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Introduction

The uitimate objective of cochlear implant research
is to develop an electrical stimulation prothesis
that provides a level of appropriate information to
the central nervous system that is necessary and
sufficient to encode speech as intelligible. The
UCSF cochlear implant research group has directed
much of its basic research effort toward resolving
questions related to the interfacing of multi-
electrode arrays with the auditory nerve array.

Two of the fundamental interface questions addressed
by the research group will be considered. First,
what stimulating elements of multichannel stimu-
lating arrays might provide information necessary
and sufficient for the encoding of intelligible
speech? Second, what is safe to do, i.e., can
"ideal" multielectrode arrays be safely applied in
deaf patients? Substantial progress has been made
in answering these two fundamental, multifaceted
questions. They indicate, on a first level, that
appropriate stimulation can probably be effected
with appropriate multielectrode arrays, and that
stimulation with these "ideal" arrays could provide
significant speech intelligibility; and that, with
reservations, such multielectrode arrays can be
applied without their implantation or long term
stimulation resulting in further loss of surviving
auditory nerve fibers in implanted patients.

Excitation Patterns for Implanted Intracochlear
Electrodes Defined in Inferior Colliculus Electrode
Mapping Studies

Two basic experimental strategies have been used to
define cochlear excitation patterns evoked by
various intracochlear electrodes (with different
contact surface areas and geometries, different
interelectrode separations, different locatioms).
In one long experimental series, multielectrode
arrays were implanted chronically into the cochleas
of prior-normal or neomycin-deafened cats. A few
to many months later, an acute electrophysioclogical
experiment was conducted to define excitation
patterns evoked by stimulation with different
electrodes of these long-implanted intracochlear
electrode arrays. Excitation patterns were deter-
mined in mapping experiments conducted in the
binaural excitatory-excitatory region of the
central nucleus inferior colliculus. In this
cochleotopically organized region, neurons are
excited maximally with input derived from corre-
sponding locations in the two cochleas. The
cochlear site from which a given inferior colli-.
culus neuron derives its input from both ears can
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be defined by simply determining the "best frequen-
cy" (the frequency at which the neuron is driven at
lowest threshold) for stimulation of either ear.
That is, in a normal cat, the best frequency for
any given excitatory-excitatory neuron in the
central nucleus is approximately the same, for
stimulation of either ear. In mapping excitation
patterns evoked by electrical stimulation with
given elements of different intracochlear multi-
electrode arrays, the best frequency of a neuron to
stimulation in the ipsilateral normal cochlea was
defined, and then the threshold response to elec-
trical stimulation of that neuron (deriving its
input from the same position in the contralateral,
implanted ear) was defined. Given the systematic
spatial representation of cochlear place (sound
frequency) within the central nucleus, it was
possible to map the electrical response threshold
for any given electrode as a function of location
across the spiraling auditory nerve array in the
cochlea, by determining ipsilateral best frequency
and contralateral threshold for electrical stimu-
lation for a large series of neurons spanning the
entire frequency range. The results of these
experiments, again, were maps of cochlear excita-
tion (i.e., a definition of electrical stimulation
threshold as a function of cochlear place) for
given chronically implanted intracochlear elec-
trodes.

The results of some of these experiments have been
reported in detail (Merzenich, 1975; Merzenich &
White, 1977; Schindler, et al., 1977; White, 1978).
Among other results were the following: 1) Dis-
crete, restricted, relatively low threshold
stimulation of the auditory nerve array can be
effected with stimulation with an appropriately
positioned bipolar electrode with an interelectrode
separation of about 0.5 to about 1.5 mm (Figure 1).
With broader interelectrode separations, excitation
regions grow more and more rapidly in extent as a
function of I. In this experimental series, with
well-positioned electrodes with interelectrode
separations of 0.5-1.5 mm, the mean change of
threshold as a function of distance across the
auditory nerve array was about 12.4 dR/octave in
the cat, (i.e., 12.4 dB/3mm), which would translate
to about 20.5 dB/octave in man (see Figure 1). 2)
Discrete excitation could not be effected with
"monopolar" intracochlear electrodes (i.e., with
stimulation between a cochlear electrode and an
external electrode) of any size or in any location.
This is an apparent consequence of the fact that
the lowest impedance path is through the body of
the auditory nerve. (Further, Rushton demonstrated



























