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Abstract

Background: Cochlear implantation (CI) is an appropriate management strategy for prelingual hearing loss.
Rehabilitation programs are essential in enabling children to cope with devices and acquire language skills.

Objectives: This study aimed to assess the hearing outcomes of CIs performed by a single surgeon in Erbil,
Kurdistan region of Iraq, and compare them with the results of other CI centers worldwide.

Methods: This is a prospective study implemented in Erbil from November 1, 2013, to October 30, 2023, on a
convenience sample of 161 patients with prelingual hearing loss (HL) who underwent CI by a single surgeon.
The following were collected: age at implantation, use of hearing aids before implantation, parent's
educational level, and duration of rehabilitation. The effect of the previous variables on Categories of
Auditory Performance (CAP) score and speech intelligibility rating (SIR) on the auditory levels of children
was assessed by the researcher six months and one year following surgery.

Results: Implantation age showed significant associations with the CAP score examined at six months and
12 months post implantation (p-value 0.001). Speech intelligibility rating was also significantly linked to
implantation age (p-value 0.001).
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Introduction

Cochlear implantation (CI) is currently a well-established method for restoring hearing to people with
profound hearing loss (HL) [1]. Globally, 5% of the population was living with disabling HL in 2018, and is
expected to reach 9% of the population by 2050 [2]. It was shown that five infants per 1,000 live births were
born with disabling HL, and about 7% of the population with disabling HL are children [3]. In general, the
majority of the population with HL is from developing countries, as 2,000 infants with disabling HL are born
daily [4]. Hearing loss is generally categorized into prelingual HL (most prevalent) and postlingual HL (less
prevalent). Early prelingual HL affects normal children's development, particularly the development of the
auditory system, leading to defective development of speech and language [5].

Prelingual HL is a neglected childhood disability characterized by a gradual course that is often painless and
physically unnoticed. Early complaints of HL in children might be behavioral problems [6], which are
unfortunately subjective and are usually ignored by caregivers [7]. Additionally, prelingual HL leads to many
problems for children's lives in the future regarding their physical, psychosocial, and economic status. All
these scenarios can be prevented by early detection of prelingual HL through audiological and speech
interventions [8]. The existence of a critical period for language development during the first five years of
life is well established. Providing auditory stimulation during this period is critical; advanced age at
implantation is detrimental to restoring normal auditory processing function. The length of deafness prior
to receiving a CI has been reported to be negatively connected with the ability to comprehend and employ
verbal-linguistic skills [9].

Many authors have reported the positive effects of cochlear implants on children's language perception
skills, speech intelligibility, and voice monitoring. Nevertheless, the CI outcomes are affected by different
risk factors, such as intrinsic factors (age at HL onset, intelligence quotient, socioeconomic status,
accompanied disabilities) or extrinsic factors (age at CI, educational and re-educational strategies) [10].

The common obstacle to rehabilitating children after CI is the delayed development of syntax skills [11], as
well as the lower speech intelligibility in children with CI compared to those with normal hearing. For this
reason, these children require specialized rehabilitation in the area of speech skills. Another obstacle is that
they lack progress in psychosocial development, which requires special programs to help them communicate
well with their peers [12, 13].
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In Iraq, the cochlear implant program has been started in the last decade, with a gradual rise in the number
of implanted cochleae yearly [14].

Materials And Methods

The design of the present study was a prospective study implemented in Erbil in the Kurdistan region of Iraq
during the period from November 1, 2013, to October 30, 2023. The studied population was all patients with
prelingual HL who underwent cochlear implants during the study duration by one surgeon. The inclusion
criteria were prelingual bilateral profound sensorineural deafness in both ears, regardless of age. Exclusion
criteria were postlingual HL, inner ear malformation, missing data, and loss of follow-up. The study ethics
were implemented in accordance with the Helsinki Declaration with the approval of the Ethical Committee
of Hawler Medical University, documented approval of health authorities, and confidentiality of data
(approval number: 3347). A convenience sample of 161 patients with HL who had undergone CI was enrolled
in the current study after determining eligibility for inclusion and exclusion criteria. All the patients
received unilateral CI.

Information about patients was collected by the researcher directly from the parents of children and filled
out in a questionnaire designed by the researcher. The questionnaire included the general characteristics of
children with CI. The following data were included in the questionnaire: age at implantation, gender,
parents' educational levels, period of rehabilitation, duration of device usage during the day, and CI
outcomes by Categories of Auditory Performance (CAP) score and Speech Intelligibility Rating (SIR).

The CI surgeries were done by the same surgeon from 2013 until 2023. The implanted devices were the CI
Nucleus (Cochlear Corp., Lane Cove, Australia) and Advanced Bionics (Advanced Bionics, Sylmar, CA). We
conducted interviews with the parents of the children to collect the scores for CAP and SIR.

The CAP score consisted of eight scores, which were as follows: no awareness of environmental sounds = 0,
awareness of environmental sounds = 1, responds to speech sounds = 2, recognizes environmental sounds =
3, discriminates at least two speech sounds = 4, understands common phrases without lip reading = 5,
understands conversation without lip reading with a familiar talker = 6, and can use the telephone with a
familiar talker = 7. The SIR presents five levels, which are as follows: level 1: coherent speech was not
intelligible. Words in spoken language could be recognized only before surgery. The main way of
communication was sign language or gestures; level 2: coherent speech was not intelligible, but patient
speech could be understood by listeners, mainly through some recognized words combined by context and
lip reading; level 3: coherent speech could be understood by listeners focusing their attention with the help
of lip reading; level 4: coherent speech could be understood by people with no experience listening to deaf
people; and level 5: coherent speech could be understood by everyone. It could be easily understood by
children in a daily context. The Cochlear Implant Rehabilitation Program started after the activation of the
implant 30 days after the operation.

For the purpose of this study, we categorized the age at insertion of the cochlear implant into four groups:
one to three years, four to six years, six to 12 years, and above 12 years. The other group of divisions
included parent education, which was divided into six categories according to their level of education: 0 =
illiterate, 1 = can read and write, 2 = primary school education, 3 = secondary school education, 4 = high
school, and 5 = college.

Then, we subcategorized the CAP score, which consisted of eight scores, into the other three subdivisions
regarding the outcome which were as follows: 0, 1, 2 = poor outcome, 3,4,5 = moderate outcome, and 6,7 =
good outcome.

To present the data more clearly, participants were divided into three groups based on their duration of
rehabilitation attendance: 0 to six months, six months to 12 months, and 12 months and above.

The patients' information was entered and interpreted statistically by IBM SPSS Statistics software for
Windows, version 26 (IBM Corp., Armonk, NY). Suitable statistical tests (Fisher's exact test, independent
sample t-test, and one-way ANOVA analysis) for the data were implemented accordingly, with a p-value of
<0.05 being significant.

Results

This study involved 161 participants, comprising 52.8% males and 47.2% females, categorized into four
groups depending on the age when they received the implant, with more than 80% of participants having
undergone implantation operations before the age of seven. Notably, 44.1% of the participants were
between the ages of one and three years, while 37.9% were between the ages of four and six. Furthermore,
11.8% were between the ages of seven and 12, with only 6.2% being over the age of 12. The gender
distribution was nearly equal among participants, with 52.8% male and 47.2% female.

All participants in the study had their CAP scores collected at two different time points. The first assessment
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took place six months after the operation, followed by a second evaluation after a year after the operation
(Table 7). Age groups of one to three years and four to six years showed two-point increases in mean scores,
whereas age groups of seven and 12 years and >12 years showed one-point increases in CAP scores.
Statistically significant variations were noted across all four groups, as shown in Table 2.

CAP score (at six months) CAP score (at 12 months)
Implantation age [P
Mean Median Mean Median
1-3 years 2.83 3 5.48 5 <1.000
4-6 years 2.62 3 5.23 ) <1.000
7-12 years 2.21 2 3.79 3 <1.000
> 12 years 2 2 3.45 3 <1.000

TABLE 1: The CAP scores at six months and one year after the operation in each of the
implantation age categories

CAP: Categories of Auditory Performance

CAP score at 12 months

Variables Total P*
Poor Moderate Good

<6 Years 24 (18.3) 70 (53.4) 37 (28.2) 131 (100.0)

>6 Years 18 (60.0) 10 (33.3) 2(6.7) 30 (100.0) <0.001*

Total 42 (26.1) 80 (49.7) 39 (24.2) 161 (100.0)

TABLE 2: The CAP score categorization at 12 months after the operation in each of the
implantation age categories (less and more than six years)

CAP: Categories of Auditory Performance

An assessment was conducted on individuals belonging to the age groups of one to three years and four to
six years, measuring their SIR scores at two separate time points which were six months after the operation
and one year after the operation. The results of the study revealed a significant rise of one point in the SIR
score for both age groups, as presented in Table 3.

SIR score (at six months) SIR score (at 12 months)
Implantation age P*
Mean Median Mean Median
1-3 years 1.24 1.00 2.00 2.41 <1.000
4-6 years 1.13 1.00 2.00 2.21 <1.000

TABLE 3: The SIR scores at six months and one year after the operation in each of the
implantation age categories

SIR: Speech Intelligibility Rating

Participants were evaluated on a variety of factors, including their use of hearing aids prior to implantation,
the duration of device usage, participation in the rehabilitation program, and the duration of their
attendance in the program. Prior to implantation, 33.5% of the patients had used hearing aids. Examination
of CI usage patterns revealed that only 6.2% of individuals did not use the CI during a single day, whereas
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78.9% used it for more than six hours. Regarding rehabilitation program attendance, 139 participants
(86.3%) had participated, with the majority (64.7%) maintaining attendance for a period exceeding six
months. The correlation between hearing aid usage before the operation and the CAP score one year post
operation was examined (Table ).

Hearing aid usage before Cl N Mean CAP after one year SD Mean rank P*
Yes 54 511 1.66 83.63

0.605
No 107 5.02 1.82 79.67

TABLE 4: The CAP score after one year with the use of hearing aids

Cl: cochlear implantation; CAP: Categories of Auditory Performance

Individuals who had used hearing aids had a mean CAP score of 5.11, whereas those who had not used
hearing aids had a mean score of 5.02. The observed difference was not statistically significant. The study
examined CAP scores one year post operation in relation to various factors, including parental education,
attendance, and duration of rehabilitation programs, as shown in Table 5.
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Variables CAP score (at 12 months) Total P*
Poor Moderate Good

Father's education

llliterate 7 (38.9) 8 (44.4) 3(16.7) 18 (100.0)
Can read and write 3(21.4) 7 (50.0) 4 (28.6) 14 (100.0)
0.339**
Primary education 16 (30.8) 21 (40.4) 15 (28.8) 52 (100.0)
Intermediate level 7(21.2) 16 (48.5) 10 (30.3) 33 (100.0)
Secondary education 7 (28.0) 16 (64.0) 2(8.0) 25 (100.0)
College 2(10.5) 12 (63.2) 5(26.3) 19 (100.0)
Mother's education
llliterate 13 (29.5) 24 (54.5) 7 (15.9) 44 (100.0)
Can read and write 7 (43.8) 6 (37.5) 3(18.8) 16 (100.0)
N/A
Primary education 14 (29.2) 16 (33.3) 18 (37.5) 48 (100.0)
Intermediate level 6 (26.1) 13 (56.5) 4(17.4) 23 (100.0)
Secondary education 2(10.0) 14 (70.0) 4 (20.0) 20 (100.0)
College 0(0.0) 7 (70.0) 3(30.0) 10 (100.0)
Attending rehabilitation program
Yes 34 (24.5) 68 (48.9) 37 (26.6) 139 (100.0)
0.169*
No 8 (36.4) 12 (54.5) 2(9.1) 22 (100.0)
Period of rehabilitation
0 to 6 Months 9(33.3) 13 (48.1) 5(18.5) 27 (100.0)
0.556*
6 to 12 Months 4(18.2) 13 (59.1) 5(22.7) 22 (100.0)
>12 Months 21(23.3) 42 (46.7) 27 (30.0) 90 (100.0)

TABLE 5: The CAP score measured after one year in relation to the studied factors

CAP: Categories of Auditory Performance

Regarding fathers' education, individuals with poor, moderate, and good CAP scores were predominantly
those with primary school education. For mothers, the highest occurrences were among primary school
graduates for those with poor and good CAP scores, while for moderate CAP scorers, the highest frequency
was also among primary school graduates; however, no statistically significant relationship was found
between parental education and CAP scores. The duration of rehabilitation program attendance was
measured in relation to the CAP score, and although no statistically significant correlation was found, the
highest percentage of individuals with a good CAP score had participated in the program for more than six
months.

Discussion

In this study, the mean and median CAP scores were recorded in relation to different age groups at different
time points which were six months and 12 months after implantation. The results of this study showed
significant CAP score variations between the two time points. Also, noticeably, the CAP score outcomes
appear to increase with a decrease in implantation age. Those within the age range of one to three years
attained an average CAP score of 5.48; the four to six age group achieved 5.23; ages seven to 12 reached 3.79;
and those older than 12 reached 3.45. This result correlates with other studies [4,5] that have demonstrated
better CAP scores among younger age groups. In fact, in a study done by the Department of Otolaryngology
at Mahidol University, it was noted that the age of implantation had an effect on the CAP score. Four out of
five children who were under the age of six years old achieved a CAP score of five only 18 months post
implantation [15]. The duration of the follow-up could have an impact on the results. In a separate studyj, it
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was found that children who underwent implantation before the age of four had a possibility of achieving a
CAP score of seven within two years post implantation. However, among those who received implants after
the age of four, only 20% attained a normal CAP score of six or seven, and this accomplishment occurred
after a considerable postoperative duration. Additionally, approximately only 25% of these children could
successfully integrate into the mainstream school system [16]. In our study, we were able to follow up with
the patients for up to two years due to a loss of follow-up and the fact that some patients had recently
received an implant. This result might be attributed to the critical period around 3.5 years old when the
human central auditory system retains its plasticity. Studies indicate that this plasticity persists in some
individuals until around the age of seven, after which it gradually diminishes [17].

In addition to CAP scoring, the SIR scoring criteria were also used to evaluate the outcome of CI in this
study, in which only age groups one to three years and four to six years were evaluated due to SIR being
recommended for use with children up to five years of age, although it can be used for up to 10 years of age.
Table 3 demonstrates the mean and median SIR score among the two different age groups recorded at six
months and 12 months post implantation. The SIR score increase is statistically significant. However, the
progress in each group is slightly different in magnitude; the younger participants show a slightly higher
increase in the scores. These data are consistent with other studies that demonstrate the gain of auditory
skills and speech perception following CI. We compared both age groups for SIR [18]. In line with this
research, other studies indicate swifter advancements in verbal intelligence at younger ages [11,19]. In a
retrospective analysis by Alam et al., the SIR of 80 children was assessed at various intervals post CI.
Comparing the results, there was a significant statistical difference observed. At three months post
operation, the mean SIR score stood at 0.94. However, at six months, it increased to 1.94, followed by 3.66 at
12 months, and further improvement to 4.87 at the 24-month mark [19]. This acceleration could stem from
the nervous system's capability to adapt its structure and operations in response to various internal and
external needs. Generally, it's widely accepted that the brain is notably receptive to forming new neural
pathways during early childhood. Consequently, the earlier children receive implants, the higher the
likelihood of improved speech and language development in the future [20]. Another study in India
examining cochlear implants across age groups of one to four years and 4.1 to seven years old showed
distinct postoperative mean SIR scores at three, six, and 12 months. Although no significant differences
were found between the two age groups at three and six months, notable variations emerged at the 12-
month mark. In the one- to four-year age range, 37.8% achieved category five post implantation, while only
5.4% in the 4.1-to-seven-year age group reached category five within the 12-month period [21].

Among the 161 participants in this study, one factor influencing cochlear implant outcomes was the
engagement and duration of participation in rehabilitation and speech training programs. About 86.3% (139
out of 161) of the participants attended a rehabilitation program. This study shows that the duration of
attendance affects the CAP performance score. The highest percentage of participants achieving good CAP
scores attended the program for over six months, and the lowest number belonged to the 0 to six months
group; the relation was not significant statistically in this study. However, another study also demonstrated
that the hearing and speech performance of cochlear implant recipients gradually improved with the
extension of rehabilitation time [11]. The duration of the study has also been shown to affect the outcomes.
In a study conducted at Zhejiang Chinese Medical University, 80 children who had prelingual deafness and
underwent rehabilitation after receiving implants showed that CAP scores improved as the duration of
rehabilitation increased, as assessed at one-, three-, six-, and 12-month intervals. Over time, there was a
gradual rise in scores, starting from approximately 1.01£2.37 to 4.93%2.68 and 1.41+2.89 to 4.15+2.84,
respectively [12].

In this study, 53.7% of the individuals who achieved moderate CAP performance scores had used hearing
aids. However, there wasn't a significant contrast found between those who used hearing aids before the
surgery and those who didn't. Contradicting these results, another study demonstrated that those who had
used hearing aids for three months before CI displayed significantly better scores on the CAP scale [22]. In
another study, all the children had used hearing aids for a duration ranging from 2 to 125 months prior to
the implantation, based on whether they had any beneficial remaining hearing. Interestingly, a shorter
duration of using hearing aids before undergoing CI was linked to better CAP outcomes [15].

Parental education plays a role in categorizing families into different socioeconomic groups, which can
influence communication skills in children with normal hearing as well as those with cochlear implants. In
this research, the education levels of both fathers and mothers were assessed concerning CAP performance
levels. The data showed that among fathers, the highest numbers of poor, moderate, and good outcomes
were seen among those who graduated from primary education. While, among mothers, the highest numbers
were among the illiterate category with moderate CAP performance scores. No significant relationship was
found between educational background and CAP performance. Similar to this, another study also found that
the education level of the parents had no effect on the CAP performance [23]. A study conducted in China
revealed that parents with higher educational backgrounds frequently enroll their children in auditory and
speech therapy programs at rehabilitation centers following cochlear implant surgery. This proactive
involvement seemed to positively influence the language development of the children [24].

The limitation of our study is the small number of patients over a 10-year period compared to other studies.
This is due to the lack of an insurance system in our locality, which deprives many indicated cases of CI.
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Conclusions

In our cases in the city of Erbil in the Kurdistan region of Iraq, we observed good outcomes regarding
auditory and speech perception in children with prelingual hearing loss after cochlear implants and
rehabilitation programs. There was a significant correlation between age at implantation and the CAP score
and SIR. Although they were not statistically significant, there was a correlation between the CAP score and
SIR and the longer duration of rehabilitation, parent education, and use of hearing aids prior to
implantation.
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