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ABSTRACT 

Studies have been undertaken to confirm the biologic safety of the Cochlear Cor
poration multi-electrode intracochlear implant. The materials used are biocompatible. 
The electrode array is flexible: it can be inserted with minimal or no trauma, providing 
the insertion is stopped when resistance is first felt. An atraumatic insertion is facilitated 
if a good view is obtained along the scala tympani of the basal turn of the cochlea by 
drilling through the crista fenestrae. The passage of the electrode around the cochlea 
can be facilitated if the electrode is rotated during insertion (clockwise for the left and 
anticlockwise for the right cochlea). The electrode can be explanted and another one 
reinserted with minimal or no trauma. A seal established around the electrode after an 
implantation period of 2 weeks can prevent infection extending from the middle to the 
inner ear. The electrical stimulus parameters produced by the Nucleus receiver
stimulator cause no loss of spiral ganglion cells or corrosion of the platinum band 
electrodes. Long-term stimulation has been carried out for up to 8 years in patients 
without affecting their clinical performance. 

Biologic safety is an important issue for co very little fibrous tissue response. This is illustrated 
chlear implantation. We do not want to damage in Fig. I, where the electrode was sectioned in situ 
the auditory nerve fibers we hope to stimulate elec 16 weeks after implantation. As can be seen, there 
trically. Safety investigations have been carried out was virtually no tissue reaction. 
in the following areas: biocompatibility of materi Having established that the materials being 
als, an atraumatic surgical approach, otitis media used were biocompatible, a number of studies were 
and sealing techniques, and electrical stimulus pa also undertaken to develop an atraumatic surgical 
rameters. approach for multielectrode cochlear implanta

The biocompatibility of materials for the elec tion. This involved experimental studies on human 
trode and the receiver-stimulator package has temporal bones and animals. 
been investigated in four studies. Materials have In the first study, electrode arrays were in
been implanted subcutaneously, intramuscularly, serted into nine fresh human temporal bones, 
and intracochlearly in 9 cats and 14 rats. The tissue which were then sectioned and examined for any 
responses were graded for polymorphonuclear evidence of trauma. J These temporal bones were 
leukocytes, mononuclear leukocytes, and fibrous compared with five control temporal bones that 
tissue. The study showed, in particular, that the did not receive implants. The study revealed local
elastomer Silastic MDX-4-42l 0, which is used for ized lesions of the basilar membrane or spiral lam
the intracochlear electrode, was biocompatible and ina in three of nine bones with an electrode array. 
resulted in tissue responses similar to those associ In each case, the lesion was restricted to a small 
ated with medical-grade Silastic tubing. region of approximately I mm along the cochlea, 

When a free-fitting electrode of Silastic MDX indicating that the auditory nerve fibers and gan
4-4210 or Silastic tubing was inserted into the scala glion cells would have been reduced in number 
tympani of the basal turn of the cochlea, it induced over only a small proportion of the insertion 
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Figure 1. A free-fitting Silastic electrode implanted in 

the cat cochlea, showing little tissue reaction. 

length. In each case, the tear or fracture occurred 
only when the surgeon continued to apply force to 
the electrode after resistance was first felt. These 
lesions could probably be prevented if the surgeon 
does not apply force after resistance is first felt. 

Another type of lesion seen in five of the tem
poral bones was a small tear in the surface of the 
spiral ligament (Fig. 2), a structure not directly 
concerned with hearing. This occurred whe:n the 
electrode tip first touched the outer wall of the 
scala tympani before it continued its passage 
around the spiral of the basal turn. 

Experimental studies in three cats showed that 
a localized tear of the spiral ligament did not lead 
to any loss of spiral ganglion cells or auditory nerve 
fibers (Figs. 3 and 4). Fig. 3 shows a photomicro
graph from a cat cochlea in which a Silastic rod 
with a square end caused a tear in the spiral liga
ment without loss of the dendritic nerve fibers. 
The cat had its implant for 6 weeks, so any signif
icant loss of auditory nerve fibers would have been 
apparent at this stage. The normal dendrite pop
ulation (Fig. 4) suggests that localized tears of the 
spiral ligament do not contribute to loss of audito
ry nerve fibers . 
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Figure 2. Photomicrograph of a tear in the spiral lig

ament of a human temporal bone following the insertion of 
the Cochlear Corporation electrode. 1 (XS8) 

Figure 3. Photomicrograph of a tear in the spiral lig
ament of the cat cochlea induced by a Silastic rod. The 
animal was killed 42 days after implantation, no loss of 
dendrites was found. 2 (X8S) 

Finally, localized tears were seen in Reissner's 
membrane in three human temporal bones, al
though it was difficult to determine whether they 
were induced by the histologic preparation of the 
bones or the actual electrode insertion. For this 
reason, the data were analyzed statistically using 
Student's land Mann-Whitney tests. The results 
showed no significant difference between the five 
control unimplanted temporal bones and nine 
temporal bones implanted with the electrode array 
with regard to the number and length of Reissner's 
membrane tears. These findings imply that the 
damage associated with Reissner's membrane were 
largely a result of preparation artifact. 

Consequently, this histologic study on nine im
planted human temporal bones and five control 
bones showed that the electrode could be inserted 
safely into the scala tympani of the basal turn of 
the cochlea with minimal or no trauma, providing 
no force was applied after resistance to insertion 
was first felt. 

To further examine the safety of electrode in

c 

Figure 4. Photomicrograph of the cat cochlea in Fig
ure 3 at higher magnification, confirming that no loss of 
dendrites occurred following a tear of the spiral ligament. 2 
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5ertion, two surface preparation studies were un
dertaken. The passage of the inserted electrode 
was observed after removing the bone overlying 
the cochlea. 2

,3 These studies were carried out on 
24 bones. These surface preparation studies con
firmed the findings of the histologic study, i.e., the 
electrode can be inserted safely with minimal or no 
trauma provided no force is applied after resis
tance is first felt. 

To ensure that surgical trauma will be kept to 
a minimum, the mechanical properties of the mul
tiple-electrode array were also examined to see if 
the tip would flex easily and to make sure that the 
electrode was not too rigid. The flexibility and 
buckling capabilities were compared with those of 
a single electrode previously used for single chan· 
nel implants e1sewhere. 4 The measurement set-up 
is illustrated in Fig. 5. 

The results5 showed that the buckling stress 
was 20 times greater for the single electrode than 
for the Cochlear Corporation multiple-electrode 
array. The Cochlear Corporation array was 10 
times more flexible at the tip than the solid wire. 
The reduced buckling stress and increased flexi
bility of the Cochlear Corporation array greatly re
duce the force it can exert against the cochlear 
tissue; hence, the risk of damage is minimized. The 
reason the Cochlear Corporation multiple
electrode array has a lower buckling stress and 
greater flexibility than a single solid wire is that the 
multiple-electrode array is made of wires with a 

Figure 5. The measurement set-upS to compare the 
lechanical properties of the Cochlear Corporation multi
ectrode array with those of a single-channel electrode 4 

diameter of 0.025 mm; the single wire had a diam
eter of 0.21 mm, nearly 10 times greater. In addi
tion, the Cochlear Corporation multiple-electrode 
array is graded in stiffness, with only I fine wire at 
the tip and increasing to 22 more proximally. 

Additional anatomic studies have been under
taken to further minimize surgical trauma and to 
maximize the depth of the electrode insertion be
fore resistance is felt. The first of these studies was 
a detailed examination of the anatomy of the basal 
turn of the cochlea near the round window in five 
human temporal bonesY To get a good view of the 
basal turn during surgery, and for the electrode to 
pass more easily around the turn, either the ridge 
of bone at the round window, the crista fenestrae, 
needed to be drilled away or a separate opening 
had to be made into the basal turn just anteroin
ferior to the round window (Fig. 6). 

A second study was undertaken on nine hu
man temporal bones to examine in detail the mo
tion of the electrode as it passed into the cochlea. 7 

It was found that if the electrode is rotated 
through 90 to 180 degrees after it has been in
serted a distance of 10 mm, it will more readily 
follow the basal turn of the cochlea (anticlockwise 
for the right and clockwise for the left) (Fig. 7). 

In addition to studies of the surgical safety of 
electrode insertion, it has been a concern to know 
whether the smooth, free-fitting banded electrode 
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Figure 6. The direction of the electrode insertion 
through the round window can be improved by drilling 
through the crista fenestra. 7 
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Figure 7. Rotation of the electrode (anticlockwise for 

the right and clockwise for the left) can facilitate the atrau
matic insertion of the Cochlear Corporation banded elec
trode array. 7 

array could be withdrawn easily and another rein
serted with minimal trauma. This is important in
formation because failure modes are not always 
restricted to the package, in which case the elec
trode would need to be replaced. In addition, by 
not having a connector, the package is kept small 
for use in children. 

Explantation and reinsertion studies in 10 cats 
have shown that the electrode comes out easily and 
another one can be reinserted without difficulty. 
Explantation and reinsertion of the banded elec
trode array has also been studied in three patients 
who had the banded electrode array for the Uni
versity of Melbourne's prototype package replaced 
with a similar banded electrode array connected to 
the Cochlear Corporation receiver-stimulator. In 
all cases, the electrode array came out easily and 
another could be inserted at least as far as the pre
vious electrode. The explantation and reinsertion 
had no effect on the clinical or speech perception 
results. 2 

Consequently, the studies on an atraumatic 
surgical approach have shown that the smooth, 
free-fitting, banded, tapered electrode array can 
be inserted along the scala tympani with minimal 
or no trauma, providing no further force is ap
plied after resistance is first felt. Clinicians can best 
learn the force that can be safely applied to the 
electrode in the temporal bone laboratory. 

Because infection in the cochlea could occur 
following implantation and lead to a severe loss of 
spiral ganglion cells, it was important to carry out 
studies on the spread of infection to the implanted 
cochlea and to develop a protocol that would min
imize the risk of infection at surgery. 

First, an animal model was developed on four 
cats so that the effects of the organisms that most 
frequentl~ cause otitis media in humans could be 
studied.s, It was considered important to study 
representative organisms because they have differ
ent biologic characteristics; for example, pneumo
cocci and Hemophilus species are encapsulated, 
which makes them resistant to phagocytosis; Strep

tococcus pyogenes produces lytic enzymes, which can 
facilitate its spread; and Staphylococcus aureus pro
duces a coagulase enzyme, which tends to wall off 
the infection and prevent access by the body's de
fense mechanisms. 

Having developed a model in the cat for pro
ducing a severe otitis media with these organisms, 
it was necessary to study the conditions under 
which otitis media would lead to infection in an 
implanted cochlea and to what extent the electrode 
sheath and round window would act as a barrier. 

Cochleas in 45 cats were implanted, otitis me
dia was induced, and the cochleas were examined 
histologically for the spread of infection.s,lO-13 

The results showed that the healed round window 
membrane and the fibrous tissue sheath around 
the electrode could restrict the spread of infection 
to the cochlea, especially to S aureus and S pyogenes. 
As yet there are insufficient data to be certain 
about the pneumococci and Hemophilus species. 
The protection offered by the round window 
membrane to S pyogenes is shown in Fig. 8. It was 
found, however, that if otitis media occurred be
fore the round window had healed or an electrode 
sheath formed-typically a period of 2 weeks-a 
severe infection in the cochlea could occur. 

A surgical protocol therefore has been devel
oped to minimize the risk of infection and its 
spread to the cochlea in the first 2 weeks after 
surgery.14 A horizontal laminar flow of filtered air 
is used to reduce the risk of bacteria falling into the 
wound. Strict asepsis is maintained, the operative 
field is infiltrated with a dilute solution of ampicil
lin and cloxacillin, which are also administered 
parenterally. 

Finally, three studies have been undertaken to 
ensure that the electrical stimulus parameters do 
not lead to damage of the spiral ganglion cells. 
Damage to spiral ganglion cells may occur if toxic 
or corrosion products are produced at the elec
trode or if the electrical stim ulus parameters them
selves have a direct effect on the ganglion cells. 

Figure 8. Photomicrograph of the cat cochlea follow
ing otitis media induced with Streptococcus pyogenes or
ganism 68 days after implantation. The animal was killed 
14 days after the bacterial inoculation. 2o (x 60) 
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Figure 9. Scanning electron micrograph of the Co
chlear Corporation banded electrode following 2029 hours 
of continuous stimulation in the cat cochlea. (Bar = 100 
f.lm) 

Initially an in vitro study was undertaken to 
help establish the electrical stimulus parameters 
that would lead to minimal corrosion of platinum 
electrodes. Corrosion of platinum was measured 
by a spectrophotometric technique. [5 The study 
showed that it was important to keep current den
sity low and pulse duration short. Consequently, a 
banded electrode was used because it has a large 
area, therefore maintaining a low current density. 

Ten banded electrodes have been examined 
following electrical stimulation of the cat. Figure 9 
shows a scanning electron micrograph from an 
electrode used in a cat for 2029 hours of continu
ous stimulation. 16 There is no evidence of corro
sion, confirming findings that protein can protect 
the platinum electrode from corrosion. 17 

Twelve cats were stimulated continuously for 
periods of up to 2000 hours at stimulus levels half
way between threshold and discomfort levels to de
termine the effects of electrical stimulation on the 
cochlea and spiral ganglion cells in particular. 18.19 

During the experiment, electrically evoked brain 

Figure 10. Photomicrograph of the cat cochlea fol
lowing 1011 hours of continuous stimulation at a current of 
0.8 mA and charge densities of 213 f.lC/cm2 per phase. 19 

l2 (X60) 

Figure 11. Photomicrograph of the ganglion cells of 
the cochlea in Figure 10. 10 (X60) 

stem responses were recorded so that peripheral 
changes could be correlated with subsequent his
tology of the cochlea. 

Figure 10 is a low-power view of the cochlea 
following 1011 hou rs of contin uous stimulation at 
a current of 0.8 rnA and charge density of 28 
fJ..C/cm2 per phase. The organ of Corti was found 
to be normal throughout all turns of the cochlea, 
and the spiral ganglion cells were also intact. Fig
ure 11 is a high-power view of the spiral ganglion 
cells, showing them to be normal. 

The mean spiral ganglion cell densities were 
ploned against stimulus duration; no statistical cor
relation was found. The only correlation was be
tween mean spiral ganglion cell density and the 
severity of an inflammatory reaction due to infec
tion. 

Another important finding in this study was 
that calcification in the cochlea was not produced 
by the electrical stimulus parameters used. It was 
seen in an equal number of stimulated and unstim
ulated control bones. Calcification was usually lim
ited [0 an area beneath the spiral ligament and did 
not affect the brain stem response thresholds. 

In conclusion, these studies on the biocompat
ibility of materials, surgical trauma, otitis media, 
and electrical stimulation show that intracochlear 
multielectrode stimulation is safe, providing rea
sonable care is taken with the procedure. 
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