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Abstract. Assessment of speech perception and communication skills in adolescents with cochlear implants for pre- and
peri-lingual deafness. Objective: This study aimed to assess speech perception and communication skills in adolescents
between ages 8 and 18 that received cochlear implants for pre- and peri-lingual deafness.

Methods: We studied 15 adolescents, aged 12 to 23 years, with late cochlear implantation. Speech perception was
assessed with the Bishop sentences test and a memory number sequence test at 3-9 years after cochlear implantation. A
questionnaire completed retrospectively was used to investigate communication skills pre- and post implantation.
Results: Six individuals achieved grammar comprehension scores comparable to children 8-10 years old with normal
hearing; only 3 individuals achieved a percentile rank higher than 50% in the memory number sequence test. The self-
reported communication skills improved after cochlear implantation in all adolescents.

Conclusions: Speech perception skills of adolescents with late implantation for pre- and peri-lingual deafness are typi-
cally inferior to those of children with normal hearing at the age of 10. However, when the evaluation of the cochlear
implant outcome was broadened with the use of a questionnaire, many individuals reported that they participated more

actively in conversations, spoke more actively to unknown individuals, and were more easily understood by others.

Introduction

Adolescents with pre-lingual deaf-
ness are not considered eligible for
a late cochlear implantation (CI)
because many will never achieve
open speech perception.! Adults
with pre-lingual deafness show an
overall worse performance than
those with post-lingual deafness.”
Therefore, many CI centers regard
these candidates as borderline**
and do not recommend a CI.

The benefit of hearing rehabili-
tation with CIs is well documented
for children and adults with pre-
lingual deafness.” On the other
hand, there is a scarcity of recent
literature on late CI for adoles-
cents with pre-lingual deafness.

Only a handful of studies have
covered this specific topic,**'* and
they have shown significant vari-
ability in speech performance in
this borderline group. However,
despite these expected perform-
ance limitations, some studies
have found that children and
adults with pre-lingual deafness
acquired open speech perception
skills after late CI1.2**

Although much progress has
been made in the early diagnosis
of congenital deafness and early
CI for children with pre- and peri-
lingual deafness, borderline candi-
dates, including adolescents, con-
tinue to exist. Correct counseling
is of great importance to prepare
professionals that deal with CI-

candidates for the outcome and
expectations.

The assessment of adolescents
with CIs has proven to be difficult.
The exclusive use of open speech
perception tests for the assessment
of the outcome may distort the
results and can lead to false con-
clusions that underestimate per-
formance and benefit. Therefore,
it is necessary to use the testing
materials in conjunction with a
self-assessment questionnaire.

The aim of this study was to
investigate adolescents with pre-
and peri-lingual deafness that
received a late CI. We used age-
adapted speech perception tests
and a new self-assessment ques-
tionnaire to provide a holistic
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assessment of the speech percep-
tion and communication skills
achieved after a late CI.

Materials and methods

Patients

The study included 15 adolescents
with pre- and peri-lingual deafness
that received a CI after the age of
8. Inclusion criteria of the study
were deafness before the age of 4
(pre- or peri-lingual deafness was
defined as a pure tone average
>90 dB HL), an implantation be-
tween ages 8 and 18 (mean=11:4y
[years: months], SD + 2:7 y), and a
minimum of 3 y of device experi-
ence. All patients that participated
in the study had received Cls, were
registered in the clinical database
of our department of audiology,
and fulfilled the inclusion criteria.
The participant ages ranged from
12 to 23 y (mean 16:10) at the
time of the test. The mean dura-
tion of deafness was 10:2 years
(range 4:11 to 14:3 y). All candi-
dates for the CI had been fitted
with hearing aids prior to implan-
tation. At the time of testing, the
post implant time interval ranged
from 3 to 9y (mean 5:8y, SD +
1:9 y). All speech perception tests
and questionnaires were adminis-
tered at the same time. For details
of patient data, see Table 1.

Assessment of speech perception

Bishop sentence test

The Bishop sentence test" was
used in its German translation."” It
consisted of 30 sentences with a
four-alternative forced-choice par-
adigm for testing grammar and
semantic perception. The partici-
pants had to choose the correct
one out of four pictures shown
after hearing a test administrator

read a sentence that described a
picture. The participant earned
one point every time they chose
the picture that matched the sen-
tence. The maximum achievable
score was 30 points. The sentences
were divided into 3 categories:
sentences that tested semantic
comprehension, grammar compre-
hension, or both. The grammar
sentences were divided into sub-
categories in order to reveal
specific grammar comprehension
deficits. Lip reading was allowed
in order to assess the speech
perception performed in daily life.
The test was always administered
by the same professional. To
reveal any deficits, all test scores
were compared with the scores of
children, aged 6-10 y, with normal
hearing."

Number sequence memory test

The number sequence memory test,
in its German version (PET),"
was based on the Illinois Test
of Psycholinguistic Abilities." It
tested number perception and
memory capacity. Each individual
had to repeat a sequence of num-
bers spoken by a test administrator
(2 numbers per second; always
administered by the same profes-
sional). No feedback was given to
the participant about the answers.
Each correctly reproduced num-
ber sequence scored two points.
When one number in the sequence
was wrong, the same number se-
quence was repeated, and the
participant earned only one point
for the correct sequence. The test
ended after three false attempts at
the same sequence. The total score
was calculated, with a maximum
achievable score of 56 points. Lip
reading was allowed. All results
were compared with normative
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data from children, aged 6 to 10y,
with normal hearing.”

Retrospective assessment of hear-
ing and communication abilities

Retrospective audiological hearing
outcomes were assessed with pure
tone audiograms performed pre-
operatively with headphones and
post-operatively with aids in the
free field. The same equipment
was used for pre- and post-opera-
tive assessments. Audiograms were
administered by the same profes-
sional. In addition, a modified
self-assessment questionnaire was
administered (Table 2) that was
based on the Meaningful Auditory
Integration Scale (MAIS)"' and
the Meaningful Use of Speech
Scale (MUSS)."” This question-
naire was used to retrospectively
investigate the hearing and com-
munication abilities of patients
with CIs. The MAIS evaluates the
meaningful use of sound in every-
day situations and the consistency
of cochlear device use. The MUSS
evaluates speech production skills
of patients with ClIs. The ado-
lescents assessed their own skills
onascale of 1 to5 (1 =never, 2 =
rare, 3 = from time to time, 4 = of-
ten, 5 = always) for both pre- (TO,
from memory) and post-operative
(T1,range 3-9 y after the CI; mean
5:8 y, SD + 1:9 y) conditions.
Additional data was collected
about the daily use of the device
(1 and 3 years after implantation
and at the time of testing [T1]),
music or radio listening habits,
and about the wearer’s education-
al status. The questionnaire was
administered at the time that par-
ticipants came to the audiological
department for speech perception
testing. Adolescents under the
age of 18 were accompanied by
a parent. Reports by the parents
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Table 1
Patient characteristics
Etiology of Age at Duration |Age at CI-Type Processor Education |Communication | Speaks
deafness deafness |of implan- mode Swiss
deafness |tation dialect
1 |Meningitis 3;2 143 17:5 C40C CIS PRO 40+ |oral oral yes
2 |CMV-infection 0;0 15;7 15,7 C40+ CIS PRO 40+ |oral oral no
3 |Meningitis 2:2 8;10 11;0 N CI22M | Spectra 22 oral oral no
4 |Meningitis 3;10 4;11 8;9 N CI22M | Spectra 22 oral oral & signs no
5 |Congenital 0;0 10:9 10;9 C40C Tempo+ oral oral & signs yes
6 |Rubella embryopathy |0;0 10 ;2 10;2 C40C Tempo+ oral oral no
7 |Rubella embryopathy |0;0 12 ;8 12;8 N CI24M  |Esprit oral oral yes
8 |Congenital 0;0 9;8 9;8 N CI20+2 |Spectra 22 oral oral & signs no
9 |CMV-infection 0;0 80 8.0 C40C Tempo+ oral oral & signs no
10 |Congenital & SHL 0;0 11;5 11;5 C40+ CIS PRO 40+ |oral oral yes
11 |Congenital 0;0 10;8 10;8 C40+ Tempo+ oral oral yes
12 |Congenital 0;0 8:4 8:4 C40+ Tempo+ oral oral yes
13 | Congenital 0;0 8:4 8:4 C40+ Tempo+ oral oral yes
14 |Congenital 0;0 8;7 8;7 C40+ Tempo+ oral oral no
15 |Congenital 0;0 11;0 11;0 C40+ Tempo+ oral oral yes

Abbreviations: CI: cochlear implantation; CMV: Cytomegalovirus; SHL: sensorineural hearing loss.

were taken into account when the
adolescent was not able to answer
the question. All participants had
the opportunity to ask questions
when they filled out the question-
naire.

Statistics

The number sequence memory
test results were compared with
normative data (sample number:
200-600 children with normal
hearing for each age group) avail-
able from the German PET test
evaluation book."” Individual test
scores of the adolescents were
converted to standard values (T-
values), as proposed by the
authors of the test protocol, by
using a normative data table with
the corresponding T-values. The
conversion of test scores to a stan-
dard T-value allowed the interpre-
tation of scores in standardized
tests by calculating the percentile

rank of a score. The normative
table also indicated the T-value
range (68% confidence interval)
for each age group.

Potential correlations between
patient data and speech perception
performance were investigated
with a simple linear regression
model. This test corresponded to a
t-test when the influence of a bina-
ry variable like “Swiss German —
Yes/No” was analyzed. We deter-
mined whether the slope of the
corresponding regression curve
differed significantly from zero.

A one-sided binomial test (sign
test) was performed to provide a
statistical evaluation of the ques-
tionnaire results. A Bonferroni
correction (ps.) for multiple test-
ing was applied (p-values were
multiplied by a factor of 26,
because 26 items were evaluated
in the questionnaire). A p-value
0.05 was considered significant.

Ethical considerations

All individuals provided informed
consent prior to testing. The study
design and tests were approved by
the institutional review board.

Results

Speech perception

Bishop sentence test

On average, 20 out of 30 sentences
were correctly answered (score
range: 5-29, SD = 8). The individ-
ual scores showed a scattered pat-
tern (Figure 1). On average, 67%
of sentences in the grammar com-
prehension test were answered
incorrectly, and 29% of sentences
with semantic content were
answered incorrectly. The mean
failure rate was 4% for sentences
with combined grammar and se-
mantic content. The main gram-
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Table 2

Self-assessment questionnaire (n = 15)

No |Question _ _
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CI wearing time
1 How many hours do you wear your CI daily? -- -- -- --
2 How long did you wear your CI 1 year after the operation? -- -- -- --
3 How long did you wear your CI 3 years after the operation? -- -- -- --
School career
4 | Which school do you attend or did you attend previously? -- -- -- --
Communication mode
5 Do you speak and do you understand Swiss German dialect? -- -- -- -- -- --
6 Do you use lip-reading? 4 4 5 3 7 1
7 Do you use sign language? 0 1 2 5 8 1
Telephone use
8 Do you use the telephone daily? 0 1 6 0 9 0.406
9 Are you forced to check back because you don’t understand? 3 2 3 0 12 1
Music listening
10 | Do you listen to music or the radio? 1 3 10 0 5 0.025*
Hearing abilities
11 |Can you hear the door bell when it rings? (MAIS 7) 1 4 12 0 3 0.006*
12 | Do you hear the car turn signal indicator clicking? 0 1 10 0 5 0.025*
13 | Do you react if somebody calls out your name in a quiet room? (MAIS 3) |2 4 11 0 4 0.013*
14 |Can you hear the birds singing when you are outside? 1 4 10 0 5 0.025*
15 |Do you notice if the tap is dripping? 0 1 7 0 8 0.203
16 |Can you hear a bicycle approaching without seeing it? 0 0 3 0 12 1
Speech production
17 |Do you vocalize during communicative interaction? (MUSS 2) 4 4 3 0 12 1
18 |Do your vocalizations vary with content and message? (MUSS 3) 2 3 9 0 6 0.051
19 | Do you use speech spontaneously to communicate with your family when
the topic of conversation is a known or familiar one? (MUSS 4) 1 3 11 0 4 0.013*
20 |Do you use speech spontaneously to communicate with your family when
the topic of conversation is not a familiar one? (MUSS 5) 1 2 9 0 6 0.051
21 |Do you use speech to communicate with people you don’t know in order
to get something you want? (MUSS 7) 0 3 11 0 0.013*
22 | Do you speak single words? 4 4 3 0 12 1
23 | Do you speak two-word sentences? 4 4 5 0 11 0.81
24 | Do you speak three-word sentences? 3 4 8 0 0.10
25 |Do you speak longer sentences? 2 4 11 0 4 0.013*
Speech intelligibility
26 |Is your speech understood by your family? 4 4 7 0 8 0.20
27 |Is your speech understood by people who don’t know you? (MUSS 8) 1 3 15 0 0 0.0008*
Speech perception
28 |Can you distinguish between the voices of two different speakers through
hearing alone? (MAIS 8) 1 3 11 0 4 0.013*
29 | When people are talking, do you understand some of the words? 2 3 9 0 6 0.051
30 |Do you understand whole sentences? 1 3 13 0 2 0.032*
31 |Do you understand the context? 0 2 12 0 3 0.006*

* statistically significant with Bonferroni correction (pg..r); MAIS: Meaningful Auditory Integration Scale; MUSS: Meaningful Use
of Speech Scale.
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Table 3

Grammar Comprehension

9 years

10 years

Grammar Correct answers [%]

Adolescents with Children with Normal Hearing

late implantation (Blaser et al.'?)

(n=15) 6y (n = 30) 8y (n =34)

Singular 80% 90% 100%
Comparative 80% 83% 90%
Preposition 80% 78% 93%
Perfect tense 76% 46% 87%
Relative clause 71% 74% 92%
Future tense 70% 63% 93%
Negation 67% 65% 94%
Causal clause 67% 83% 97%
Plural 60% 65% 93%
Temporal clause 58% 71% 84%
Passive voice 53% 73% 96%
Personal pronoun 47% 53% 74%

The number of individuals (n) that reported an improvement for the specific parameter
addressed by each question is indicated in the “improvement” column. The column “No
Change” indicates the number of individuals (n) that did not show any change, either
improvement or worsening, three years after implantation. The extent of self-indicated
improvement (median self-assessment score, scale 1-5) is shown in the pre (TO) and

post (T1) implantation columns.
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mar comprehension problems
(Table 3) were with personal pro-
nouns (mean failure rate, 53%), the
passive voice (mean failure rate,
47%), and the perception of tempo-
ral and plural clauses (mean failure
rates, 42 and 40%, respectively).
The mean failure rates were 29%
for relative clauses, 30% for
future tense, and 24% for past per-
fect tense. The best performance
was observed in sentences with
prepositions, comparatives, and
singular nouns (<20% failure).

The number sequence memory
test

Adolescents with CIs could
correctly repeat a sequence of 3 to
8 numbers (median: 5 numbers).
They achieved scores of 8 to
48 points, which resulted in T-val-
ues (Figure 2) between 20 and 65
(median 34).

We investigated whether there
was a statistical correlation be-
tween speech perception tests and
the patients’ pre-operative data
(age, age at deafness, age at
implantation, duration of deaf-
ness, communication mode, use of
Swiss dialect), but we found no
significant indicator of better per-
formance in speech perception.

Hearing and communication abil-
ities
Audiometry

The pure tone average (PTA) was
measured at 500, 1000, and
2000 Hz. The mean, unaided, pre-
operative PTA threshold ranged
from 90 to 123 dB HL. The mean,
pre-operative, aided PTA thresh-
old (with hearing aids) ranged
from 33 to 85 dB HL. Three years
after CI, the PTA threshold ranged
from 20 to 40 dB HL (Figure 3).
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Number sequence memory test: Individual and median T-values
of scores from adolescents with late cochlear implantations
(study group), compared to normative data from children
between 6 and 10 years old with normal hearing.” For the lat-
ter group, the 95% confidence intervals are shown.
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Figure 3
Pure tone audiometry was performed at different frequencies on the ear with the best
hearing. Adolescents with pre-lingual deafness were tested for the pre-operative, unaid-
ed threshold with headphones (open triangles); the aided threshold with hearing aids
(HA, filled diamonds) in a free field; and the threshold with a CI in a free field, 3 years
post-operatively (open circles). The means and standard deviations are shown.
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Self-assessment questionnaire

In the first year after implantation,
the daily use of the CI ranged from
6 to 16 h, with a mean duration of
123 h (SD = 3.9 h). The mean
duration of use increased to 13.5 h
(SD + 3.2 h) three years after CI.
Only 3 individuals wore their
implants for less than 10 h daily.

All 15 adolescents had been
educated orally; 11 relied on oral
communication skills alone, and 4
used oral and sign language
(Table 1). Eight of the 15 adoles-
cents indicated that they under-
stood the Swiss German dialect.
All 15 participants used occasion-
al lip reading when they had the
opportunity. There was no signifi-
cant change in communication
habits (questions 5-7) reported
after implantation. The patients
continued using oral language and
lip reading.

Five participants (33%) reported
that communication by telephone
was possible before the CI. Six
individuals started using the tele-
phone only after implantation, and
11 adolescents used the telephone
daily after CI (questions 8-9).

Twelve out of the 15 adoles-
cents attended a school for the
deaf prior to CI. Following CI, 3
of these 12 adolescents switched
to a regular school for students
with normal hearing. In total, 6 of
the 15 adolescents with Cls were
able to complete their compulsory
education at a regular, state-run,
secondary school.

All 15 patients with CIs had
better hearing abilities after the
implantation, and they reported
that they were better able to iden-
tify environmental sounds, like a
door bell (+ 80% recognition rate,
p = 0.006) and the click of a
car turn signal indicator (+ 66%,
p =0.025); furthermore, they were
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able to recognize their own name
(+70%, p =0.013) (questions 11-16).
Before CI, all patients were un-
able to recognize specific indi-
viduals by their voices. After CI,
11 participants were able to identi-
fy voices (question 28, p =0.013).
The patients that received Cls
indicated orally that it became
easier to distinguish between male
and female voices post-operati-
vely.

Most of the patients that
received Cls (80%) said that they
did not listen to music before
implantation. With their device,
10 of the 15 adolescents started
listening to music or the radio
significantly more frequently
(p = 0.025, question 10).

Following implantation, most
adolescents reported that they
engaged more frequently in oral
conversations with the family (+
73%, p = 0.013) and they pro-
duced longer sentences (+ 73%, p
= 0.013) (questions 17-25). Seven
parents could understand their
child better following implanta-
tion (question 26, self report). In
particular, communication with
individuals outside the family
increased (11 of 15; p = 0.013,
question 21), and speech intelligi-
bility improved significantly (15
of 15; p = 0.0008, question 27).

Discussion

This study showed that adoles-
cents with late ClIs showed highly
variable individual performances
on the speech perception tests for
sentences and numbers, with par-
ticular shortcomings in grammar
comprehension and auditory
memory capacity. The post-opera-
tive performance in speech per-
ception also varied greatly
between individuals. It was not
possible to make a retrospective

prediction of CI performance
based on pre-operative clinical
data.

All adolescents reported sub-
jective improvements in sound
perception, speech perception,
and communication skills 3 years
after CI. Conversation with
unknown speakers (Table 2, ques-
tion 21), communication with the
family (question 20), and listening
to music (question 10) increased
significantly. In contrast, there
was no significant reduction in lip
reading.

Speech perception

The comprehension of grammar
structures proved to be twice as
difficult as the comprehension of
semantic content. As a reference,
we used normative data of test
results from 6-10 year old children
with normal hearing.’”? We chose
this age group because the biolog-
ical age of the adolescents did not
correspond to their level of speech
development. Six adolescent
patients (40%) achieved grammar
comprehension scores comparable
to children between 8 and 10 years
old with normal hearing; nine ado-
lescents (60%) remained below
the level of six year old children
with normal hearing (Figure 1). It
may be assumed that adolescents
have more developed cognitive
abilities than the eight year old
children with normal hearing in
the reference group.”? Therefore,
the adolescents were expected to
achieve better results when pre-
sented with complex sentences.
Similarly, because adolescents
probably have a better awareness
of time than younger children,”
the adolescents were expected
perform better in test sentences
that contained future, past, or per-
fect tenses. For the perception of
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grammatical structures, which
rely on word endings, like plural
nouns, advanced hearing abilities
are needed. Patients with CIs have
known shortcomings in the per-
ception of consonants.® A good
auditory memory is needed to
understand the passive voice,
because the subject of the phrase
comes at the end. The auditory
memory seems to play a very
important role in speech percep-
tion” and may be one reason for
the variability observed in the test
results.”

The patients in our study had
problems identifying the noun in a
sentence constructed in the passive
voice and also in repeating a
sequence of numbers. Only 3 indi-
viduals achieved a percentile rank
better than 50% compared to 10
year old children with normal hear-
ing. It remains unclear whether
these shortcomings in auditory
memory can be explained by early
auditory deprivation, insufficient
input quality of the auditory sig-
nal, or other parameters.

Hearing and communication abil-
ities

Audiometry and self-assessment
questionnaire

The aided threshold (with CI)
ranged from 20 to 40 dB HL PTA
and enabled up to 80% of adoles-
cents to recognize environmental
sounds after the implantation.
These results were consistent with
the findings of Zwolan et al.”
who demonstrated satisfactory
sound recognition in adults with
pre-lingual deafness after CI.

The daily use of the CI is con-
sidered an important parameter for
a successful CI outcome. In our
study, the mean CI use was 13 h,
which indicated high device
acceptance among patients that
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received Cls.! Only 3 patients
wore the implants for less than
10 h daily. When devices are
worn for long periods, the pros-
pects are favorable for receptive
and expressive language develop-
ment.” Adolescents with late im-
plantation may abandon their
device when they do not derive
the expected benefit.’

Adolescents who were able to
communicate orally in the Swiss
German dialect and in standard
German tended to perform better
in the number sequence memory
test than adolescents who only
communicated in standard German
(based on a correlation test be-
tween the number sequence
memory test score and the vari-
able “understand Swiss German”).

We found that 73% of adoles-
cents were able to engage in tele-
phone conversations. A similar
number was observed in adults
that used CIs.* The use of the tele-
phone (11 patients with CIs) and
the switch to a school for students
with normal hearing (6 patients
with CIs) were external signs of
competence in open speech per-
ception. Furthermore, the change
from a school for the deaf to a
state-run school for students with
normal hearing is an important
argument in favor of cost effec-
tiveness.”

Although the CI device was not
designed for music perception,
and although many patients with
CIs reported that the device was
unsatisfactory for listening to
music, patients with ClIs were able
to recognize rhythm and, with
some limitations, melodies.”
Nevertheless, the subpopulation
investigated in our study were
young, and adolescents tend to be
very curious about music; typical-
ly, 93% of adolescents are keen on
exploring music.

This subjective and retrospective
assessment of communication
skills showed an overall significant
improvement three years after CI.
Most patients that received CIs
reported that they were more active
in conversation, used longer sen-
tences, and spoke actively to indi-
viduals who did not know them.
These unfamiliar individuals found
it easier to understand the speech of
the adolescents with late implanta-
tion, due to improved articulation
and significant changes in the voice
after implantation.”

Previous studies have indicated
that the age at implantation (or the
duration of deafness) and the
length of device use are predictive
factors for the outcome of CI
in adolescents with pre-lingual
deafness.” However, our results
could not confirm any predictive
factor for the successful outcome
of late implantation after the age
of 8. Nevertheless, all the adoles-
cents reported progress in speech
development, irrespective of their
age. This finding was consistent
with previous studies,**’® and it
was also valid for Cl-candidates
with residual hearing.”

Our study had some limitations.
All the tests were performed in a
closed speech perception test set-
ting, and the loudness of the live
person’s voice was not monitored
with a sound level meter. Another
limitation was the long time peri-
od between the implantations and
the retrospective assessment of
speech perception and communi-
cation abilities. During the mini-
mum 3 year period, a maturing
component through aging alone
was very probable, particularly
considering that the post-implant
time interval ranged from 3 to
9 years. Language perception
skills are very dependent on age.
In future studies, a control group
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with deafness that does not re-
ceive ClIs would facilitate an
assessment of the effect of the
CI alone.

Finally, the questionnaire was
administered retrospectively, but
included an analysis of the pre-
implant condition (TO). Therefore,
a biased memory of the pre-
implant condition could not be
ruled out.

As previously observed in the
literature,”® results can vary widely
among individuals. Some poten-
tial reasons for the wide spread of
data that we observed could be
differences in patient characteris-
tics, like their communication
modes, residual hearing, coding
strategy, duration of deafness, and
educational experience. Further,
more detailed investigations must
be performed to determine which
factors can predict a positive out-
come for this comparatively rare
subgroup of borderline candidates
for CI. However, those investiga-
tions will require multicenter
studies or a large sample of homo-
geneous patient data.

Conclusions

Adolescents with late implantation
for pre- and peri-lingual deafness
are typically not as good at com-
munication and speech perception
skills as 10 year old children with
normal hearing. These adolescents
have limited grammar comprehen-
sion and auditory working memo-
ry. Additionally, there is great vari-
ability in speech perception per-
formance. Therefore, adolescent
candidates for CIs will always
present a challenge to the accurate
prediction and analysis of out-
come performance following a CI.
Despite limitations in speech per-
ception, the adolescents that
received Cls reported that they
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participated more actively in con-
versations, spoke more actively to
unknown individuals, and were
more easily understood by others.
Therefore, for this specific age
group, it is of great importance to
make a holistic assessment of the
outcome by including subjective
evaluations.

References

1. Zwolan TA, Kileny PR, Telian SA.
Self-report of cochlear implant use
and satisfaction by prelingually deaf-
ened adults. Ear Hear. 1996;17(3):
198-210.

2. Waltzman SB, Roland JT Jr., Cohen
NL. Delayed implantation in congeni-
tally deaf children and adults. Orol
Neurotol. 2002;23(3):333-340.

3. Quaranta N, Bartoli R, Quaranta A.
Cochlear implants: indications in
groups of patients with borderline
indications. A review. Acta Otolaryn-
gol Suppl. 2004(552):68-73.

4. Deggouj N, Gersdorff M, Garin P,
Castelein S, Gerard JM. Today's indi-
cations for cochlear implantation. B-
ENT. 2007;3(1):9-14.

5. Fryauf-Bertschy H, Tyler RS, Kel-
say DM, Gantz BJ, Woodworth GG.
Cochlear implant use by prelingually
deafened children: the influences of
age at implant and length of device
use. J Speech Lang Hear Res. 1997,
40(1):183-199.

6. Santarelli R, De Filippi R, Genovese
E, Arslan E. Cochlear implantation
outcome in prelingually deafened
young adults. A speech perception
study. Audiol Neurootol. 2008;13(4):
257-265.

7. Dowell RC, Dettman SJ, Hill K, Win-
ton E, Barker EJ, Clark GM. Speech
perception outcomes in older children
who use multichannel cochlear
implants: older is not always poorer.
Ann Otol Rhinol Laryngol Suppl.
2002;189:97-101.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Sarant JZ, Cowan RS, Blamey PJ,
Galvin KL, Clark GM. Cochlear im-
plants for congenitally deaf adoles-
cents: is open-set speech perception a
realistic expectation? Ear Hear. 1994;
15(5):400-403.

. Schramm D, Fitzpatrick E, Seguin C.

Cochlear implantation for adolescents
and adults with prelinguistic deaf-
ness. Otol Neurotol. 2002;23(5):698-
703.

Seifert E, Kollbrunner J, Mantokoudis
G, Vischer M, Kompis M. The toler-
ance of ambiguity in late cochlear-
implanted pre-lingually deaf juveniles.
Clin Otolaryngol. 2008;33(3): 239-
244.

Bishop DV, Ed. The Test for
Reception of Grammar (TROG).
Chapel Press, Manchester: 1983.
Blaser L, Biirge, 1. Das Verstindnis
komplexer syntaktischer Strukturen
aus  entwicklungspsychologischer
Sicht [master's thesis]. Freiburg, CH:
Universitét Freiburg: 1999.
Angermaier MJ, Ed. Psycholingui-
stischer Entwicklungstest (PET). Beltz,
Gottingen: 1977.

Kirk SA, McCarthy JJ. The Illinois
test of psycholinguistic abilities — an
approach to differential diagnosis. Am
J Ment Defic. 1961;66:399-412.
Robbins AM, Renshaw JJ, Berry SW.
Evaluating meaningful auditory inte-
gration in profoundly hearing-
impaired children. Am J Otol. 1991;
12 Suppl:144-150.

Robbins AM, Osberger, MJ. Meaning-
ful use of speech scale. Indiana Uni-
versity School of Medicine Press, Indi-
anapolis: 1992.

Kubo T, Iwaki T, Sasaki T. Auditory
perception and speech production skills
of children with cochlear implant
assessed by means of questionnaire
batteries. ORL J Otorhinolaryngol
Relat Spec.2008;70(4): 22422-8.
Pisoni DB. Cognitive factors and
cochlear implants: some thoughts on
perception, learning, and memory in
speech perception. Ear Hear. 2000;
21(1):70-78.

19.

20.

21.

22.

23.

24.

25.

259

Watson DR, Titterington J, Henry A,
Toner JG. Auditory sensory memory
and working memory processes in
children with normal hearing and
cochlear implants. Audiol Neurootol.
2007;12(2):65-76.

Zwolan TA, Ashbaugh CM, Alarfaj A,
Kileny PR, Arts HA, El-Kashlan HK,
Telian SA. Pediatric cochlear implant
patient performance as a function of
age at implantation. Otol Neurotol.
2004;25(2):112-120.

Cray JW, Allen RL, Stuart A, Hudson
S, Layman E, Givens GD. An investi-
gation of telephone use among
cochlear implant recipients. Am J
Audiol. 2004;13(2):200-212.

Barton GR, Stacey PC, Fortnum HM,
Summerfield AQ. Hearing-impaired
children in the United Kingdom, IV:
cost-effectiveness of pediatric cochlear
implantation. Ear Hear. 2006;27(5):
575-588.

Gfeller K, Olszewski C, Rychener M,
Sena K, Knutson JF, Witt S,
Macpherson B. Recognition of “real-
world” musical excerpts by cochlear
implant recipients and normal-hearing
adults. Ear Hear. 2005;26(3):237-
250.

Seifert E, Oswald M, Bruns U,
Vischer M, Kompis M, Haeusler R.
Changes of voice and articulation in
children with cochlear implants. Int J
Pediatr Otorhinolaryngol. 2002;
66(2):115-123.

Fitzpatrick E, McCrae R, Schramm D.
A retrospective study of cochlear
implant outcomes in children with
residual hearing. BMC Ear Nose
Throat Disord. 2006;6:7.

Prof. Dr. med. Eberhard Seifert
Dept. of Otorhinolaryngology,
Head and Neck Surgery
University of Berne

Inselspital

3010 Berne

Switzerland

Tel.: +41 31 632 33 49

Fax: +41 31 632 31 93

E-mail: eberhard.seifert@insel.ch





