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ability? Statistical theory indicates that a good measure of the 
discriminability of signals is the mean to standanJ..deviation ratio of 
response to the signals. with a higher ratio providing better 
discriminabllity. In this paper, the signal is electrical stimulation of 
the seala tympani with bipolar, biphasic current pulses, and the 
response is spike activity of individual auditory nerve fibres in the cat. 
We analyze experimental measurements· of the mean, variance and 
saandanJ..deviation of auditory nerve spike activity to a variety of 
electric stimulation conditions. In order to explain the mean to 
ftriance relationship, we apply a point process model of neural 
response. This model demonstrates thai refractory properties of the 
neuron explain the experimental responses. and permits a prediction 
of neural response under arbitrary conditions. These results facilitate 
• pr¢iction of the discriminability of variously coded sounds 
permitting the design of new stimulation strategies which improve 
speech understanding. 

W3,70,1,. 
A MATIlEMATICAL MODEL OF ELECTRICAL 


STIMULATION OF TIlE AUDITORY NERVE 


£e Bruct!. LS. IrIlc1r.t, M. W. WhIte, SoJ. O'Lury, So .Dynes, B
Ind, GeM. Clttrk . 
'Ibc Human Communication Research Centre, The University of 
Melbourne, Melbourne, Australia 

fACCW'IIItC models of Auditory Nerve (AN) response to electrical 
fidJmul.ati(ln may assist with the development of speech processing 
Ilnl1tt'l:!ri.~ for cochlear implants. Until recently most models of AN 

In:spon:sc to electrical stimulation have utilised deterministic (non
I.",worn) descriptions, in spite of strong evidence for stochastic 
Ilnmdc)m) components of behaviour in the neurophysiological data. 

of auditory perfonnance . using these detenninistic 
......-iinti....... have been unable to predict many important 
l~ycrui)ph:ysi(:aI phenomena Can stochastic models improve these 

this question. we have developed a model of AN respon:sc 
includes the stochastic behaviour, but which is also 

.lIDputmionally efficient enough to be used in predicting 

.nultaneously the individual response for each neurone in the 
nerve, and subsequently in the prediction of psychophysical 

The model has been developed by adding membrane noise as 
in neurophysiological studies to a classical deterministic 

Comparison of the deterministic and stochastic models 
aspects of neuronal response which cannot be explained 

a deterministic model. Furthermore, the stochastic model is 
to be more accurate in predicting psychophysical pcrfonnance 

a classical deterministic model. This model can consequently 
with optimising the configuration of current speech processing 

and with developing new strategies. 
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of auditory neurones depends on the continuous supply 
factors. HaIr cells within the cochlea are known to produce 

growth factors responsible for the survival and growth of 
neuroncs. A3 a result of trauma. disease or agein& 

hair cells are lost. and consequently, the supply of growth 

factors is reduced. leading to a secondary wave-or a1lctitory nerve 
degeneration. 
Neurotrophios and cytoldnes are two fiunilies of growth factors 
reported to have .activity in the cochlea.. Moreover. it is suggeSted 
that neurotrophinS and cytokines ad synergistically upon sensory 
nerve cells, although the mCchanism of this synergistic effect is 
unknown. It has, however, been suggested that one of the growth 
factors could be involved in the maintenance of basic cellular 
mctal>olicfunction, while the other could be involved in 
differentiation events. 
The current study involves a primary cell culture ofcochlear neurones 
(spiral ganglia neurones) in vitro. These cultures are being used to 
investigate the action of exogenous growth factors on the process of 
outgrowth and survival of auditory nerve cells, in order to find 
combinations of growth factors that could be applied to maintain 
and/or repair auditory neurones in vivo. 
Preliminary findings suggest that the cytoldnc Leukaemia Inhibitory 
Factor (L1F) displays trophic activity of spiral ganglion neurone 
cultures. The more definitive findings and interaction between LIP 
and the neurotrophines will be repOrted. 
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INTRODUCTION; In order to improve the current design of the 
Auditory BrainstC1m Implant (ABI), we are carrying out a research 
project on monkeys (macaca fascicularis) with these two goals; I) 
Study of the normal neuronal pattern of the Cochlear Nucleus (eN) 
and the changes after deaffercntization; and 2) analyse the effects of 
the ABI implantation in the CN of the monkey. We present the 
general schedule of the project and the results concerning the first 
objective. 
METHOD; The study of the normal architecture of the CN and its 
topographic relationS at the brainstC1m was carried out in a control 
group of S monkeys. Group A. In 7 monkeys, Group B, a bilateral 
translabyrinthic section of the acoustic nerves was performed to 
analyse the effects of deaffcrcntization three months after the surgical 
section. After examination of the effectiveness of the auditory nerve 
section. the brainstC1m was dissected and serially sectioned orthogonal 
to its long axis in a ftcczing microtome at 10 pm. Control cases were: 
I) injected with WOA-HRP to study the primary afferent projection 
of the acoustic nerve: 2) transcardially perfused with 4% 
paraformaldchyde and sections incubated with antisera against 
nonphosphorilated neurofilaments (SMI-12) to show 
inmunoreactivity in neurons, glial fibrillary acid protein (OFAP) as an 
astrocytic marker, and other histochemical and inmunohistochemical 
markers (Synaptophysin, Calretinin, Parvalbumin and Calbindin). 
Experimental cases with bilateral section of the acoustic nerve were 
perfused as controls three months later and the immunohistochemical 
series compared to controls. 
RESULTS; There is an increase in the overall astrocytlc population 
affecting all levels of the cochlear nuclei. There is a profound 
reorganization of the glla shown as a loss of the discrete surrounding 
of astrocytic processes of the CN neurons. At the neuronal level, the 
cochlear nuclei show a decrease in volume with no apparent loss of 
neurons. The SMI-12 pattern of inmunoreactivityin control cases 
labeled selectively the large population of neurons, mostly spherical 
busby, mUltipolar and giant cells. The inmunoreactivity. labeled the 
soma as well as the proximal part of dendrites. fibers and wcakly 
labeled bundles of Woolly fibers. The experimental cases showed a 
dce:rcase In multipolar and giant cells number, a loss of the 
immunoreactivity In the proximal proecsses of the stained neurons, a 
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ability? Statistical theory indicates that a good measure of the 
discriminability of signals is the mean to standard-deviation ratio of 
response to the signals, with a higher ratio providing better 
discriminability. In this paper, the signal is electrical stimulation of 
Ibc scala tympani with bipolar, biphasic current pulses. and the 
response is spike activity of individual auditory nerve fibres in the cat 
We analyze experimental measurements· of the mean. variance and 
standard-deviation of auditory nerve spike activity to a variety of 
electric stimulation conditions. In order to explain the mean to 
variance relationship, we apply a point process model of neural 
response. This model demonstrates thai refractory properties of the 
neuron explain the experimental responses. and permits a prediction 
ofncural response under arbitrary conditions. These results facilitate 
• p~iction of the discriminability of variously coded sounds • 
permitting the design of new stimulation strategies which improve 
speech understanding. 
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'Accurate models of Auditory Nerve (AN) response to electrical 
l~mulati(1D may assist with the development of speech processing 
~atratq;es for cochlear implants. Until recently most models of AN 
IftSponse to electrical stimulation have utilised deterministic (non
I~ldolln) descriptions, in spite of strong evidence for stochastic 
I(nmdc)m) components of behaviour in the neurophysiological data. 

of auditory performance . using these deterministic 
.&!lIt'.I"iinti,nn!l have been unable to predict many important 
IlISymt)phYSi<:aJ phenomena. Can stochastic models improve these 

answer this question, we have developed a model of AN response 
includes the stochastic behaviour, but which is also 

.mp!lltationaily efficient enough to be used in predicting 

.nullaneously the individual response for each neurone in the 
",ditol)' nerve, and subsequently in the prediction of psychophysical 

The model has been developed by adding membrane noise as 
in neurophysiologi<:al studies to a classical deterministic 

Comparison of the deterministic and stochastic models 
aspects of neuronal response which cannot be explained 

a deterministic model. Furthermore, the stochastic model is 
to be more accurate in predicting psychophysical performance 

a classical deterministic model. This model can consequently 
with optimising the configuration of current speech processing 

and with developing new strategies. 
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of auditory neurones depends on the continuous supply 
factors. Hair cells within the cochlea arc known to produce 
growth factors responsible for the survival and growth of 
ncuroncs. A!J a result of trauma, disease or ageing, 

hair cells arc lost, and consequently, the supply of growth 
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factors is reduced, leading to a secon~'wave of Buditory nerve 
degeneration. 
Neurotrophins and cytokines arc two families of growth factors 
reported to have activity in the cochlea.. Moreover, it is suggeSted 
that neurotrophins and cytokines act syncrgisti<:ally upon sensory 
nerve cells, although the mechanism of this synergistic effect is 
unknown. It has, however, been suggested that one of the growth 
factors could be involved in the maintenance of basic cellular 
metabolic function, while the other could be involved in 
differentiation events. . 
The current study involves a primary cell culture ofcochlear neurones 
(spiral ganglia neurones) in vitro. These cultures arc being used to 
investigate the action of exogenous growth factors 'on the process of 
outgrowth and survival of auditory nerve cells, in order to find 
combinations of growth factors that could be applied to maintain : i 
and/or repair auditory neurones in vivo. IPreliminary findings suggest that the cytoJdne Leukaemia Inhibitory 
Factor (UP) displays trophic activity of spiral ganglion neurone 
cultures. The more definitive findings and interaction between LIF 
and the neurotrophines will be repOrted. 
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INTRODUCTION; In order to improve the current design of the 
Auditory Brainstcm Implant (ABI), we are carrying out a research 
project on monkeys (macaca fascicularis) with these two goals; I) 
Study of the normal neuronal pattern of the Cochlear Nucleus (eN) 
and the changes after deatrcrcntization; and 2) analyse the effects of 
the ABI implantation in the CN of the monkey. We present the 
general schedule of the project and the results concerning the first 
objective. 
METHODj The study of the normal an:bitecture of the CN and its 
topographic relations at the brainstem was carried out in a control 
group of S monkeys. Group A In 7 monkeys, Group B, a bilatcral 
translabyrinthic section of the acoustic nerves was performed to 
analyse the effects ofdeatrcrcntization three months after the surgical 
section. After examination of the effectiveness of the auditory nerve 
section, the brainstem was dissected and serially sectioned orthogonal 
to its long axis in a freezing microtome at 30 pm. Control cases were: 
I) injected with WGA·HRP to study the primary afferent projection 
of the acoustic nerve: 2) transcardially perfused with 4% 
parafonnaJdehyde and sections incubated with antisera against 
nonphosphorilated neurofilaments (SMI·32) to show 
inmunoreactivity in neurons, glial fibrillary acid protein (GFAP) as an 
astrocytic marker, and other histochemical and inmunohistochemical 
markers (Synaptophysin, Calretinin, Parvalbumin and Calbindin). 
Experimental cases with bilateral section of the acoustic nerve were 
perfused as controls three months later and the immunohistochemical 
series compared to controls. 
RESULTS: There is an increase in the overall astrocytic population 
affecting all levels of the cochlear nuclei. There is a profound 
reorganization of the glia shown as a loss of the discrete surrounding 
of astrocytic processes of the CN neurons. At the neuronal level, the 
cochlear nuclei show a decrease in volume with no apparent loss of 
neurons. The SMI·32 pattern of inmunoreactivityin control cases 
labeled selectively the large population of neurons, mostly spherical 
bushy, multipolar and giant cells. The inmuno~vity. labeled the 
soma as well as the proximal part of dendrites, fibers and weakly 
labeled bundles of Woolly fibers. The expcrimental c:ases showed a 
dc:creasc in multipolar and giant cells number. a loss of the 
immunoreactivity in the proximal proc:csses of the stained neurons, a 
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