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Effects of Carrier Wave on the Brain Stem Electric Response
(BER) in Scala Tympanic Electrode Array
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=Abstract=

Using electronic cochlear implant system, we studied in cats the difference in
the response of the brain stem evoked response(BER) during the stimulation with
the acoustic signals and the electric signals.

These brain stem electric responses were analyzed using the integral pulse frequ-
ency modulation method of the auditory nervous system.

Animnal experimental results and the analysis show that the carrier wave has-

improied the frequency specificity. of the electronic auditory prosthesis.

) carrier waves. Tren, w: compared the elec-
1. Introduction

trically-induced responses to the acoustic

Various electronic prosthetic devices have
been utilized for the deaf with sensory neur-
al problems. These cochlear implant devices
could produce noise sensation or frequency
differentiation to assist lip reading. However,
their full application for clinical usuage req-
uires further quantitative evaluations, especi-
ally io the area of signal processing of the im-
planted electrode array®™.

The final objective of the implant devices
would be to produce neural responses similar
to those from natural acoustic stimuli.

In the present study, we evaluated the Br-
ain Stem Flectric Response Audiometry (BE-
RA) respcnses to the scala tympanic electrical
stimuli with and without amplitude-modulated
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BERA responses in five cats experiments.

Since the pathways from the V[[th nerve to
the auditory cortex involved in producing
BERA responses are common to both electrical
and acoustical stimuli, any differences in BE-
RA responses must be attributed to peripheral
factors.

In acoustic stimuli, these peripheral factors
include the mechanical oscillation of the bas-
ilar membrane (first filter) and its fine
stimulation of the }air cell, and finally the
Viith nerve.

Therefore, the :valuation of various modes
of electrical stimuli and their different BER-
A responses, in comparison with the acoustic
BERA responses, will be useful for evaluat-

ing the design of optimal electrode array and,
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Fig. 1. Experimental system block diagram,

also, for the study of peripheral sensory me-
chanisms.

2. Methodology

Five anesthetized cats, weighting 600~ 800
gr, were used for study. All cats were shown
to have normal auditory sensory responses by
the Preyer’s reflex test. After injection of
Pentothal Sodium at 50mg,/ kg dosage, the he-
ad and the tongues were fixed to the animal
holders. Additional amounts of Pentothal Sod-
ium (3~5mg/kg) were injected, if required,
to maintain steady anesthetic conditions.

The block diagram for the experimental
system is shown in Fig.1.

The acoustic stimuli and its BERA respon-
ses were used as the control measurement in

ipsilateral recording. The acoustic stimulating

signzls were the logon equivalents of high
tone bursts at 2kHz, 4kHz, and 6kHz in order
to obtain frequency specific responses%4. The
acoustic stimulating spectrum are shown in
Fig.2, Fig.3 The acoustic pressure was vari-
able from 0 to 110dB SPL, and was set at
90dB level for all measurements.

Fig. 2. Acoustic logon signal spectrum (2kHz,
20msec).
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Fig. 3. Acoustic logon signal spectrum (2kHz,
5msec).

The BERA responses were measured using
a digital signal averaging compter with aver-
aging of 1024 responses®»%™. In this far field
measurement, three needle type electrodes
were used, one at the vertex, the second at
the testing ear mastoid, and the third one at
the opposite mastoid.

The measured signal of 14V range was am-
plified using a preamplifier with a gain of
104, and the amplifier output was used as the
input to the signal averaging computer.

The electrical stimulus signal was provided
through the sound processor of Fig.1. It pro-
vided either the cochlear microphonic (CM)
type electrical stimuli to the scala tympanic
electrode array, or the amplitude modulated
CM-type wavefrom with a carrier wave of
50kHz. Both the electrical stimulating signals
were synchronized with the acoustic stimulus
signal.

The stimulating current level was 200uA,
the voltage was variable around 0. 6Volts with
the modulating ratio of one.

The cochlear implant electrodes were 0. Imm
diameter ball-tip type platinum wire, and
were coated with silastic materials.

They were located in the scala tympanic
area, .2%cm inside of round window membr-

ane using two micromaupulators and a opera-
ting microscope after punching the tympanic
membrane,

The monopolar electrode was located at the
neck muscle, and, in the case of the bipolar
electrode, two electrodes were located inside
the scala tympanic area with a tip distance of
0. 2mm. Three different modes of electrical s-
timulating methods were used. Mode 1 consis-
ted of the monopolar electrode with CM-equi-
valent electrical signals. Mode 2 consisted of
the bipolar electrodes with CM-type electric
signals, and Mode 3 consisted of bipolar elect-
rodes with amplitude modulated CM-type elec-
tric signals with a high frequency carrier wa-
ve of 50kHz. During all these electrical stim-
ulations, the non-tested ear’s tympanic mem-
brane were broken.

Using two other cats, the following sham
experiments were performed to evaluate whe-
ther the above BERA responses to the elect-
rical stimuli could be produced due to the sur-
gical artifacts in positioning the electrodes in
the round window: (1) BERA measurements:
with the electrode located inside the round
window membrane, with and without acoustic.
stimuli, (2) the BERA responses after taking
out the electrodes, with and without acoustic.

stimuli.

3. Results

Fig.4 shows a typical BERA response to.
acoustic stimuli. The electrical stimuli were
set at various amplitudes of 2kHz at the rate
of 20 pulses/sec.

This figure shows that the smilarity of the
BER wavefrom patterns in electrical stimuli
compared to the acoustic response is greatest
in the case of the amplitude-modulated bipolar
electrode stimuli with the high carrier frequ-
ency (Mode 3).
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Fig.4. BERA responses of #1 cat.
Frequency specificity of each stimulus mode
is demonstrated in Fig.5 (acoustic stimulus),
Fig.6 (monopolar stimulation), Fig.7(bipolar-
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Fig.5. BERA respor se for acoustic stimuli in
5 cats.

CM stimulation), Fig.8 (bipolar-AM type stimu-
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Fig. 6. BERA responses for monopolar electric

stimuli in 5 cats.

Also, the ranges of electrical signal am-
plitude providing the typical BERA response
was smaller than the amplitude ranges in the
acoustic stimuli(approximately, 25dB in ele-
ctric stimuli, and 120dB in acoustic stimuli).

The advantage of using the carrier wave is
also shown in Fig.9. It demonstrates the diff-
erence of the BER’s Vth peak wave latency
in the case of electrical stimuli as compared
with the acoustic stimuli, at the stimulating
frequencies of :2kHz, 4kHz, and 6kHz.

The latency difference was smallest in mo-
de 3 with carrier wave. Furthermore, the ac-
oustic response, showing the shorter latency
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Fig. 7. BERA responses for bipolar electric
stimuli in 5 cats.

with the higher stimulating frequency was
most clearly reproduced in the electrical sti-
muli with the carrier wave. These results
were obtained in all five cats.

In the sham experimets, we could not rep-
roduce any typical BERA response,suggesting
that the above experimental results showing
the advantages of the carrier wave cannot be

produced by the surgical or other artifacts.

4. Discussien

It is shown in five cats experimemts that-
the Vth wave latency and the frequency spe
cificity in the BERA response to the acoustic
stimuli could be most closely reproduced by
bipolar electrode stimulation with amplitude-
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Fig. & BERA responses for bivolar AM electric
stimuli in 5 cats.

modulated CM-type signals. The conventional
stimulating methods of CM-type signals thro-
ugh monopolar or bipolar electrodes could not
reproduce the typical acoustic BERA response.

The above observations may be explained
using the integral pulse frequency modulation
(IPEM) method of signal transmission from
the scala tympani electrodes to the Vjjth ne-
rve?, since the continuous stimulating signals
are converted to pulse train signals during
this transmission stage. The IPFM communic-
ation system is shown in the block diagram
of Fig.10.

The output pulse trains are related to the
magnitudes of the input signal(a), the frequ-
ency of modulating signal (f,), the thresh-
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old level(l), and the resting state frequency
(fo) as shown in egs. (1), (2), 3)
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Where w is the fixed pulse width of the output sign-
al, h is the fixed pulse height of the output signal.

The frequency spectrum of the pulse train
output is shown in Fig. 1L

Using the above spectral characteristics of
the IPEM system, the effects of the carrier
waves on the pulse train output and its eff-
ect on the BERA response can be described
by two possible mechanisms.

One mechanism relies on the fact that the
spectrum of the pulse train can be adjusted
depending upon the relative ratios in the mag-
nitudes and frequencies of the modulating
and resting state frequency (egs. (2), (3))

As shown in Fig. 11, IPFM spectrum can
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be adjusted for its distribution of the spectrl
-components and magnitudes. Based upon this
mechanism, the carrier waves can cause the
.changes in the spectral characteristics of the
.scala tympanic signals such that the pulse
trains in the \Jjth nerve have similar spectr-
um as the acoustic stimuli case with intact
hair cells and basilar membrane.

This effect will be especially useful in elim-
inating any artifacts produced in the scala
tympani electrode fields caused by the inter-
action, spreading, and dispersion of the elect-
ric fields.

The other possible mechanism is due to the
fact that the original CM-type signal can be
more accurately reconstructed after the low
pass filtering process of the higher auditory
nervous system, if the frequency spectrum
of the original CM-type signals can be placed
far from the resting state frequency compon-
-ent due to the carrier wave effect, as shown
in Fig.11.

Then, the frequency specificity of the BERA
response arising in the auditory cortex may
respond more closely to the case of normal
acoustic stimuli. However, the conditions sat-
isfying the first and second mechanism may
be much more complex than described.

These mechanisms may also be related to
the parallel processing pathways for simple
and modulated complex sounds in auditory
system®.

The present experimental results show that
the bipolar method (especially bipolar-AM me-
thod) is more desirable than monopolar met-
hod for frequency specificity. It also shows
sthat there is & comparatively small dyramic

: Scala Tympani =5 wjed o4 RRE7F BBt Bzl #E Zab—

range of electrical stimuli amplitudes (appro-
ximately 25dB) which can provide the typical
BERA response, as compared with wide dyn-
amic range of acoustic stimuli (approximately
120dB)

In summary, the present analysis of evalu-
ating the BERA responses to electrical sti-
muli in comparison with acoustic stimuli may
provide a quantitative method for designing
a frequency sensitive hearing aid with a
small numbers of electrodes located in the
scala tympanic areas. Another method of uti-
lizing this information is in the analysis of the
communicating mechanisms of the peripheral
sensory systems from the basilar membrane
to the \ith nerve.
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