
The duration of training of ENT specialists is at least 3 years and 9 
months. For the period they work in 9 sub-division by rotation. 3 
months in each sub-division. With the relatively short period of 
learning it will be difficult to have comprehensive ear surgeons. 
Training of ear surgeons requires several years, needs optimum 
facilities and system. General instructional objectives and specific 
behavioural objective has been made, also training schedules. What 
is expected and what is available are evaluated. Co-operation with 
Hearing International Japan has been achieved. More co-operation 
from other developed country is needed. 
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The temporal response of the auditory pathway following 
intracochlear electrical stimulation will reflect the level of encoded 
temporal information. which is important for the further development 
of cochlear implant speech processing strategies. and in tum lead to a 
better understanding of temporal coding of acoustic stimuli Temporal 
coding of sound frequencies is based on the phase or time locked 
tleural response seen to low frequency acoustic stimuli. The ability of 
neurons to respond in a time locked manner may determine the degree 
of encoded temporal frequency information. E1ectrophysiological 
studies have shown that the degree of response synchrony to charge
balanced biphaSic electrical stimuli is far greater than that seen to 
acoustic stimuli. We have investigated the temporal response 
properties of single units in the anteroventral cochlear nucleus 
(AVCN) in the cat to rates of electrical stimulation up to 800 pulses/s. 
Adult normal hearing cats were anaesthetised with pentobarbital 
sodium (Nembutal; 4Smg/kg) I.P. and maintained with supplemental 
doses V. The AVCN was exposed and the animals were unilaterally 
implanted with a feline version of the Melbourne/Cochlear scala 
tympani electrode array. Following acoustic charaCterisation of 
isolated units with characteristic frequencies between 0.4 and 20.0 
kHz the responses to electrical stimuli at 200. 400. 600 and 800 pps 
over a 10 to 34 dB (re I/lA) intensity range were recorded. Input
output functions of the response at set intervals throughout a SOms 
burst of biphasic electrical stimuli revealed changes in the response 
rate from the onset time of each burst over increased stimulus rates. 
These changes in the response entrainment were also accompanied by 
changes in the temporal response synchrony. These responses were 
aiso compared with the units' response to acoustic stimuli. These data 
suggest a possible decrease or loss in the coding of temporal 
inforniation for implant patients receiving high rate electrical 
stimulation. 
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The anterior division of the ventral cochlear nucleus (AVCN) is the 
~rst rel~y ~on of the auditory pathway. It receives auditory 
anformatlon via the auditory nerves emanating from the cochlea. 
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Electrical stimulation via current cochlear implants, ..~.~_, ..ue;s 
n~t .lead to responses at the cc;x:hlear ?ucleus that exactly match those 
ehclted by comparable auditory stimulation. Complex temporal 
patterns of electrical stimulation may provide a better simulation of 
the acoustic input Currently little is known about the physiological 
responses to variations of the time intervals between pulses. In this 
investigation we are examining physiological responses of neurons in 
the AVCN to electrical stimulation using In vivo intracellular 
electrophysiological recordings. Two stimulus paradigms were 
investigated to determine the synchrony and the effectiveness in 
eliciting neural responses: (l) pulse pairs with varying interpulse 
intervals; and (2) a so ms burst of charged balanced biphasic 
electrical pulses delivered at constant rates with varying amplitudes. 
Rats were anaesthetised with urethane (1.3g/kg i.p). the crania and 
du~ removed and the cochlear nucleus exposed. A small modified 
version of the Melbourne/Cochlear scala tympani banded electrode 
array was inserted in the cochlea after exposure of the round window 
Upon neuron impalement, the cochlea Was stimulated using biphasi~ 
pulses (lOO/ls /phase) up to 2.0 rnA in intensity. In our sample of 
recorded neurons. spike responses were elicited by both stimulus 
pulses in all cells tested up to 1000 Hz on paradigm one. Testing on 
the second stimulus paradigm showed that at stimulus rates below 
600 Hz neuronal firing occurred on presentation of each pulse during 
the stimulus train (deterministic firing); At higher rates (600 Hz and 
above) this deterministic response was no longer seen with neurons 
responding stochastically. In response to higher stimulus rates. 
between 600 to 1000 Hz. most neurons responded with progressively 
smaller action potential amplitudes to pulses along the stimulus train. 
This drop in action potential amplitude was more prevalent with 
increasing strength of stimulation. At rates greater than 1200 Hz 
stimulation. however, neurons responded with a stochastic firing 
pattern with regularly spaced spikes of similar amplitude at a rate 
lower than that of the stimulus (200-400 Hz). This firing pattern is 
similar to that seen in neurons classified as chopper in response to 
acoustic stimulation. In one identified spherical bushy cell stimulated 
up to 4000 Hz. this neural chopping behaviour became more 
prominent with increasing rate. In halve the cells recorded, at rates 
400 Hz and greater, baseline resting potential became more negative 
during the stimulus. This hyperpolarising response persisted up to 60 
ms post stimulation. Pulsatile stimulation results suggest that A VCN.. ; 
neurons are able to follow high frequency stimulation for short ;., 
periods. The long duration pulsatile stimulation results suggest that .. 
stimulation above 600 Hz and below 1200 Hz produces a loss In' 
encoding ability. Above 1200 Hz stimulation. the rate encoded.' 
however. is effectively lower. The encoding ability of these ncuniaM 
may have implications in the clinical application of cochlear IIlll''''''''''.Y! 

where new speechprocessing strategies have tended to operate 
higher stimulus rates. 
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Cochlear implant patients' perception of sound is 
electrical pulses arising from an electrode array. Chosen 
the acoustic spectrum are coded via a stimulation pattem 

according to some sound coding algorithm. Thus. a 
to discriminate between sounds, and in tum 
understanding. is directly related to their ability to 
between the patterns of electrical stimulation which 
sounds. Is it possible to predict a patient's stimulation 
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The duration of training of ENT specialists is at least 3 years and 9 
months. For the period they work in 9 sub-division by rotation, 3 
months in each sub-division. With the relatively short period of 
learning it will be difficult to have comprehensive ear surgeons. 
Training of ear surgeons requires several years, needs optimum 
facilities and system. General instructional objectives and specific 
behavioural objective has been made, also training schedules. What 
is expected and what is available are evaluated. Co-operation with 
Hearing International Japan has been achieved. More co-operation 
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The temporal response of the auditory pathway following 
intracochlear electrical stimulation will reflect the level of encoded 
temporal information, which is important for the further development 
of cochlear implant speech processing strategies, and in tum lead to a 
better understanding of temporal coding of acoustic stimuli Temporal 
coding of sound frequencies is based on the phase or time locked 
peural response seen to low frequency acoustic stimuli. The ability of 
neurons to respond in a time locked manner may determine the degree 
of encoded temporal frequency information. Electrophysiological 
studies have shown that the degree of response synchrony to charge
balanced biphaSic electrical stimuli is far greater than that seen to 
acoustic stimuli. We have investigated the temporal response 
properties of single units in the anteroventral cochlear nucleus 
(AVeN) in the cat to rates of electrical stimulation up to 800 pulses/so 
Adult normal hearing cats were anaesthetised with pentobarbital 
sodium (Nembutal; 45 inglkg) I.P. and maintained with supplemental 
doses V. The AVCN was exposed and the anim~s were unilaterally 
implanted with a feline version of the Melbourne/Cochlear scala 
tympani electrode array. Following acoustic charaCterisation of 
isolated units with characteristic frequencies between 0.4 and 20.0 
kHz the responses to electrical stimuli at 200, 400, 600 and 800 pps 
over a 10 to 34 dB (re Ip.A) intensity range were recorded. Jnput
output functions of the response at set intervals throughout a SOrns 
burst of biphasic electrical stimuli revealed changes in the response 
rate from the onset time of each burst over increased stimulus rates. 
These changes in the response entrainment were also accompanied by 
changes in the temporal response synchrony. These responses were 
also compared with the units' response to acoustic stimuli. These data 
suggest a possible decrease or loss in the coding of temporal 
information for implant patients receiving high rate electrical 
stimulation. 
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The anterior division of the ventral cochlear nucleus (AVeN) is the 
first relay station of the auditory pathway. It receives auditory 
information via the auditory nerves emanating from the cochlea. 

Electrical stimulation via current cochlear implants, l."~. ___ , uUeS 

not lead to responses at the cochlear nucleus that exactly match tho 
elicited by comparable auditory stimulation. Complex tempor: 
patterns of electrical stimulation may provide a better simulation of 
the acoustic input Currently little is known about the physiologiCal 
responses to variations of the time intervals between pulses. In this 
investigation we are examining physiological responses of neurons in 
the AVCN to electrical stimulation using in vivo intracellular 
electrophysiological recordings. Two stimulus paradigms were 
investigated to determine the synchrony and the effectiveness in 
eliciting neural responses: (I) pulse pairs with varying interpulse 
intervals; and (2) a 50 rns burst of charged balanced biphasic 
electrical pulses delivered at constant rates with varying amplitudes. 
Rats were anaesthetised with urethane (1.3g1kg i.p). the crania and 
dura removed and the cochlear nucleus exposed. A small modified 
version of the Melbourne/Cochlear scala tympani banded electrode 
array was inserted in the cochlea after exposure of the round window 
Upon neuron impalement, the cochlea was stimulated using biphasi~ 
pulses (IOOp.s /phase) up to 2.0 mA in intensity. In our sample of 
recorded neurons, spike responses were elicited by both stimulus 
pulses in all cells tested up to 1000 Hz on paradigm one. Testing on 
the second stimulus paradigm showed that at stimulus rates below 
600 Hz neuronal firing occUrred on presentation of each pulse during 
the stimulus train (deterministic firing). At higher rates (600 Hz and 
above) this deterministic response was no longer seen with neurons 
responding stochastically. In response to higher stimulus rates, 
between 600 to 1000 Hz. most neurons responded with progressively 
smaller action potential amplitudes to pulses along the stimulus train. 
This drop in action potential amplitude was more prevalent with 
increasing strength of stimulation. At rates greater than 1200 Hz 
stimulation. however, neurons responded with a stochastic fuing 
pattern with regularly spaced spikes of similar amplitude at a rate 
lower than that of the stimulus (200-400 Hz). This firing pattern is 
similar to that seen in neurons classified as chopper in response to 
acoustic stimulation. In one identified spherical bushy cell stimulated 
up to 4000 Hz. this neural chopping behaviour became more 
prominent with increasing rate. In halve the cells recorded, at rates 
400 Hz and greater. baseline resting potential became more negative 
during the stimulus. This hyperpolarising response persisted up to 60 
rns post stimulation. Pulsatile stimulation results suggest that A VCN } 
neurons are able to follow high frequency stimulation for shorf ~} 
periods. The long duration pulsatile stimulation results suggest that ," 
stimulation above 600 Hz and below 1200 Hz produces a loss "ill' . 
encoding ability. Above 1200 Hz stimulation, the rate encoded.' 
however. is effectively lower. The encoding ability of these neutOar 
may have implications in the clinical application of cochlear """--,,,,,, 
where new speechprocessing strategies have tended to 
higher stimulus rates. 
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Cochlear implant patients' perception of sound is 
electrical pulses arising from an electrode array. Chosen 
the acoustic spectrum are coded via a stimulation pattern 
according to some sound coding algorithm. Thus, a pati~ts' 
to discriminate between sounds, and in tum thelt 
understanding, is directly related to their ability to 
between the patterns of electrical stimulation which 
sounds. Is it possible to predict a patient's stimulation 
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