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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, especially those diseases and diagnoses related to brain functioning. For patients and clients, they are comfortable with simple information provided on many occasions and through visual media or reading. This media information is simple, easy to understand and presented repetitively. People become comfortable with the information 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 shift in how to treat a person with a diagnosis after they leave school/training is difficult when they learn that the treatment involves electronic machines and computers. For example, they are comfortable with the treatment methods of psychotherapy, medication and relaxation as they are simpler to understand, conceptualize and implement, and most importantly, the professional 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 often use a criterion that is much higher than the criterion for currently accepted treatment models or like our clients/patients, they are comfortable 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 you read this publication of the Journal of Neurotherapy on a treatment called Low Energy 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 often innovative and positive, but in 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 interested 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 biofeedback. 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

DOI: 10.4324/9780203823705-1


This volume introduces the reader to a unique, innovative neurofeedback/neurotherapy technology 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 application in the treatment of a variety of diagnostic problems.

By way of introduction, let me offer a personal perspective. In the 1990s I listened to meeting presentations by Len Ochs and felt extremely puzzled. He often expressed his belief that neurofeedback clinicians were overtraining their patients and that many patients did not need 30-minute long training sessions. In fact, he said that sometimes even 10 seconds of treatment might be too much. At that point in time the previous version of the LENS used photic stimulation in association with the EEG biofeedback. In my clinical work I often used a neurofeedback system that had similarities to the LENS in its use of photic stimulation. However, despite using what seemed to be relatively similar equipment, I simply could not resonate with Len Ochs’ statements about over-stimulating patients by having lengthy treatment sessions. My training sessions with patients were 30 minutes long and yet, in the majority of cases, my patients reported significant improvements 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 that there was a unique element with the system–an exceptionally tiny electromagnetic pulse was being delivered down the electrode wires to head 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 potential 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 the cell phone was turned off the slow wave activity progressively disappeared, and local changes decreased and disappeared after 15 to 20 minutes. They found similar changes in children, but the slow waves had higher amplitude and appeared earlier in children (10 to 20 seconds) than adults. They found that their frequency was lower (1.0–2.5 Hz), occurred at shorter intervals, and had a longer duration. Research thus suggests that cellular phones may reversibly influence the human brain, inducing abnormal slow waves in the EEG of awake persons. In contrast, as you will read in this volume, 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) it is individualized and updated 16 times each second so that it remains at a frequency that is consistently faster than the patient’s dominant EEG frequency.

Having learned about the Lawrence Livermore 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 about a few patients feeling side effects associated with LENS treatment. Prior to understanding the operative mechanism in LENS treatment, patients often received 5, 10, or even 20 minutes of treatment. This could certainly cause some patients to feel over-stimulated or fatigued. Even though I observed that refinements in both the equipment and clinical procedures were being made, I was still concerned about even a small percent of my patients 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 lingering doubts about how sessions could produce therapeutic changes when they only consisted of the delivery of a few seconds of stimulation. Even though I saw encouraging research 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 wondered how much of a placebo response was involved. It certainly seemed possible that positive expectancies could be fostered by clinicians, leading to placebo responses. Consequently I simply continued using more traditional neurofeedback 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, a decade long colleague of Dr. Ochs. Stephen was talking about his experiences in using LENS with animals. 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 investigate LENS more seriously. I first reread the published research reports and then talked with therapists in three different countries who had been applying 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 individually tutored by him, I was deeply impressed 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 caring. What was perhaps most impressive was the fact that despite more than three decades of clinical experience and the creative innovations 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 technology that has great therapeutic potential. It is for this reason that I decided to edit this volume. LENS is unique in that it does not require the patient to “work” during neurofeedback. The fact that the patient is not required to have the impulse control, attention, or stamina to concentrate for significant periods on a computer screen can be particularly appealing. These factors 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 treatment of animals with brain-based disorders.

In over 30 years of clinical practice as a psychologist I have been cautious about new treatments that lacked research support. In particular 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 individuals and approaches within the field. Many experienced professionals have things to offer and a single approach to neurotherapy is unlikely to produce positive outcomes with everyone. I have studied the research on iatrogenic effects that began being published in the 1960s and 1970s. This research informs us that when a therapist follows a unitary approach to treatment and fails to individualize therapy, this is one of the primary factors associated with producing 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 to my therapeutic armamentarium.

My own clinical experience with LENS suggests that it is 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 believe that it is likewise important for clinicians to not engage in dichotomous reasoning, either or thinking. Our treatment options are not limited 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, sometimes with the same patient. Thus when I have a patient who has experienced 8 to 10 LENS sessions and he or she does not display some symptomatic improvements, I will often add traditional neurofeedback and reduce the dosage 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 patient receiving too large an amount of stimulation/feedback. Therefore, I may reduce the amount of LENS input from perhaps six seconds (one second at each of six electrode sites) to only two seconds, and spend the remainder of the session doing more traditional neurofeedback. The second 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 improvements that commonly occur with LENS in the first 10 to 20 sessions, but then progress may have slowed, but further improvements are still desired. In such a case, other traditional neurofeedback modalities may also be added to the therapy.

This volume provides a valuable introduction to LENS. It begins with an extensive overview 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 research study with fibromyalgia. What may surprise 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 commentary articles follow the fibromyalgia study. They are illuminating in helping us understand the reasons that the Kravitz study did not produce 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 excessive dosage level that was being administered. The second commentary by Mary Lee Esty, a co-author of the Kravitz research study, discusses the multi-causal nature of fibromyalgia 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 working 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 systematic symptom ratings provide impressive documentation 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 it demonstrates the effectiveness of LENS with a very broad range of symptoms in only 20 sessions. 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 research 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 an encouraging 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 placebo controlled experiments with both animals and humans–something that holds tremendous promise for advancing the field of neurofeedback in gaining acceptance by the evidence-based medical, psychological, neuroscience, and academic communities. Such studies are already underway and we look forward to learning more from their results.
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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 different from those in traditional neurofeedback. The LENS, as a behavioral neurofeedback application, 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> Website: <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 treatment 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 conditioning 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 subsequent 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 traumatized brain has demonstrated vastly greater capacity for recovery than has previously been appreciated. Secondarily, the LENS appears to help the traumatized person achieve clearly increased performance in relatively short periods of time, with a quite non-invasive, low technology 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 neurofeedback modalities, as well as from other neurostimulation techniques such as audio/visual 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 yet revealed to help understand the phenomena described here, thus creating a new area of inquiry in the neuro-behavioral sciences.

The following section is presented for historical purposes to outline the order and context in which the significant components in the development of the LENS were observed including: a description of the instrumentation; the means of measuring and controlling the feedback intensity; the problems and benefits observed in the development of this system; and treatment management problems and how they evolved, particularly with regard to different populations.

History. During the summer of 1990, Harold L. Russell, PhD of Galveston, Texas, telephoned Len Ochs, PhD in Concord, California. He asked Ochs to develop a device which provided fixed-frequency photic stimulation. His interest was based upon the work of Marion Diamond, PhD (1988) in her work on the effects of environmental stimulation on cortical complexity in rats. Russell (Carter & Russell, 1981, 1984, 1993) had experimented with exposing school children with performance problems and high inter-test variability to daily, 20-minute repeated cycles of 10 Hz, for one minute, then 18 Hz for a minute, for six weeks. Russell used bright red flashing lights inside improvised 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 person’s EEG (electroencephalographic activity) is influenced by external (e.g., photic) stimulation 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 moment, between the stimulation frequency and the predominant energy of the EEG, in which lies the dominant frequency. The dominant frequency is the frequency at that moment at a 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 frequency to the dominant, or peak, EEG frequency.

Since from 1 in 4,000 children and about 1 in 20,000 adults are estimated to be photosensitive (Quirk et al., 1995), and thus vulnerable to experiencing a seizure with photic stimulation, this could occasionally present severe problems. Photo-hypersensitivity refers to the reactivity to light that is strong enough to elicit convulsions–whether the person is epileptic or not. If, for instance, the person were to have a seizure–whether from epilepsy or the stimulation evoking a photohypersensitive seizure–the frequency of that seizure would become the dominant frequency. In other words, if the stimulation frequency equaled the dominant frequency, the stimulation would further stimulate any pre-existing 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 brainwave frequencies. Fortunately, setting the stimulation frequency to some percentage greater than 100% of the dominant EEG might satisfy those in the neurofeedback community (Lubar, 1985) advocating for increasing EEG frequencies for enhanced cognitive control. Further, using a percentage less than 100% of the dominant 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 conception. Hence, the software was programmed into devices that would be called electroencephalographic 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 I-400), and the Synetic Systems Synergizer (Seattle, Washington), a light-and-sound generation device which fit inside an IBM-clone computer through software know as BOS, a DOS-based interpreted platform developed by William Stuart, of Bainbridge Island, Washington. As originally conceived, the software was to allow the Synergizer card to set the flash frequency of the lights inside some welder-type goggles, and to continuously reset their speed as the dominant EEG frequency 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 frequency during one 10-second period, then 95% of the dominant frequency during the next, and alternate between the two conditions. The software 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 conceived. Discarded features central to the original conception were: the necessary use of visible 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 dominant 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 electroencephalograph) 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 system 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 technically “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 sophisticated second generation system was introduced. This led those involved to try to duplicate some of the inadequacies of the original system. The major required change was to retard the feedback, which was produced much more rapidly in the replacement unit for the I-330 C2. We had to introduce a time lag between the occurrence of any EEG event and the feedback tied to its occurrence. The critical learning from this experiment was that technical precision does not necessarily lead to clinical efficacy. The current use of the LENS employs extremely weak intensities of feedback and does involve the patient’s own EEG driving the feedback, but does not involve 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.


	The field of EEG biofeedback or neurofeedback is relatively new. There are relatively few studies with chronic conditions, controlled or otherwise, that offer understandings of what will work, under what conditions, to what extent, and with what time, physical, and monetary costs.

	Each of the various kinds of EEG biofeedback involves its own set of rituals, with relatively little analysis of what alternatives might be used.

	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 at least several years and when applied properly.

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

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

	Nearly all forms of EEG biofeedback work with easy cases and become more cumbersome and delicate (with satisfactory outcomes) with complex cases, but appear nevertheless at their clinical efficacy limit with the current technologies because of technical problems of managing coherence and other issues.

	Finally, while each form of EEG biofeedback may appear scientific, the application 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 biofeedback in that the LENS does not require the person to understand the meaning of, or laboriously attend for a half hour to the feedback in order to influence their brainwave activity and benefit from the treatment. No attentional, discrimination, prolonged stillness, or learning demands are placed on the individual. In addition, the LENS uses a somewhat different conceptual approach to selection of which EEG sites to train. Traditional neurofeedback uses protocols based on either symptoms or on abnormalities found in QEEG brain maps, with both approaches often utilizing only a limited number of electrode sites for training. In contrast, 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 feedback 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 nervous system.
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