Effects of Age on the Preservation of
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Summary

Chronic cochlear implant (CI) use
results in a significant loss of residual
acoustic hearing in some, but not
all, animals. The loss occurs more
rapidly in animals deafened as adults
than those deafened as neonates.

Introduction

Cochlear implant (CI) recipients with residual
hearing in their implanted ear receive both
electric and acoustic stimulation (EAS). These EAS
patients have improved speech perception,
particularly in the presence of background noise,
that is dependent on their residual hearing.
Optimal hearing preservation is therefore a major
factor in achieving the best possible auditory
experience for these EAS patients. However, a
small but significant humber of EAS patients lose
their residual hearing following implantation,
although the mechanism(s) of these losses are
not clear.

Method

To determine the effects of age at implantation on
the preservation of residual hearing, this study
evaluated hearing preservation, using auditory
brainstem response recordings (ABRs) and auditory
nerve compound action potential recordings (CAPs), in
both and adult onset partially deaf cats.
Neonatal cats (n=8) were deafened with a single
administration of kanamycin sulfate (KA)
subcutaneously at 200 mg/kg, followed by an
intravenous infusion of ethacrynic acid at 25 mg/kg 5
days after birth!. Adult cats (n=3) were deafened with
daily subcutaneous injections of KA (200 mg/kg) for up
to 30 days?. After stabilization of the hearing loss (2
months for neonates, 6 months for adults), all animals
were implanted with a Hybrid-L 14 electrode array’.
One month Ilater, chronic intracochlear electrical
stimulation (ES) from a clinical CI and speech
processor* commenced and continued for 5 months.
ABRs and CAPs were recorded at ‘switch-on’, ‘mid-way’
through the chronic ES, and at the completion of the
chronic ES (Figure 1).
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Figure 1. Timeline of the deafening, implantation, stimulation
and data collection points used. Switch-On = Commencement of
chronic ES.
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Results

All animals had measurable hearing in the low- to mid-frequency range (below 4-8 kHz, apical to the
intra-cochlear electrode array) throughout the experiment. As illustrated in Figure 2, some animals did not lose
any hearing over the 5 month chronic stimulation period. However, for other animals (Figures 3 & 4) there were
frequency specific increases in threshold of approximately 30 dB.

100 1 —— Switch-On
—- Mid-Way
—@— Completion

O
o
|

Figure 2. Representative CAPs to 2
kHz tone-pips (5 ms duration, 1 ms
rise/fall) from a deafened
animal at  switch-on, mid-way
through, and completion of the 5 90dB
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Figure 3. Representative ABRs to 8
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The neonatally deafened animals did not exhibit a significant hearing loss during the first half of the chronic
stimulation period (paired t-test, p-values > 0.35; Figure 5), but did during the second half (p-values < 0.001).
In contrast, the animals deafened as adults exhibited a sustained loss of hearing throughout the entire chronic
stimulation period.

Adult

—A— Switch-On
—— Mid-Way
90 -4 —@® Completion

Adult

100 — 100 — 100 —

100

—A— Switch-On
——- Mid-Way

90 — 90 — —@— Completion

90 -

80 — 80 — 80 -

70 —

70 — 70 —

60 — 60 — 60 —

Completion (dB SPL)
Completion (dB SPL)
ABR Threshold (dB SPL)

50 — 50 — 50 —

ABR Threshold (dB SPL)

(zH») Aouanbauy

404 .’ 40— .’ 40 —

30 - 30 — 30 -
1 ] LILELBL ] ] ] ] LI I ] ] 1 rrrri I I I I T 1rrri I ] ] 1
567 2 3 4 5 67 2 3 4 567 2 3 4 5 67 2 3 4

40 60 80 100 40 60 80 100 1 10 1 10

Switch-On Threshold (dB SPL) Switch-On Threshold (dB SPL) Frequency (kHz) Frequency (kHz)

30 —
T

Figure 4. Scatter plot of completion vs switch-on ABR thresholds for the

(left) and adult onset (right) groups. Individual animals are
represented by different symbols. Points above the solid line represent an
increase in threshold over the chronic stimulation period. The dashed line
indicates a threshold shift of more than 5 dB.

Discussion and conclusion

The variability in hearing preservation in our animals mirrors that seen clinically (i.e. some animals
exhibited no additional loss of hearing during the chronic stimulation period, while others had a

substantial loss). The loss was greatest in regions of the cochlea near the tip of the electrode
array. Interestingly, the loss occured more rapidly in animals deafened as adults than those

deafened as neonates. Although, this finding is complicated by the slightly different deafening
techniques used in the two groups. Histological analysis of the cochleae will provide an
indication of the mechanism(s) responsible for the ongoing loss of residual hearing.
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Figure 5. Group mean (+ SEM) ABR audiogram at switch-on, mid-way through,
and completion of the 5 month chronic stimulation period for the (left)
and adult onsert (right) groups.
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