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Introduction

Deafness can affect an individual during adult age, i.e., after
the development of hearing function and the acquisition of
speech and language skills. This deficiency renders an indi-
vidual unable to hear environmental and warning sounds or
that of the human voice. Furthermore, deafness does not
permit vocalmodulation, causing onés voice to be esthetically
poor. The personal sound amplifier device is efficient for the
treatment of several hearing deficiencies, but some patients
are still unable to recognize words and sentences even with
the use of a powerful hearing aid.1

A promising aid for the improvement of sound perception
by individuals with severe/profound hearing loss is the
cochlear implant (CI), which directly stimulates the auditory
nerve by means of electrodes implanted in the cochlea,
allowing the nerve to transmit these electric signals to the
brain. The CI consists of an external component and a
surgically implanted internal component.1,2

Many studies have evaluated speech perception in users of
the CI system based on different speech coding strategies
available in the speech processor in different situations of
hearing, silence, and noise.1–5 These assessments are mostly
performed during limited time intervals in adolescent and/or
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Abstract Introduction The objective of the evaluation of auditory perception of cochlear
implant users is to determine how the acoustic signal is processed, leading to the
recognition and understanding of sound.
Objective To investigate the differences in the process of auditory speech perception
in individuals with postlingual hearing loss wearing a cochlear implant, using two
different speech coding strategies, and to analyze speech perception and handicap
perception in relation to the strategy used.
Methods This study is prospective cross-sectional cohort study of a descriptive
character. We selected ten cochlear implant users that were characterized by hearing
threshold by the application of speech perception tests and of the Hearing Handicap
Inventory for Adults.
Results There was no significant difference when comparing the variables subject age,
age at acquisition of hearing loss, etiology, time of hearing deprivation, time of cochlear
implant use and mean hearing threshold with the cochlear implant with the shift in
speech coding strategy. There was no relationship between lack of handicap perception
and improvement in speech perception in both speech coding strategies used.
Conclusion There was no significant difference between the strategies evaluated and
no relation was observed between them and the variables studied.
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adult individuals, with a combination of speech perception
tests and self-assessment questionnaires.

One study6 evaluated the role of temporal fine structure
processing in tests of pitch perception, masking and speech
perception for normal-hearing and hearing-impaired people.
The complex broad band sounds are decomposed by auditory
filters into a series of relatively narrow signals, each one of
them considered to be a variation of storage, with placement
in a temporal fine structure (TFS). Both the TFS and storage
data are represented at the time of neural firing, although TFS
information depends on the phase associated with the cycles
of the wave stimulus. The CI devices currently available
mainly allow the storage of information in different pitch
ranges, a fact that may explain in part the CÍs relatively low
capacity to understand speech when background sounds are
present.

Other studies have associated the strategies with the
number of activated channels.7,8 The data did not permit
relating a specific region of the cochlea to a better perfor-
mance in speech perception. Nonetheless, 7 of the 12 patients
tested obtained better performance when the 6 basal chan-
nels were activated. This suggests that, in partial insertions in
which the electrodes do not reach the more apical region of
the cochlea and stimulation occurs more intensely in the
basal andmedial regions, theremay be utilization of auditory
information.7 Riss et al8 investigated the correlation between
time of use of the Opus speech processor and the speech
coding strategy Fine Structure Processing (FSP). The results
showed that the speech processor had a significant advantage
in the signal/noise ratio (10 dB) compared with the Tempoþ
speech processor used for the Continuous Interleaved Strate-
gy (CIS). In addition, the Opus speech processor has a broader
pitch band and both factors (pitch band and speech coding
strategy) possibly contributed to the differences in the scores
of the speech perception tests (SPT).

The implantable CI unit is the interface for the transmis-
sion of electrical stimuli to the neurons of the spiral ganglion.
These stimuli are processed by the external unit or speech
processor, in which the sound is converted or processed into
signals transmitted via radiofrequency to the internal unit,
which in turn converts the signal into an electrical impulse.
This impulse is then sent to the brain and interpreted as
sound.9 This results in significant auditory sensations that can
lead to the understanding of speech. The speech processing
strategies use to achieve this objective vary according to the
characteristics of the implant used and can be classified
according to their properties. Most of the current implants
are multichannel ones, with the sound that reaches the
processor filtered into various pitch bands, each associated
with a pair of electrodes. A pitch band and its electrodes are
called “channels.” Today, the most frequently used speech
processing strategies differ in number of channels and in the
speed of the stimulation for each channel.

Different speech coding strategies are available in Cochlear
Corporation®devices (Advanced Combination Encoder- ACE-
and Continuous Interleaved Strategy – CIS – Centennial, USA)
and in Medel® devices (FSP strategy and Fine Structure
4 - FS4–strategy – Innsbruck, Austria).

The ACE strategy emphasizes the spectral and temporal
clues of the acoustic signal. The device relies on a dynamic
selection of the stimulated channels depending on the fre-
quencies of greater or maximumamplitude of the pitch bands
of the sound that reaches the processor. This strategy selects
6, 8, 12 or 20 maxima from the signal spectrum and stim-
ulates the corresponding channels at a rate ranging from 250
to 2400 pulses/second per channel. It incorporates high rates
of stimulation and is currently considered the standard
strategy for the use of Cochlear Corporation® devices.10

The CIS strategy stimulates multiple electrodes in a non-
simultaneous manner, although at a much higher rate of
stimulation than that of the SPEAK strategy. In the CIS
strategy, programming is performed by choosing 4–12 fixed
channels always stimulated at each impulse. The rate of
stimulation is 720 to 2400 Hz. The CIS strategy gives priority
to temporal information rather than spectral information and
was developed to reduce channel interaction with the use of
non-simultaneous channel stimulation. Biphasic pulses are
delivered to the electrodes by non-simultaneous stimulation
starting from the extraction of the acoustic signal (temporal
information).10

The FSP strategy provides sequential stimulation of two
adjacent electrodes, used to focus on the stimulation of
additional neural fibers, providing better spectral resolution.
Its low frequency channels (1 to 4) are also set to code both
the envelope and the fine structure of the sound wave. For
these apical channels, the high rate of fixed stimulation is
replaced with continuous special stimulus sequences (CSSS),
which are a series of special electrical pulses that carry the
fine structure information, i.e., the number of CSSS channels
and the pitch interval with the coding of fine structures that
depend on the configurations of the patient́s parameters.

In the FS4 strategy, sound processing is quite similar to that
of FSP, except that CSSS channels work in a constant manner,
independent of the configurations of the patient́s parameters,
i.e., there are four apical channels (1 to 4) working at an
estimated rate of 6000 pulses/second per channel. This
strategy is currently considered the standard for the use of
Medel® devices.10

The considerations above stimulated our interest in study-
ing the differences in the speech perception process in
postlingual hearing-impaired adult individuals using CI sys-
tems involving four different speech-coding strategies avail-
able for speech processors.

The objectives of the present study were to determine the
differences in the speech perception process between two
speech coding strategies available in the device used by the
patient, i.e., the habitual one (indicated on the occasion of
activation) and a second one (an option after programming
for the test), to analyze the results of the speech perception
tests with the two different speech coding strategies, and to
determine the perception of the handicap.

Method

This was a prospective cross-sectional cohort study of a
descriptive character. The Research Ethics Committee of the
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institution involved has approved the research and regis-
tered it under number 9415/2010. All the participants
provided their written informed consent forms to partici-
pate in this study, which the ethics committee then
approved.

The studywas conductedwith 10 subjects of both genders,
older than 18 years of age, users of a multichannel CI.
Inclusion criteria were the effective use of a CI for at least
six months, the ability to recognize open set speech and a
diagnosis of postlingual sensorineural hearing loss. Subjects
with associated neurological and/or psychiatric impairment
were excluded.

Eighty percent of the CI users wore a Cochlear Corpora-
tion® device (ACE as the habitual strategy and CIS as the
second strategy) and 20% wore a MedEl® device (FSP as the
habitual strategy and FS4 as the second strategy).

The following procedures were used for data collection:
demographic characterization of the subjects based on their
medical records, determination of hearing threshold in free
fieldwith the CI, assessment of speech perception bymeans of
a recognition of lists of monosyllabic and disyllabic words11

and lists of sentences,12 and application of the Hearing
Handicap Inventory for Adults (HHIA) questionnaire13 to
assess the perception of the change in coding strategy by
means of directed questions.

The authors created maps for all the strategies and opti-
mized based on the necessary changes for each individual.
Then, authors assessed the subjects again according to the
same protocol. The variations in strategies and the assess-
ments occurred on the same day to determine whether there
were differences and whether the subjects were able to
perceive them during the application of the tests. After the
datawere obtained, the speech processors were programmed
with the participantś preferred strategy.

The habitual strategy (i.e., the one indicated upon activa-
tion) was denoted Strategy 1, and the second strategy, an
alternative to the habitual one after programming for the test,
was denoted Strategy 2.

All speech perception tests were applied in a soundproof
booth using an audiometer connected to an amplifier in free
field and an acoustic box at 0° azymuth at a fixed intensity of
70 dBNA, with the subject positioned at a distance of one
meter from the loudspeaker.

For statistical analysis, the authors reviewed the data to
synthesize a series of values of the same nature, permitting an
overall view of variation, organizing and describing them in
tables with descriptive measures. This analysis was per-
formed using the PROC MEANS feature of the SAS® 9.0
software (California, USA).14 The Student t-test for paired
quantitative datawas used to compare the strategies used and
the hearing loss variables (subject’s age, age at hearing loss,
time of hearing deprivation, and mean auditory thresholds
with the use of the CI) to the speech perception tests. In this
case, pairing is observed by obtaining the respective meas-
urements in the same subject with the two strategies used.
The study also relied on the Pearson correlation coefficient to
quantitate the association between two variables.

Results

►Table 1 presents the characterization of the subjects regard-
ing age and aspects related to hearing loss.

Regarding the strategies used, eight patients using the
Cochlear Corporation® device used the ACE strategy as Strat-
egy 1, while two subjects using the MedEl® device used the
FSP strategy as Strategy 1.

As for Strategy 2, the CIS strategy was introduced in the
eight patients using the Cochlear Corporation® device,
whereas the FS4 strategy was introduced in the two MedEl
device users.

►Table 2 lists the results of the SPT in the two phases of
assessment: the first, when the subjects used Strategy 1
(habitual) and, the second, using Strategy 2 (second strategy
chosen after optimized mapping).

The results of the comparison between the SPT and
Strategies 1 and 2 are listed in►Table 3. Analysis of the three

Table 1 Data regarding hearing loss of the subjects studied (N ¼ 10)

Subjects Age
(months)

Age at HL
(months)

THL
(months)

TUCI
(months)

Mean thresholds
with the CI (dBNA)

AR

1 468 96 216 20 28 No

2 543 60 48 33 17 Yes

3 367 108 36 79 25 Yes

4 804 360 48 72 25 Yes

5 355 72 24 55 27 Yes

6 459 288 84 84 42 No

7 504 144 24 48 23 Yes

8 702 144 384 74 20 Yes

9 282 168 36 19 39 Yes

10 500 144 60 8 25 Yes

Abbreviations: AR, auditory rehabilitation; CI, cochlear implant; HL, hearing loss; THL, Time of hearing loss; TUCI, Time of use of the cochlear implant.
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SPT did not reveal significant differences, although the pvalue
for monosyllabic words was close to significance.

Additionally, we observed no significant difference when
correlating SPT results using Strategies 1 and 2 with the
following variables: current subject’s age (months), subject’s
age at the time of acquisition of hearing loss, mean thresholds
with the CI, time of CI use, and time of hearing deprivation
(►Table 4).

►Table 5 shows the speech perception strategies em-
ployed by the CI users at each assessment time. The final
score obtained with the HHIA is reported as a percentage for
each subject. Eight of the ten subjects obtained scores ranging
from zero to 16%, implying a lack of handicap perception. One
subject obtained a score from 18 to 42%, corresponding to a
mild/moderate handicap perception, and only one subject
presented severe handicap perception, with a score over 42%.

Discussion

Studies have demonstrated the need to assess speech percep-
tion, with several investigations contributing to the adapta-
tion and validation of SPT in different listening situations. In
parallel, the development of the electronic devices used as
hearing aids aimed at better utilization of residual hearing
have contributed to an improved quality of speech perception
in individuals with hearing deficiency.

All the subjects participating in the present study had
postlingual hearing loss (one of the eligibility criteria), had
mean hearing thresholds in the range of 20 to 42dBNA, and
had received or were still receiving systematic hearing reha-
bilitation. In this study, we opted to determine whether CI

users with postlingual hearing loss would be able to perceive
changes in speech perception after changes inmapping over a
short period, such as on the same day they appeared for
follow-up during the program.

Analysis of the SPT results of the present sample did not
reveal significant changes regarding the tests applied (mono-
syllabic and disyllabic words and sentences) between the two
strategies used, nor did it show a correlation with the
variables studied. Similar results have been reported in the
literature when non-sensitized SPT are used,2,4,6 confirming
that the variability in CI performance among the users is
related to each systeḿs coding strategies for each user in
particular.

Two of the ten participants completed data collection with
thepossibilityof routinelyusing Strategy2, thestrategyavailable
in the device reported by the subject, to provide better percep-
tion after Strategy 1. One of them, Subject 1, opted tofix Strategy
2 as thehabitual one after obtaining better SPT performance and
reporting that it was better for listening (perception by the
subject himself). The other subject (no. 6) was given the
possibility of using one of the two programs (Strategy 1 and
2) by obtaining a similar performance with both, with the
possibility of improved hearing perception after a period of
acclimatization to Strategy 2. However, this result did not persist
over the three subsequentmonths andbothpatients requested a
return to Strategy 1 (habitual), claiming that the difficulties in
open set speech recognition had worsened with the new
strategy. This confirmed literature data about the need for a
process of acclimatization to the new forms of listening that
would optimize the functioning of the auditory system after a
change in acoustic information.2,15–18

Table 2 Results of the speech perception test (monosyllables, disyllables and sentences) with the use of Strategies 1 and 2

Strategy n Variable Mean SD 95%CI Minimum Median Maximum

LL UL

1 10 Monosyllables 0.55 0.03 0.52 0.57 0.52 0.54 0.60

Disyllables 0.58 0.09 0.51 0.64 0.40 0.60 0.72

Sentences 0.79 0.16 0.67 0.90 0.50 0.78 1.00

2 10 Monosyllables 0.44 0.14 0.34 0.54 0.24 0.46 0.64

Disyllables 0.52 0.12 0.44 0.61 0.32 0.54 0.68

Sentences 0.69 0.25 0.51 0.87 0.12 0.74 0.94

Abbreviations: CI, confidence interval; LL, lower limit; n, number of subjects; SD, standard deviation; UL, upper limit.

Table 3 Results of the comparison of Strategies 1 and 2 regarding the speech perception tests used (monosyllables, disyllables and
sentences)

Comparison of Strategies 1 and 2 Estimated difference LL UL P value

Monosyllables 0.10 0.0015 0.2095 0.052

Disyllables 0.05 �0.0400 0.1464 0.24

Sentences 0.09 �0.0300 0.2200 0.13

Abbreviations: LL, lower limit; UL, upper limit.
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Carvalho19 stated that CImapping and balancing should be
performed periodically in adults and that mapping may
change within the first six months since this is the period
of adaptation to the electrical stimulus. After this period,
mappingmay be changedwhen the patient feels the need and
for it and for better safety.

Current studies have confirmed the need to combine tests
that will permit the professional to opt for the best conduct
for the patient. In the present study, the subjective perception
of these two individuals during the test were not confirmed
(cross-check principle) with the results of the SPT and/or the
questionnaire applied.

Statistical analysis did not reveal a significant difference
between the SPT results obtained with Strategy 1 (habitual)
and Strategy 2 (change after mapping), or regarding the
remaining variables studied. Similar findings were reported

by Riss et al8 which did not detect a significant advantage in
the comparison of SPT using the FSP or CIS strategy, with the
speech perception of the CI users being similar with the use of
the two strategies. Data regarding hearing loss also showed
no correlation with SPT results or the strategies used.

Although no significant differences were noted between
the two strategies for any of the variables studied, a qualita-
tive analysis of the results for each subject revealed that two
of them (subjects 4 and 10), who showed a better SPT
performance and who had a time of hearing deprivation of
less than five years, were under audiology follow-up (hearing
rehabilitation) and had amean auditory threshold of 25dBNA
with the use of the CI.

Subjects 5 and 8 showed the worst performance in SPT, an
intriguing fact for subject 5 who was in one of the best
conditions for the group regarding the time of hearing

Table 4 Correlation of speech perception test results with hearing loss data

SPT and strategy used Age Age at HL Mean hearing threshold Time of hearing deprivation Time of CI use

Mono_strat1 �0.2980 �0.2107 0.3619 �0.4330 0.1675

p value 0.4029 0.5590 0.3041 0.2112 0.6437

Mono_strat2 0.1122 �0.1134 0.3262 �0.1388 �0.5537

p value 0.7575 0.7550 0.3575 0.7020 0.0968

Disyll_strat1 �0.5095 0.3771 �0.1437 �0.6280 0.1162

p value 0.1325 0.2827 0.6920 0.0518 0.7492

Disyll_strat2 �0.3600 0.1858 �0.0138 �0.1011 �0.6309

p value 0.3067 0.6072 0.9697 0.7811 0.0504

Sent_strat1 �0.2477 0.3019 �0.2088 �0.3833 0.0462

p value 0.4902 0.3965 0.5626 0.2741 0.8990

Sent_strat2 �0.4371 0.2143 0.0353 �0.6149 �0.4400

p value 0.2065 0.5521 0.9229 0.0585 0.2031

Abbreviations: CI, cochlear implant; disyll, disyllabic word; HL, hearing loss; Mono, monosyllabic word; sent, sentence; SPT, speech perception test;
strat 2, strategy 2; strat1, strategy 1.

Table 5 Strategies used at each time of CI user evaluation

Subjects CI brand Strategy 1 Strategy 2 Strategy preference Strategy after 3 months

1 MedEl FSP FS4 FS4 FSP

2 Cochlea ACE CIS ACE ACE

3 Cochlear ACE CIS ACE ACE

4 Cochlear ACE CIS ACE ACE

5 Cochlear ACE CIS ACE ACE

6 Cochlear ACE CIS CIS ACE

7 Cochlear ACE CIS ACE ACE

8 Cochlear ACE CIS ACE ACE

9 MedEl FSP FS4 FSP FSP

10 Cochlear ACE CIS ACE ACE

Abbreviations: ACE, advanced combination encoder; CI, cochlear implant; CIS, continuous interleaved strategy; FS4, fine structure 4; FSP, fine
structure processing.
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deprivation (two years) and who also had the lowest handi-
cap perception in the group studied (a score of 8). Subject 8
showed poorer SPT results probably owing to meningitis as
the etiology of hearing loss, in agreement with studies
reporting a poorer SPT performance in adults with post-
meningitis deafness.20,21

Another study3 reported that sentence recognition by CI
users in the presence of silence and of noise improved with
device time of use, a result that we did not observe in the
present study in a significant manner. Tests that investigate
speech recognition with competition (noise or speech) seem
to be more sensitive for the identification of the benefits of
processors and strategies. Some authors22 have discussed the
need to expand the procedure for evaluation, with a more
difficult degree of complexity of the auditory tasks, especially
for users with a good speech recognition performance when
using their processors and habitual strategies.

The mean thresholds observed in CI users in the present
study was 27dB, in agreement with data reported by Santos
et al4, who stated that, despite the different types of CI, the
audiometric thresholds did not exceed 40dB. The etiology
most frequently detected was that of unknown cause (idio-
pathic), observed in 50% of the participants, a result that
agrees with the study of Calhau et al23, who also observed
deafness of idiopathic cause in 40% of their patients.

The investigation of the etiology (50% idiopathic) is neces-
sary to aid the process of evaluation in the presurgical phase
and mainly the planning of treatment and the determination
of the prognosis of intervention.

Some studies have demonstrated that, in some cases of
deafness secondary to meningitis, implants do not yield
results as satisfactory as those obtained in patients with
deafness due to other etiologies.24 Another factor to be
considered in these cases is ossification, commonly occurring
in many patients after meningitis, with a negative influence
resulting in a larger number of complications and of partial
electrode insertion.25

The HHIA questionnaire applied to the subjects in the
form of an interview revealed a lack of handicap perception
in most subjects (eight), although, only one of the subjects
evaluated showed improved speech perception regarding
monosyllables, disyllables and sentences when switching
strategies. The results of the present study agree in part
with those reported by Lima, Aiello and Ferrari,26 who
stated that the speech test (LRF) showed weak, albeit
significant, positive correlations regarding handicap per-
ception by CI users.

Based on the present results, it can be seen that the
performance of speech perception may be more closely
related to characteristics such as time of hearing deprivation,
age of the CI user, time of acclimatization, (i.e., time needed
for an individuaĺs hearing system to reorganize and to start to
effectively perceive the spectral information provided by the
strategy indicated). It should be pointed out that the results of
the rehabilitation process in CI users are directly related to
other factors such as the individual characteristics of the
users, their biopsychosocial aspects, their own and/or their
family’s involvement in the therapeutic process, the

application of specialized audiology follow-up (hearing reha-
bilitation), and the etiology of the hearing loss. Thus, there
should be further research on these factors to define their
contribution to auditory performance with the use of speech
coding strategies.

Conclusion

There was no significant difference between the strategies
evaluated, nor were they related to the variables studied.
However, after the application of the SPT, two subjects
preferred the use of the second strategy (not habitual) on
the occasion of the test and reported improved speech
perception during the test, returning to their habitual strate-
gy a short time later. This fact indicates the need for some
time for acclimatization for a better perception of the benefits
of the strategy used for speech perception.
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