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Effects of Converting Bilateral Cochlear Implant Subjects to a
Strategy With Increased Rate and Number of Channels
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Objectives: Three different Advanced Bionics processing strategies were evaluated: 1) 8-channel, 8139uls
(pps), Continuous Interleaved Sampling (CIS); 2) 16-channel, 5,100 pps, HiResolution Paired (HiRes P);
channel, 2,900 pps, HiResolution Sequential (HiRes S).

Methods: Seven adult bilateral Clarion CII cochlear implant recipients who had been using
at least 18 months participated in this study. Sentence recognition in multitalker babble
subjects using their CIS strategy and after subjects were programmed for the first time
gies. An ABAB design was implemented for 1 month whereby subjects used each Hi
Sentence recognition testing was repeated at the 1- and 3-month post-HiResoluti

Results: Comparisons between the CIS and HiResolution strategies showed immedi.
favor of the HiResolution strategies. After 1 month of alternating between t iResPa
2 subjects showed improvements of 60%, 2 subjects showed improvements o,

of 30% over the CIS strategy that they had previously used for at lea
consistent with those obtained at 1 month.

1Res S strategies, remarkably,
subjects showed improvements
¢ results af;&?) months of use were

Conclusions: The HiRes S and HiRes P strategies resulted in

ding demo, ‘g? s that these subjects were
able to tolerate a more difficult signal-to-noise ratio. Furt eded to dete e independent effects of rate

versus number of channels.

Key Words: bilateral cochlear implants, HiResol y, sound procesg, eech perception in noise.

rate P@olution strategies (up to 2,800 Hz), in
com on to the conventional CIS strategy, which
|9 dudes temporal information up to 400 Hz, would

ovide increased fine timing cues enabling better
ech perception.

r impla

ar implant
-the-ear
) from
Stlmulatlon

g/o The Clarion CIS strategy delivers trains of bi-

phasic pulses to 8 electrodes in sequence (one after
the other) at a maximum stimulation rate of 813
pulses per second (pps) with a pulse width of 75
us. By stimulating in a sequential pattern rather than

Over the past couple of years, coc
clinicians have been converting ¢
patients wearing the Clarion CIF'b

conventional Simultaneous
(SAS), Continuous Interlea

ound processing. In
erception performance

at provides a faster rate and uses an
pf channels (HiResolution), the

thi'btlateral cochlear implants who had
used a conventional CIS strategy and
rted to HiResolution sound processing.

of temporal fluctuations produced by the higher-

in a simultaneous pattern, electrical field interactions
(channel interactions) may be minimized.

HiResolution sound processing is a processing
strategy that provides high-rate pulsatile stimula-
tion by means of biphasic pulses and monopolar
coupling.! Two different pulsatile stimulation pat-
terns can be produced with the Advanced Bionics
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TABLE 1. DETAILS OF STRATEGIES

No. of
Active Rate Pulse
Channels (pps) Width (us) Rectification Center Frequency Range (Hz)
Continuous Interleaved Sampling 8 813 75 Full-wave 422-5,514
HiResolution Paired 16 5,156 11 Half-wave 333-6,665 (extended lows)
HiResolution Sequential 16 2,900 11 Half-wave 333-6,665 (extended lows)

pps — pulses per second.

SoundWave Software. One stimulation pattern, Hi-
Resolution Paired (HiRes P), pairs the pulsatile stim-
ulation with nonadjacent electrodes. For example,
when 16 electrodes are used, electrodes 1 and 9 will
stimulate together or 2 and 10 will stimulate together,
and so on. When a paired stimulation mode with a
narrow pulse width (11 us) is used, the maximum rate
obtainedis 5,156 pps. In a second stimulation pattern,
HiResolution Sequential (HiRes S), electrodes stim-
ulate sequentially, starting with electrode 1 and pro-
ceeding through the 16-electrode array. When a
sequential stimulation mode with a narrow pulse
width (11 us) is used, the maximum rate obtained
is 2,900 pps. This faster rate of stimulation allows
HiResolution to follow temporal fluctuations up to
2,800 Hz. Table 1 defines the differences between
the conventional CIS strategy and HiResolution strat-
egies.

Research studying the conversion of subje «
conventional Clarion strategies to HiResolution
egies has found that most subjects peform bet
when using a faster rate of proces i and an in-
creased number of channels. studled
14 postlingually deafened ad
unilateral Clarion CII devicg
the CIS strategy, and 8 uti
for an average of 9 mo
were then convert
Italian bisyllabic p alanced word and
sentence lists showed on average, scores for
words and 8 aces in quiet improved from 66%
and 73% and SAS strategies to 91% and
83%, resp with HiResolution. Words and

; a +10 signal-to-noise ratio (S/
improvements from 32% and 16% with
S to 77% and 62%, respectively, with

patients from 19 different implant centers who were
postlingually deafened and implanted with a unilat-
eral HiResolution Bionic Ear. After cochlear implant
connection, the subjects used a conventional strategy
(16 used CIS, 21 used SAS, and 14 used MPS) for
3 months. The subjects were evaluated on speech
perception at 1 and 3 months after connection. The
subjects were then fitted with HiResolution and
evaluated on speech perception at 1 and 3 months

after HiResolution conversion. Thre
Consonant Identification* scores wi

scores showed that 10 of 30 S
icant improvement with Hi
showed an immediate
and sentence testing i
conventional strategy
HiResolution regdlts
ers of the 51 s

. One subject
erage word
months with the
age 3-month post-
at 8 and 14 listen-
a statistically significant im-
provement, on C rds and HINT sentences
in noise H1 ution. Bosco et al’ studied

peec ills in 17 children implanted
and 23 clNgren implanted with
T he children nted with the Clarion
either the r SAS strategy, and the
n 1mp1anted he Clarion CII utilized the
" The results showed that at 12
ths childr sing the HiResolution strategy
developed bgtger speech perception skills than did

chlldren@g the CIS or SAS strategy.

In nlversity of lowa field trial, subjects
whe Q@ used the conventional CIS strategy for at

18 months were asked to alternate between
Res P and HiRes S strategies for a 1-month time
eriod. The goals of this study were to 1) document
the effects of converting to HiResolution sound
processing after using CIS for at least 18 months,
2) evaluate differences in the effects of HiRes S
and HiRes P sound processing, and 3) evaluate the
effects of HiResolution sound processing after 1

month of alternation between HiRes S and HiRes P
sound processing.

METHODS

Participants. The subjects for this study consisted
of 7 individuals (2 men and 5 women) who received
bilateral Advanced Bionics CII High Focus cochlear
implants during a single operation. At the time of the
study, all subjects had at least 18 months of cochlear
implant experience. Table 2 displays individual de-
mographic information. The subjects ranged in age
from 28 to 69 years. All subjects had postlingually
acquired profound bilateral sensorineural hearing
loss, received minimal benefit from hearing aids
before implantation, and met the standard cochlear
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TABLE 2. DEMOGRAPHIC DATA
Duration of

Age at Time of Deafiess (y) Cochlear Implant Experience at
Subject  HiRes Conversion (y)  Sex Left Right Cause of Deafness Time of HiRes Conversion (mo)
H16B 56 M 3 3 Enlarged vestibular aqueduct 24
H22B 68 F 55 55 Otosclerosis 24
H18B 69 M 24 24 Noise exposure 24
H27B 63 F 18 18 Unknown 30
H40B 42 F 22 22 Unknown
H17B 28 F 9 9 Genetic
H48B 44 F 10 10 Genetic

implant criteria, at that time, in each ear. That is,
before operation the subjects scored less than 40%
correct on the Hearing in Noise Test (HINT) every-
day sentences, audition-only.® All subjects wore the
CII BTE processor. Two subjects (H16B and H18B)
used a standard microphone that sits above the pinna,
and the other 5 subjects used the T-microphone that
sits within the concha.

Preconversion Programming. Before crossing
over to HiResolution sound processing, all subjects
used an 8-channel CIS sound processing strategy.
(Subject H22B used SAS for 18 months after implan-
tation and then switched to CIS before crossing over
to HiResolution at 24 months.) All subjects’ CIS
strategies processed sound at a rate of 813 pps
a pulse width of 75 us. The center frequenc
of the 8 channels ranged from 422 to 5,514 H

e HiReso
to use a

nel Hi-
aced in

Postconversion Programming. Aft
lution conversion, all patients we
16-channel HiRes P strategy and
Res S strategy. The HiRes P g
program 1 of their CII B
HiRes S strategy was p.
processors. The subj
gy was placed in e
P strategy processed
with a pulse width of 1

grams. The es
d at a rate of 5,156 pps
s. The HiRes S strategy

processed a rate of 2,900 pps with a pulse
width of center frequency bands of the
16 ¢ from 333 to 6,665 Hz (extended

th HiRes P and HiRes S.

. All speech perception tests were pre-
the sound field, in a sound-treated booth
in the bilateral condition. Speech perception was
measured in multitalker speech babble noise with
recorded City University of New York (CUNY) sen-
tences.” The sentences were presented in the most
difficult listening situation with the noise from
the front at 0° azimuth. When identical signals are
presented to both ears, the brain uses binaural re-
dundancy and binaural loudness to produce binaural
listening advantages. Signal-to-noise ratios (S/N)

\;@

e

were individually set in an at
ceiling and floor effects. For
was presented at a leve 0
level, and the level of the noise
to produce sentence \t€cogni

between 35%
different listening

adjusted in order
for each subject
se each subject had
bilities in noise, the S/N was
subject. Once the S/N was
econversion testing with the
S /N was, held constant for the
i iResohgti \testing in order to

k rect compariso &/een the conventional
ndi{HiResolutign tegies. Speech materials
(C) sound pressure level.
were scored by dividing the
y words correctly identified by

Cl
po

the total n r of key words possible. A total of
72 lists CUNY sentences were available for
preseqtation to the subject. Four randomized lists

w inistered to each subject, with a total of
ey words per list. No lists were presented to
subject twice.

Procedures. Speech perception was assessed with
the subject’s conventional CIS strategy. Immediately
afterward, the patient was converted to HiResolu-
tion and was tested with both the HiRes P and HiRes
S strategies. The testing with HiRes P and HiRes S
strategies was counterbalanced.

One of the goals of this study was to determine
differences in effects seen by two different higher-
rate processing strategies. Therefore, an ABABAB
field design was implemented by asking the subjects
to alternate the HiRes P and HiRes S strategies
every day for a 1-month time period. This particular
method was implemented so that all subjects would
have equivalent amounts of experience with each
of the strategies and to eliminate order effects. The
subjects were given calendars to remind them which
program they were supposed to use and were given
a daily journal to write comments in. The order in
which programs were worn was counterbalanced
among subjects. Specifically, some subjects started
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paired #- showed no significant difference (p >

At the 1-month follow-up, speech perception was
assessed by the same testing methods that were used
the day of HiResolution conversion. The order of
testing with the HiResolution strategy was coun-
terbalanced between subjects. The subjects were
then given the choice of continuing to use both Hi-
Resolution strategies or picking one HiResolutie

again reevaluated on speech perception abiliti€
tween 3 and 6 months after the HiResglution

version. 05) b en CIS results (mean, 60.5%; SD, 17.3%)
immediate HiResolution results (mean,

RESULTS & 57 SD. 16.2%).
Immediate Crossover Res S speech per- One-Month HiResolution P Versus HiResolution
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before conversion with
highest-scoring HiR;
quential) immediat

sentenc 0 . The CUNY sentence results obtained with the
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version are shown subjects (H16B and H22B) showed a difference
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gram over CIS program. o
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in performance between the HiRes P and HiRes S (p<.001) in pe an HiResolution (mean,
strategies. (The HiRes S results were worse than the 92.1%; SD, 6.5% onth in comparison to CIS
HiRes P results.) A paired #-test showed no signifi- (mean, 564 %; SD, 0).

cant difference (p > .05) in performance between the
HiRes P (mean, 91.0%; SD, 6.6%) and HiRes S
(mean, 87.2%; SD, 8.3%) strategies. .

1Resolution strategy

CIS Versus One-Month HiResolution. The CUNY 0 6 months compared to
sentence results obtained with the conventional CIS hest scorin solution strategy (Paired or
strategy versus the highest-scoring 1-month HiReso- ntial) at 1 are shown in Fig 4. After 1
lution (Paired or Sequential) strategy are sho th of alt rnafing between the HiRes P and HiRes
Fig 3. The scores improved approximately S strategles y other day, the subjects were given
60% from CIS to HiResolution for 6 subjects the choigg €/ Wear their preferred strategy. Five sub-
cifically, 2 subjects (H16B and H2 JCCtS d no difference in speech perception per-
significant improvement of 60%, 2 e between their best HiResolution strategy
and H27B) improved significantl th and their best HiResolution strategy at 3
i nths. Two subjects (H18B and H27B) showed a
were s1m11ar décrement in scores between 1 and 3 months of Hi-
the S/N esolution use. A palred t-test showed no significant
LA difference (p > .05) in performance between the 1-

\@Znt month HiResolution (mean, 92.1%; SD, 6.5%) and

solution Versus 3- to 6-Month
e CUNY sentence results obtained

by 30%. One subject’s (H48
with CIS and HiResolution

OHiRes 1 Month

H HiRes 3 Month

Fig 4. Individual performance on
CUNY sentences in noise with speech
and noise presented from front. In-
dividually set S/N ratios are shown.
Best 1-month HiResolution and best
3-month HiResolution performance
scores (percent correct) are shown
with +1 SE bars. Asterisks highlight
significant difference (p < .05) be-
tween performance at two different
times.
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the 3-month HiResolution (mean, 89.2%; SD, 4.8%) Our first goal nt the effects of con-
results. verting to a soun sing strategy with a fast-

Testing With CIS After Use of HiResolution. Five
subjects were retested with their original CIS pro-
gram and HiResolution program at least 6 months
(range, 6 to 18 months) after HiResolution con-
version. This CIS strategy was programmed with
SoundWave programming software. Each subject
was allowed 12 hours to listen to their CIS strateg
before testing. Figure 5 shows that 4 of the 5 (
H27B, H40B, and H17B) subjects continued

er rate a n increased number of channels (Hi-
Resolution ond goal was to evaluate dif-
fere ance bet enastrategy that stim-
ula entlally throug adjacent electrodes
and a strate fat stimulates in a paired,
t electrod 10n (HiRes P). The third
oalwas to eval c@p ech perception performance
the subj ernated between two different
HiResoluti;&o nd processing strategies for a 1-

month tim od.

their HiResolution programs at 6 mo
the initial conventional CIS progra

Th@ults of our first goal showed that most
sub'% were able to immediately take advantage
ter sound processing utilizing more electrode
tacts. This finding is impressive, as these subjects
id not need time to acclimate to the processing
strategy before receiving benefit. Although some
' subjects expressed preferences between the HiRes
than with th IS P and HiRes S strategies, no subject reported not
ion. Interestingly, 2 liking the quality of the sound produced by either

) performed better with HiResolution strategy.
after using HiResolution than _
iResolution conversion. In con- After the subjects were converted to HiResolution

0B and H48B) performed worse from their conventional CIS strategy, they were
am after using HiResolution than asked to alternate between HiRes P and HiRes S
ior to HiResolution conversion. A re- strategies for 1 month. The purpose was to evalu-

cluded. All 5 subjects
performance (with the

surement analysis of variance (with Bon- ate differences in performance with a strategy that

justment used for the multiple comparison) stimulates sequentially versus a strategy that stim-

showed that there was no statistically significant dif- ulates in a paired configuration. The HiRes S strat-
ference (p > .05) between performance with the ini- egy stimulates at a slower rate than does the HiRes P
tial CIS strategy (mean, 62.7%; SD, 19.4%) the 6- strategy (2,900 pps versus 5,156 pps) and stimulates
month HiResolution strategy (mean, 88.5%; SD, tonotopically, whereas the HiRes P strategy does
4.8%), and the 6-month CIS strategy (mean, 67.5%; not. By the subject’s alternating strategies daily, the
SD, 12.1%) because of the small sample size. brain of the subject would have equal representation

from each strategy, but the subject would not use
DISCUSSION either strategy long enough to acclimate to one or the
The main goals of this field trial were threefold. other. Although some subjects had a preference for
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one strategy over the other, all subjects were willing
to alternate use of the strategies daily. Our research
team is relatively confident that all subjects abided
by this demanding regimen. The subjects were all
briefed on the importance of this research approach.
In addition, each subject consistently wrote, on a
daily basis, in a journal documenting what he or she
liked and disliked about each strategy. The fact that
there were no differences between the results ob-
tained with the strategies after 1 month of use leads
us to believe that the tonotopic stimulation mode
and rate did not have an overwhelming effect for
most subjects.

Performance with HiResolution after 1 month of
alternating between the HiRes P and HiRes S strat-
egies showed a dramatic improvement in speech per-
ception compared to sentence perception with con-
ventional CIS. We are unable to determine whether
the improvements in speech perception were due to
the increase in channels, the increase in rate, or both,
because the rate and number of channels changed
simultaneously during conversion to HiResolution.
All but 1 subject’s scores with HiResolution im-
proved between 30% and 60% and ranged from
80% to 95% on sentences in noise, demonstrating
that these subjects were able to tolerate a more
difficult S/N. To compare these results to tho
unilateral listeners, we looked at a study b
et al,> which showed improvements on avera
14% on HINT sentences in noise with esoluti
The conventional CIS strategy is capable of
representing temporal informatio 400 Hz;
therefore, it may be possible e greater rep-
resentation of temporal flug produced by

©

iResolution results) continued to have
s with their HiResolution strategy and
better on speech perception tasks with

(upth g/

their HiResolution program versus their initial CIS
program. (Subject H48B showed better performance
with her initial CIS.) This outcome shows that for
these 4 subjects, HiResolution is superior to the CIS
strategy. When retested with a CIS strategy after hav-
ing the HiResolution experience, 2 subjects (H16B
and H27B) showed an improvement in performance

as compared to their performance with
CIS strategy prior to using HiResol
planation for the improvement in
the subjects have learned the test
these subjects showed no diff]
between their 3- and 6-month
second explanation is t e

a different listening stg@fegy wi
increased number ,of {€hanne

The subjects m e

in the hlgher—ra e
recognize in the slo

ith HiResolution.
tilize temporal cues
that they are now able to
ate strategy. Two subjects
wed a decline in performance
with & gram after usmg HiResolution,
as ‘@ d to*their perfor ce with their initial
egy. It is possi at this decrement is
acute nature sting these subjects with
egy that th y not worn for more than 6

ONCLUSIONS

ed Bionics HiRes S and HiRes P
sulted in dramatic improvements in

spee rception in noise after 1 month of use
ts who had been using conventional CIS

% erally. This finding indicates that subjects were

e to tolerate a more difficult S/N with HiReso-
t10n than with conventional CIS. In addition, in
comparison to conversion results of subjects with
unilateral cochlear implants,? the improvements for
bilateral listeners were much larger, possibly indi-
cating central integration. After 3 months of Hi-
Resolution use, all speech perception improvements
stayed consistent. After at least 6 months of Hi-
Resolution experience, 80% of the subjects contin-
ued to perform better with the HiResolution strategy
than with the CIS strategy. Further work is needed
to determine the independent effects of rate versus
number of channels of stimulation.
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