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Behaviorally relevant chronic intra-cochlear electrical 
stimulation (ES), when delivered from a young age, is 
known to alter spectral (spatial) and temporal processing in 
the auditory system [1,2]. Whether these effects are limited 
to stimulation that is initiated during the early critical 
periods, or also occurs when stimulation is commenced 
after long-term deafness, is less clear. We neonatally 
deafened five cats via daily neomycin injections, and at 
two months of age implanted a multi-channel scala 
tympani electrode array. A modified clinical cochlear 
implant was used to deliver environmentally derived 
chronic ES from eight to fourteen months of age. We 
recorded from single- and multi-unit clusters (n = 300) in 
the primary auditory cortex (AI) using a combination of 
single tungsten and multi-channel silicon electrode arrays. 
We assessed spectral processing in AI by measuring the 
cochlea-to-cortex mapping, and the spread of cortical 
activation. We assessed temporal resolution in AI by 
measuring the jitter in response latency and the maximum 
rate at which clusters could be driven. Similar to chronic 
ES initiated early in life [1], delayed ES had little effect on 
the basic response properties of AI neurons, but did 
reverse the disruption of the cochlea-to-cortex mapping 
and reduction in maximum driven rate (Mann-Whitney; p < 
0.05) seen with long-term deafness. The late initiation of 
ES did not, however, reverse the increase in spread of 
activation or increase in response latency jitter seen with 
long-term deafness. We hypothesize that the inability of 
electrical activation of the cochlea after the closure of the 
normal critical period to reverse the increased spread of 
activation and response latency jitter contributes to the 
poorer performance observed among congenitally deaf 
human patients implanted later in life. 
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The plasticity of the auditory system is undoubtedly a 
significant contributor to the success of the cochlear 
implant. Work in our laboratory has been directed towards 
examining this issue in appropriate deaf animal models[1]. 
This paper describes the development of a novel rat model 
of cochlear implantation, which permits the delivery of 
behaviorally-relevant intra-cochlear electrical stimulation 
(ICES), together with ongoing behavioral and 
electrophysiological measurement of auditory acuity. 
Our fully-implantable rodent stimulator is capable of 
delivering two channels of ICES. It is powered by an omni-
directional inductive link. Stimulation is controlled over a 

2.4 GHz radio connection, allowing dynamic adjustment in 
response to environmental cues. The implant is capable of 
generating up to 700 pps per channel, including amplitude 
modulation, at frequencies between 5 and 175 Hz.  In vitro 
testing of the implant encapsulation has demonstrated 
viability for >6 months. We will present in vivo results of 
chronic stimulation, behavioral testing (using a conditioned 
avoidance paradigm), and electrophysiological recording in 
the rat. 
Our model allows us to examine the changes in temporal 
processing that occur following chronic ICES. Of particular 
interest is whether the behavioral relevance of the ICES, or 
exposure to an extended range of modulation frequencies 
during ICES, results in improved temporal processing. 
This work was funded by NIDCD (NO1-DC-3-1005 & HHS-
N-263-2007-00053-C). The Bionic Ear Institute 
acknowledges the support it receives from the Victorian 
Government through its Operational Infrastructure Support 
Program. 
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Preserving acoustic hearing in ears with cochlear implants 
could have significant impact on perception of the electrical 
signals. In a previous study we found large differences in 
the slopes and levels of psychophysical electrical threshold 
vs pulse rate functions across guinea pigs that differed in 
the degree of cochlear pathology. In this study, we further 
explored these differences (1) using a greater range of 
pulse rates (5 pps to 5k pps); (2) using pairs of pulses with 
a range of interpulse intervals (IPIs: 0.2 to 200 ms); and (3) 
comparing psychophysical and cortical-extracellular-spike 
thresholds in the same animals. Guinea pigs were 
assigned to one of two treatment groups: (H) implantation 
in a normal-hearing ear and (D) implantation after 
neomycin deafening. Psychophysical and cortical-neural 
functions fell into two categories (A) functions in which 
thresholds decreased with increasing pulse rate over the 
full range of tested rates; and (B) cases in which 
thresholds showed little or no change as a function of 
pulse rate below 1k pps but decreased with increasing 
pulse rate above 1k pps. Functions for Group H animals 
were split between Categories A and B while functions for 
all of the Group D animals were in Category B. When 
tested with pulse pairs, none of the animals showed 
appreciable effects of pulse separation at IPIs > 1 ms but 
thresholds decreased with decreasing IPIs at IPIs < 1 ms. 
These results suggest that slopes and levels of the pulse-
rate functions were primarily the result of multipulse 
integration over the duration of the pulse train with an 
additional contribution of interactions between adjacent 
pulses at high pulse rates. The multipulse integration 
seems to be dependent on the condition of the implanted 
cochlea as assessed by residual hearing, ensemble 
auditory nerve spontaneous activity, and counts of hair 
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