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CURRENT DISTRIBUTIONS OF INTRACOCHLEAR ELECTRODES IN CATS 
S.J. O'Lea~y, R.C. Black and C.M. Clark, Department of Otolaryngology, 
University of Melbourne, Pa~kville, Vic. 3052, Australia 

A non-invasive technique, "two electrode mapping" has been developed to 
measure the current distribution of a multichannel electrode array within the 
feline scala tympani. An electrode's current distribution is an important 
determinant of its ability to excite discrete neural groups. 

The electrode array, a "banded electrode", is a series of platinum rings, 
supported by a cylinder of silastic which fits freely into the scala tympani. 
All cats had normal hearing pre-operatively and were implanted through the 
round window. Hearing was normal within 10 dB after implantation, necessitating 
the presentation of 30-40 dB white noise to the implanted ear throughout 
experimentation to mask the electrophonic component (Black et al., 1983). 

Current distributions were inferred from the distribution of neurons 
excited by an electrode. For two electrode mapping, two bipolar electrode 
pairs separated by 1.5 or 2.25 nUll !.mgituuinal1y ""ere used. The 'probe" 
electrode pair had a fixed stimulus current, up to 6 dB above threshold. The 
other electrode, the masker, was stimulated 0.5 ms before the probe, making 
all neurons it excited refractory when the probe was stimulated. By 
progressively increasing the masker electrode current, its current spread through 
the group of neurons excited by the probe current. Consequently, the neural 
response of the probe became masked, as noted by t-terzenich (Leake-Jones et al., 
1978a). The extent of probe masking was evaluated by point for point 
subtraction of the acoustic brains tern response (ABR) evoked by the masker from 
the ABR evoked by the masker followed by the probe. The amplitude of this 
response was calculated from the 2.4 ms N-P complex size, and plotted against 
the masker current to create a "map" of the probe neural response (3 probe 
mapping curve). 

A model was developed to describe the electrical properties of the cochlea, 
and predict experimental results. It assumed (i) exponential decay of current 
from its origin; (ii) electrical uniformity along the length of the cochlea; 
(iii) a linear uistribution of neural thesholds to electrical stimulation at
 
each point along the cochlea; (iv) a stimulus current below which no neurons
 
can be excited, and a stimulus current above which the neural response is
 
saturated. The model predicted dependence of the probe mapping curve shape
 
upon the current distribution. ~10del predictions indicated that the length
 
constant (of exponential decay) could be estimated, without moving either
 
masker or probe, if several probe currents were mapped and the masker currents
 
required to fully mask each probe were plotted against the corresponding
 
probe current.
 

Preliminary findings indicated that experimentally obtained probe mapping
 
curves were very similar to model ones, and from them length constants of
 
3-4 dB ~-l were calculated. These results were in agreement with those
 
obtained from a wire electrode within the scala tympani using binaural
 
stimulation of inferior colliculus single units (Black &Clark, 1980).
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