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Research utilizing sensorimotor rhythm (SMR) biofeedback with epileptics suggests that it is useful in decreasing seizures.
Subjects were 6 young adults with a diagnosis of epilepsy of at least two years who had been unable to control their seizures with

different reoimens of anticonvuleant medications. Subiects ranced from severely mentally handicanned to above averace functionine
GLISIene régimens O anulonvilisan:t meGiCaiions. SUsjeCis rangea irom severdly méniany nanGicappea 1© acove average iundlioning.

Seizure type, frequency, and duration were recorded by subjects and caretakers. Measures of operant learning were percent time in
SMR. The experiment utilized a single subject mulliple baseline design which consisted of 6 phases: baseline one, relaxation training;
baseline two, biofeedback Lra.uung, one; baseline three, biofeedback treaimeni two and follow- up. The results of this stuu_y are in
agreement with other studies using SMR biofeedback. All subjects were able to significantly increase percent time in SMR. Five out
of the 6 subjects demonstrated decreases in seizure frequency during the treatment phase. Two of the 6 subjects benefited from

relaxation training. Four subjects demonstrated significant negative correlations between percent SMR and seizure rates. Consistent

with other studies utilizing multiple baseline designs, a majority of the subjects did not follow the design of the study.

INTRODUCTION

Sterman et al. (1969) demonstrated that animals
who had been reinforced to perL‘lL«C sensorimotor
rhythm (SMR) decreased seizure latency or showed
seizure absence. Encouraged by these findings,
Sterman and Friar (1972) attempted a study with
a 23-year-old epileptic who displayed about two
seizures a month. After 12 sessions, there was a

significant increase in SMR activity and a shorter

latency to sleep onset. After 6 months, seizures

QANCY SICCpP OIS0, AL LTINS, SCALGIC

decreased to an average of two seizures every 3
months.

One year later, this treatment was reported to
be successful with a 7-year-old epileptic displaying

Correspondence: L.F. Elfner, Department of Psychology,
Florida State University, Tallahassee, FL 32306, U.S.A.

both grand mal and petit mal seizure patterns
(Sterman, 1973; Sterman et al., 1974). Dilantin
and phenobarbitol had not controlled seizures
since the child maintained an avera age of 4 61’)1-
leptic episodes per week. Treatment consisted of
reinforcing production of 12-14 Hz activity with
illumination of 10 colored lights in ascending order
and the onset of scenes from a slide projector.
After two months of three 20-40 min sessions per
week, there were significant decreases in grand

and hPfI" mal seizure comnared with haceline
ang ma: seizurg coempareqd wiln casciune.

Whlle the average seizure rate during the study
was one to two seizures per week, the subject
remained seizure-free for a 5-month period. When
treatment was discontinued for 9 weeks, there was
a significant increase in the amount of reported
seizures. Although the authors did not use ade-
quate control periods, the subject was followed for
one year and maintained a decreased seizure rate

throughout with periodic booster sessions.
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A second researcher two utilized SMR feed-
back with epilepsy after Sterman’s initial results
was Lubar (Seifert and Lubar, 1975). Three male
and 3 female adolescents whose seizures were not
controlled by near-toxic levels of anticonvulsants
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months of treatment, 5 of the 6 subjects demon-
strated significant decreases in reported seizure
activity, although Fourier analysis of EEG activity
did not indicate changes in percent SMR.
Sterman and his colleagues (Sterman and Mc-
Donald, 1978) first attempted a controlled experi-

ment nqnng 8 enilentics with a hmtnrv of noorlvy

............ epileptics with a histor poorly
controlled seizures. The basic design was a double
ABA crossover. Each subject was first reinforced
for increasing the incidence of one frequency band
and decreasing the frequency of a second
frequency band. After 3 months, the rein-
forcement schedule was reversed, that is, subjects
were rewarded for increasing the incidence of the
second frequency band and decreasing the inci-
dence of the first frequency band. After another 3
months, the original reinforcement schedule was
reinstated. Three frequency bands (6-9 Hz, 12-15
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nations with 8 subjects. Three subjects demon-
strated significant decreases in seizure rates only
when they were reinforced for the production of
12-15 Hz (SMR) activity in the absence of 6-9
Hz activity. Another 3 subjects exhibited a de-
crease in seizure rates after initial training to

increase hioch freauencvy rhvﬂ'\mc and maintained
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a decrease in seizure rates, desplte reversal in the
reinforcement schedule. The experimenters hy-
pothesized that SMR biofeedback training can
produce an EEG normalization effect in some
subjects which is resistant to epileptiform activity.

Finley (1976, 1977) similarly introduced non-
contingent feedback and found that as percent
SMR activity decreased, seizure severity (but not
frequency) significantly increased.

A third research group (Lubar et al., 1981)
utilized a blind multiple baseline design with 5
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cant changes in overall seizure frequency with
contingent SMR biofeedback. Two subjects dem-
onstrated significant changes in one type of seizure
frequency with SMR biofeedback. Whitsett et al.

(1982) used a similar experimental design, an ABA
crossover, but added double-blind controls. Eight
epileptics having refractory seizures, ranging in
age from 11 to 50 years, participated in the study.
During an initial baseline period, all subjects re-
ceived non-contingent feedback. Group 1 subjects
(n=3) then received reinforcement for sup-
pression of 3-8 Hz (epileptiform) activity. Group
2 (n = 2) received reinforcement for production of
12-15 Hz (SMR) activity. Group 3 (n = 3) sub-
Jjects were reinforced for suppression of 3-8 Hz
activity plus production of 11-19 Hz activity.

Durine the reversal nhacp all grouns were rein-
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forced for producuon of 3-8 Hz activity. During
the final phase, all subjects returned to their origi-
nal reinforcement schedule. Five of the 8 subjects
reported decreased seizure frequency during the
first and second contingent SMR phases and 5
subjects demonstrated setbacks when epileptiform
activity was reinforced. It should be noted that
Lubar et al’s (1981) experiment used more sub-
jects who were mentally handicapped.

Although results of some experimental studies
using SMR biofeedback with epileptics appear
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results. Kaplan (1975) employed 12--14 Hz activ-
ity biofeedback in two human epileptics and was
unable to change either clinical seizure activity or
EEG spectral activity. However, Kaplan did show
that biofeedback training of 6-12 Hz activity was
effective in reducing seizure activity in two of

three subjects in a second study. However, the
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subjects above did not demonstrate change in
EEG activity and Kaplan suggested that the major
factor involved in the seizure rate change was the
relaxation produced by the biofeedback proce-
dure. Gastaut (1975) who discovered the SMR
activity in the Rolandic area of the cortex also
expressed concern over the interpretation of the
usage of SMR biofeedback in control epilepsy,
since the experimental studies have not provided
clear statistical evidence of the relationship be-
tween biofeedback training in SMR activity and

tha ineidancae of alantifarm activit Nna nrahkle
tie inciaence of Sipliiorm acuvity. wne proc:em

with the studies is failure to utilize more powerful
reinforcers with some subjects. Children do not
always find blinking lights reinforcing. Mentally
handicapped subjects need more appropriate rein-



forcers with seizure frequency prevention. Lubar
et al. (1981) reported that a thirteen-year-old men-
tally handicapped subject was unable to com-
pletely achieve criteria levels for target EEG fre-
quencies. One reason for this may be the com-

plicated mnature of simultaneously increasing a
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12-14 Hz frequency band and decreasing a 3-8
Hz frequency band in order to receive rein-
forcement. Another reason is that more powerful
rewards, such as an automatically powered electric
train or cartoons may be necessary to produce
appropriate results with this population.
Individuals exhibiting chronic seizures, despite
consistent use of anticonvulsant medication may
be handicapped in their ability to learn new tasks
or complete work in a classroom or vocational
settings An alternative treatment which appears
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rhythms. Studies utilizing SMR biofeedback with
epileptics appear to indicate that it decreases the
frequency of seizures. Better controlled studies are
needed to establish the utility and cost-effective-
ness of this treatment.

The purpose of this study was to provide evi-
dence for the nfﬁpany of SMR hiofeedback in

epileptics. Subjects ranged from severely mentaliy
handicapped to above average intellectual func-
tioning, providing a good representation of social
and skills functioning. A single subject multiple
baseline was used. It was anticipated that seizure
rates would significantly decrease by the end of
the study, when compared to baseline. Secondly, it
was anticipated that subjects, regardless of cogni-
tive functioning could learn to change EEG
frequency through operant conditioning. Finally
seizure rates were anticipated to be inversely re-
lated to percent SMR activity. Formal hypothesis
are not appropriate for this individual subject
design. Rather, the functional relationships will be
presented for the reader to assess the efficacy of
SMR biofeedback treatment for seizures in both
mentally handicapped and average intellectually
functioning subjects.

MATERIALS AND METHODS

Subjects
The subjects for this study were 6 young adults

Pt

diagnosed as having an epileptic disorder. Criteria
for selection were failure to control seizures with
standard anticonvulsant medication for a period
of at least one year. One subject was severely
mentally handicapped, one subject was mildly
mentally handicapned, one was functioning in the
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borderlme range, two were within the average
range of intelligence and one was functioning in
the above average range of intelligence (see Table

D).

Apparatus
All EEG recordings were made using silver

electrodes nlaced over international EE(G re-
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cording sites C,—T; or C,~T,. The sites were 10%
and 30% toward the vertex, with reference to the
ear contralateral to handedness. A ground elec-
trode was placed on the earlobe. Standard Grass
EC2 EEG cream was used to piace electrodes at
each site. Electrode sites were prepared with al-
cohol and Omni prep (Weaver and Co.). Electrode
placement was checked at the beginning of each
session by a Grass Model EZM3 Electrode imped-
ance meter. The impedance was maintained below
5 k2.

The electrodes were connected to an Autogen
120 Encephalograph Analyzer interfaced with an
SMR Inhibit Instrument. The raw EEG signal was
split several times through 3 circuits. The first
circuit allowed for detection of 12—-15 Hz activity
which lies between 1 and 6 pV. A second circuit
detected 4-8 Hz frequency band which is char-

acteristic of enilentiform activitvy. When the amnli-
aclensiic of CpLeplLiorm aciivily. waen ne ampit

tude of this bandpass exceeded 30 mV, it blocked
SMR biofeedback. This inhibit circuit made it
impossible for a subject to receive reinforcement if
he was producing slow wave epileptiform frequen-
cies. A third circuit detected muscle activity asso-
ciated with tension and gross body movements,
and also inhibited SMR feedback when muscle
activity was above a preset threshold.

Design
A multiple baseline single subject design was
utilized. Subjects were contacted 3 weeks before
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the training period and the electrodes from the
biofeedback unit were attached, but no feedback
was given. A 5-week training period ensued which
consisted of two 30-min sessions of contingent
reinforcement of SMR. A two-week period fol-
lowed during which subjects were not given any
feedback. During the final phase of the study,
subjects were given contingent auditory biofeed-
back training for 3 weeks.

Procedure

After subjects were identified by neurologists,
caretakers were contacted and a release form was
obtained. A structured interview (Mostovsky, per-
sonal communication) was conducted with a
parent or caretaker. Subjects and caretakers were
instructed on keeping daily records of seizures and
medications taken. Subjects were given an initial
cognitive battery to assess intellectual functioning.
During the first several sessions, subjects were
escorted to a well-lit room in either a sheltered
workshop or a hospital and taught relaxation tech-
niques. Several subjects who expressed an interest
were given relaxation tapes and instructed to prac-
tice twice a day. During the following two weeks,
subjects were given relaxation instructions and
hooked up to the feedback monitor, without re-
ceiving reinforcement. Frequency, amplitude, and
percent SMR readings were obtained at 3-min
intervals. The treatment phase which followed
consisted of auditory and visual biofeedback. If
subjects produced 12-18 Hz activity, without epi-
leptiform activity, a pleasant tone was heard. If
subjects produced epileptiform activity, a red light
and unpleasant tone was heard. A third tone
(white noise) signalled muscle activity. Subjects
were told to keep the red light off and to produce
the pleasant sound. They were encouraged to use
different techniques in doing this. Each session
included a 3-min baseline with no feedback and
four 5-min trials with 2-min rest periods in be-
tween. Finally, a 3-min baseline with no feedback
ended the session.

Subjects were contacted 4 and 8 weeks after the
last treatment session for final feedback sessions.
If seizure rates were returning to baseline levels,
additional feedback sessions were offered.
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RESULTS

Six patients aged 18-29 were included in this
study during a one-year period. Each subject’s
data will be presented individually, since each
subject was his /her own control. Dependent ¢-tests
were conducted to test for seizure differences be-
tween pretreatment, baseline, training and
post-treatment means. Dependent -tests were also
conducted to test for differences in percent time in
SMR between baseline and training means. A
x2-square analysis was performed between train-
ing and non-training periods. Correlation coeffi-
cients (Pearson product-moment) were computed
to determine the relationship between EEG data
and seizure frequency. All subjects demonstrated
significant changes (P <0.05) in percent time
SMR with biofeedback. Five of 6 subjects dem-
onstrated significant decreases in seizure rates be-
tween pre- and post-treatment phases.

Subject 1

Subject 1 (see closed bars in Fig. 1) was a
27-year-old male of average intelligence. He had a
diagnosis of Lennox-Gastaut syndrome since the
age of seven. At the beginning of this study, he
was experiencing an average of three atonic and
two generalized non-convulsive (absence) seizures
per day. He wore a helmet to prevent injury and
had not been to work for several months. Subject
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Fig. 1. Seizure rate over five phases. Dark bars, Subject 1; open
bars, Subject 6.
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1 was on a long list of medications including
dilantin, tegretol, valproic acid, midion, ritaline
and mebaral. EEG data indicated slow moderate
atrophy and left focal activity.

Subject 1 was cooperative, but was anxious

about the biofeedback session. He was given a

relaxation tape two weeks prior to the beginning
of the treatment phase. There was no change in
seizure frequency as a result of relation training.

There were significant differences between
seizure frequency at baseline and during the first
feedback period (1 =4.79, P = 0.001, df = 9). Sub-
ject 1 had an increase in seizures during the sec-
ond feedback period, but demonstrated significant
decreases in seizure frequency at follow-up with
booster sessions (¢ = 14.4, P < 0.001, df = 90). (See
Fig. 1).

The total number of seizures for conditioning
periods were tested against non-conditioning peri-
ods; there were no significant differences (x?=
36.05, P =0.21, df = 30). Overall, the correlation
between seizure frequency and percent time in
SMR was not significant (r = 0.28, P = 0.11). This
suggests that seizure frequency, which initially de-
creased with biofeedback, did not correlate or
coincide with changes in percent SMR.

After the end of the treatment, this subject was
able to stop using a helmet and returned to work.
He continued to receive booster sessions for 3
months after treatment ended on a biweekiy basis.

h 120

SubJect 2 (see open bars in Fig. 2) was a
28-year-old white female with a diagnosis of Len-
nox-Gastaut syndrome since the age of 9 years.
She was functioning in the mild mentally handi-
capped range of intelligence. Before treatment,
subject 2 had about 10 atonic seizures per month,
despite high doses of anticonvulsant medication:
depakane (250 mg), secontin (250 mg), dilantin
(400 mg), mebarol (250 mg) and dimax (250 mg).
Seizures tended to cluster around menstruation.

Subject 2 did not demonstrate any significant

decrease in seizures durine the initial treatment
GECTease In SCZureés quring wil miuda: adaumint

phase (¢t =1.5, P=0.17, df = 9), but did exhibit a
significant decrease in seizures during the second
treatment phase (r=3.0, P=0.01, df=9). She
was able to increase her percent time in SMR,

1
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Fig. 2. Seizure rate over five phases. Open bars. Subject 2: dark
bars, Subject 3.

both during the first treatment phase (¢=26.2,
P < (.001, df = 7) (see Fig. 2). If the total number
of seizures for biofeedback phases are tested
against total number of seizures for non-biofeed-
back periods, there are no significant differences
(x?=3.01, P=0. 22 df = 2). However, percent
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rat (r=0.37, P =0.05).

Subject 2 took longer to gain control of SMR.
Two months after treatment ended, seizure rates
had returned to baseline levels (1 = 1.15, P = (.28,
df = 9).

Subject 3

Subject 3 (see dark bars in Fig. 2) was a 27-
year-old white male of above average intelligence
with a diagnosed seizure disorder involving atonic
episodes since the age of seven.

Subject 3 was living independently, but was
impaired in the work setting because of continued
seizures (about 9 atonic seizures a month). His
medications included tegretol (200 mg) and de-
pakane (250 mg). He was given a relaxation tape,
which he was instructed to use twice daily. There
were significant decreases in seizures after relaxa-
tion trainine (r =23 P=0.04,  df = Q\ which were

WO Qg ¢ 3, S, G wWinllil

maintained throughout the study. Subject 3 was
able to learn to control percent SMR, utilize bio-
feedback very quickly, and demonstrated signifi-
cant increases in percent SMR (¢ =2.62, P=0.02,
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Fig. 3. Seizure rate over five phases. Dark bars, Subject 4; open
bars, Subject 5.

Seizure Rate Over Three Weeks

df = 14). Further changes in seizure frequency did
not occur, however, with biofeedback (see Fig. 3).
This may be because this subject was having an
average of two seizures per month after the relaxa-
tion phase. There was no correlation between per-
cent time in SMR and seizure frequency (r = 0.14,
P =0.25).

Two months after treatment ended, the sub-
jects’ frequency had returned to baseline levels
(t=1.15, P=028, df =9).

Subject 4

Subject 4 (see dark bars in Fig. 3) was a 29-
year-old white male functioning in the borderline
range of intelligence with a diagnosis of Lennox-
Gastaut syndrome since the age of seven. At the
time of the initial intake, subject 4 was experienc-
ing approximately 3 atonic and 2 generalized
non-convulsive episodes per week. Subject 4 lived
in a group home and was frequently absent from
the work setting because of his seizures. He wore a
helmet most of the time. Subject 4 was taking
tegretol (200 mg), depakote (250 mg) and tranxene
(7.5 mg). He had experience with EEG biofeed-
back 8 years previously, which was successful in
decreasing his seizure frequency.

Subject 4 was given deep muscle relaxation
training and appeared to benefit from using a
relaxation tape, as evidenced by significant de-
creases in seizure frequency (t=4.3, P =10.002,
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df = 9). Seizure frequency remained stable during
the initial treatment phase (t=1.5, P =0.14, df =
9), increased during the second baseline phase
(t=3.75, P=0.005, df =9), and decreased sig-
nificantly from baseline during the second treat-
ment phase (+ = 3.0, P=0.002, df = 9).

Subject 4 was able to learn to significantly
increase percent time in SMR (z = 3.65, P = 0.003,
df =12; 1 =4.69, P=0.001, df = 8) during both
treatment phases.

If the total number of seizures for conditioning
periods is tested against non-conditioning periods,
there is a significant difference (x°=16.11, P =
0.04, df = 8). There is also a significant negative
correlation between percent SMR and seizure
frequency (r = 0.476, P = 0.01).

Subject 5

Subject 5 (see open bars in Fig. 3) was a
19-year-old Hispanic female of average intelli-
gence with a diagnosed seizure disorder of two
years. At the time of the initial interview, the
subject was having an average of one atonic
and /or clonic/tonic seizure per day. EEG records
indicated slow waves intermittent in both tem-
poral regions and focal activity in the left tem-
poral area. Subject 5 was on tegretol (200 mg),
phenobarbital (60 mg) and nordil (45 mg). She
was depressed and negativistic during the initial
sessions, and refused to use a relaxation tape.

Subject 5 displayed a significant decrease in
seizures during both treatment phases when com-
pared with baseline (¢ =14.23, P <0.01, df=9
t=21.6, P <001, df =9). She was able to main-
tain this decrease in seizure frequency at an 8-week
follow-up.

Subject 5 was able to significantly increase
percent time in SMR over baseline during treat-
ment phase one (¢t =2.47, P=0.03, df = 12), and
treatment phase two (¢ =6.04, P <0.01, df =8).
If the total number of seizures for biofeedback
periods are tested against total number of seizures
for non-feedback sessions, there is a significant
difference (x> =22.2, P =0.004, df = 8). A nega-
tive correlation between percent time in SMR and
seizure frequency was demonstrated (r =0.46, P
= 0.01).
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Subject 6

Subject 6 (see open bars in Fig. 1) was an
18-year-old severely mentally handicapped white
male with a diagnosis of Lennox-Gastaut syn-
drome since the age of two. Subject 6 was experi-

encing at least 20 generalized non-convulsive (ab-

sence) episodes per day. He had very little adap-
tive behaviors and needed assistance in daily liv-
ing skills. He was on depakane (250 mg) and
phenobarbitol (50 mg). Visual and auditory bio-
feedback were initiaily coupled with edible rein-
forcement and verbal reinforcement.

thmr‘t 6 demonstrated significant decreases in
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seizure frequency during both treatment phases
when compared to baseline (¢ = 7.1, P <0.01, df
=9; r=10.5, P<0.01, df =9). Subject 6 was
able to learn to increase percent time in SMR

during both treatment phases (¢ = 4.36, P = 0.001,

df =12; r=3.63, P=0.007, df = 8). If the total
number of seizures for biofeedback periods are
tested against total number of seizures for non-
biofeedback periods, there are significant dif-
ferences (x2=27.17, P =001, df = 8). A signifi-
cant negative correlation between percent time in

CAAD ~:nAd gcaisnira e AT oY Xy
SMR and seizure f1€q ncy was al

(r=0.505, P=0.01).

Subject 6 was able to maintain a decrease in
seizure frequency 8 weeks after treatment ended
(r=122, P <0.01, df = 9). There was evidence of
an increase in attention span and improvement in
independent self-care at a 6-week follow-up.
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DISCUSSION

At the end of the study, 5 of the 6 subjects
demonsirated significant reductions 1n seizure
rates. This is consistent with other studies which
have demonstrated significant decreases in seizure
frequency with SMR biofeedback in a majority of
subjects (Sterman and Friar, 1972; Sterman, 1973;
Sterman et al., 1974; Siefert and Lubar, 1974;
Finley, 1977; Sterman and McDonald, 1978;

Tuhar at a1 10R1. Whitcott at al 10N
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All of the subjects demonstrated significant
increases in percent SMR with training (0.01). In 4
subjects, there was a statistically significant rela-
tionshtp between increases in percent time in SMR

and decreases in seizure frequency. All subjects
showed gains (significant changes) from baseline
to the initial treatment phase. Gains were main-
tained during the second baseline phase. Similarly,
other researchers have reported that only a minor-

itv of subiects follaw the recearch degion (Qtarman
1Y Of SUuQjECils ICuOW e resarcilt Gesign (Sierman

and McDonald, 1978; Lubar et al., 1981; Whitsett
et al., 1982).

Two of the 5 subjects who were given relaxa-
tion training demonstrated significant changes in
seizure frequency with training. This is consistent
with case history reports that suggest that some

pileptics benefit from relaxation training (John-
son dnd Meyer, 1974; Cabral and Scott, 1976).
Also, this interpretation agrees with Kaplan’s
(1975) suggested explanation.

It should be noted that decreases in seizure
frequency were accompanied by decreases in
seizure severity. In addition, one subject was able
to learn to detect seizure onset and prevent seizure
occurrence after treatment. Two subjects were able
to return to work at the end of treatment. Overall,
SMR biofeedback appears to be effective in de-
creasing seizure frequency in patients with intrac-

tahla anilanmcy CQame cuhiacte annear to henefit
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from a combination of relaxation training and
biofeedback. Some subjects need additional boos-
ter sessions to maintain treatment gains. Adults
who are mentally handicapped, as well as those
who are of average intellectual functioning learned
to increase 12-14 Hz activity and this increase
was associated with t ment benefits.

Several comments concernmg the results ap-
pear warranted. Results are not likely to be due to
placebo effects. Other researchers have ruled out
the involvement of placebo by increased baseline

periods of up to 6 months before SMR training

(Wyler et al., 1976; Lubar et al., 1981). While
subjects’ EEGs were not monitored prior to the
introduction of relaxation training in this study, 4
subjects did not exhibit any changes in seizure
rates during the initial two weeks of intake and
orientauon Two subjects demonstrated decreased

training.

Drug levels were not monitored in all subjects.
Two subjects who were tested for changes in blood
levels did not demonstrate significant changes in



blood serum anticonvulsant levels in the study. It
is unlikely that results were due to changes in
medication compliance, since 5 of the 6 subjects
lived in group homes where medication was dis-
pensed on a consistent schedule.

While positive results were found in the present
study, caution must be used in generalizing data
to the general population. Other studies have
utilized other EEG frequencies and obtained
equivalent results. Alpha enhancement (Finley et
al,, 1975; Cabral and Scott, 1976), feedback of
focal spike EEG discharges (Upton and Longmire,
1975; Ellertson et al., 1976), and 18 Hz enhance-
ment (Wyler et al., 1979) have all been reported to
significantly change seizure occurrence in epi-
leptics. A possible explanation for these results is
what Sterman (Sterman and Friar, 1972; Sterman
and McDonald, 1978) and Wyler (Wyler et al,
1976) have hypothesized to be a normalization of
EEG activity with biofeedback. Changes in syn-
aptic morphology may be caused by enhancement
of SMR or other EEG rhythms. These changes
appear to be resistant to reinforcement of spike
activity. The thalamocortical network, which is
activated with SMR enhancement in the cat (Howe
and Sterman, 1973) may play a role in EEG
normalization.

There appears to be a marked advantage to the
use of SMR biofeedback in the control of intracta-
ble epilepsy. Between 20 and 25% of epileptics
using anticonvulsant medication continue to have
uncontrolled seizures. In addition, high anticon-
vulsant serum levels have been associated with
decreased concentration, decreased short-term
memory and increased latency of response in ab-
stract problem solving (Thompson and Trimple,
1983). Other experimenters have reported that
subjects who benefited from SMR biofeedback
were able to maintain decreased seizure frequency
with lowered medication dosages (Lubar and
Bahler, 1976).

While SMR biofeedback appears warranted for
epileptics who have uncontrolled seizures, many
questions remain. Some studies have found benefi-
cial results within 4 weeks of training (Kuhlman
and Allison, 1976), while other researchers have
proposed that longer treatment periods are needed
(Lubar, 1977; Sterman, 1977). The active ingredi-
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ents of EEG biofeedback are an ongoing question.
Cott et al. (1979) demonstrated that reinforcement
of 12-14 Hz activity is not necessary for decreases
in seizure frequency to occur and that rein-
forcement for suppression of focal spike dis-
charges is not sufficient, in most subjects, to pro-
duce decreases in seizure rates.

This research is promising in demonstrating the
efficacy of biofeedback-assisted control of epi-
leptic seizures. Future research needs to focus on
the relative efficacy of feedback in different EEG
frequencies. Future studies also need to address
the issue of cost-effectiveness of shorter treatment
phases and look at schedules needed to maintain
these gains. It would be wise to follow the cau-
tions proposed by Gastaut (1975) and to consider
the total body of literature to interpret the signifi-
cance of procedures employed in the behavioral
investigations of eleptiform activity.
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