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Figure 8. While the mean SSQ score for bilateral CI
users was higher than that of the unilateral users, this
difference was not statistically different.

¥  Although both unilateral and bilateral CI users showed
gains in speech and quality of hearing, bilateral CI users
ranked their ÒspatialÓ abilities higher than matched
unilateral patients.  This is congruent with previous
studies on certain aspects of spatial hearing, such as
sound localization (Gantz, et al. 2002).

   Figure 1. For bilateral subjects as a group, the only
significant differences between implant conditions were
noted for HINT Noise scores between the 2nd  and the
bilateral condition (t = -3.567, p = .009).

Figure 2. All subjects did at least as well in the bilateral
condition vs. the best unilateral condition. In 2 subjects,
the bilateral condition resulted in improved
performance, suggesting a binaural summation effect.

Figure 3. Bilateral use did not results in significantly
better performance on HINT sentences in quiet. This is
likely due to ceiling effects in most subjects.

Figure 4. In noise, subjects 1, 2, and 5 performed
better in the bilateral condition over the best unilateral
condition, suggesting a binaural squelch effect.

Note: ◐ Results with 1st CI significantly better than 2nd CI
�ó Results with 2nd CI significantly better than 1st CI
● Results with bilateral CI significantly better than 1st CI
▲ Results with bilateral CI significantly better than 2nd CI

Figures 5,6,7. There were no significant differences when
comparing the performance of unilateral subjects to the
bilateral subjectsÕ performance with their 1st, 2nd, and
bilateral CIs.
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INTRODUCTIONINTRODUCTION

SUMMARYSUMMARY

a
)

b
)

¥ Adult patients with sequential bilateral CIs do at least
as well in the bilateral condition compared with
performance in the best unilateral condition.

¥ Bilateral benefits are seen in noise compared with
the best unilateral condition, and the magnitude of
this improvement varied across subjects.

¥ The SSQ survey is a potentially useful instrument for
subjectively assessing the benefits of bilateral
cochlear implantation, and deserves further study.

RESULTSRESULTS RESULTSRESULTS
¥ Unilateral cochlear implants (CI) can provide improved

speech understanding ability in optimal (i.e., quiet)
conditions.  These auditory perceptual benefits degrade
in sub-optimal (e.g., noisy) conditions. In addition,
unilateral CI patients do not have significant spatial
hearing abilities.

¥ Bilateral cochlear implants have the potential to improve
performance over unilateral implantation through
binaural summation (in quiet) and binaural squelch (in
noise).  Improved spatial hearing is also a possibility
due to the potential access to binaural cues (Litovsky, et
al. 2004; Laszig, et al. 2004).

¥ There may also exist subjective benefits which are not
quantifiable by traditional measures, but may be
ascertained by a newly developed tool called the
Speech, Spatial, and Qualities of Hearing scale (SSQ)
(Gatehouse & Noble, 2004) .

¥ This investigation seeks to compare (1) speech
perception benefits in quiet and in noise and (2)
subjective spatial hearing benefits in a cohort of adult
bilateral sequential CI patients and a matched group of
unilateral CI patients.
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Bilateral Performance: 1st vs. 2nd vs. Bilateral
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Figures
9,10,11. Results
for individual
items on the
speech, spatial,
and qualities
sub- scales
indicate no
differences in
group scores
across any of
the sub-scales.
However,
individual items
suggest
subjective
benefit of
bilateral CI use
in at least some
situations,
particularly in
spatial items.
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The SSQ survey was developed by
Gatehouse and Noble under the assumption
that there are certain qualities of hearing
which cannot be evaluated by traditional
objective measures.

Studies have found that the response of a
patient to all aspects of hearing covered by
the SSQ depends on whether the patient has
symmetric hearing bilaterally (Gatehouse and
Noble, 2004).

The SSQ survey explores speech perception
in noise and sound localization, two aspects of
hearing ability which are generally accepted to
be benefits of the bilateral condition.  It looks
at moving sounds and targets everyday
situations such as hearing a passenger while
driving in a car.
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¥ Bilateral CI Subjects: 8 sequentially-implanted, adult bilateral CI users (6
with post-lingual hearing loss; 2 with pre-lingual hearing loss).

¥ Unilateral CI Subjects: 8 adult unilateral CI users matched to the bilateral
users based upon the following factors that would likely impact performance
with a CI: (1) pre- vs. post-linguistic onset of hearing loss, (2) length of
hearing loss, and (3) age at participation in the current investigation.

¥ Speech Perception Measures: All subjects underwent speech perception
testing including (1) CNC words in quiet (70 dB SPL), (2) HINT sentences in
quiet (70 dB SPL), and (3) HINT sentences in speech-spectrum-noise (signal
70 dB SPL, noise 60 dB SPL). All speech and noise stimuli were presented
from the same location in the sound field to subjects seated in a sound-
treated booth. Bilateral subjects were tested with each CI alone and with
both CIs together.  None of the unilateral patients wore hearing aids in the
contralateral ear during testing.

¥ Spatial Hearing Measures: All subjects completed a modified version of the
SSQ to provide data regarding subjective hearing ability. Surveys were
scored as an unweighted average of individual items, on a scale of 0 to 10.

¥ Medical Record Review: A retrospective medical record review was
performed to determine age of onset of hearing loss, etiology of hearing loss,
and the occurrence of any peri-operative complications resulting from either
unilateral or bilateral cochlear implantation.

¥ Statistical Methods: Statistical analyses were performed with SPSS
software. Depending upon the comparisons being made, data were
subjected to independent samples t-tests or paired samples t-tests.

METHODSMETHODS

¥ No statistically significant differences were found between
unilateral and bilateral CI users based on the criteria used
to match them.

¥ Mean length of hearing loss in bilateral CI users was 31.9
years (s.e. 6.75), while in unilaterals, it was 31.1 years (s.e.
6.30), t = 0.081, p = 0.936.

¥ Mean length of use of first CI in bilateral CI users was 59.5
months (s.e. 19.30), while in unilateral CI users, it was 52
months (s.e. 19.49), t = 0.4, p = 0.789.

¥ Mean age at test was 59.5 years (s.e. 4.59) in bilateral
subjects and 11.76 years (s.e. 4.16) in unilateral subjects, t
= 0.242, p = 0.812.

¥ All patients had normal pre-operative temporal bone CT
scans.

¥ There were no intraoperative or postoperative
complications.
¥ Bilateral CI users: One subject developed BPPV 3

months following his second CI surgery.  He has since
improved with vestibular physical therapy.

¥ Unilateral CI users: One subject experienced facial
nerve stimulation following implantation, which has been
controlled through programming.

Subject 1u Subject 2u Subject 3u Subject 4u Subject 5u Subject 6u Subject 7u Subject 8u

Characteristics

Age at Testing (years) 59 59 59 74 56 32 61 61

Gender F M F M F F M F

Onset of   Hearing Loss Post-lingual Post-lingual Pre-lingual Post-lingual Post-lingual Post-lingual Pre-lingual Post-lingual

Etiology of  Hearing Loss

autoimmune inner 

ear disease
progressive measles progressive

complications 

of hepatic 

coma

progressive
congenital 

(rubella)

sudden 

hearing loss

Duration of  Hearing Loss (years) 37 23 53 48 27 6 46 9

Better ear prior to surgery (low er PTA) right left left left no difference right unknown right

Ear Implanted right right right left left right right left

Device Type Contour 90K CI24M CII/HiFocus I Contour 90K Nucleus 22 Contour

Duration of  CI Use (months) 30 24 69 48 41 12 180 12

Table 1 - Unilateral CI Users

RESULTSRESULTS
demographicsdemographics

Subject 1b Subject 2b Subject 3b Subject 4b Subject 5b Subject 6b Subject 7b Subject 8b

Characteristics

Age at Testing (years) 57 52 58 84 51 41 65 68

Gender F F M M M F M M

Onset of  Hearing Loss Post-lingual Post-lingual Pre-lingual Post-lingual Post-lingual Post-lingual Pre-lingual Post-lingual

Etiology of  Hearing Loss Progressive

gentamicin 

ototoxic ity

Congenital 

(oxygen 

toxic ity) Progressive Progressive otosclerosis Congenital

sudden 

hearing loss 

Duration of  Hearing Loss (years) 34 22 54 51 39 7 44 4

First Ear Implanted right right right lef t right right right lef t

Device Type - 1st

Contour 

Advance Contour  Contour Contour Contour

HiFocus/CII w ith 

Positioner Nucleus 22

HiFocus/CII 

w ith 

Positioner

Device Type - 2nd

Freedom w / 

CA Contour Contour Contour Contour Helix

Contour 

Advance CII

Dif ference betw een surgeries (months) 7 15 11 39 13 36 178 32

Duration of  First Implant (months) 11 42 47 54 31 50 190 51

Duration of  Bilateral CI Use (months) 4 27 35 15 19 14 12 19

Table 2 - Bilateral CI Users
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SSQ – Speech-Hearing


