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ABSTRACT

In these experiments, the state of mind was
changed using music to a group of subjects sus-
ceptable to aesthetic appreciation, a phenomena
alternatively known as musicogenic epilepsy. The
change in EEG is characterized by large num-
ber of spikes, symtomatic to epilepsy, along with
a change in the background EEG. The fractal
dimension of EEG was found to reduce during
epoch period. It was also noted that, morpho-
logical changes in ECG occur during some part
of the epoch period. This change is character-
ized by the increase in height of the QRS com-
plex and considrable reduction in the height of
T-wave; indeed the latter gradually vanishes and
appears again slowly. The heart rate variability
(HRV) analysis of the epoch and nonepoch pe-
riods show increased height of the second peak
(0.05—0.15 Hz) as well as higher ratio of the second
to third peak (0.18 — 0.45 Hz) possibly suggesting
mild sympathetic burst on the autonomic system
(ANS). Pole-tracking algorithm, using lineariza-
tion method, shows that the poles move consider-
ably arround their initial positions during epoch
period where as the movement of poles are very
little during nonepoch.

Keywords: Musicogenic Epilepsy, Altered State of
Consciousness, Heart Rate Variability (HRV), Pole-
tracking, Morphological Change in ECG.

INTRODUCTION

Musicogenic epilepsy was first reported by Critchley
(1]. Subsequently in the sixties, Servit et al [2] reviewed
twenty cases where seizures were triggered by music;
many of the reports indicated that the induced seizures
were located in the temporal lobe and probably arose
from foci in the auditory cortex. It is also interesting to
note that musicogenic epilepsy, in some cases, has been
found related to something devotional. Poskanzer et al
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[3] reported that only a discrete frequency band of church
bell caused musicogenic epilepsy and Marsden et al [4]
mentioned a patient whose grandmal seizures were ini-
tially provoked by certain types of classical orchestral
and church music, and who could be induced to have a
fit by Beethoven’s Fifth Symphony. Most of the reports
indicate that the induced seizures are located in the tem-
poral lobe and probably arose from foci in the auditory
cortex. However, in some recent study the impulses were
found more widespresd towards frontal and parietal, but
the occipital lobe was always free from it [5].

The present authors’ emphasis on this topic is due to
the fact that the altered state of consciousness and the
consequent change in physiological parameters are rather
easy to create in the laboratory and the results are ex-
perimentally repeatable.

EXPERIMENT AND THE RESULTS

During the experiment, the subjects reclined in a com-
fortable chair placed within a large Faraday cage (to
minimize interference). Musics of their own choice were
played and they concentrated on it with eyes closed.
Lights were off and EEGs and the ECG were recorded
in a multichannel TEAC MR-10 cassette recorder. Both
classical and devotional musics were tried and the best
result was obtained when the subjet was a soft-natured
devotee and the music was devotional. The special em-
phasis required to enhance musicogenic epilepsy are de-
scribed earlier [6]. In the EEGs, epoch periods were
characterized by the presence of spikes and nonepoch
periods, by its absence. The ECGs corresponding to
the same periods (lead-II, recorded in the ninth channel)
were also termed epoch and nonepoch. Both EEGs and
ECGs were digitized by a 12 — bit A-to-D converter with
sampling period 5 ms.

Some of the waveshapes are shown in Fig.1(a) to
(h). Both (a) and (b) (EEG and ECG) correspond to
nonepoch period whereas (¢) and (d) for the epoch pe-
riod. The change in EEG is characterized by the pres-
ence of spikes (all within 43 to 86 ms) in addition to




the change in the background EEG (spikes are usually
preceeded and followed by low magnitude slow frequency
waves). These were obtained with other six subjects ear-
lier [5]. In ECG, the height of QRS complex is increased
more than 25% and the T-wave is considerably reduced.
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Fig.1 EEGs and ECGs during epoch and
nonepoch periods (x-axis=5 seconds)

This type of change in ECG is seen when the duration
of epoch in EEG exceeds more than a minute; also the
duration of epoch in ECG remains for little time within
the epoch of EEG. In the present example, the duration
of epoch in ECG was about 7 seconds; the entire epoch in
ECG is shown in Fig.2(a). In Fig.2(b), T-wave is gradu-
ally reduced in magnitude (enlarged view) and in 2(c) it
appears gradually. When the duration of epoch in EEG
is in the range of 5 to 15 seconds, there is little change
in ECG except a little reduction in T-wave as is shown
in Fig.1(e) and 1(f). In Fig.1(k) the gradual change
in ECG is shown from almost near-normal to complete
elimination of T-wave within epoch EEG.

Analysis of EEG

As it was reported earlier, both fractal dimension F
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and r-parameter of EEG are reduced during epoch period
[5-7].

Fractal Dimension: We assume that the system of
interest (say the genesis of EEG) can be described by the
interactions of m variables where m is large but unknown;
also the exact nature of interactions among the variables
are not known. In many cases a few trajectories (funtions
of time ) may be obtained from the system either by
simulation or direct experimentation.
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Fig.2 ECG in the epoch period
x-axis=10s in (a), but 2.5s in (b) and (c)

If the number of trajectory is at least one, it is as-
sumed that it is influenced by all the m variables and
also the entire set of unknown interactions have shaped
it. With a single trajectory it may not be possible to
decipher all the variables with its characteristic inter-
action, but chaos modelling provides some information
about the system [8]. In a M-dimentional phase space a
point z;(t) is represented as z;(t) = [z(t), z(t + 1), 2(t +
27), ..., z(t + (M — 1)7] where 7 is the sampling interval
and xz(t) is the trajectory; similarly z;(t) may be repre-
sented by [x(t +d), z(t + d+ 7),..., 2@t +d + (M — 1)7)]
where d is the delay. In brief the set of points {=z;(t)}
completely characterize the system. This set of points
has been shown to have the same amount of information
of multiple data streams comprising different variables
if M > 2m + 1. The point z;(t) (or simply z; ) moves
around as the system evolves; it may approach a fixed
point or limit cycle asymptotically in time as well as it




may move randomly but lying confined within a chaotic
attractor zone.
A count Cm(r) may be obtained as [9]
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where N = number of data points, N,y = number of
reference points and 8 is the heavy-side function. The
InCm(r) may be plotted as a function of In(r) and its
slope gradually increases with the increasing embedding
dimension M. The saturating value of the slope is the
correlation dimension Fj.

The variation of Fy with average and standard devia-
tion during musicogenic epilepsy has been discussed else-
where [6,7]. In the present waveshape of EEG, shown in
Fig.1, 't was reduced from 3.46 to 2.77 (from epoch to
nonepoch).

r-Parameter The logistic equation 7, =
Uprexp{r(l — g,_1)} where 0 <| g, |< 1.0 is used here
to find out the r-parameter [10]. Assume that the digi-
tized EEG is represented by y,, n =0,1,...N — 1. Also
the EEG is simulated using the logistic equation with r
as a parameter and the summation of the square of the
residua:s are Py. Basically the value of r is found out for
minimum total error Py.

This gives rise to several conditions: 7 # 0.5, and

N-1
X = el eap{r(1—7)}(1-r)] =0 (2)
n=1

and

"Un-1) (3)

The value of r is found out from the last two equations
[7]. It was found that, for the EEG of both epoch and
nonepoch, r varied between 2.85993 to 2.86008, a very
narrow range [10]. The r-parameter is calculated as (r —
2.85990) x 10°. In the present case it was reduced from
10.33 (nonepoch) to 7.00 (epoch).

rratio = (ey/ep1)exp{r(l —F,_1)}(1 —

Analysis of ECG

The ECG data of the duration of about 2.5 minutes
were taken covering the epoch period of EEG. The R-R
intervals were then taken (time intervals between succes-
sive QRS complexes). It is shown in Fig.3(a); it may be
seen that the R-R intervals are gradually reducing, ‘e,
heart rate is increasing except the two sudden peaks. In
nonepoch period of the same duration, the R-R intervals
remain more or less same F'ig.3(b). These are mentioned
here as heart rate variability (HRV) signal. HRV signals
have been widely investigated since early 1970’s for the
assessirent of autonomic functions [11,12] as well as for

229

various pathologies like hypertension, diabetes and my-
ocardial ischemia.

L1

Fig.3 R-R intervals for the epoch (upper) and nonepoch
(lower) periods of HRV signals

The frequency domain analysis of these signals show
three main peaks. One is in the domain 0.18 — 0.45 Hz
and is synchronous with respiratory activity; this is gen-
erally accepted as a ‘'marker’ of vagal tone [12]
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Fig.4 Spectrum of HRV signal: = — azis is in Hz.

The second peak lies in the range 0.05 — 0.15 Hz and
the power in the peak increases in presence of increased
sympathetic tone. The power in these two peaks and the
ratio has been used as noninvasive measures of sympatho-
vagal interactions [13]. The first peak lies below 0.04 Hz
and is due to the thermoregulatory cycle.

HRV spectrum The prediction -coefficients
(ax, k = 0,1,..p) were obtained from the HRV signal
using Levinson-Durbin algorithm following an all-pole
model of order p. The spectrum was then calculated
as S(m) = G/(1 — Y.7_,are™ 7™k where G was the
gain. The result is shown in Fig — 4 for both epoch




and nonepoch periods. It shows a higher peak in the
frequency range 0.05 — 0.15 Hz for epoch period, te a
sympathetic burst on ANS.
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Fig.5 Movement of poles during epoch period

Pole-Tracking : Pole-tracking algorithm was carried
out according to linearization method [13].

P
1.0 — Z aszk = le(z — %) 4)
k=1

In the above equation, the denominator of the transfer
function is represented by p poles. It is determined in the
followirg way:
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Fig.6 Movement of poles during nonepoch period
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a
k=1 k
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Initially small random complex values are choosen as
poles. The first 32 values from HRYV signal are considered
as the first frame and its prediction coefficients (PCs) are
obtained. The frame is then shifted right by one value
and again PCs are calculated. The difference between the
two gives Aag, k = 1..p. Using equation (5) and (6), the
change in pole positions, Az;,7 = 1..p, are obtained. The
new pole-position is then calculated as z;11 = z; + Az.
In Fig.5, the movement of all poles during epoch period
are shown. Out of ten poles, eight remain more or less
confined within the unit circle; two remain outside. The
pole positions and its movements are shown in Fig.6 for
the nonepoch period.

It is seen that, movement of poles are very little during
nonepoch period whereas it is considerably more in epoch
period. The probable reason may be the sympathetic
burst on ANS. Also poles outside the unit circle move
more compared to those lying inside.
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