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Summary

Background

Behavioural interventions including biofeedback represent an alternative therapeutic axis
in the management of drug refractory epilepsy. Based on increased understanding of the
physiological relationship between peripheral autonomic and central cortical arousal, we
investigated the effect on seizure frequency of biofeedback training with Galvanic Skin
Response (GSR) in patients with treatment resistant epilepsy.

Method

Eighteen patients with drug refractory epilepsy were randomly assigned either to an
active GSR biofeedback group (n = 10) or to the sham control biofeedback group (n = 8).
Patients received a total of 12 sessions over 4 weeks, representing either real GSR
biofeedback training, where subjects were trained to decrease skin resistance using
biofeedback, or sham training, where the feedback was unrelated to the subjects’ GSR.
The primary outcome measure was a proportional reduction in seizure frequency. An

intention-to-treat analysis was undertaken.

Findings

All patients in the biofeedback group completed the study. However there were 3 patients
in the control group who withdrew in the middle of the treatment. Biofeedback training
significantly reduced patients’ seizure frequency in the active biofeedback group (p =
0.004), but not the control group (p>0.10). This was manifest as a significant between

group differences in seizure reduction (p = 0.007).



Interpretation
Our findings demonstrate that a behavioural intervention, GSR biofeedback training, may
substantially reduce seizure frequency in drug refractory epilepsy, highlighting the

potential therapeutic value of this method.



INTRODUCTON

Anti-epileptic drugs have been the mainstay in the management of epilepsy. However,
despite optimal drug therapy, approximately 30% of patients continue to have seizures.
Seizure occurrence is subject to a number of non-pharmacological influences.'
Emotional and physiological challenges are often associated with the occurrence of
breakthrough seizures. Patients with epilepsy often report the use of individualized
behavioural countermeasures to diminish the likelihood of seizure onset.”” Vagus nerve
stimulation, a therapeutic breakthrough in epilepsy management, directly perturbs
afferent information about visceral states of arousal.’ Together, these lines of evidence
suggest that in addition to drug (or surgical) interventions, behavioural interventions that
alter states of emotional and peripheral autonomic arousal may have a positive impact on

seizure frequency in drug refractory epilepsy.

In biofeedback, treatments are facilitated by provision of on-line feedback of a covert
physiological response, such as heart rate, skin conductivity or brain wave pattern and the
subject learns to actively control such a bodily response, which is visually or auditory
presented. A number of biofeedback approaches have been suggested for the
management of epilepsy. These include different electroencephalographic (EEG)
frequencies, cortical potentials and peripheral activity such as respiration.”'* However

biofeedback using the Galvanic Skin Response has not previously been reported.



Among the above biofeedback treatments, biofeedback using Slow Cortical Potentials
(SCP) has proved to have the most consistent association with successful reduction of
seizures in patients with drug resistant epilepsy.'® In terms of its underlying
mechanisms, SCPs are related to depolarisation of apical dendrites in cortical pyramidal
cells, reflecting cortical excitation, and thus negative potential shifts indicates cortical
excitation.”> A reduction in amplitude of the cortical negative potential is an important
factor in reducing epileptic seizures and it is noteworthy that many anti-epileptic drugs
reduce slow cortical waves.'"'> '8 Although SCP biofeedback is effective, in practice
the technique is technically demanding and therefore presents logistical difficulties in

implementation.

The galvanic skin response (GSR) is an accessible and sensitive index of activity of
sympathetic nervous activity, reflecting peripheral autonomic arousal. In a previous
study, we investigated the relationship between peripheral autonomic and cortical arousal
indexed by the GSR and the SCP respectivaly.19 We demonstrated an inverse relationship
between GSR and SCP amplitude, such that increases in peripheral arousal were
associated with reductions in this EEG index of cortical neural excitation. A pilot study
with three patients with drug resistant epilepsy showed a remarkable reduction in seizure
frequency in two out of three patients.”® Based on these findings, we sought to examine
whether GSR biofeedback treatment of patients to increase tonic levels of peripheral
sympathetic arousal would lead to seizure reduction. The present clinical investigation

was undertaken with 18 patients with drug refractory epilepsy.



METHODS

Patients

Inclusion criteria for this study were as follows: aged between 16 - 60 years old, clinical
and EEG evidence of epilepsy, clinical history of epilepsy lasting more than two years, a
minimum seizure frequency of three per month, stable medication for more than a month
prior to commencement of the study and the ability to keep a seizure diary. Patients with
a history of psychiatric illness, a history of drug abuse, a history of severe head injury or
significant learning disability were excluded. All the patients gave written informed
consent. The ethics committees of the National Hospital for Neurology and Neurosurgery

approved this study.

Study design

The study represents a two-group, randomised controlled, single blind study.
Intervention periods (treatment and ‘sham’ control treatment) were undertaken in parallel
for patients with drug refractory epilepsy. Because of the nature of the behavioural
interventions, a double blind study could not be implemented, but extreme caution was
exerted by the experimenter / trainer to ensure that all participants received the same
verbal directions and feedback. A sample size of 10 patients in each group was
estimated, according to the power calculation assuming significance of 5%, power of

90% and an effect size of 1.0 based on the pilot study.



Procedure

Patients were randomly assigned to either the active biofeedback group or the non-
contingent biofeedback (control) group using a random allocation sequence (random
number tables) determined at the trial onset. The measurement of GSR and the
implementation of biofeedback sessions were undertaken using a commercially available
biofeedback system (the Inner Tuner: Professional, Ultrasis Plc., London) that had
modifications for experimental use. Dry Nickel plated electrodes were placed on the
palmer surface of the participant’s index and middle finger of their left hand. Biofeedback
took the form of computer-generated graphics in both control and biofeedback conditions,
presented visually on a computer monitor in front of the patient at eye level. In the
biofeedback active group changes in the participant’s skin resistance (GSR) resulted in
movement through a series of animations which progressed in a positive direction starting
with a picture of a fish, then a mermaid, a female person, an angel and a star when the
participant’s GSR changed in the intended direction. Thus, in the biofeedback session,
the subject watched the ‘evolution’ of the graphics as GSR sympathetic arousal increased
(skin resistance decreased). In the control (sham biofeedback) group, patients were shown
a video of the same type of computer-generated animation as was used in the active
biofeedback condition. In the control group, the patients also tried to alter their GSR level
using the sequence of video events on the computer screen. However, in contrast to the
active treatment condition, in each sham control condition the patient unknowingly
watched a video animation generated by the experimenter to imitate an actual GSR
biofeedback recording session. The animation changes were thus unrelated to the patient’s

own GSR as the GSR monitor was not connected to the computer generated animation.



The study was composed of three phases: a three month baseline period, a one-month
treatment period in which patients were given either active biofeedback treatment or sham
control biofeedback and a three-month follow-up period. In all phases, patients were
asked to keep careful record of their number of seizures. During the treatment phase,
participants attended a total of 12 sessions (3 sessions/week). Each session lasted 30
minutes during which patients assigned to the active treatment group received true
biofeedback, and patients assigned to the control group received sham biofeedback. They
were not informed as to whether they were given sham or contingent GSR biofeedback
but were all instructed to actively attend to and change the animation on the computer
screen by increasing their level of alertness. The primary outcome measure of this study
was the change in seizure frequency after a month of GSR biofeedback treatment as a
proportion of baseline seizure frequency. The secondary outcome measure was an
increase in % GSR reduction over each treatment session which, in the biofeedback active
group provided an index of behavioural leaming of GSR biofeedback skills over the 12

treatment sessions.

We thus hypothesized that the therapeutic effect of GSR biofeedback treatment would be
physiologically based, and not merely a placebo effect of the behavioural intervention.
We predicted a significant reduction in seizure frequency after a month of treatment in the

active biofeedback group in contrast to no significant benefit observed in the control

group.



Statistical analysis

Seizure frequency was calculated as seizure numbers per week in the three months of the
baseline period and the three-month follow-up period. Repeated measures analysis of
variance (ANOVA) was performed on patients” mean seizure frequency before and after
the treatment in the biofeedback active and control group. To measure GSR change
during the sessions, the individual’s change in skin resistance level was calculated by
subtracting the average GSR level for the first two minutes from the average GSR level
for the final two minutes of each session. Percentage reduction in skin resistance was
calculated in each session for each individual and averaged over 12 sessions. Repeated
measures ANOVA was undertaken to investigate significant GSR change between the
beginning and end of the biofeedback session in the biofeedback active and control
group. Then to measure the progress in performance of biofeedback, the average
percentage GSR change in the first three sessions (session 1-3) was subtracted from those
in the last three sessions (session 9-12). Repeated measures ANOVAs were performed in
the same way between the average % GSR reduction of the first three sessions and the
last three sessions for each group (biofeedback active and control) to determine whether
the patients showed improvement in the degree to which they could change their skin
resistance level over a month of (active or sham) biofeedback treatment. Degrees of
freedom were corrected using the Greenhouse-Geisser estimate. Data were subsequently
explored using post hoc t-tests. To explore the relationship between physiological and
psychological factors in the reduction of epileptic seizures, correlational analyses
(Spearman correlation) were undertaken between % seizure reduction, % GSR reduction

and % GSR change over treatment. The statistical significance level was generally set at
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95% confidence in analysis; however in view of the number of variables significance was

set at 99% confidence in the correlation analyses.
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RESULTS

Out of 150 patients who were screened at the National Hospital for Neurology and
Neurosurgery, 22 patients agreed to take part in the study. Of the 22 patients, 18 patients
with drug refractory epilepsy actually enrolled and were randomly assigned to the study
groups of biofeedback active group (N = 10; 7 with complex partial seizures, 2
generalized tonic-clonic seizures, 1 with generalized absence seizures) and control group
(N= 8; 5 with complex partial seizures, 2 with generalized tonic-clonic seizures, 1 with
myoclonic seizure) (figure. 1). The data from the pilot study was not analyzed, however

in the figure 2, seizure frequency is shown for information.

FIG.1 AROUND HERE

Statistical analysis (Independent t-test) showed that there were no group differences
between control and biofeedback groups in age (Years = S.D.; 41.38 +/- 13.287, 42.50
+/- 6.80; p = 0.82), baseline seizure frequency (recorded seizures per week + S.D.;
10.29+/- 8.52, 58.90 +/- 103.51; p = 0.21) and ratio of male and female in the two groups
was equal (M (4), F (4), M (5), F (5)). Out of 18 patients, all 10 patients in the
biofeedback group completed biofeedback treatment; however three patients assigned to
the control group did not complete the study. Of the three, two patients stopped treatment
(after two and ten sessions respectively) due to a slight increase in their seizure frequency
and an anti-epileptic drug change was undertaken after a month of follow-up assessment

in both patients. One patient withdrew from the study after seven sessions due to lack of
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motivation. An interim analysis was undertaken when data had been collected on these
patients; biofeedback group (N= 10) and control group (N = 8), motivated in part by the
ethical issue as to whether it was appropriate to continue the sham treatment control
sessions. The study was terminated on ethical grounds based on the robust nature of the

between-group findings in this interim analysis.

Patients who withdrew from the study provided only incomplete data sets that were
included in the analyses only where appropriate repeated measures analyses could be
performed. Their seizure frequency was followed up on an intention to treat basis.
However, in cases of protocol violation such as failure in recording of seizure frequency
or drug changes, the data after protocol violation were excluded from the analysis. In the
same way, only the available GSR data were analyzed for those patients who dropped out

in the middle of the study.

Seizure frequency change

There was a significant between-group difference in seizure reduction following GSR
biofeedback treatment (p = 0.004). In the biofeedback active group patients, a month of
GSR biofeedback training was associated with a significant decrease in seizure frequency
(p = 0.007). Out of 10 patients in the biofeedback group, 6 patients showed more than 50
% seizure reduction compared to their seizure frequency before the treatment. The mean
% reduction of seizure frequency was 47.69 % for the biofeedback group (51.78%
including pilot study data). One patient became seizure free. In contrast, there was no

significant reduction seen in the control patients who received sham biofeedback training
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(figure. 2). An individual seizure frequency change of high treatment responder (response
rate more than 50%) over 28 weeks (pre treatment 12 weeks, treatment 4 weeks and post

treatment 12 weeks) is shown in figure 3.

FIGURE 2 and 3 AROUND HERE

GSR change

Patients in both the biofeedback active and control groups were given the same
instructions to attend to the visual feedback display and try to influence the animation by
increasing their alertness level. As a result, both groups of patients were able to change
their GSR (increase in sympathetic arousal). In fact, change in GSR reached significant
levels both in the control and in biofeedback groups: biofeedback group (p = 0.001),
control group (p = 0.028). The mean change in % GSR was greater in biofeedback group
compared to control group although the statistical difference did not reach significance (p

= 0.223).

To examine the degree of improvement in GSR biofeedback performance, the average %
GSR change over the first three sessions was subtracted from those of last three sessions.
The greater value of this subtraction, the better the performance in GSR biofeedback
towards the end of treatment. Patients in the biofeedback group showed a significant
improvement in performance of GSR biofeedback (p = 0.007) whereas patients in the
control group did not show a significant improvement in GSR biofeedback. Figure. 4

shows the difference in GSR biofeedback performance between the biofeedback and
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control group. Statistical analysis showed a significant difference in improvement of

biofeedback performance between the two groups (p = 0.004).

FIGURE 4 AROUND HERE

Correlation between GSR and seizure frequency change

Consistent with our hypothesised causal relationship between the efficacy of GSR
biofeedback training and a reduction in seizure frequency, we observed a significant
correlation between reduction in seizure frequency and the degree of patients’
improvement in GSR biofeedback performance (rtho = 0.736, p = 0.001). The correlation
between magnitude of GSR reduction and seizure frequency did not reach significance,
suggesting that the learning of the biofeedback technique is a greater therapeutic factor in
reducing epileptic seizures than perhaps the overall change in GSR arousal itself (figure.

5).

FIG. 5 AROUND HERE



DISCUSSION

Qur results show that the GSR biofeedback treatment successfully reduced seizures in
patients with drug resistant epilepsy. Despite the relatively small sample size, GSR
biofeedback was observed to have high response rates; 60% of patients showed more
than 50% reduction in seizure frequency. Thus, the efficacy of GSR biofeedback
compares extremely favourably with other treatments of refractory epilepsy where a 21-
47 % response rate is reported for new anti-epileptic drugs, and a 27 % responses rate is

reported for Vagus Nerve Stimulation.”’

A immediate reduction of seizure frequency was seen at the onset of the treatment period
in most patients of biofeedback group compared to pre-treatment baseline. Despite this
initial improvement, some of patients experienced a relative relapse in third or fourth
weeks of treatment, which coincided with anxieties they expressed during this period
about follow-up care. However, an effect of biofeedback was well maintained in the
follow-up period in most of patients (figure 3). On the other hand, there was no
significant seizure reduction observed in the control group. Three control patients
dropped out during the treatment period. This was partly because of a lack of patients’
motivation, due to the non effect of treatment and the high physical demands of the study
protocol in which patients were required to travel to the hospital three times a week. In
fact, the most difficult aspect of this study was recruitment of patients who were able to
participate in the study; only 22 patients agreed to take part in the study out of 150

patients contacted (figure 1).
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In the previous studies of biofeedback treatment in epilepsy, the number of patients
reported has been relatively small; one to eight patients with EEG biofeedback, eighteen
patients in end-tidal CO2 and twelve to twenty seven in SCP biofeedback.”™* A positive
effect of treatment was reported in most of these previous studies. However, a difficulty
in interpretation is that these studies lacked control conditions to investigate any placebo
effect. Thus a true effect of biofeedback was not fully demonstrated, and the results may
represent a non-specific, placebo, behavioural technique.n’23 In the current study, a
control condition was strictly imposed and patients in both biofeedback and control
groups went though the same experimental procedures with the exception that the control
group did not receive true feedback of their physiological state. It is therefore concluded
that we have demonstrated control of physiological arousal using biofeedback is likely

base for our observed therapeutic effect.

We hypothesised that the treatment effect would relate to changes in sympathetic arousal.
However, the statistical analysis showed no significant correlation between the reduction
in seizure frequency and absolute magnitude of GSR change. Similarly, patients in
control group also significantly reduced skin resistance with the experimenter’s
instruction, suggesting that increasing in sympathetic arousal itself is not main attribute in
reducing patients’ seizure frequency. However interestingly the reduction in seizure
frequency was correlated with an increase in performance of GSR biofeedback over the
treatment (figure 5). This suggests that a key component underlying the efficacy of GSR

biofeedback in reducing epileptic seizures is volitional control over one’s own
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physiological arousal level. Using GSR biofeedback, patients learned how to change their

physiclogical arousal level as the session increased (figure 4).

In summary, GSR biofeedback training was associated with the successful reduction of
epileptic seizure frequency in patients with drug refractory epilepsy. There was a marked
effect of this intervention, with one patient becoming seizure free. The efficacy of
treatment was related to learning of the behavioural technique and surpassed placebo or
non-specific therapeutic interactions that were strictly controlled for in a control
condition. In contrast to other technically demanding biofeedback treatments of epilepsy,
such as EEG or respiratory control, GSR biofeedback training represents an accessible
and easy-to-implement behavioural procedure. Our findings strongly suggest that GSR
biofeedback has potential as a potent non-pharmacological means of reducing seizure

frequency in drug resistant epilepsy.
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FIGURE LEGEND

Trial profile

% Seizure frequency change after GSR biofeedback treatment in
control and biofeedback groups

* show patients who dropped out in the middle of the training

Individual seizure frequency change over 28 weeks: patients who

showed response rate > 50%

Improvement in GSR biofeedback performance over 12 sessions in
control and biofeedback groups

* show a week that there was a drop out of a patient in control group

Correlation between seizure frequency change and performance

improvement in GSR biofeedback
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