
El Danasoury et al. 
The Egyptian Journal of Otolaryngology           (2023) 39:34  
https://doi.org/10.1186/s43163-022-00362-3

ORIGINAL ARTICLE

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Open Access

The Egyptian Journal
of Otolaryngology

Long-term outcome of cochlear 
implantation on speech perception and quality 
of life
Iman Sadek El Danasoury1, Dalia Mohamed Hassan1, Asmaa Elsaid Elkilany2 and Eman Mohamed Galal1* 

Abstract 

Background Cochlear implantation (CI) is currently a well-established method for restoring hearing to people with 
profound hearing loss (Blamey and Artieres, Audiol Neurotol 18:36-47, 2013; Holden and Finley, Ear Hear 34:342-360, 
2013).

Cochlear implantation not only affects hearing abilities, speech perception, and production, but also has an outstand-
ing impact on the social life, activities, and self-esteem of each patient. The Nijmegen Cochlear Implant Question-
naire (NCIQ) and Parents’ Views and Experiences with pediatric Cochlear Implant Questionnaire (PVECIQ) have been 
developed to assess the quality of life in such patients (Damen and Beynon, Otolaryngol Head Neck Surg 136:597-604, 
2007; Hirschfelder and Gräbel, Otolaryngol Head Neck Surg 138:357-362, 2008).

The long-term outcome of cochlear implantation (CI) in Egypt and its influence on patients’ lives have not been inves-
tigated. This study was designed to evaluate the long-term effect of CI on speech perception and to assess the quality 
of life (QoL) and get insight about major problems encountered by these patients over years.

Methods Forty adults and children CI users of least 5 years of CI experience were subjected to full history taking and 
CI outcome measures: CI questionnaires, aided sound field pure tone audiometry, and speech perception tests.

Results Through QoL questionnaires, the highest scores were obtained in the physical functioning domain than 
in the psychological and social domains in adults, while for children, the highest scores were obtained in the gen-
eral domain than in the communication and self-reliance domains. No statistically significant correlation was found 
between QOL questionnaires and speech tests.

Conclusion Audiological evaluation including speech perception tests is not enough to reflect the true performance 
of CI subjects in everyday listening situations. The Arabic versions of QoL questionnaires were complementary to 
other outcome CI measures. Long-term evaluation for CI users is crucial.
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Background
Hearing impairment is the most prevalent disabling con-
dition globally. Based on WHO 2018 estimates, there are 
466 million persons in the world with disabling hearing 
loss. Projections show that the number could rise to 630 
million by 2030 and may be over 900 million in 2050 [1].

Disabling hearing impairment impedes speech and 
language development and sets the affected children 
on a trajectory of limited educational and vocational 

*Correspondence:
Eman Mohamed Galal
Emanmg@hotmail.com; emanmg@med.asu.edu.eg
1 Audiology Unit, ENT Department, Faculty of Medicine, Ain Shams 
University, Cairo, Egypt
2 Elanfoushy Pediatric Hospital, Alexandria, Egypt

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43163-022-00362-3&domain=pdf


Page 2 of 12El Danasoury et al. The Egyptian Journal of Otolaryngology           (2023) 39:34 

attainment; such impairment has devastating conse-
quences for interpersonal communication, psychosocial 
well-being, quality of life, and economic independence 
[2, 3].

In adulthood, disabling hearing impairment can lead to 
embarrassment, loneliness, social isolation and stigmati-
zation, psychiatric disturbance, depression, difficulties in 
relationships with others, restricted career choices, occu-
pational stress, and relatively low earnings [4].

Audiological rehabilitation is the process of minimiz-
ing the disability which an individual experiences as a 
result of hearing loss [5]. Cochlear implantation (CI) is 
currently a well-established method for restoring hearing 
in people with profound hearing loss [6]. There is no age 
limit for CI and even additional disabilities are no longer 
a contraindication for CI [7]. Cochlear implantation not 
only affects hearing abilities, speech perception, and 
speech production, but also has an outstanding impact 
on the social life, activities, and self-esteem of each 
patient. Various questionnaires have been developed to 
assess the quality of life in such patients [8].

Evaluation of implant outcome performance is gauged 
primarily using clinical measures of speech recognition. 
However, it is unclear how exactly speech recognition 
tests relate to actual functional improvement. Accord-
ingly, two issues arise. First, the true benefits of CI may 
be underestimated because many patients do not exhibit 
large improvements in speech recognition. Second, clini-
cal interventions focus on optimizing performance of 
speech recognition in quiet. Some patients may exhibit 
good speech recognition in the clinic, while still strug-
gling in their daily lives. Thus, speech recognition tests 
alone are likely insufficient to fully examine the benefits 
or limitations of cochlear implantation [9].

One method to more broadly examine the outcome 
that has shown growing interest involves the use of qual-
ity of life (QoL) measures. For CI users, examining the 
functional impact of hearing loss and intervention cap-
tures more holistic evaluations of patient outcomes as 
speech production besides the impact on self-esteem, 
daily activities, and social functioning [10].

The Nijmegen Cochlear Implant Questionnaire (NCIQ) 
has become a standard sensitive and reliable question-
naire in assessing the quality of life (QoL) of patients 
with cochlear implants. In most of the reports, significant 
improvements in the NCIQ scores were observed in total 
scores as well as in all subdomains [11].

The Parents’ Views and Experiences with pediat-
ric Cochlear Implant Questionnaire (PVECIQ) can be 
used to describe how pediatric cochlear implants affect 
children’s lives according to their parents’ perceptions 
[12]. The parent can provide valuable information about 
the child’s functioning, the process of implantation, the 

additional interventions needed, and the benefits and 
limitations experienced [13].

The long-term outcome of cochlear implantation in 
Egypt and its influence on patients’ lives have not been 
yet investigated. This study was designed to explore how 
closely does cochlear implantation allow patients with 
severe to profound hearing losses to acquire communi-
cation skills commensurate with typical hearing individ-
uals and to provide insight into the social development 
of those patients and the extent to which they feel part 
of the hearing community and to get insight about the 
major problems encountered over years.

Methods
Subjects
The study group is composed of 40 adult and children CI 
users.

– Inclusion criteria: At least 5 years of CI experience 
with no additional physical disabilities

– After reviewing about 500 cochlear implanted 
patients’ files at Audiology Unit, Ain Shams Univer-
sity Specialized Hospital, these 40 CI users could be 
reached through their phones

Consent was obtained from adults and children’s par-
ents prior to contribution in the study after clarifying the 
importance of the study.

All subjects in the study group were submitted to the 
following battery in the same order as shown in Fig. 1:

1. Complete history taking including the age of onset, 
duration and etiology of hearing loss, hearing aid use 
before implantation, age at CI surgery, duration of CI 
use, and revision of CI surgery (if present), as well as 
a history of rehabilitation and regularity of follow-up 
visits

2. Otological examination
3. Cochlear implant outcome

(a) CI questionnaires: Two questionnaires were used to 
assess the quality of life in CI users: Nijmegen Coch-
lear Implant Questionnaire (NCIQ)-Arabic version 
for adults and Parents’ Views and Experiences with 
pediatric Cochlear Implant Questionnaire (PVECIQ)-
Arabic version for children.

Both questionnaires were translated into Arabic lan-
guage using forward-backward translation. The num-
ber of choices available for response questions in the 
Arabic questionnaire was reduced to limit the confu-
sion and misunderstanding to suit the Egyptian culture. 
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In the NCIQ-Arabic version, choices were reduced 
from 6 choices (never, sometimes, regularly, usually, 
always, N/A “not applicable”) in the original version 
to 4 choices (yes, sometimes, no, N/A) in the Arabic 
version, while PVECIQ-Arabic version choices were 
reduced from 5 choices (strongly agree, agree, neither 
agree nor disagree, disagree, strongly disagree) to 3 
choices (agree, agree to some degree, disagree).

The reduction in the number of choices in both ques-
tionnaires was decided after a pilot study on CI users.

The questionnaires were presented to all adults and 
children’s parents (even those with a nonfunction-
ing device) and they were instructed to answer all 
questions.

Scoring: As both questionnaires consist of affirma-
tive and negative statements, the scoring was calcu-
lated as 2, 1, and 0 for yes, sometimes, and no answers 

in the NCIQ-Arabic version and for agree, agree to 
some degree, and disagree in the PVECIQ-Arabic ver-
sion, respectively, in affirmative statements and the vice 
versa in negative statements.

The analysis of the answers was done in two ways:

1. Quantitative analysis: Mean and standard deviation 
of each domain were calculated.

2. Qualitative analysis: In order to categorize CI users 
into good, average, and poor performers in each 
domain, qualitative analysis was conducted. CI users 
who performed best in each item were given 2, those 
who could not achieve the expected outcome were 
given 0, and those who gave an inconsistent perfor-
mance in some situations were given 1. A percent 
was calculated to show how many CI users could 
achieve the expected outcome in each item.

Fig. 1 Test battery flow chart in the study group. Speech perception tests were done with and without VC. Sentence tests were done in quiet and 
noise
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(a) Aided sound field pure tone audiometry

This test and the following tests were applied only to 
patients who are using their CI devices.

By using a two-channel audiometer, model GSI 61with 
sound field facilities in the sound-treated room IAC 
model 1602, subjects were tested wearing their auditory 
device (single CI or CI plus hearing aid), with no read-
justment or reprogramming was done before testing. 
Aided voluntary behavioral pure tone audiometry was 
performed using warble tones in the frequencies 250–
500–1000–2000–4000–6000–8000 Hz. The subject was 
seated 1 m from the loudspeaker at zero azimuth in the 
sound-treated room.

Scoring: No response at any tested frequency was con-
sidered at 95dB for statistical analysis.

(b) Speech perception tests

The following test materials were selected from an 
already developed and standardized different speech test 
material in Ain Shams University to assess auditory func-
tion. They included monosyllabic word tests and sen-
tence tests.

1. Arabic speech test material for adults

 (i) Phonetically balanced (PB) word test [14]
 (ii) High-context sentence test [15]. Each sentence has 

high predictability where the context of the sen-
tence can lead to the last word.

2 Arabic speech test material for children

 (i) Phonetically balanced kindergarten (PBKG) 
word lists [16]

 (ii) Word Intelligibility by Picture Identification 
(WIPI) test [17]

 (iii) Sentence test “1”: based on the Speech Intelli-
gibility In noise (SPIN) test [18]

 (iv) Sentence test “2”: based on the Pediatric 
Speech Intelligibility (PSI) test [19]. It was used 
in an open-set format.

The subject was seated in the sound-treated room 1 m 
from the loudspeaker at zero azimuth from where speech 
material was delivered using monitored live voice at 55dB 
HL in quiet condition with an additional loudspeaker 
at180° azimuth to deliver babbling noise at different sig-
nal-to-noise (S/N) ratios.

Zero signal-to-noise (S/N) ratio was considered as 
the starting point in the test. It was either increased or 
decreased according to the subject’s response within a 
range of +20 to −10. The target was to identify at which 
S/N ratio the subject could reach 50% discrimination. 
This was done with and without visual cues (VC) in both 
conditions.

The speech material used was based on the linguistic 
abilities of the patients and not on their chronological 
age. All speech tests were used as an open set except the 
WIPI test.

Monosyllabic PB word test was first conducted for both 
adults and children. In case of poor performance, PBKG 
were used instead. If the subject could not perform open-
set tests, WIPI (closed set test) was then applied.

The high-context sentence test was then used for 
adults. The subject was instructed to express the whole 
meaning of the sentence and to repeat correctly the last 
word. For children, sentence test “1” which is based on 
the Speech Intelligibility In noise (SPIN) test was first 
tried. If they could not perform the test, sentence test 
“2” which is based on the Pediatric Speech Intelligibility 
(PSI) test was used.

Scoring: Monosyllabic word tests: Percent correct was 
calculated. Scoring was done by word correct and pho-
neme correct for every list. Sentence tests: Each sentence 
in the list (10 items) represented 10%. Scoring was done 
by counting the correct sentences for every list. For the 
high-context sentence test, scoring was done by count-
ing the correct sentences (10%) and the correct last word 
(10%).

Statistics
Data were analyzed using the Statistical Package for 
Social Sciences, version 20.0 (SPSS Inc., Chicago, IL, 
USA). Quantitative data were expressed as mean ± 
standard deviation (SD). Qualitative data were expressed 
as frequency and percentage.

The following tests were done:

• Independent samples t-test of significance was used 
when comparing two means.

• Paired sample t-test of significance was used when 
comparing related samples.

• Spearman’s rank correlation coefficient (rs) was used 
to assess the degree of association between two sets 
of variables if one or both of them was skewed.

• The confidence interval was set to 95% and the mar-
gin of error accepted was set to 5%. So, the p-value 
was considered significant as the following:

• Probability (p-value)
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– p-value ≤0.05 was considered significant.
– p-value ≤0.001 was considered as highly signifi-

cant.
– p-value >0.05 was considered insignificant.

Results
The study group consisted of 40 subjects ranging in age 
from 8 to 65 years, with no other disabilities, all were uni-
lateral cochlear implanters. Four subjects aged ≥16–18 
years old who had comparable speech and language to 
adults and were evaluated using the same material used 
for adults. Accordingly, they were included in the adult 
subgroup making the children subgroup 24 children and 
the adult subgroup became 16 subjects.

The majority of adults (62.5%) had a prelingual onset 
of hearing loss. They were operated before 5 years of age 
and were grown using their CI devices. Their mean age 
was 18.6 years old, and the mean onset of hearing loss 
was 1.15 years. The remaining adults (6) had postlin-
gual onset of hearing loss. Accordingly, subgrouping was 
according to language age and not according to the onset 
of HL and language development: pre- and postlingual 
HL.

On the other hand, all children had prelingual onset of 
hearing loss except one (who had a history of postmenin-
gitic hearing loss at the age of 6.5 years) (Tables 1 and 2).

Table  3 shows the distribution of the study group 
according to rehabilitation history; the majority of sub-
jects used hearing aids before implantation; also, most 
of them used their CI device regularly and the irregu-
lar users were due to the recurrent malfunction of the 
device. Internal device failure was encountered in 3 
subjects.

All adults with the postlingual onset of hearing loss 
(n=6) did not receive any rehabilitation session. They had 
developed their language before the onset of hearing loss. 
They depended on general exposure to sounds and voices 
through daily activities such as watching television or 
movies, listening to the radio or familiar music, or talking 
on the telephone. On the other hand, all children received 
speech rehabilitation sessions. Ten of them (41.7%) were 
irregularly attending their sessions due to recurrent 
external device problems, due to the absence of nearby 
rehabilitation centers, or due to financial constraints. 
Unfortunately, this was reflected on the outcome.

CI outcome will be presented as follows: QoL ques-
tionnaires then the audiological and speech perception 
evaluations.

A. QoL questionnaires

Figure  2 shows the analysis of the NCIQ-Arabic ver-
sion questionnaire for adults and revealed that the best 
achievement was found at physical functioning, while the 
least score was found in psychological functioning fol-
lowed by social functioning domains. Figure 3 shows that 
the best score achieved in the PVECIQ-Arabic version 
questionnaire for children was found at the process of 
implantation and general function, while the least score 
was found at the effect of implantation and communica-
tion domains.

B. Audiological evaluation

Table 1 Summary of the age of onset, duration of HL, duration of CI use, and duration since the last visit to the CI center

Adults (n=16) Children (n=24)

Mean ±SD Range Mean ±SD Range

Age 28.3 ±16.1 16–65 10.9 ±2.4 8–17

Onset of hearing loss 8.5 ±12.2 0–44 0.7 ±1.3 0–6

Duration of hearing loss 6.7 ±6.2 1–24 3.9 ±2.2 0.5–10

Duration of use of CI 14.1 ±3.5 8–21 6.0 ±2.0 5–13

Duration since the last visit to the 
CI center

5.5 ±5.5 0.5–15 1.5 ±1.6 0.5–6

Table 2 Distribution of the study group according to etiology of 
hearing loss

Adults (n=16) Children 
(n=24)

N. % N. %

Unknown 6 37.5% 14 58.3%

Heredofamilial 2 12.5% 3 12.5%

Postfebrile 2 12.5% 1 4.2%

Postmeningitic 2 12.5% 1 4.2%

Ototoxicity 1 6.25% 3 12.5%

Genetic 1 6.25% 0 0.0%

Far advanced otosclerosis 1 6.25% 0 0.0%

Hypoxia (perinatal) 1 6.25% 1 4.2%

CMV 0 0.0% 1 4.2%
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Figures 4 and 5 show that the mean aided PTA thresh-
olds for most of the CI subjects were 24.1 ± 6.4dB HL 
for adults and 26 ± 7.9 dB HL for children. One adult 
(subject no. 8) and two children (subject no. 24 and 36) 
had CI-aided thresholds worse than “LTASS.” Subject no. 
8 had a history of postmeningitic hearing loss and was 
implanted 24 years later at the age of 44 years and never 
used a hearing aid before implantation. He did not come 
for regular assessment in the CI center or asked for medi-
cal advice since 2005 (9 years after implantation) most 
probably because of limited benefit from CI. The parents 
of the other two children reported that they tried to do 
reprogramming of the CI device several times but they 

did not reach a satisfactory aided response with their 
devices with no obvious cause.

All adults except two could perform the PB word test 
with a mean score of 73.9% and the high-context sen-
tence test with a mean of 70.8% without visual cues. One 
CI adult (subject no. 8) could perform PB only with visual 
cues, while subject no. 12 could not perform the PB test 
neither with nor without visual cues, so an easier test 
PBKG was used although it was not planned to be used in 
the adult group.

All adults needed a positive S/N ratio to reach 50% dis-
crimination without visual cues. With visual cues, almost 
half of the cases could perform the test with an S/N ratio 

Table 3 Distribution of the study group according to rehabilitation history

Adults (n=16) Children (n=24)

N. % N. %

Use of hearing aid before implantation 15 93.8% 24 100%

Side of CI Right 5 31.3% 10 41.7%

Left 11 68.7% 14 58.3%

Type of CI Cochlear 16 100% 20 83.3%

Med-EL 0 0.0% 4 16.7%

Regularity of CI use 13 81.3% 19 79.2%

Bimodal stimulation 0 0.0% 1 4.2%

Failure of the internal part 1 6.3% 2 8.3%

Regularity of follow-up visits to the CI center Regular 3 18.7% 4 16.7%

Irregular 4 25.0% 4 16.7%

On demand 9 56.3% 16 66.6%

Speech rehabilitation sessions Regular 9 56.3% 14 58.3%

Irregular 1 6.2% 10 41.7%

Not received 6 37.5% 0 0.0%

Fig. 2 Distribution of adults according to their performance in the NCIQ-Arabic version subdomains
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of 0, while normal adults could reach 100% discrimina-
tion at an S/N ratio −10.

In contrast to the adult subgroup, there was a wide range 
of variability of performance among CI children as shown 
in Fig. 6. It ranged from good performers who could reach 
high scores in speech tests and had discriminative abilities 
comparable to normal children to poor performers who did 
not acquire any spoken language and unfortunately used 
sign language. The good performers could do the PB word 
test and sentence test “1” in quiet, and this was the most 
difficult task (11 subjects “50 %”). CI children who could 
perform properly PBKG and sentence test “2” in quiet were 
considered average performers (six subjects “27.8 %”). CI 
children who could only perform PBKG are considered 
fair performers (three subjects “3.6 %”). The last group of 
CI children who could only perform WIPI with visual cues 
represents the poor performers (two subjects “9.1 %”).

Among the 24 implanted children who participated in 
this study, 13 subjects only could perform the sentence 

test in noise; 11 subjects (84.6%) could perform test “1” 
and two subjects (15.4%) could perform test “2.” When 
compared to the control group, most of the subjects 
needed a higher S/N ratio. They could reach 50% dis-
crimination at an S/N ratio +10 without visual cues and 
at an S/N ratio +5 with visual cues while the majority of 
normal subjects could reach 50% discrimination at an 
S/N ratio −10.

Discussion
Studying the long-term effect of CI represents a way to 
guide professionals and families regarding the thera-
peutic process and expectations. It also helps in better 
understanding the factors involved in the development 
processes needed for communicative, educational, and 
occupational skills of the CI children [20]. From these 
points, the current study evaluates the long-term effect 
of cochlear implantation on speech perception together 
with the quality of life and communication status in 

Fig. 3 Distribution of children according to their answers of the PVECIQ-Arabic version domains

Fig. 4 The mean and range of CI-aided thresholds in adults
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cochlear implant users (adults and children) who had 
used their implants for at least 5 years.

Table  1 shows the age, onset and duration of hear-
ing loss, duration of use of CI, and also duration since 
the last visit to the CI center in the study group in years 
where most of the subjects (adults and children) in this 
study used to visit the CI center only on demand after 
completing the first 2 years of programming. This was 
attributed to the stability in their performance, distance 
from CI centers, or lack of the knowledge of the impor-
tance of follow-up.

In our study, most of the subjects (81.3% adults and 
79.2% children) used their device regularly as shown in 
Fig. 3. This agrees with Contrera et al. [21] who estimated 
that between 63 and 96% of pediatric CI users continue to 
regularly use their implants over periods of 5 to 14 years. 

The most common reasons for nonuse were poor hearing 
benefit, social pressure, and recurrent displacement of 
the transmitter coil. In the present study, irregular use of 
CI was due to recurrent malfunction of the device.

Regarding the distribution of the etiology of Hl among 
the study group, it was noticed that the majority of 
patients had HL of unknown etiology followed by here-
dofamilial HL as shown in Table 2. However, finding the 
etiology is crucial as it would affect CI procedure, pro-
gramming, and outcome.

Among CI users who participated in this study, one 
adult subject (6.3%) experienced internal device fail-
ure after 4 years of primary CI and reimplantation was 
done with no obvious deterioration of his performance 
(Table 3). Moreover, two children (8.3%) reported failure 
of their internal devices after 7 years and reimplantation 

Fig. 5 The mean and range of CI-aided thresholds in children

Fig. 6 Mean of different monosyllabic word tests in children subgroup
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was done for both of them but they had delayed language 
development (Table 3). The exact cause of their internal 
device failure was unknown.

It was reported that 3 to 8% of all cochlear implanta-
tion surgeries require revision for a range of indications 
spanning device failure, electrode array or receiver-stim-
ulator migration/extrusion, and infection/wound compli-
cation. It is usually needed 5–13 years postimplantation 
[22]. Amaral et al. [23] found that 4.3% of the pediatric CI 
users required revision surgery.

Not only does hearing loss impact speech and language 
development, which are traditionally assessed at a clinical 
level, but also hearing loss has influences on self-esteem 
and emotional, social, and psychosocial development 
outcomes, hence the value of QoL measures [24].

In the present study, the NCIQ-Arabic version was 
used for adults to assess the different aspects of QoL. The 
highest scores were obtained for the physical functioning 
domain, while psychological and social domains scored 
the least (Fig.  2). This agrees with Hinderink et  al. [10] 
who reported that the largest improvement was recorded 
for the basic and advanced sound perception subdo-
mains (physical functioning domain). Some explanations 
of these low scores appeared through an open interview 
with CI adult subjects as they pointed to some issues that 
they face, such as lack of community awareness about 
CI users where they became part of the normal hearing 
community and they no longer belong to the deaf com-
munity. They also mentioned that they cannot join jobs 
easily as most governmental agencies refuse to employ 
them. They are also rejected in clubs and treated as disa-
bled persons. In addition, they are suffering with strange 
peoples especially in noisy situations so they usually pre-
fer to stay at home, hence the importance of awareness 
of the community to the problems of hearing-impaired 
adults and their needs.

The PVECIQ-Arabic version questionnaire was applied 
for children with CI (Fig.  3). The questionnaire took 
about 30 min to be filled out. Parents were more satisfied 
with general function than communication and self-reli-
ance domains. This is in contrast to Stefanini et  al. [25] 
who stated that the social relation and communication 
domains presented the highest median than the general 
function domain. Huttunen et al. [13] found that the CI 
improved the QoL of the children and their parents too. 
The parents reported being satisfied with the quality of 
life of their children after 2 to 3 years of CI use.

It is worth mentioning that during the interview 
with the parents some of their concerns and thoughts 
appeared as “the high possibility of malfunctioning of the 
CI device, affordability and availability of spare parts and 
devices.” Moreover, the presence of a single agent for the 
company all over Egypt with limited branches implies 

traveling for long distances which is not always an easy 
task. All the previously mentioned difficulties lead to 
wasting a lot of time that would be needed for rehabilita-
tion therapy and school.

The previous results of the questionnaire suggest that 
the percentage scores of QoL domains can be dynamic 
and changing as therapeutic goals are achieved and new 
challenges are faced; Almeida et al. [26] emphasized that 
achievements earned within a certain time after CI acti-
vation do not minimize parents’ doubts and insecurities 
regarding the next steps of development.

Regarding audiological evaluation (Figs.  4 and 5), in 
the present study, thresholds at 6 and 8 kHz were higher 
than lower frequencies. It is recommended to evaluate 
routinely these frequencies in the follow-up of CI users 
in clinics and not to stop at 4 kHz because of their impor-
tance in speech discrimination and quality of sound.

As previously mentioned, one CI adult (subject no. 8) 
could perform PB only with visual cues, while subject no. 
12 could perform PBKG only. This could be attributed 
to the lack of regular rehabilitation sessions and follow-
up, hence the importance of an informative counseling 
before CI surgery to clarify that implanted adults exhibit 
different needs for rehabilitation and support postopera-
tively, besides there is urgency to increase the number of 
qualified centers for post-CI rehabilitation all over Egypt 
for easy accessibility. Online rehabilitation gives a new 
hope to reach CI users in remote residences and should 
be started as soon as possible. Centers applying online 
rehabilitation should be established all over Egypt to 
overcome the lack of technology in rural areas.

Results of speech perception evaluation of the CI 
adults point to the difficulty experienced by CI users in 
daily life. It was observed that results of monosyllabic 
word tests were better than the sentence test (whole 
meaning). Also, they all needed a positive S/N ratio to 
reach 50% discrimination compared to normal adults. 
This result is in agreement with the studies conducted 
by Capretta et  al. [9] and Moberly et  al. [27]. In spite 
of the advances in the technology of speech processors, 
there is still reduced signal redundancy and process-
ing of noise reduction. Accordingly, bimodal stimula-
tion and the use of FM systems should be encouraged 
together with central auditory training programs to 
improve speech in noise discriminative abilities.

Through evaluation of CI children, there were 2 sub-
jects (9.1%) who could only perform WIPI with visual 
cues only. It is worth mentioning that they use sign 
language for communication. They had a history of 
unknown etiology of hearing loss with irregular speech 
rehabilitation therapy: one of them shifted to sign lan-
guage by the decision of her parents 2 years postim-
plantation, and the other shifted upon the advice of his 
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audiologist 3 years postimplantation. They were una-
ble to communicate verbally or by speech reading and 
therefore had to join the school for the deaf.

Similarly, Barnard et al. [28] found that 6.5% of chil-
dren had not achieved open-set speech recognition 
performance after 5 years of implant experience. Fac-
tors that may lead to such performance include poorer 
aided access to sound in the better ear, complicated 
perinatal history, and low socioeconomic status. These 
factors were all associated with the inability to develop 

open-set speech recognition after 5 years of cochlear 
implant use [28].

Most of the children needed a positive S/N ratio. As 
a consequence, children with CIs may have difficulty 
during general classroom discussions or in interact-
ing with classmates during lunchtime. As children 
with CIs advance through their educational programs, 
demands on communication skills may become more 
of a barrier to academic achievement due to varying 
levels of background noise. Eisenberg et  al. [29] high-
lighted the importance of developments in technol-
ogy, noise reduction algorithms, assistive technology, 
and improvements in classroom acoustics to facilitate 
communication skill development for pediatric CI 
recipients.

In an attempt to find out whether the assessment 
conducted in the clinical setting could solely reflect 
the level of performance of CI users in everyday life, a 
correlation was held between aided PTA threshold and 
speech perception tests in the one hand and the ques-
tionnaires reflecting QoL on the other hand. Tables  4, 
5, and 6 reveal no statistically significant correlation 
was found between NCIQ or PVECIQ and the clinical 
tests used. The lack of correlation strengthens the fact 

Table 4 Pearson correlation coefficient correlation between 
aided PTA threshold and NCIQ-Arabic version subdomains, 
showing no statistically significant correlation

r p

Basic sound perception −0.32 0.26

Advanced sound perception 0.10 0.72

Speech production −0.05 0.86

Self-esteem 0.34 0.22

Activity limitation 0.14 0.62

Social interaction 0.33 0.24

Total 0.14 0.62

Table 5 Correlation between NCIQ-Arabic version subdomains and speech perception tests in adults, showing no statistically 
significant correlation

Basic sound 
perception

Advanced 
sound 
perception

Speech 
production

Self-esteem Activity 
limitation

Social interaction Total

Phonetically balanced (PB)

 Word correct

  Without visual cues R 0.43 0.03 0.45 0.05 0.06 0.08 0.23

p-value 0.14 0.91 0.12 0.84 0.83 0.77 0.45

  With visual cues R 0.29 0.02 0.30 −0.15 −0.21 −0.14 0.01

p-value 0.34 0.93 0.30 0.61 0.48 0.63 0.97

 Phoneme correct

  Without visual cues R 0.37 −0.08 0.36 −0.08 −0.05 −0.05 0.09

p-value 0.20 0.77 0.21 0.79 0.86 0.86 0.76

  With visual cues R 0.28 −0.03 0.28 −0.20 −0.27 −0.20 −0.04

p-value 0.34 0.91 0.35 0.51 0.35 0.49 0.88

High-context sentence

 Whole meaning

  Without visual cues R −0.25 0.17 −0.19 0.12 −0.00 0.06 −0.03

p-value 0.41 0.59 0.54 0.70 0.99 0.84 0.93

  With visual cues R −0.44 0.24 −0.40 0.00 −0.23 −0.08 −0.20

p-value 0.15 0.44 0.19 0.98 0.46 0.79 0.53

 Last word

  Without visual cues R −0.34 −0.13 −0.28 −0.21 −0.07 −0.15 −0.24

p-value 0.26 0.67 0.37 0.50 0.82 0.64 0.46

  With visual cues R −0.55 0.18 −0.53 −0.14 −0.41 −0.22 −0.36

p-value 0.06 0.57 0.07 0.66 0.17 0.48 0.25
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that QoL measures should be taken into consideration 
besides hearing tests to get a full view on the effect of CI 
on patients’ real life. The QoL questionnaires represent 
an important outcome instrument in the CI process to 
provide information about the technical improvements, 
different treatments, and rehab strategies in the future. 
This was also recommended in many studies [25].

Conclusions
Measurement of outcomes from CI is crucial. It directs 
the treatment process and allows the planning and exe-
cution of rehabilitation strategies focused on the needs 
of CI users. Counseling of CI users and their families is 
essential before and after implantation to develop realis-
tic expectation and clarify the variability in performance. 
Therefore, annual follow-up visits to CI rehabilitation 
centers are recommended to evaluate and redirect the 
rehabilitation strategies, if needed.

Formal audiological assessments in the form of aided 
threshold and speech perception tests are essential in 
programming and qualitatively assess the progress in 
performance. However, it must be complemented by 
QoL questionnaires which give information about the 
different aspects (self-esteem, daily activities, and social 
functioning) not explored through formal speech per-
ception tests and capture a broader view on the patients’ 
daily life. Hence, the use of QoL questionnaires is recom-
mended in CI rehabilitation centers and clinics to evalu-
ate the consequences of implantation surgery and refines 
the rehabilitation process.
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