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We have shown that the method of optical imaging intrinsic signals can be 
~ed to map response areas evoked. by electrical cochlear stimulation and that 
ae electrical stimulation in fact produces a profound cochleotopic selectivity in 
,cutely deafened adult cats (Dinse et al. 1997, Europ J Neurosci, in press). Here 
,e address the question of how systematic variations of stimulation currents and 
timulation frequencies affect the pattern of cochleotopic organization in acutely 
leafened cats. For optical measurements, we used a Lightstar II imaging and 
quisition system (LaVision) with a 2 MHz AID converter and a Peltier cooled, 
loW scan 12 bit digital CCD-camera. The cortex was illuminated with a 546 nm 
ight source. Electrical thresholds for g~neratiIig optical maps were usually in the 
lOge of 150 to 250 mAo Intensity functions were usually very steep. 
Dcreasingly higher stimulation currents evoked increasingly larger response 
reas resulting in decreasing spatial, i.e. cochleotopic selectivity. During high 
unent stimulation we were able to measure widespread reflectance changes in 
ortical areas surrounding AI such as the anterior field (AAF) and more ventral 
~ AI, most probably corresponding to AIl, suggesting that cortical regions 
olSide AI are characterized by higher thresholds. As to the intensity behavior of 
U, we found only slight shifts in the overall position and location of the focal 
ones of activity emerging during low current stimulation. 

So far the optical maps described above were obtained using single pulse 
timul.tion delivered at 3 Hz. II). view of the potential use of implant devices for 
igh frequency stimulation in humans, it was of interest to study possible effects 
>!high frequency periodic patterns. Under the constraints of our experimental 
llOCedures we were not able to discover positional shifts of activation between 
ingh pulse stimulation and periodic high frequency stimulation up to 5000 Hz. 
lowever, increasing frequencies induced increasingly higher reflectance 
:hanges leading to a reduced cochleotopic selectivity similar to that described 
'or high stimulation currents. The results indicate that in terms of response 
1rength, high frequency stimulation is more effective than low stimulation 
requencies. The results indicate that optical imaging can reveal insights in the 
rnplications of parameter variations on the topography of auditory cortex 
xganization that are crucial in prosthetic management such as stimulation 
Ittategies. 
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~Changes in the cat auditory cortex following neonatal deafening 
and chronic intracochlear stimulation . 
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HIXhschule Hannover, Germany) 

, Cochlear implants have been shown to successfully provide profoundly deaf 
~ents with auditory cues for speech discrimination. Adults or children with 
~guany acquired deafness of recent origin are the most promising 
!!Udidates. In contrast, congenitally deafened adults get no benefit in speech 
jDdemanding from a cochlear implant. The aim of the study was to analyze the 
!IOlPhology of the auditory cortex of three groups with diffrent hearing status. 
~ effects of chronic intracochlear electrical stimulation on the auditory cortex 
IF studied in eight cats that were neonatally deafened by daily injections of 
~ycin. Profound hearing loss was confirmed in each animal by auditory 
~m response measurements. The kittens were implanted unilaterally with 

· tichannel scala tympany electrode array at ages 6-12 weeks. These kittens 
.~e stimulated daily for four hours at 2 dB above the electrical evoked 
• old, over a period of 3-4 months. A second group of eight animals was 

DeOnatally deafened, implanted but not chronically stimulated. The control 
.was the normal hearing group. 

study compares the auditory cortex of these deafened experimental 
and the auditory cortex of normal adult cats. The AChE activity in 

.' !II, N and VI is much higher in AI than in the surrounding areas of the 
· eatex, making the borders of AI easily distinguishable (Wallace et al., 
.~~ The cell density in defined areas 300.6 m x 300.6 m) was examined. In 

cell number of the different cell types was 70,S; 49,4 and 59,36 in normal; 
~ and deafened stimulated cortices, indicating a cell loss after acoustical 
.. ~on reversed by the intracochlear electrical stimulation. The number of 
fda! cells oflamina III were 11,83; 1,26; and 6,78. The ratio 6:1; 39:1 and 
~:daIln AAF 60,S; 43,43; and 51,02 cells were counted. The number of 
. cells was 17; 5 and 11.54. The Ratio: 3,56;8,68 and 4,42. 

.findings demonstrate that intracochlear electrical stimulation reverses the 
eal deprivation effect especially of the large pyramidal cell in AI, which 

. !'e e~pected to receive input from the full panoply of intrainsic, ipsilateral, 
meal, commissural and thalamic sources. 
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Most models of AN response to electrical stimulation utilize deterministic
 
(non-random) descriptions, in spite of strong evidence for stochastic (random)
 
activity in the neurophysiological data. However, psychophysical models and 
analyses of neurophysiological data using deterministic descriptions have been 
unable to accurately predict many important psychophysical phenomena. 

In order to determine whether or not inclusion of the recorded stochastic 
activity in neural models improves these predictions, we have developed a 
psychophysical model of loudness which can incorporate either a deterministic 
or a stochastic description of single fiber response. The application of signal 
detection theory permits direct prediction of how perceptual measures such as 
auditory threshold, dynamic range and intensity difference limens change with 
stimulus parameters. The inclusion of stochastic activity in the psychophysical 
model was found to produce more accurate prediction of psychophysical 
performance, for all parameters investigated, than when they were not included. 

These results suggest that stochastic activity in AN response is significant for 
psychophysical perception of electrical stimulation and should be taken into 
consideration in explanations and predictions of psychophysical data. They could 
also be important for speech perception with cochlear implants and should 
therefore be considered in models of electrical stimulation used to develop 
speech processing strategies for cochlear implants. 

~ Ability of Nucleus cochlear implantees to recognize music 
·S. Fujita, J. Ito (Otsu Red Cross Hospital, Shiga, Japan) 

The ability of individuals who received a cochlear implant to interpret speech I ~ 

has been tested, but a few reports have been published about their ability to 
recognize music. We studied the music recognition capabilities of adults who 
had received cochlear implants and who still remembered nursery songs and 
could understand the concepts of musical pitch.Eight patients were tested for 
their ability to: 
I. recognize nursery songs sung with instrumental accompaniment 
2. recognize nursery songs played on a keyboard (no vocal) 
3. distinguish among four nursery songs with the same rhythms and pitch range 
4. distinguish musical intervals 
5. distinguish which musical instruments was being played 

Some patients showed good ability to recognize songs that were sung with 
instrumental accompaniment but poor ability to recognize songs played on a 
keyboard (without verbal cues), indicating that they were recognizing the songs 
by verbal cues rather than by musical qualities such as tones and harmonic 
intervals. This conclusion was strengthened by the findings that patients were 
barely able to distinguish between songs with the same rhythms and pitch ranges, 
and they showed poor ability to discriminate musical intervals (the closest 
discrimination was 4 semitones, or a major third). 

Patients had good ability to distinguish among various musical instruments when 
the same scale was played on each one. We speculate that patients were able to 
distinguish the "voices" of the various musical instnunents in the same way they 
distinguish among human voices: each verbal sound has specific characteristics 
when analyzed by soundspectrography, and cochlear implants have been 
designed to discriminate verbal stimuli using spectrographic patterns such as 
formants or maxima. . 

We believe this study would reveal characteristics of the present cochlear 
implant, and would make some contributions tb improve it in the future. 
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