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INTRODUCTION

The first scientific paper applying EEG operant condi-
tioning to the treatment of a clinical disorder was published
in 1972." This report was a case presentation involving a
23-year-old female with a 7-year history of generalized
tonic-clonic seizures of unknown origin. There was no fam-
ily history of seizures, and evaluation at two major medical
centers had failed to demonstrate a localized lesion. An
EEG study had shown generalized 5-7 Hz slowing and
spike-wave activity, increased by hyperventilation. While
the patient had proven refractory to numerous drug combi-
nations, she was still being treated with a regimen of
Dilantin and Mebarol, 200 mg. each, daily.

Observed daytime seizures in this patient consisted of
a wrinkling of the brow associated with left ateral deviation
of the eyes, crossing of the right arm to the left knee, and
falling to the left with loss of consciousness, tonic-clonic
movements, and occasional incontinence. The majority of
incidents were nocturnal, occurring in the early morning
hours. Carefully kept records over several years indicated
a consistent pattern of at least 2 major-motor seizures per
month that were unrelated to the menstral cycle.

During 3 months of twice-per-week EEG operant con-
ditioning training, using light and tone rewards for
enhancement of mid-central 11-15 Hz activity detected by
band-pass frequency analysis, the patient's seizures
essentially ceased. Additionally, quantitative analysis of the
EEG over this period disclosed a significant increase in the
11-15 Hz band and a corresponding decrease in slower
activity. These prolonged clinical and EEG changes were
the basis for this report, which was from the author’s labo-
ratory. Treatment was continued with this patient within the
context of an expanded, muiti-subject study of this novel
therapeutic approach.? She eventually became seizure
free, was withdrawn from medications, and was issued a
California driver’s license.

This treatment was attempted as a result of findings in
cats. Studies in our laboratory had documented a sustained
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increase in 11-15 Hz sensorimotor EEG rhythmic activity
following protonged operant conditioning of this pattern.?
Further, this training provided protection against drug-
induced seizures.® This protective effect was initially discov-
ered by accident. We were studying the convulsive proper-
ties of toxic hydrazine compounds for the U.S. Air Force.
These compounds are used as rocket propelants, and
exposure of any kind has disastrous toxic effects. Hydrazine
compounds form hydrazones with pyridoxal phosphate, a
reaction which absorbs this essential coenzyme for the syn-
thesis of glutamic acid decarboxylase (GAD) and gamma-
aminobutyric acid (GABA), both primary central inhibitory
neurotransmitters.*® Animal studies determined that the
resulting loss of inhibitory capacity resulted, after some
delay, in thalamic and cortical hyperexcitability and explo-
sive convulsions.>™* We had been working on the dose-
response curve for the monomethylhydrazine (MMH) iso-
mer, and had established the dose of 9.0 mg./kg. as 100%
convulsive in the cat. It was customary to enter animals into
this study after participation in other investigations. One of
these other studies involved EEG operant conditioning to
increase a specific 11-15 Hz EEG rhythmic pattern
observed over the somatosensory cortex in alent but
motionless cats.?*® Because of this localization, we coined
the label Sensorimotor Rhythm, or SMR, for this activity.
Since this thythm was similar in frequency and localization
to EEG sleep spindles, we sought to evaluate the possibili-
ty of a functional relationship between these pattems by
facilitating the SMR during wakefulness and examining the
effects on spindie activity during sleep.

The addition of these SMR-trained animals to the MMH
dose-response study completely disrupted our curve.
Despite showing the usual toxic prodrome, animals who
had previously received prolonged SMR operant condition-
ing were resistant to MMH-induced seizures. This unex-
pected finding, resulting from what was perhaps the ulti-
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/ Figure 1.
Comparison of the time-course of visceral and behavioral symp-
toms in response to IP administration of monomethylhydrazine
among SMR-trained and control cats (n = 8 each). A significant
delay in the occurrence of generalized seizures was documented
40 PP e in the SMR-trained group {p<.05). Two animals in this group
failed to seize within 3 hours, despite showing all pre-convulsive
symptoms. (Modified from reference 11)
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Sample data from a cat trained to produce SMR for food reward illustrates neck EMG and masseteric reflex changes during sustained

bursts of this EEG rhythm. Note simultaneous suppression of EMG and reflex amplitude exclusively during SMR. (Modified trom refer-
ence 15).

mate in a double-blind design, suggested that seizure animals developed a reliable increase in sleep spindie den-
threshold had been raised in the SMR-trained animals. A sity and showed decreased awakenings during non-REM
focused examination of this hypothesis in a controlled sleep.” Since the rhythm relates behaviorally to sustained
group study showed that 25% of trained animals were immobility, muscle discharge was one of the first areas
completely protected from MMH seizures, while the other  evaluated. Chase and Harper' showed that neck muscle
75% were able to resist these seizures for more than twice activity was suppressed in strict association with the emer-
the latency of control animals (Figure 1). gence of this thythm (Figure 2), a finding which confirmed

These findings redirected our interest to an examina- our earlier observations.” This suppression, however, was
tion of the physiological correlates of the SMR, and led to independent of motor quiescence, since it occurred rather
a simultaneous series of human studies. These studies, in  abruptly just prior to the appearance of the SMR bursts.
turn, stimulated many related efiorts in other laboratories Because posture did not change, this abrupt decrease in
throughout the world. Looking back at this exciting flurry of  muscle discharge was attributed to a specific reduction in
research activity, one is puzzled by several conclusions tone rather than a change in length. This observation impli-

being expressed today by individuals who have apparent- cated the gamma motor neuron pathway, a conclusion sup-
ly never read this literature. These are: 1) that thereis N0 ported by the subsequent reflex study of Babb and

evidence that EEG operant conditioning affects physiolog-  Chage. s They showed that the monosynaptic masseteric
ical substrates, and .2) that apphcatnqn of this mpdalnty to (jaw closing) reflex was significantly reduced during SMR
the treatment of epilepsy should still be considered as 5 ity (shown also in Figure 2), while activity in the recip-
expenmen!al . These issues constitute the focus of the rocal polysynaptic digastric (jaw opening) reflex was not
present review. affected. Since the digastric muscle lacks muscle spindie
PHYSIOLOGICAL CORRELATES OF afferents, they suggested that mechanisms regulating the
SENSORIMOTOR RHYTHM OPERANT CONDITIONING gamma motor neuror/muscle spindle system were unique-

Almost immediately after our initial papers, studies in 1y associated with the appearance of the SMR. On the
several laboratories began examining the central and basis of the behavior of cortical cells in and around chem-
peripheral correlates of SMR activity. We had shown that ~ ically-induced seizure foci in primates, Wyler*® also con-
the SMR response could be leamned and its incidence sig- cluded that unloading of muscle spindle receptors through
nificantly increased in the baseline EEG.* Further, the attenuation of gamma motor neuron activity might be relat-
sleep studies mentioned above indicated that SMR-trained ed to the therapeutic effects of SMR-training.
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Figure 3.

Fine wire microelectrodes were used to record extracellular unit discharge rates from the red nucleus and ventrobasal (VPL) thalamic
nucleus in cats. Three different red nucleus cells are shown from 2 animals, together with VPL cell in top tracing. Cell discharge rates in
the red nucleus were suppressed during SMR activity. In contrast, cell firing changed to bursting pattern in VPL. (Modified from refer-

ences 22, 23)

it has long been known that movement immediately
abolishes anterior cortical EEG rhythmic activity'” in ani-
mals and humans.*'*2 Rougeul and colleagues® found
that SMR activity was suppressed only by movement and
not by cutaneous stimulation. This unique relationship to
motor regulation was supported in our laboratory by micro-
electrode studies of cellular behavior in the voluntary motor
pathway. In particular, extracellular recordings from the red
nucleus, an important midbrain structure finking motor cor-
tex, cerebellum, brainstem, and spinal cord for voluntary
movement coordination, disciosed a specific and sustained
suppression of cellular discharge during trained SMR activ-
ity.22* As shown in Figure 3, unit discharge essentially
ceased during the learned expression of the SMR.
Combined with the evidence for specifically reduced
excitability in both alpha and gamma motor neurons
reviewed above, this finding suggested that the SMR was
associated with a functionally discrete alteration in the
basic physiological substrates of motor control.

Other work disclosed that the SMR was generated in
the thalamic relay nuclei of the somatosensory pathway,
known collectively as the Ventrobasal (VB) complex. This
finding was in agreement with an earlier body of evidence
suggesting a thalamic origin for sensorimotor EEG
rhythms, summarized in the popular text by Andersen and
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Andersson.® The Andersen and Andersson model has
been confirmed and clarified recently by a series of elegant
cellular studies which establish the thalamus as the site of
generation for these rhythms.®%® These investigations
have shown that EEG spindle rhythms arise in the thala-
mus from an intrathalamic and corticothalamic interplay
leading to synchronized and recurrent bursting in thalamic
relay cells, and imposing a concurrent synchronous dis-
charge on cortical neuronal pools. We also found that thal-
amic VB relay cells changed their behavior to recurrent
bursting during SMR activity,? an example of which is
shown also in Figure 3. This shift to oscillatory bursting
results in part from hyperpolarization of relay cells, and
leads to an attenuation of the conduction of somatosenso-
ry information to cortex.2- %3

in summary, findings from these animal studies have
provided several major clues concerning both the origins
and functional significance of sensorimotor rhythmic EEG
activity. These findings, and a model of their putative rele-
vance to the development of SMR activity, are reviewed in
Figure 4. First, there is evidence for an abrupt attenuation
of motor excitability, apparently involving reduced cortical
output to thalamus, brainstem, cerebelium, and spinal
cord. This shift is manifested by a reduction in motor path-
way cellular22 and reflex™ excitability, and in muscle tone.
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Figure 4.

Summary of events providing theoretical model for the genera-
tion of SMR. Motionlessness in the context of aftention produces
altered motor output to thalamus and brainstem, resulting in
decreased red nucleus (RN} activity, stretch reflex activity, and
muscle tone. This results in an attenuation of somatic afferent
(SA) activity, oscillatory bursting activity between ventralis-poste-
rior-lateralis (VPL) and nucleus reticularis (nRt) of thalamus, and
development of fast sensorimotor EEG rhythmic activity.

1214 Gecond, these changes appear to favor a reduction in
sensory bombardment of VB thalamus,® hyperpolarization
of VB relay cells,?* altered somatosensory conduc-
tion,2%3' and the emergence of sensorimotor EEG rhyth-
mic activity due to oscillatory discharge projected to cortex.
Finally, the behavioral exercise of these events through
directed operant conditioning can produce sustained
changes in physiological regulation, as documented by
increased sleep spindle density and stabilized sieep
states.” These findings provide irrefutable evidence that
operant conditioning of the sensorimotor EEG indeed does
alter physiological substrates!

Epileptic syndromes arise from many different caus-
es, classified as either ideopathic (presumed genetic pre-
disposition), symptomatic (secondary to other pathology),
or cryptogenic (of unknown etiology) by the International
League Against Epilepsy.® These syndromes have in
common the favoring of recurrent abnormal and exces-
sive synchronous discharge in neuronal populations. Pre-
vailing theory attributes this response to hyper-excitabili-
ty in or hyper-excitation of cortical cellular pools. These
conditions make the epileptic central nervous system par-
ticularly vuinerable to alterations in functional state,**
and to intrinsic electrophysiologic transients?- % %
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Presumably therefore, irrespective of the cause of hyper-
synchronous discharge, effective therapeutic intervention
might be expected to 1) reduce neuronal excitability in
relevant tissues, 2) blunt the impact of transient neuronal
discharge, and 3) stabilize state characteristics. As
reviewed above, a body of competent and diverse scien-
tific evidence indicates that the exercise of appropriate
thalamocortical regulatory mechanisms via operant con-
ditioning of sensorimotor EEG rhythms can potentially
impact each of these requirements.

CLINICAL APPLICATIONS IN THE
TREATMENT OF SEIZURE DISORDERS

After our initial clinical report in 1972 we expanded our
prefiminary investigations,? and initiated a series of con-
trolled studies with progressively larger groups of epileptic
subjects.®*' Additionally, since that report, there have been
numerous peer-reviewed journal publications from other
laboratories exploring this treatment (Tables 1 and 2).
These are very difficult investigations to conduct, given the
complications of history, seizure types, and medications
that characterize the severely epileptic patients available
for such studies. Despite these facts, and notwithstanding
the many important issues raised by this body of work,
every single study reported significant clinical benefits
exceeding expected placebo effects.

Several review articles have attempted to dissect the
available literature in terms of the research and mechanis-
tic issues they raised."*' Each of these efforts, however,
created a formidable and perhaps soporific tomb of techni-
cal reading material. The present review will take a more
practical clinical approach, tabulating these studies for
archival purposes and focusing on the convergence of
salient findings.

Drug Compliance

Due to the high level of structure and motivation asso-
ciated with these studies, it has been suggested that sub-
jects may become more compliant with medication sched-
ules. In order to examine this possibility, many of the stud-
ies listed in Tables 1 and 2 have drawn blood samples for
evaluation of anticonvulsant levels prior to and after exper-
imental treatments®#+ All of these investigations have
failed to find any relationship between anticonvulsant drug
levels and study outcomes.

Seizure Rate Changes

The patients participating in these studies represent a
most difficult subset of epileptics. These are typically indi-
viduals with severe seizure disorders of relatively long
duration, often with significant co-morbidities, and uniform-
ly refractory to anticonvulsant medications. Further, they
remain on medications, a condition that not only distorts
the EEG but aiso impacts significantly on their ability to
acquire new information.*

Given these facts it is rather remarkable that so many
different studies have reported positive outcomes. Table 2
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Table 1

Peer-reviewed journal articles on the clinical effects of
sensorimotor EEG operant conditioning treatment of epilepsy (1972-1980).

#Showing Clin. #Showing EEG
Author(s)/Journal # Subjects Improvement Improvement Controls
Sterman & Friar' 1 1 1 pre-treat.
EEG Clin. Neuro., 1972 baseline
Sterman et al.,2 pre-treat.
Epilepsia, 1974 4 4 4 baseline
Finley et al.,® 2 2 non-contingent
Biol. Psych., 1975 feedback
Also Finley,® Pav. J. Biol. Sci, 1977
Seifert & Lubar® 6 5 4 pre-treat.
Biol. Psych., 1975 baseline
Kaplan* 3 2 nr pre-treat.
EEG Clin. Neuro., 1975 baseline
Wyler et al.* 4 4 nr non-contingent
EEG Clin. Neuro., 1976 & EMG
Ellertsen & Klove,* ’ 1 1 nr start-stop-start
Scan. J. Behav. Ther., 1976
Lubar & Bahler, 8 7 6 ABA
Biofeedback & Self-Reg., crossover 1976
Kuhiman & Allison® » 5 3 3 non-contingent
Pav. J. Biol. Sci., 1977 feedback
Also Kuhiman®
EEG Clin. Neuro., 1978
Cottetal. ¥ 7 5 4 pre-treat.
Science, 1979 baseline
Quy & Hutt® 3 3 nr random
Biol. Psych., 1979 feedback
Sterman & Macdonald,® 8 7 5 ABA
Epilepsia, 1978 crossover

Also Sterman & Shouse,*
EEG Clin. Neuro., 1980

indicates that 82% of the subjects studied demonstrated
significant (>30%) seizure reduction, with an average value
exceeding 50%. Many of the studies also report reductions
in seizure severity. Approximately 5% of patients have
experienced complete control for periods of tabuiation up
to 1 year. This has been true even when anticonvulsants
were subsequently reduced or entirely withdrawn.

it should be pointed out, however, that in a number of
these studies significant seizure reductions were regis-
tered regardless of the EEG feedback contingencies
rewarded.** But the vast majority of patients responded
only when feedback contingencies provided reward for
SMR activity and normalization of the sensorimotor cortex
EEG. Training exciusively for the reduction of paroxysmal
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events, higher frequencies, or EMG activity, or for the
enhancement of lower frequencies has been ineffec-
tive 24495 Additionally, Wyler et al,*' exploring the hypoth-
esis that localized cortical activation was the operative fac-
tor in SMR training, attempted enhancement of higher fre-
quency activity over variable sites of identified focal abnor-
mality. Only 27% of these patients showed meaningful
seizure reductions.
EEG Changes

Not all of these studies examined EEG changes associ-
ated with training. However, among those that did, 66% of
patients showed significant effects (bottom of Table 2).
These EEG changes were examined primarily during train-
ing. However, some evaluated independent clinical records
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Table 2

Peer-reviewed journal articles on the clinical effects of
sensorimotor EEG operant conditioning treatment of epilepsy (1981-1996).

#Showing Clin. #Showing EEG
Author(s)/Journal # Subjects Improvement Improvement Controls
Lubar et al.,® 8 5 5 non-contingent +
Arch. Neurol., 1981 ABA with 3-8Hz
Also Whitsett et al.,* reward condition
Biofeedbk. & Seli-Reg., 1982
Sterman in Engel et al.,® 23 17 12 yoked non-
Ann. Internal Med., 1982 contingent and
Also Lantz & Sterman,® waiting list
Epilepsia, 1988
Tansey,” 1 1 1 pre-treat.
int. J. Psychophys., 1985 baseline
Tozzo et al.,® 6 5 5 relaxation
Int. J. Psychophys., 1988 training with

EEG electrodes

Andrews and Schonfeld,® 83 69 nr pre-treat.
Seizure, 1992 baseline
Hansen et al.,% 1 1 1 pre-treat.
J. Neurotherapy, 1996 baseline
Totals (Tables 1 and 2) 174 142 (82%) (66% of reported cases)

as well, and both Sterman and Shouse* and Whitsett et al.*
focused also on effects registered in standardized sleep
EEG recordings after differential periods of training.

Before reviewing these findings it should be pointed out
that sensorimotor rhythms are difficult to study in the human
EEG. This is because in humans these higher frequencies
must be recorded from the scalp rather than the dura, as in
animal studies. These factors result in a significant attenua-
tion of amplitude, as shown in Figure 5. Here, bilateral EEG
recordings are compared in a patient with the bone
removed over the right centrotemporal cortex. This bipolar
montage, referenced to Cz, shows suppression of hythmic
activity bilaterally during movement and the emergence of
clear sensorimotor rhythms over the exposed dura when
movement ceases. This activity is barely visible on the
intact contralateral side. This problem has been overcome
through the use of sensitive quantitative analysis (FFT and
band-pass filters), and by the study of the selective sup-
pression of this activity during movements.***

In our initial paper’ we compared trends in the 11-13 Hz
and 8-10 Hz bands across the first 12 training sessions.
Initially both frequency bands were gradually increased. By
session 12, however, these frequencies moved in opposite
directions, with 11-13 Hz activity trending upward and 8-10
Hz gradually suppressed. Additionally, the mean incidence
of 11-13 Hz activity had increased significantly from earlier
levels. This patient showed clinical EEG abnormalities
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when drowsy and in classic manner during sleep, with
paroxysms progressing into trains of spike-wave discharge
across the non-REM sleep-state stages.® These EEG
manifestations were greatly attenuated as her clinical con-
dition improved. In subsequent studies, where both labora-
tory spectral analysis and independent clinical analysis of
the EEG were obtained, patients showed reliable reduc-
tions in epileptiform activity and a normalization of EEG
pattems.2© Because of the finding that many epileptics
have attenuated sensorimotor rhythmic activity and elevat-
ed 4-7 Hz activity in both the sleep and waking EEG,™ later
studies also employed reward for suppressing slow activi-
ty while simultaneously enhancing the SMR. Nonepileptic
subjects have little EEG slow activity, and spectral analysis
can often clearly document a significant SMR increase dur-
ing training (Figure 6).

in an eary replication study, Cott and colleagues®
rewarded poorly controlied seizure patients for increasing
12-14 Hz while simultaneously suppressing 4-7 Hz activity in
the central cortical EEG. They tracked seizure incidence and
digital output in these 2 frequency bands across 3 months of
EEG biofeedback training. Five of 7 patients registered a
significant reduction in seizure incidence and severity from
start to finish. Three of these patients showed a reliable
increase in 12-14 Hz activity, while 4 showed a reliable
reduction in 4-7 Hz activity. One patient who showed a
reduction in seizures demonstrated no change in the EEG,
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Figure 5.

Bigo|ar EEG montage showing sample tracings from a non-epileptic patient with bone surgically resected over right centro-temporgl arfea
of calvarium. Electrodes at C4 and T4 are placed directly on dura. Subject is shown while first squeezing the left fist and then terminating
the squeeze and holding the hand still. Note development of high voltage 10-12 Hz thythmic activity, particularly in relation to C4, when
muscle contraction is terminated. Similar activity in traces derived from C3 is greatly attenuated. (Modified from reference 11)
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oy

Compressed spectral arrays showing 10 minutes of spectral analyzed EEG data from bipolar montage referenced to Cz during right cen-
tral SMR training session in a nonepileptic subject. Successive 8 sec. epochs are shown. Note spectral density peaks at 13-15 Hz from
central and frontal recordings, greatest on the right. Parietal 8-11 Hz activity is seen also, greatest on the left. Peaks at 0.5-2 Hz refiect

eye-blink artifact. (Modified from reference 19)

and 1 patient who experienced no change in seizures had
significant EEG changes. However, 4 patients showed both
seizure reduction and a significant, training-contingent nor-
malization of the EEG. in a more recent replication study,
Tozzo et al*® provided 8 weeks of EEG biofeedback reward
for the simultaneous enhancement of central 12-15 Hz and
suppression of 4-7 Hz activity in 6 severe seizure disorder
patients. A control condition utilizing verbal relaxation train-
ing preceded EEG biofeedback. While relaxation training
had no EEG and only limited clinical effects, 5 of the 6
patients showed a significant reduction in seizures by the
end of EEG biofeedback training. Digital filter analysis of the
EEG indicated that all of these patients significantly
increased percent SMR with training (p< .01). In 4 of the
subjects there was also a significant negative correlation
between percent time SMR and seizure incidence.
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Using spectral analysis of standardized stage 2 sleep
samples, we also found a negative correlation between the
incidence of sensorimotor rhythmic activity in the sleep EEG
and seizure rate after training.'4 That is, seizure reduction
was accompanied by a significant increase in sleep spindle
activity. Figure 7 shows these relationships graphically. In a
similar sleep study, Whitsett et al.% also found that increas-
es in 8-11 Hz and decreases in 4-7 Hz frequencies were
both significantly correlated with seizure reduction after EEG
biofeedback training. Moreover, half of these subjects
showed reduced nocturnal paroxysmal activity after appro-
priate normalization training in a cross-over design.

The consensus arising from these findings is that most
epileptic patients who show clinical improvement with EEG
biofeedback also show contingency-related EEG changes
and a shift towards EEG normalization. However, not all
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Figure 7.
Pearson product-moment correlations between spectral densities
in 6 frequency bands and seizure rate changes in 8 epileptic
patients after 3 months of training to increase 12-18 Hz and
decrease 6-9 Hz EEG activity in central cortex. Seizure rates
were negatively correlated with increases in 8-11 and 12-15 Hz
activity (p<.05). Opposite contingencies in ABA design failed to
produce these relationships. Data obtained from analysis of stan-
dardized samples of stage 2 sleep. {Modified from reference 42)

patients who respond to this treatment show expected
EEG changes, and a few patients who show EEG changes
experience little clinical improvement. One is reminded of
the fact that a similar percentage of patients undergoing
anterior temporal lobectomy for the surgical treatment of
complex-partial seizures failed to show the expected hip-
pocampal sclerosis or other lesions in microscopic studies
of the tissue removed.*® Further 27% of those patients with
documented lesions showed little clinical improvement.
Both EEG neurofeedback and anterior temporal lobectomy
treatments are confounded by our relatively primitive com-
prehension of neural regulation and seizure pathology, and
by the limitations of current analytic methodology.

CONCLUSIONS
Estimates of adequate control with medications in the
largest subset of epileptics, namely those with localization-
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related partial seizures, have been as iow as 30%.% With
noctumal primary generalized myoclonic epilepsy, control
has also been estimated at 30%.% Anyone who has worked
with these drug-refractory seizure patients knows that they
pose a difficult clinical conundrum. Since available medica-
tions have not been effective, further titration of dosage will
likely not be productive. Tuming to new “experimental”
drugs is no certain panacea, and can introduce serious risk
factors. Given that a nonspecific 30% reduction in seizures
can be expected with any new or novel treatment in this
population, is it fair to label drug therapy as an “experimen-
tal" treatment? Yet a similar logic has been expressed in
relation to EEG operant conditioning outcomes, which have
been judged with this same patient population.

Clearly, the number of patients that have been studied
with this method is relatively small. This research is both
labor and cost intensive, and has not been well funded. In
truth, however, the impressive success rate documented in
a relatively substantial population estimate suggests,
instead, that it may be the current treatment of choice with
these patients. More research is needed in ali areas to
improve the treatment of this difficult patient population.
But to continue to single out EEG operant conditioning as
“experimental” seems neither rational, objective, or in the
best interest of these patients.

SUMMARY

Two issues concerning sensorimotor EEG operant
conditioning, or biofeedback, as a therapeutic modality for
the treatment of seizure disorders are the focus of this
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sustained functional changes that are consistent with ele-
vation of seizure thresholds. The second focuses on the
clinical efficacy of this method and whether it should carry
the designation of “experimental”. This designation is chal-
lenged through an assessment of over 25 years of peer-
reviewed research demonstrating impressive EEG and
clinical results achieved with the most difficult subset of
seizure patients.

3. Sterman MB, LoPresti RW, Fairchild MD. Electroenceph-
alographic and behavioral studies of monomethythydrazine
toxicity in the cat. Tech. Report AMRL-TR-69-3 (AD691474).
Wright-Patterson Air Force Base, Ohio, Aerospace Medical
Research Laboratory; 1969.

4. Clark DD, Barrington JD, Bitter HL, et al. Pharmacology and
Toxicology of Propellant Hydrazines. Review 11-68, Texas,



,.
sesia AT,

CLINICAL ELECTROENCEPHALOGRAPHY

9.

12.

13.

15.

16.

17.

18.

18.

20.

Brooks Air Force Base, USAF School of Aerospace
Medicine; 1968.

Wood JC, Peesker SJ. Development of an expression which
relates the excitable state of the brain to the level of GAD
activity and GABA content, with particular reference to the
action of hydrazine and its derivatives. J Neurochem 1974,
23:703-712.

Meldrum BS. Epilepsy and gamma-aminobutyric acid-medi-
ated inhibition. Int Rev Neurobiol 1975; 17: 1-36.

. Goff WR, Allison T, Matsumiya Y. Effects of convulsive doses

of 1, 1- dimethylhydrazine on'somatic evoked responses in
the cat. Exp Neurol 1970; 27: 213-226.

Sterman MB, LoPresti RW, Fairchild MD. Efiects of
monomethylhydrazine on thalamocortical excitability and pat-
terns of sleep in the cat. Tech. Report AMBL-TR- 75-34 (AD
A014817). Wright-Patterson Air Force Base, Ohio, Aero-
space Medical Research Laboratory; 1975.

Roth SR, Sterman MB, Clemente CD. Comparison of EEG
correlates of reinforcement, internal inhibition and sleep.

“~ —Electroencephalogr Clin Neurophysiol 1967; 23: 509-520.
10.

Sterman MB, Wyrwicka W. EEG correlates of sieep: evi-
dence for separate forebrain substrates. Brain Res 1967, 6:
319-329.

. Sterman MB. Studies of EEG bioteedback training in man

and cats. In: Highlights of 17th Annual Conference: VA
Cooperative Studies in Mental Health and Behavioral
Sciences. 1972: 50-60.

Wywricka W, Sterman MB. Instrumental conditioning of sen-
sorimotor coriex EEG spindies in the waking cat. Physiol
Behav 1968; 3: 703-707.

Sterman MB, Howe RD, Macdonald LR. Facilitation of spin-
dle-burst sleep by conditioning of electroencephalographic
activity while awake. Science 1970; 167: 1146-1148.

. Chase, MH, Harper, RM. Somatomotor and visceromotor cor-

relates of operantly conditioned 12-14 c/s sensorimotor corti-
cal activity. Electoencephalogr Clin Neurophysiol 1971; 31:
85-92.

Babb MI, Chase MH. Masseteric and digastric reflex activity
during conditioned sensorimotor rhythm. Electroencephalogr
Clin Neurophysiol 1974; 36: 357-365.

Wyler AR. Operant conditioning of single neurons in monkeys
and its theoretical application to EEG operant conditioning in
human epilepsy. In: Eibert T Rockstroh B, Lutzenberger W,
Birbaumer N (eds). Self-regulation of the Brain and Behavior.
Berlin: Springer-Veriag; 1984: 85-94.

Jasper HH, Penfield W. Electrocorticograms in man: effects
of voluntary movement upon the electrical activity of the pre-
central gyrus. Arch Psych Neurol 1949; 183: 163-174.

Rougeut A, Corvisier J, Letalle A. Rythmes electrocorticaux
caracteristique de l'installation du sommeil naturel chez le
chat: Leurs rapports avec le comportament moteur. Electro-
encephalogr Clin Neurophysiol 1974; 37: 41-57.

Sterman MB. Effects of sensorimotor EEG feedback training
on sleep and clinical manifestations of epilepsy. In: Beatty J,
Legewie H, (eds). Biofeedback and Behavior. Plenum Press:
New York, 1977: 167-200.

Sterman M, Wyrwicka W, Roth SR. Electrophysiological cor-
relates and neural substrates of alimentary behavior in the
cat. Ann NY Acad Sci 1969b; 157:723-739.

54

21

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

36.

37.

39.

©2000 VOL. 31 NO. 1

Rougeul A, Bouyer JJ, Dedet L, Debray 0. Fast somatopari-
etal rhythms during combined focalized attention and immo-
bility in baboon and squirrel monkey. Electroencephalogr Clin
Neurophysiol 1979; 46: 310-319.

Harper RM, Sterman MB. Subcortical unit activity during a
conditioned 12-14 Hz sensorimotor EEG rhythm in the cat.
Fed Proc 1972; 31: 404.

Sterman M.B. Neurophysiologic and clinical studies of sen-
sorimotor EEG biofeedback training: some effects on epilep-
sy. Sem Psychiat 1973; 5(4): 507-525.

Howe RC, Sterman MB. Cortical-subcortical EEG correlates
of suppressed motor behavior during sleep and waking in the
cat. Electroencephalogr Clin Neurophysiol 1972; 32: 681-695.

Andersen P, Andersson S A. Physiological Basis of the Alpha
Rhythm. New York: Appleton-Century-Crofts; 1968.

Contreras D, Destexhe A, Sejnowski TJ, Steriade M. Spatio-
temporal patterns of spindle oscillations in cortex and thala-
mus. J Neurosci 1997; 17(3): 1179-1196.

Steriade M, Contreras D. Relations between cortical and tha-
lamic celiular events during transition from sleep patterns to
paroxysmal activity. J Neurosci 1985; 15(1): 623-642.

Steriade M, Llinas R. The functional states of the thalamus
and the associated neuronal interplay. Physiol Rev 1988; 68:
649-742.

Steriade M, McCormick DA, Seinowski TJ. Thalamocortical
oscillations in the sleeping and aroused brain. Science 1993;
262: 679-685.

Howe, R.C. and Sterman, M.B. Somatosensory system
evoked potentials during waking behavior and sleep in
the cat. Electroencephalogr Clin Neurophysiol 1973; 34:
605-618.

Warren RA, Jones EG. Glutamate activation of cat thalamic
reticular nucleus: effects on response propenies of ventro-
posterior neurons. Exp Brain Res 1994; 100: 215-226.

Buchwald JS, Eldred E. Relations between gamma-efferent
discharge and cortical activity. Electroencephalogr Clin
Neurophysiol 1961; 13: 243-247.

Intemational League Against Epilepsy, Commission report.
Proposal for revised classification of epilepsies and epileptic
syndromes. Epilepsia 1989; 30(4): 389-399.

Mattson R, Lemer E, Dix G. Precipitating and inhibitory fac-
tors in epilepsy. Epilepsia 1974; 15. 271-282.

Shouse MN, Martins da Silva A, Sammaritano M. Circadian
rhythm, sleep, and epilepsy. J Clin Neurophysiol 1996; 13(1):
32-50.

Gloor P. Generalized epilepsy with spike-wave discharge: a
re-interpretation of its EEG and clinical manifestations.
Epilepsia 1979; 20: 571-588.

Niedermeyer E. Abnormat EEG patterns (epileptic and parox-
ysmal). in: Niedermeyer E, Lopes da Silva F. (eds)., Electro-
encephalography. 2nd ed., Urban and Schwarzenberg,
Baltimore, 1987: 183-207.

Engie J, Troupin MD, Crandall PH, Sterman MB, Wasterlain
CG. Recent developments in the diagnosis and therapy of
epilepsy. Ann Int Med 1982; 97: 584-598.

Lantz D, Sterman MB Neuropsychological assessment of
subjects with uncontrolled epilepsy: effects of EEG biofeed-
back training. Epilepsia 1988; 29(2): 163-171.



-

s

CLINICAL ELECTROENCEPHALOGRAPHY

40.

41,

42,

43,

44.

45

46.

47.

48.

48,

81,

52.

53.

Sterman MB, Macdonald LR. Effects of central cortical EEG
feedback training on incidence of poorly controlled seizures.
Epilepsia 1978; 19(3): 207-222.

Sterman MB, Shouse MN. Quantitative analysis of training,
sleep EEG and clinical response to EEG operant condition-
ing in epileptics. Electroencephalogr Clin Neurophysiol 1980;
49: 558-576.

Sterman MB. EEG biofeedback in the treatment of epilepsy:
an overview circa 1980. In: White L, Tursky B {eds). Clinical
Biofeedback: Efficacy and Mechanisms. New York: Guilford
Press; 1982: 311-330.

Lubar JF, Shabsin HS, Natelson SE, et al. EEG operant
conditioning in intractible epileptics. Arch Neurol 1981; 38:
700-704.

Wyler AR, Lockard JS, Ward AA. Conditioned EEG desyn-
chronization and seizure occurrence in patients. Electro-
encephalogr Clin Neurophysiol 1976; 41(5): 501-512.

Thomposon PJ, Trimple MR. Anticonvulsant serum levels:
relationship to impairments of cognitive functioning. J Neurol
Neurosurg Psychiat 1983; 46: 227-233.

Eliertsen B, Kiove H. Clinical application of biofeedback train-
ing in epitepsy. Scan J Behav Ther 1976; 5: 133-144.

Kaplan BJ. Biofeedback in epileptics: equivocal relationship
of reinforced EEG frequency to seizure reduction. Epilepsia
1975; 167 477-485.

Quy RJ, Hutt SJ, Forrest S. Sensorimotor rhythm feedback
training and epilepsy: some methodological and conceptual
issues. Biol Psychot 1979; 9: 129-149.

Tozzo CA, Eliner LF, May Jr JG. EEG Biofeedback and relax-
ation training in the control of epileptic seizures. Int J
Psychophysiol 1988; 6: 185-194.

Upton AR, Longmire D. The effects of feedback on focal
epileptic discharge in man: a preliminary report. Can J Neurol
Sci 1975; 2: 153-167.

Wyler AR, Robbins CA, Dodrill CB. EEG operant conditioning
for controt of epilepsy. Epilepsia 1979; 20: 279-286.

Whitsett SF, Lubar JF, Holder GS, et al. A double-blind inves-
tigation of the relationship between seizure activity and the
sleep EEG following EEG biofeedback training. Biofeedback
Self-Regul 1982; 7: 193-209.

Mann CA, Sterman MB, Kaiser DA. Suppression of EEG
shythmic frequencies during somato-motor and visuo-motor
behavior. Int J Psychophysiol 1996; 23: 1-7.

Piurtscheller G, Stancak A Jr, Neuper C. Post-movement
beta synchronization. A correlate of an idling motor area?
Electroencephalogr Clin Neurophysiol 1996; 98: 281-293.

55

55.

56.

57.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

©2000 VOL. 31 NO. 1

Sterman MB, Mann CA, Kaiser D.A, Suyenobu BY. Multiband
topographic EEG analysis of a simulated visuomotor aviation
task. Int J Psychophysiol 1994, 16: 49-56.

Sterman MB. Power spectral analysis of EEG characteristics
during sleep in epileptics. Epilepsia 1981; 22: 95-106.

Cott A., Pavioski RP, Black AH. Reducing epileptic seizures
through operant conditioning of central nervous system activ-
ity: Procedural variables. Science 1979; 203: 73-75.

Brown WJ. Structural substrates of seizure foci in the human
temporal lobe. In: Brazier MAB. (ed). Epilepsy: lIts
Phenomena in Man. UCLA Forum in Medical Sciences 1973;
17: 339-374.

DeVivo DC. How to use other drugs (steroids) and the keto-
genic diet. In: Morselii PL, Pippenger CE, Penry KJ (eds).
Antiepileptic Drug Therapy in Pediatrics. New York: Raven
Press; 1983 175-181.

Touchon J. Effect of awakening on epileptic activity in prima-
ry generalized myocionic epilepsy. In: Sterman MB, Shouse
MN, Passouant P (eds). Sleep and Epilepsy. New York:
Academic Press; 1982: 239-248.

Finley WW. Operant conditioning of the EEG in two patients
with epilepsy: methodologic and clinical considerations.
Paviovian J Biolog Sci 1977; 12 (2): 83-111.

Finley WW, Smith HA, Etherton M.D. Reduction of seizures
and normalization of the EEG in a severe epileptic following
sensorimotor biofeedback training: preliminary study. Biolog
Psychiatry 1975; 2: 188-203.

Seifert AR, Lubar J F. Reduction of epileptic seizures through
EEG biofeedback training. Biolog Psychol 1975, 3:157-184.

Lubar JF, Bahler WW. Behavioral management of epileptic
seizures following EEG biofeedback training of the sensori-
motor rhythm. Biofeedback Self-Regul 1976; 7: 77-104.

Kuhiman WN, Aliison T. EEG feedback training in the treat-
ment of epilepsy: some questions and some answers. Pav J
Biolog Sci 1977: 12 (2): 112-122.

Kuhiman WN. EEG feedback training of epileptic patients:
clinical and electroencephalographic analysis. Electroen-
cephalogr Clin Neurophysiol 1978; 45(6): 689-710.

Tansey MA. The response of a case of petit mal epilepsy to
EEG sensorimotor rhythm biofeedback training. Int J
Psychophysiol 1985; 3: 81-84.

Andrews D J, Schonfeld WH. Predictive factors for controlling
seizures using a behavioural approach. Seizure 1992; 1(2):
111-116.

Hanson LM, Trudeau DL, Grace DL. Neurotherapy and drug
therapy in combination for adult ADHD, personality disor-
der, and seizure disorder: a case report. J. Neurother 1996;
2:6-14.




