using only C3 and C4
electrode sites.

Eventhoughanimals mightbe as sensitive or
reactive as humans, in all the cases studied in
this paper, the “stim” condition (10-18 Watts
per sq.cm.) was used, while the energy back-
ground of the equipment was the “lo-stim”
(10-21Watts per sq.cm.) as discussed by Ochs
(2006). Two to six seconds of total treatment
was the most commonly used protocol. The
only mild over-stimulation effect that was ob-
served in one case was when a clinician gave
several seconds of treatment at each of five
sites. The owner reported that the horse seemed
“dopey’’ and somewhatclumsy the nextday. As
we commonly find with humans, the over-stim-
ulation side effect wore off after about twenty-
four hours and the horse showed behavioral
improvement thereafter.

Treatment results with animals were evalu-
ated by changes in behavior, body language,
expression, energy, adaptability, and flexibil-
ity. Systematic symptom ratings were obtained
on a number of the animals.

RESULTS

We will first briefly review several cases and
then present the results of two recent cases.

Moondog

The very firstanimal we studied was “Moon-
dog,” a thirteen-year-old “Aussie” or Austra-
lian Shepherd, owned by Stephen and Robin
Larsen, who showed depression and dyspraxia,
possibly following a stroke and a series of spi-
nal injuries that resulted from being struck by
thousand-pound horses as she valiantly tried to
“herd” them. Prior to treatment she was sub-
dued and walked awkwardly with her back legs
not “tracking” with her front legs. Felicitously,

her treatment occurred during a LENS training
program for professionals, and her condition
before and afterwards were observed by anum-
ber of trained clinicians and skilled animal
handlers.

Following treatment Moondog was notice-
ably more “perky,” acting less depressed in her
body language. Her sense of curiosity seemed
to return and she explored her environment
more actively. Her back legs became coordi-
nated with her front legs. She was less clumsy
and could climb in and out of cars better and as-
cend steps with more ease. Treatment was con-
tinued over her last two years of life at a fre-
quency of about once a month. Moondog
passed away in August, 2004 atalmost 15 years
of age. Moondog can be seen in Figure 2.

Dutch

Our next, quite exciting, animal case was
Dutch, a “killer” horse who had been badly
abused and would strike out at handlers with his
hooves or pin people against walls. Adrenalin,
and the idea of treating ahorse withanevil repu-
tation in a gloomy, unlit barn, did not keep us
from observing dramatic changes in the horse’s
body language, after only two seconds of treat-
ment each at C3 and at C4. These nonverbal
changes included a huge sigh, alowering of the
head, and the commencing of a chewing re-
sponse (indicating parasympathetic as opposed
to sympathetic nervous system dominance).
Dutch, who is seen in Figure 3, only received
one treatment, but his owner/rescuer said he
was more easily managed afterwards.

Dizzy

Dizzy the cat was our first feline subject (also
seen in Figure 2). Though large and formidable

FIGURE 2. Moondog and Dizzy
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FIGURE 3. Dutch, the “Killer" Horse

looking, he knew he was the “outsider” (owned
by a woman staying for a few months in our
guest house). Our own house cats, though
smaller, had their home territory well estab-
lished. Mother and daughter, they would gang
up on the hapless Dizzy and terrorize himday or
night. He presented as being hypervigilant and
extremely anxious. His owner said he was fear-
ful and wary most of the time.

Dizzy was held while the electrodes and
paste were applied (Dizzy loved the electrodes
and paste). A thick towel was placed on the lap
of the person holding Dizzy during the treat-
ment so she would not get little puncture
wounds in her leg. During the LENS procedure
our two house cats came around, full of indigna-
tion that this interloper was being entertained in
the living room. They sat on the other side of a
plate glass window and glared in the direction
of the terrified and agitated Dizzy, while growl-
ing in stereo. Their attentions helped to distract
Dizzy from the treatment procedure, however,
and he received only 1 second of stimulation at
C3 and 1 second at C4 (ata 20 Hz offset). After
beingreleased, he fled into the woodpile at high
speed, only once looking back with a look that
seemed to say, “All humans are definitely
crazy.”

It was not until two days later that one of the
experimenters saw a strange thing. Arlecchina,
one of the house cats, was growling, hissing
loudly and slowly backing up along the porch,
clearly nonplussed by a menacing something.

Expecting to see a dog or even a fox, we were
completely astonished by the stealthy advance
of Dizzy toward his former adversary, some-
how miraculously reversing the roles. Thereaf-
ter, over about three weeks until Dizzy and his
owner departed, he held his ground and gave a
little better than he got back to his tormentors.

Silver

Silver (see Figure 4) was an abused horse
that came to the Stone Mountain Farm four
years ago, atabout fourteen years of age. He of-
ten seemed wary and grumpy. An albino
Appaloosa, he was very myopic and light-sen-
sitive. He was dyspraxic and tended to stumble
when ridden. When being trained, or longed
(trained on a line), he was mistrustful and
short-tempered. While being groomed he would
nip at people, grabbing their clothes or flesh—a
response seldom found ina happy and balanced
horse. .

We were able to perform a LENS topo-
graphic map on Silver, which (as seen in Fig-
ure 4) revealed a very high-amplitude, dysreg-
ulated right frontal area (probably associated
with an injury). After the mapping and a few
stim treatments of no more than four seconds
per treatment, our dressage instructor noticed
that his expression had changed. Quite a num-
ber of people remarked that he seemed friend-
lierand happier. He nolonger nipped at people.

Notlong after treatment Silver was moved to
a different farm. A horse trainer began to work
with him and found him responsive and able to
learn. He is being ridden as a trail horse and
stumbles much less. He is now known as a
“ridable” horse.

More Recent Cases

Gandalfthe Grey(arescueddog). Gandalfis
a purebred Australian Shepherd dog. This
breed (like Moondog) is known for their intelli-
gence, vigilance, social instincts, and desire to
herd everything from sheep to SUVs. Gandalf
was purchased from a pet store, but his owners
found him too active and energetic, so he spent
nine months of his first year mostly ina “crate.”
Neighbors noticed that the dog was being ne-
glected, because they never saw himin the yard
or taken for a walk. After a period of time “Aus-
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FIGURE 4. Silver the Horse and His LENS Map

sie Rescue” was called and the dog was brought
to an interim home with other dogs. After anin-
terview and site visit, the excellent rescue team
agreed to place him with two of the authors at
Stone Mountain Farm.

Gandalf was anxious, immature, hyper-
vigilant, extremely noisy, occasionally did fear
biting, and was fearful of strangers. He was es-
pecially reactive to dark and bearded men (we
know nothing of the history that led to this re-
sponse). He bita couple of our staff and friends.
When we brought him home he was inconti-
nent, erratic, suspicious, and would furiously
bark atinvisible things. He could not go up and
down stairs because of an atrophied back end
(from being locked in a cage for so long). The
veterinarian said that he had hip dysplasia. He
was impulsive, which would be manifested by
running away off the leash and car-chasing, as
well as “counter-surfing” (we found that many
things, supposedly placed out of reach, had a
way of disappearing). From his response to the
Animal CNS Questionnaire we identified and
scored eight areas of concern on ascale from 10
(worst) to zero (no problem). His greatest
pre-treatment problems were summarized as
hypervigilance (which was manifested by wild
barking at most people), anxiety, having a weak
back end, impulsiveness, incontinence, social
immaturity, “counter surfing,” and chasing
cars or tractors (or almost anything else). His

average behavior problem ratings before com-
mencing with LENS treatment were 8.75.
There was, of course, some overlap between the
rated areas. Problem behaviors were rated by
staff and others who came in contact with the
dog.

Admittedly, treating such an animal was a
tricky situation. The Aussie Rescue staff was
worried that we would not be able to keep the
dog because of his erratic behaviors and that we
would have to return him. Gandalf was, of
course, also handled gently, but firmly, petted,
talked to, taken forrides in the car, fed and exer-
cised, and taken for walks around the farm.
Thus these are confounding variables and it is
impossible to separate the effects of these ordi-
nary activities with an adopted pet thathad been
very neglected and damaged, from the neuro-
feedback. Therefore, neurofeedback can be
considered as one (unusual) component in a
therapeutic milieu. The LENS treatments fol-
lowed the map and site sort, averaging two or
three sites per treatment, with one second of in-
put at each site. He was given five photonic
stimulation treatments of about five minutes
each for his hind-end weakness. Photonic stim-
ulation involves the use of infrared light that is
used to assist with conditions such as pain,
muscle and nerve problems.

The first treatment with Gandalf was ex-
tremely difficult because of restlessness, biting
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at the wires and head-jerking. One treatment
with one second of stimulation at C3 and C4
was done before doing a LENS map. Gandalf
was held while the electrodes were applied and
the computer ran. His shrill barking at the ther-
apy center made the staff and everyone else
very jumpy and irritated. We had trepidations
about doing a map, but we wanted to guide
treatment in the manner that we do with hu-

mans, as well as for research purposes. Map-
ping was done at 9 sites instead of 13, although
Holliday and Williams (1999) advise that it is
possible to use 13 electrode sites with a large
dog. Gandalf’s head was small and thus we de-
cided tostay with the “innercircle” as displayed
in Gandalf’s maps in Figure 5. The electrode
sites we mapped and treated were F3, C3, P3,
P4, C4, F4, Fz, Cz, Pz.

FIGURE 5. Gandalf Pre-Treatment LENS Map
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Photonic stimulation treatment was extremely
difficult. Gandalf seemed to think the photon
stimulator or its wand were a kind of sinister
vacuum cleaner, intent on making him misera-
ble. However, with this treatment too, he learned
to stand still and receive it after the first few
treatments. The post treatment results can be
seen in Figure 6 which shows the Gandalf Lens
Map indicating low amplitudes and decrease in
bright colors on the histogram.

LENS: THE LOW ENERGY NEUROFEEDBACK SYSTEM

As of the time of the second ratings there is
no doubt about his new family keeping Gandalf
the Grey. As the anxiety has relaxed, a loving
and cute doggy nature has come out. He is far
more playful. He has become a champion ball
and Frisbee chaser. If left in the car while we are
shopping or in a restaurant, he waits patiently.
He has bonded with several of our most fre-
quently seen dark-bearded male patients, and

FIGURE 6. Gandalf Post-Treatment LENS Map
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no longer barks hysterically at them—in fact, he
cuddles nicely with one bearded gentleman. He
was initially guarded and aversive toward a
bearded male who was wearing a large felt hat
when Gandalf first met him. He barked and
growled incessantly and shrilly. Now he fol-
lows the same man around, responds to com-
mands of “sit” and “down,” lying all the way
down, and occasionally coming over and rest-
ing hishead onthe man’s knee while seeming to
smile a doggy smile.

Jock the Dog. Jock was an English Bull Ter-
rier, born in July of 2004. His owners acquired
him at eight weeks of age from a breeder in
South Africa. He seemed quite normal for the
first five to six months of his life. He was very
playful, affectionate, and trainable. He was
given a lot of activity including frequent hikes
in the mountains and plenty of off-leash exer-
cise each week at a local nature park. He gradu-
ated from a six-week puppy obedience class
and a six-week basic obedience class. He did
not have any problems with house training or
separation anxiety. He could be described as
“headstrong,” but at a normal level for bull ter-
riers.

At about five to six months of age, Jock be-
gan chasing his tail and even biting his tail when
he could catch it. This was fairly infrequent at
first, but gradually became a very frequent be-
havior. Although he had a very active lifestyle,
it was speculated that he perhaps needed even
more activity and the frequency of his exercise
was increased from three to four times per week
toalmost daily. That seemed to help for a while.
It was also noted that defecating seemed to help
to some degree.

Unfortunately, Jock’s tail chasing gradually
became more frequent, of longer duration, and
more intense. By fifteen months of age, he was
spending between 30and 50 percent of his wak-
ing time chasing his tail. He even began inter-
rupting favorite activities such as playing and
hiking to chase his tail. It also became increas-
ingly difficulttodistracthim from this activity.

The concerns of his owners that his tail chas-
ing might be related to an emotional problem
increased, but this was eventually ruled outby a
veterinarian. He was placed on Amitryptaline,
but this did notimprove his behavior. One of his
owners works seasonally and was able to spend
time with him most of the day every day, pro-

viding him with a great deal of attention, affec-
tion, and playtime. As a result, boredom and
loneliness could be ruled out. He was generally
very well-behaved and rarely needed to be dis-
ciplined. His owners tried a variety of behav-
ioral interventions to address the tail chasing,
such asinterrupting the behaviorandrewarding
alternative behaviors, but this did not help. Jock
was also very sociable and got along very well
with people and other dogs. These factors con-
vinced his owners that his tail chasing had a
medical basis.

Finally, Jock began to experience personal-
ity changes. As noted, he was generally very so-
ciable and notin the least aggressive. However,
he began showing increasedirritability at night.
This firstbegan atabout one year of age and was
mostconsistentin the evenings. Forexample, if
he fell asleep in the evening before his normal
bedtime and was then awakened, he would be-
come irritable and growl. His hair would stand
up and he would walk about with very stifflegs.
This went on for several months. He had a
one-week episode of snapping at his owner’s
feet when awakened, but this subsided. How-
ever, at about fifteen months of age he attacked
and bithis owner’s ankle without warning. This
occurred in the morning and he continued to
have outbursts of aggression for several hours
thereafter. Atthe sametime, his legs were noted
to shake fairly vigorously. This was very un-
usual behavior, especially given that the morn-
ing was one of his most affectionate times of the -
day. From that point on, he displayed violent
aggression if awakened suddenly in the morn-
ing or in the evening. He was usually good
natured during the day, but continued to have
progressive problems with tail-chasing. His
owners attempted to manage his aggression by
kenneling him in the evening and gradually
waking him up in the morning. This primarily
prevented violent outbursts, buthe continued to
show irritability and growling.

Thetail chasing combined with the personal-
ity changes and violent outbursts convinced his
owners that something of a medical nature was
wrong. He received progressively increased at-
tention from veterinarians, particularly after
the violent outbursts. This included a veterinar-
ian with a 30-year history of breeding bull terri-
ers and consultation from specialists at Tufts
University School of Veterinary Science. Jock’s
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blood chemistry (including thyroid function)
was normal. Blood tests indicated normal kid-
ney and liver function. A hypo-allergenic diet

_was tried, but without benefit. Ultimately, the
aggression and tail-chasing were diagnosed as
being due to a complex partial seizure disorder.
The tail chasing syndrome is not well under-
stood, but itis being actively researched froma
genetic standpoint at Tufts University. There
has been some speculation that this is a form of
predatory behavior that is essentially “misfir-
ing” and associated with seizure activity. The
violence problems were described as a “rage
syndrome,” most common in cocker spaniels.
Like Jock, the violent outbursts are most com-
mon in cocker spaniels when suddenly going
from sleep to wakefulness, but can happen at
any time. At about seventeen months of age,
Jock bit his owner again, but this time in the
face. The bite was severe enough to necessitate
twelve stitches. At that point, his owners were
on the verge of having Jock euthanized.

In a last ditch attempt to treat Jock’s prob-
lems, LENS was used. Behavioral ratings for
tail chasing, aggression, and other behaviors
were started three days prior to Jock’s first
treatment. It was initially quite difficult to treat
Jock with the LENS system. He appeared to be
frightened by having electrodes applied to his
scalp and ears, and reacted with aggression and
strong efforts to escape the situation. Jock was
almost 60 pounds of muscle and had been
known to pull one of his owners for two miles
uphill on cross country skis. Thus, when Jock
became aggressive, it was exceptionally diffi-
cult to control him. The first attempt at treat-
ment was aborted for these reasons. His veteri-
narian subsequently prescribed Valium to calm
him for each treatment. Jock had a very strong
constitution and it required 35mg of Valium to
relax him sufficiently to allow the electrodes to
be placed and the treatment administered. The
initial treatment took place at the clinician’s
home. However, the novelty of this environ-
mentwas very stimulating andit was difficultto
get Jock to sit still for the procedure, even with
the Valium. The first treatment was success-
fully applied, however, on December 17, 2005.
This involved a one-second input each at C3
and C4 locations. It was also found that treating
him in his own home environment was much
easier. Jock underwent three more treatments at

home on December 18, 23 and 26, 2005. The
second and third treatments involved two,
one-second inputs to both C3 and C4. The
fourth treatmentinvolved aone-second input to
C3 and C4.

After the first LENS treatment there was an
immediate, dramatic decrease in both tail chas-
ing and irritability. He became much more con-
tented and playful. He engaged in minimal tail
chasing and it was easy to redirect him when he
did chase his tail. He did not show any aggres-
siveness in the evening through either growling
or outright violence. He continued to essen-
tially sustain these improvements for several
days after the second treatment. His personality
was very much likeithad been prior to the onset
of the problems withirritability and aggression.
Hethenbegantoshow aslightincrease in night-
time irritability and a more significant increase
in tail chasing. His aggression again decreased
very dramatically after the third treatment and
he essentially had no problems with irritability
or aggression from that point onward. The
results were really quite startling.

Unfortunately, the tail chasing continued to
worsen even after treatments three and four. It
reached a point where he was chasing his tail al-
most continuously when awake. He twice
caught and bit his tail to the point of severe
bleeding, afterwards thrashing his tail around,
flipping blood everywhere throughout the
kitchen until it appeared like a crime scene. He
was chasing his tail so much that he would col-
lapse from exhaustion for a few minutes and
then resume this activity. He panted constantly
and seemed to be overheating. It was impossi-
ble to interrupt his behavior except by holding
him. He would whine and shake when held and
immediately resume tail chasing when released.
Jock seemed to be suffering terribly and was
euthanized on December 28, 2005.

Itappears thatthe LENS treatmenthad a very
significant, beneficial impact on Jock’s rage
problem and presumably his seizures. He re-
verted to his usual loving, affectionate self al-
mostimmediately after the first two treatments.
The second through fourth treatments seemed
to only reinforce this improvement and his ag-
gression was essentially eliminated. Unfortu-
nately, the LENS treatment only had a tempo-
rary benefit with the tail chasing. It is unclear
why this was the case. It may be that Jock had a
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particularly strong genetic basis for this behav-
ior that could not be overcome by the LENS
treatment. Altérnatively, it may be that the
LENS treatmenthelped the aggression, but per-
haps exacerbated the tail chasing, or that treat-
ment at other electrode sites might have pro-
vided additional benefits if it had been done.
Further research will be needed to investigate
the effects of LENS on epipleptiform and ag-
gressive behavior. A summary of daily behav-
ioral ratings may be found in Figure 7. It can be
seen that following the initial two day baseline,
problematic behaviors dramatically decreased
and stabilized, with the exception of tail chasing.

DISCUSSION

Our experience and review of literature sug-
gests that the central nervous system of warm-
blooded animals and humans seem to work in
relatively congruent ways. As such, it can be
anticipated that abnormal brain wave patterns
like those seen in human cases of aggression,
impulsivity, anxiety, depression, epilepsy, head
injury, and other clinical conditions are also
likely to be found in animals. When this is the
case, neurofeedback may have potential to
assist the behavioral and brain dysfunctions of
animals as well as humans.

The LENS neurofeedback only requires the
subject to remain motionless for a few seconds

and does not require concentration. Therefore,
itseems ideally suited to work with animals and
small children. Positive effects are often seen
after only a few treatments, although in animals
as well as humans, a certain number of repeated
treatments seem necessary for the positive im-
provements to become enduring. Small chil-
dren and animals are more innocent and free of
the various defense mechanisms so common in
adults. For thisreason we may be able todiscern
morereadily the effects of neurofeedback treat-
ment with these groups. A dog or a horse is not
particularly impressed by the fact that just be-
cause electrodes are being put on his head that
he should feel and behave better.

Admittedly the results of our initial uncon-
trolled case reports with animals are prelimi-
nary, based on a limited sample, and they only
involved three species. Nonetheless, we ob-
served positive behavioral changes in all cases.
We are encouraged by the initial results and be-
lieve that other clinicians, as well as research-
ers, will find that after only a very small number
of LENS treatment sessions that animals with
behavioral or brain-related problems will be-
come easier to treat. Wires are less likely to be
ripped off or equipment damaged. Clinical ex-
perience has suggested that sometimes it might
be advisable with highly reactive animals to use
photonic stimulation for a couple of sessions
prior to LENS treatment to calm them and re-
lieve their pain or irritation. With “fear-biting”

FIGURE 7. Jock and Dog Pre- and Post-Treatment Ratings
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dogs a muzzle might be employed for the safety
of the clinician/experimenter. Normally animals
must be sedated or rigidly confined (locked into
braces or restraints) in order to perform EEGs.
Our work is unique in that the animals were
awake with sedation only required in one case,
and the only restraints consisted of humans
gently holding the animals.

The animals in our cases were domestic or
farm animals, accustomed to interaction with
humans, rather than wild or laboratory subjects.
It has clearly been our impression that the prob-
lems in these animals have often stemmed from
less than ideal treatment by humans, and so it is
encouraging to us to find that a therapeutic pro-
cedure that evolved for treating humans may
also be helpful for animals. All too often ani-
mals that are having problems are simply “put
down.” Weare pleased to think thata gentle and
relatively rapid treatment such as LENS may
improve the quality of life of pets that are often
very loved by their owners, and it may give
many animals a chance to live.

The nature of the LENS provides a unique
opportunity for placebo-controlled, double-
blinded research with animals (as well as
humans). We hope that future research will
include animals of several different species.
Webelieve, as in the case of Gandalf thatrescue
animals who have suffered from accidents or
human abuse, as well as animals with head inju-
ries, in zoos or circuses, and that have problems
with aggressiveness or- obsessive responses,
may be ideal candidates for treatment and re-
search. LENS seems to hold promise offering
many of these unfortunate animals a chance for
ahappier adaptation to their lives with a health-
ier central nervous system.
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APPENDIX

CNS Questionnaire for Animals

Name:

Rate all relevant items on a scale of 0-10 (10 is the worst possible, 0 means the problem ceases to be

relevant)

Cognitive/Mental

Dates:

Anticipatory, trying too hard
Ungenerous, miserly with mental effort
Stuck, inability to learn new behaviors
Rigid, inability to unlearn old behaviors
Poor Memory

ADHD or ADD type behaviors

Suspicious

Sensitivity/Reactivity

Startles easily, hypervigilant

Reacts to fly spray

Reacts negatively to washing/brushing
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APPENDIX (continued)

Neurological Problems Dates:

Head tilting

Tongue lolling

Anxiety

Depression

Panic attacks, heart pounding
Nervous sweating

Nervous gulping
Restlessness

Overly fearful, phobic

Muscular tension (in jaw, neck, back)

Social Problems

Dominance problem, excessively aggressive
Fear of solitude, exaggerated

Screaming, neighing

Excluded/Rejected other animals

Rough play, Compulsive

Behavioral Problems

Stall wal.king/Fence pacing
Cribbing, chewing on foreign objects
Eating dirt, manure

Tense, rigid movements

Inability to accept normal handling
Explosive, can't return to normal
Kicking at air

Head bobbing, swinging

Trailering phobia

Biting, nipping
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Physiological/Medical Conditions

‘Dates:

103

Lethargic, dull

Lyme disease

Primarily Dogs

Aggression to other animals
Aggression to humans

Disobedient

Runs away

Self-mutilation, chewing, scratching
Stubborn, refuses to be trained
Housebreaking problem

Spite sailing to punish owners
Passive/Aggressive

Chases cars

Barking, neurotic

Hi.des, especially after bad behavior
Aggressive if you force him/her out
Fear biting or sudden biting
Inappropriate rolling-over

Gets into garbage

Gets on furniture, even when scolded

Tail chasing

Primarily Cats

Biting/clawing as play becomes suddenly aggressive
Aggressive to other animals

Aggressive toward people

Spraying inside house

Other housebreaking problem

Overeating, eating too fast, throwing up

Ripping fur out
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APPENDIX (continued)

Primarily Cats (continued) Dates:

Jumps on table or other furniture when knowing it’s forbidden
Digs claws in while on lap or being petted

Distant, unaffectionate

Excessively affectionate
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