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~ Computational model of the auditory nerve: interesting aspects oj 
the recovery process 
°J.T. Rubimtein, AJ. Matsuoka, CoA. Miller, P.J. Abbtu (Department of 
OIO/aryngology, U";versiJy ofIowa, Iowa CiJy, lA) 
An enhanced computational model of the auditory nerve has been 

implemented on the Cray C90 at the San Diego Supercomputer Center. By using 
an approximation to our prior model. We have ina-cued by two order.. 
magnitude the speed of our calculations. This allows the simulation of large 
nwnbe.. of fibel'3 for significantly longer time periods. It is now possible to 
simulate responses of an entire cat or human spiral ganglion to repetitive stimuli 
such as those used in cats, guinea pigs and humans in our laboratories. The 
post-stimulus time (pSn hislograms produced by the approximate model are 
statistically indistinguishable from those produced by the original exact 
simulations of each voltage-dependent sodium channel in each node of Ranvier. 
Thus the electically-evoked compound action potentials (RAPs) are also the 
same. 

We have used both the exact and approximate modeb 10 simulate responses 
both to two pulse and pulse train stimuli. This has allowed the analysis of 
recovery and stochastic pro~rties of fiber populations during the relative 
refractory period. Some swpnsing properties result from analysis of jitter, and 
relative spread of threshold (RS) in refractory fibe.. - both RS and jitter may be 
inaeased during the relative refractory period. This may have significant 
implications for speech procesSOI'3 in that it may serve as significant source of 
independent aoss-fiber noise. Such a noise source could be extremely useful in 
imp<oving temporal detail in the auditory nerve's representation of a stimulus. It 
may also partly explain some of the success wing high-rate speech processors; 
these processor. deliver pulses at a rate which should keep fibers in a relative 
refractory and therefore "noisy· state. 
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o Factors influencing temporal and spatial representations of 
electrical signals in the inferior colliculus of deafened cats 
OM. Vollmer, R.I. Snyder, PA.liaJce, S.J. Rebscher (Epstein lAboratory, 
U";v. of Calif., San Francisco) 

Differences in the temporal and spatial resolution of neural responses to 
inteacochlear electrical stimulation were investigated in deafened cats. 
Modulation transfer functions of single neurons in the inferior colliculus (IC) 
were quantitatively analyzed in three animal models of cochlear implant use: I) 
prior normal, &cutely deafened adults, 2) neonatally deafened, unstimulated 
adults, and 3) neonatally deafened, chronically stimulated adults. 

The average temporal resolution (mean maximum cut-off frequency 10 pulse 
trains) of neurons in the external nucleus of the IC was not significantly different 
in any of these groops. In contrast, the av...age temporal resolution in the central 
nucleus (ICC) was significantly increased in the chronically stimulated group. 
This effect was related 10 the temporal characteristics of the chronic stimulation. 
Neurons from cats stimulated with high frequency (>80 Hz) signals showed a 
marked inaease in lemporal resolution (54% above normal), whereas cats 
stimulated with low frequency signab (30Hz) were not significantly different 
from normal. Moreover, in stimulated cats the gradient of temporal resolution in 
the ICC did not correlate with the tonotopic gradient. Rather, the region of 
highest temporal resolution corresponded to the region of highest sensitivity to 
the chronically activated electrode pair. 

Studies of the spatial distribution of response thresholds indicated no significant 
changes in the tonotopic organization of the IC after neonatal deafening and 
complete auditory deprivation up to I year, as compared to normal animals. In 
contrast, both chronic stimulation (up to I yr.) and long term (2-6 yrs.) auditory 
deprivation resulted in a significant decrease in the spatial selectivity of the 
electrical signal. 

These results suggest that individual differences and gradual chan~es in 
speech performance in implant subjects may be partly attributable to stmilar 
chronic and plastic changes in the temporal and spatial representations of signals 
in the Ie. 
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o Temporal properties of the electrically evoked compound action 
potential with repetitive stimulation 
°AJ. Matsuoka, CoA. MiUu, P.J. Abbtu, J.T. Rubimtm. (U";veT3ity of 
Iowa, Iowa CiJy, Iowa) 

Cochlear implant use.. realize imp<oved speech perception using multiple 
intracochlear eleettodes with interleaved-pubatile stimulation (Wil.ron eI al., 
1991). There are, however, significant performance limitations, presumably due 
to temporal and spatial interactions. To addre.. these problems, we have 
examined refractocy properties of the auditory nerve using experimental animal 
modds and computational simulations. 

A stochastic model of the mammalian node of Ranvier has been developed 10 
calculate thresholds foc different interstimulus intervals (ISis) (Rubinstein,I995). 
The model includes 1400 voltage-gated sodium channels. The relative spread of 
threshold (RS) (Verveen, 1962) calculated from this model was about 0.03 for 
ISis between 0.45 and 6 ms for cathodal stimuli. For an lSI of 0.7 ms, the RS was 
20 dB greater than those for other ISis. Although it is not fully understood how 
the growth function of electrically evoked compound action potential (RAP) is 
related to si.gle fiber characteristics, the single fiber RS is a likely contributor. 
We observed lSI-related changes in slope of EAP growth functions consistent 
with RS values predicted by the model 

Wil.ron eI aL (1994) obtained EAP measures from humans in response 10 pulse 
trains. For a range of pulse rates, their data showed a fluctuating pattern of 
response. We have used another stochastic, biophysical model of a fiber 
population that includes 24 nodes of Ranvier (Rubinstein, ARO 1995) and EAP 
measures from animals 10 examine these patterns. For a I ms lSI pulse train 
stimulus, a fluctuating pattern w"" observed with the computational model. EAP 
data showed a similar fluctuating pattern, but details of the response varied with 
stimul'''' polarity and wavefocrn. 
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Yo o A stochastic model of the electrically stimulated auditory nerve 

designed for the analysis of large-scale population response 
°I.e. Bruce, I.S. IrIichl (The University ojMelbourne); M. W. White (North 
Carolina State University); S.J. O'Leary (The University ofMelbourne); S. 
DY"es (Massachusetts Institute of Technology); E. Javel (UniversiJy of~ 

...~ Minnesota); GM. Clark (The University ofMelbourne)
r Accurate models of Auditory Nerve (AN) response to electrical stimulation 
~ may aid in the development of speech processing strategies for cochlear 

implants. Most models of AN response to electrical stimulation utilize 
deterministic (non-random) description•• in spite of strong evidence for 
stochastic (random) activity in physiological data. Inclusion of stochastic activity 
in complex models of neural response such as the Hodgkin-Huxley equations has 
proven to be computationally expensive. They are therefore unsuitable at this 
time for the calculation of large-scale p?'pulation responses which could be 
required for the investigation of sound coding in ensembles of nerve fibers, for 
the explanation or prediction of psychophysical results, or for the development 
of speech processing strategies for cochlear implants. It is therefore necessary 
to develop a simpler model of single-fiber response to electrical stimulation 
which includes stochastic activity. 

The model of action potential geaeration used u based on the Hill threshold 
model, with a simple refractory mechanism. It is much simpler and more 
computationally efficient than models such as the Hodgkin-Huxley equations, 
because it reduces to a set of equations which can be evaluated much faster than 
the highly-nonlinear Hodgkin-Huxley equations. Inlo this model we have 
introduced aspects of stochastic response observed in auditory nerve data from 
cat. With the stochastic model, single-fiber or population responses can be 
calculated for a range of stimulus parameters, either by Monte Carlo computer 

~: simulation or by an analytical approximation which can be solved numerically. ! Direct comparisons can also be made to the response of the model without the 
stochastic components included. l 

This model accurately predic13 single-fiber mean rate and variance versus 
intensity data from cat. The variance data cannot be explained at all by 
determini3tic modeb. The results obtained in this study indicate that some aspects 
of stochastic activity in AN response 10 electrical stimulation can be described 
by a simple, computationally efficient single-fiber model. 
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