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Introduction

Congenital hearing impairment affects the development of 
children in more than one domain with major impact on speech 
and language skills. They require intervention as early as pos-
sible and in cases of no benefit from conventional hearing 
aids, the cochlear implants (CIs) have proven to be the most 
reliable rehabilitative measure [1] with significant improve-
ment in speech comprehension and expression [2] and reading 
skills [3]. Among the children implanted with CIs, the speech 
and language outcomes are highly variable and are influenced 

by several factors including age at onset of deafness, duration 
of profound deafness, communication mode, pre-operative 
residual hearing, and nonverbal cognition [4-6]. Among these, 
the advanced age at implantation is detrimental in restoring 
normal auditory processing function. The length of deafness 
prior to receiving a CI has been reported to be negatively con-
nected with the ability to comprehend and employ verbal-lin-
guistic skills [7]. If the targets of early hearing detection and 
interventions are met such as hearing screening by 1 month, 
confirmation by 3 months, and intervention by 9 months, the 
speech and language skills of child with hearing loss can be at 
par with their normal hearing counterparts [8].

Every neonate in the United States gets evaluated for hear-
ing impairment prior to discharge because of the implementa-
tion of a universal newborn hearing screening programe [9]. 
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In contrast, in developing countries such as India, hearing loss 
is often detected by parents, resulting in a significant delay in 
auditory rehabilitation. Hearing loss is discovered at mean age 
of 3.03 years in eastern India [10] with mean implantation age 
of 4.79 years [11] and subsequent aural rehabilitation much de-
layed. Cochlear implantation in this group of patients necessi-
tates a difficult decision-making process for both clinicians 
and patients due to the uncertainty of achieving adequate ben-
efits in auditory and speech perception abilities [12]. Several 
studies have shown that the CI could significantly improve 
speech perception in this group of patients [13]. However, fac-
tors such as the cause of hearing loss, manner of communica-
tion, educational status, and attendance at speech therapy ses-
sions may all have an impact on post-implant outcomes and 
needs investigation. Therefore, the purpose of this study was 
to determine the long-term speech and language outcomes, as-
sessment of hearing abilities, and self-perceived benefits of CI 
in children with prelingual deafness and late implantation.

Subjects and Methods

This descriptive longitudinal observational study included 
children with prelingually bilateral severe to profound senso-
rineural hearing loss who underwent cochlear implantation at 
≥5 years of age from September 2001 to July 2021 at the in-
stitute. All the participants received unilateral implant with 
102 implanted on right side and 11 on left side. Both retro-
spective (n=70) and prospective (n=43) subjects were includ-
ed. Children with unilateral hearing loss, auditory neuropa-
thy spectrum disorder, intellectual deficits, attention deficits, 
and neuromuscular deficits were excluded. A written informed 
consent was obtained from the all parents and institutional eth-

ical committee clearance was obtained for the study (IEC- 
23/04.01.2019).

Relevant information such as details of hearing loss, demo-
graphic details, medical history, family history, socioeconomic 
background, language exposure, and outcomes of various mea-
sures were recorded. To determine the socioeconomic status 
(SES) of the subjects, modified Kuppuswamy socioeconomic 
scale [14] was used. Various scales and tests were used to mea-
sure the outcomes. The auditory abilities were examined using 
Categories of Auditory Performance (CAP). Speech Awareness 
Threshold (SAT), Speech Recognition Thresholds (SRT), and 
Speech Discrimination Score (SDS) were used to record the 
speech perception abilities. The Speech Intelligibility Rating 
(SIR) was used to assess the intelligibility of speech in everyday 
spontaneous verbal communication. Pre- and post-implant 
educational set up was also studied to see the impact of CI on 
educational profile. Subjectively perceived benefits were eval-
uated using the satisfaction rating scale of 0-10 with 0 being 
the least and 10 being maximum. The social impact on child 
from parent’s perspective was investigated using a structured set 
of seven questions related to social communicative behaviour 
with Likert scale. Parents were asked to state their level of ac-
cord with every statement on a scale of 1-5 as shown in Fig. 1.

A follow-up was carried out at regular intervals of 3, 6, 12, 
18, and 24 months with minimum and maximum follow-up of 
3 months and 237 months, respectively, and median follow-up 
of 31 months. All the details and scores obtained were tabu-
lated in Microsoft Excel and analyzed. Data were analyzed 
by using statistical software Stata 14.0 (StataCorp, College 
Station, TX, USA). Categorical data were expressed as fre-
quency and percentage. Quantitative data were expressed as 
mean and standard deviation, median and interquartile range. 

Questions Response

Q1. My child gets along well with other children

Q2. My child initiates communication with others

Q3. My child keeps up with other kids for daily learning activities

Q4. My child is self-assured in societal situations with normal hearing peers of his age

Q5. My child can effortlessly cope up with schoolwork

Q6. My child doesn’t ask to stay home and does not show any reluctance to go to shool

Q7. My child is not frightened of new situations

 Never Seldom Sometimes Often All the time
 1 2 3 4 5

Fig. 1. The questionnaire to assess social communication behaviour.
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Kruskal-Wallis H test was used to compare scores among the 
SES categories. Mann-Whitney U test was used to compare 
scores between languages wherein p<0.05 was considered as 
statistically significant.

Results

A total of 113 (64 males and 49 females) children with CI in 
late childhood were included with age range of 5-15 years 
(mean age: 7.97±2.8 years). Relevant case history and possi-
ble etiology of hearing impairment were assessed based on 
available medical documents and patient interview. The age of 
diagnosis of hearing loss ranged from 6 to 66 months (mean±
SD; 35±12.9 months), age of hearing aid prescription ranged 
from 7 to 72 months (mean age: 40.1±13.2 months) and age 
of cochlear implantation ranged from 60 to 144 months (mean 
age 74.5±17 months). The timeline of events for the subjects 
is summarized in Fig. 2.

Out of 113 subjects, 109 were hearing aid users whereas 4 
were nonusers. A total of 103 subjects started using hearing 
aids within 6 months and 6 subjects within 12 months of pre-
scribing the aids. Radiological abnormalities, intraoperative 
complications, and intraoperative electrically evoked compound 
action potential (ECAP) responses were noted. Socioeconomic 
background based on the Modified Kuppuswamy socioeco-
nomic scale and language exposure were also assessed as illus-
trated in Table 1.

Assessment of auditory and speech skills 
Both pre- and post-implant CAP scores were obtained. The 

CAP scores before the implantation ranged from 0 to 4 with 
the median value of 1. Compared to this, post-implantation best 
scores ranged from 1 to 7 with the median value of 5 (p<0.0001). 
Follow-up was done at regular intervals and CAP scores were 
noted to improve at 3 months post-implantation, saturating at 
around 24 months. A cross-sectional view of average CAP scores 
over the period after implantation is summarized in Fig. 3A. 

The pre-implant and post-implant SIR scores were obtained 
in all the subjects. Pre-implant SIR scores in 113 subjects ranged 
from 1 to 3 (mean score 1) that increased to 1 to 5 (mean score 
3) post-implantation (p>0.05). The SIR score was measured 
serially in post-implantation follow-up visits at regular inter-

Table 1. Baseline characteristics of the subjects with cochlear im-
plants in late childhood

Characteristics Value (n=113)

Retrospective subjects   70
Prospective subjects   43
Sex

Male   64
Female   59

Age
At diagnosis (mo)  35±12.9 (6-66)

At inclusion (yr) 7.97±2.8 (5-15)

Hearing aid
User 109
Nonuser     4

Age at implantation (mo) 74.5±17 (60-144)

Radiological abnormality   14
Intraoperative complication

CSF leak     2
Traumatic electrode insertion     1

Electrode Insertion
Complete 107
Incomplete     6

Intraoperative ECAP
Present 104
Absent     9

Socioeconomic status
Upper     0
Upper middle   33
Lower middle   58
Upper lower   18
Lower     4

Language exposure
Single language   78
Bilingual   29
Multilingual     6

Values are presented as number of subjects or mean ±SD 
(range). CSF, cerebrospinal fluid; ECAP, evoked compound ac-
tion potentialFig. 2. Timeline of events for a late implanted prelingual deaf child.

vals and the average values obtained for the cohort at various 
time points are shown in Fig. 3B.

Pre- and post-implant SAT were assessed. Mean pre-implant 
threshold was found to be 73 dB with hearing aids and post-
implantation it was reported to be 45 dB. To assess the audi-
tory recognition skills pre- and post-implantation SRT and SDS 
were recorded. The SRT levels in the pre-implantation period 
could not be assessed in 105 subjects due to inadequate speech 
and language skills and no benefit from hearing aids. For those 
with some benefit with hearing aids, aided SRT was noted to 
be 76 dB. Post-implant SRT was obtained for only 87 subjects 
due to very poor speech discrimination or lack of reliable phys-

Hearing aid prescription

35.0 74.5

40.1 95.6Age (mo)

Diagnosis Cochlear implantation

Evaluation
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ical follow-up. In 87 subjects mean SRT was found to be 58.9 
dB. Same as SRT, pre-implant SDS could not be assessed in 
107 subjects due to inadequate skills. In 7 subjects with mini-
mal benefit with hearing aids closed set, mean SDS was found 
to be 15%. Post-implant closed set SDS was recorded for 90 
subjects with mean score of 79%.

Mode of communication and social communicative 
behaviour

Pre-implant and post-implant predominant mode of com-
munication was recorded to see the impact on communicative 
profile. Before surgery, 81% were using manual mode of com-
munication and 4.4% were using oral mode of communication. 
Whereas 35% moved to oral mode of communication and 
63.5% relied on total communication post-implantation. Also, 
the communicative mode opted by primary caregiver was re-
corded. Only 11% caregivers were using spoken language be-
fore CI that increased to 50.44% after implantation.

The pre- and post-implant impact on social behavior was as-
sessed with a set of seven questions (Fig. 1). Scores obtained in 
all seven questions were averaged separately post-implanta-
tion and compared with the scores pre-implantation period 
for all the subjects as shown in Fig. 4. The average scores for 

all the questions increased from pre-implantation 2 (SD, ±1) 
to post-implantation period 4 (SD, ±1) (p<0.001) as depicted 
in Table 2.

Educational profile and satisfaction rating
The pre- and post-implant educational profiles of subjects were 

assessed by comparing the opted educational setup. Of the to-
tal subjects, 53.6% had enrolled in educational setup whereas 
post implantation this increased to 75.8%. With respect to 
mainstream education, 49.4% of the subjects were attending 
mainstream education pre-implantation and this increased to 

Fig. 3. Averaged post-implant CAP (A) and SIR (B) scores over the period. CAP, Categories of Auditory Performance; SIR, Speech Intel-
ligibility Rating.
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Table 2. Mean difference in pre-implantation and post-implantation 
questionnaire scores

Question Pre Post p value
Q1 3 (2-4) 4 (3-5) ＜0.001
Q2 2 (2-3) 4 (3-5) ＜0.001
Q3 2 (2-3) 4 (3-5) ＜0.001
Q4 2 (2-3) 4 (3-5) ＜0.001
Q5 1 (0-2) 4 (1-5) ＜0.001
Q6 2 (0-2) 4 (2-5) ＜0.001
Q7 3 (2-4) 4 (3-5) ＜0.001

Total 2 (1.86-2.71) 4 (2.86-4.57) ＜0.001
Scores are presented as means (ranges).
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70.6% post-implantation. The remaining were enrolled in seg-
regated or integrated educational setup and did not show ma-
jor variation in pre- and post-implant condition. 

Satisfaction among the caregiver with CI was considered 
as an important outcome parameter. Pre- and post-implant pa-
rental satisfaction was measured and on a scale of 0-10, pre-
implantation median score was 1 whereas post-implantation this 
improved to 8 and the difference was found to be statistically 
significant (p<0.0001).

Hearing aid usage and auditory training 
In pre-implantation period, a total of 108 were using hearing 

aids. This number decreased to 106 post-implantations with CIs. 
Therefore, the number of subjects using the device showed 
slight decrease. However, the daily usage of CI device showed 
improvement with 96 subjects using the implant device for 
10.1-15 hours per day whereas hearing aids were used for 
10.1-15 hours by only 40 subjects as shown in Fig. 5.

Auditory training schedule of the subjects in pre-implanta-
tion and post-implantation period was assessed. The auditory-
verbal therapy sessions were taken by 84 out of 113 in pre-im-
plantation period with hearing aids that increased to 92 post-
implantation with CIs. However, the number of sessions re-
quested by parents per week and their physical attendance for 
these sessions reduced significantly post-implantation from 80% 
to 60% due to traveling constraints and preference for tele-
consultation. 

Effect of SES and language exposure on SIR and CAP 
scores

The effects of SES and language exposure on auditory and 
speech outcomes, i.e., CAP and SIR, were also assessed in im-
plantees. The upper-middle and lower-middle classes were 
analyzed together due to a smaller number of subjects in up-
per-middle category. The post-SIR and post-CAP scores were 
not statistically significant among the three SES categories 
(p=0.611 and p=0.416, respectively) and improvement was 
observed across all the categories post-implantation as shown 

in Table 3.
Similarly, effect of language outcome was assessed wherein 

the bilingual and multilingual categories were analyzed together 
due to a smaller number of subjects in multilingual category. 
The post-SIR and post-CAP scores were not statistically signif-
icant among the three language categories (p=0.591 and p= 

0.973, respectively) and improvement was observed across all 
the categories post-implantation as shown in Table 4.

Discussion

The available literature suggests that prelingual deaf chil-
dren who undergo cochlear implantation at age less than three 
years perform better in terms of auditory, speech, and language 
outcomes [15-17]. However, this is a rare scenario in develop-
ing nations like the Indian subcontinent. A study performed 
previously at our institute reported the mean age at implanta-
tion to be 4.79 years [13]. Therefore, the outcomes in these 
children cannot be generalized to the ones with traditionally 
recommended age of implantation, as there are several factors 
that can affect their performances. In India where the implan-
tation often takes place at a later age, it becomes crucial to study 
these factors and their effect on hearing and language abilities 
in these children.

In the present study, the mean age of implantation was 6.2 
years. Hearing impairment was reported to be idiopathic for 
most of the patients during the pre-implant evaluation. The Joint 
Committee of Infant Hearing has identified several factors 
causing hearing loss, with positive family history [18] being 
one of the most significant risk factors followed by the syn-
dromes [19] and infections such as cytomegalovirus [20]. How-
ever, in the current study, these had little contribution.

The surgery-related factors such as anatomical malforma-
tions and intraoperative complications were negligible. The 
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Table 4. CAP and SIR score correlation across language outcome 
categories

Single language
(n=60)

Bilingual and multilingual
(n=18)

p 
value

Post-SIR 3 (2-4) 3 (2-4) 0.591
Post-CAP 5 (4-7) 5 (3-7) 0.973
CAP, Categories of Auditory Performance; SIR, Speech Intelligi-
bility Rating

Table 3. CAP and SIR score correlation across SES categories
Upper middle and 

lower middle (n=60)

Upper lower
(n=18)

Lower
(n=35)

p 
value

Post-SIR 3 (2-4) 3 (1-4) 3 (2-4) 0.611
Post-CAP 5 (4-6) 5 (3-6) 6 (3-7) 0.416
CAP, Categories of Auditory Performance; SIR, Speech Intelligi-
bility Rating; SES, socioeconomic status
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longer duration of device use post-surgery was prevalent in 
the present cohort with 96 out of 113 using the device for 10-
15 hours each day. The consistency for therapy sessions before 
and after CI surgery did not show much improvement which 
could be attributed to pandemic-associated restrictions. Also, 
the impact of the SES of parents and language exposure at 
home of all the subjects were evaluated. In a study from south-
ern India by Merugumala, et al. [21] that aimed to investigate 
the barriers to early diagnosis of hearing impairment in India, 
low socioeconomic backgrounds and consequently lack of 
timely screening was found to affect the early detection and 
treatment of hearing impairment. In the current research, 96% 
of the subjects were from middle or lower socioeconomic 
background that might have contributed to the delayed reha-
bilitation of these children due to lack of awareness and fi-
nancial constraints. On assessing the effect of socioeconomic 
background and language exposure on CAP and SIR scores, it 
was found that both had equal effect across the categories on 
auditory and speech outcomes post-implantation and was not 
statistically significant suggesting that irrespective of SES cat-
egory and type of language exposure at home, all the subjects in 
the current study showed improvement in CAP and SIR scores 
post-implantation.

The CAP and SIR scores were primary criteria for assess-
ment in our study. The late implantees in the current research 
attained a median CAP and SIR score of 5 and 3, respectively, 
at 24 months indicating that they are able to understand com-
mon phrases without lip reading and connected speech is not 
unintelligible. Although these are not the maximum possible 
outcomes, they are not ignorable and can significantly augment 
the daily life of prelingually deaf child. In a study by Fang, et 
al. [22], auditory performance (CAP score) and speech intelli-
gibility (SIR) of 84 early implanted prelingually deaf children 
were recorded post-implantation for 1, 2, 3, 4, and 5 years. 
The study reported the median CAP score to be 5 and attaining 
plateau after 24 months of implant use. The median SIR was 

reported to be 3 and it attained the maximum outcome after 24 
months of device use. In the present study, the median of CAP 
and SIR scores obtained post-implantation were tabulated 
against the scores at similar interval from the literature [22] re-
corded for early implanted prelinguals. The median CAP and 
SIR scores of the patients are summarized in Fig. 6A and B, 
respectively.

As expected, the median CAP and SIR of early implanted 
prelinguals were better at 12 months and 24 months as com-
pared to the scores of late implanted prelinguals. The median 
CAP score at 12 months, of early implanted prelinguals was 
reported to be 4, whereas for the late prelinguals it was observed 
to be 3. Similarly, SIR score at 12 months for early implanted 
prelinguals was 2 and it further progressed to 3 at 24 months. 
However, in case of late implanted prelinguals, the median 
SIR score was observed to be 2 at 12 months and it attained a 
plateau of 2.4 at 24 months. Also, a statistically significant 
improvement was observed in CAP and SIR scores obtained 
after implantation as compared to the ones recorded before 
implantation. These results suggest that the performance on 
CAP and SIR scale is affected by the age of implantation and 
is better in early implanted as compared to the late implanted 
individuals. It progresses at faster pace in case of early im-
planted children with hearing impairment as compared to the 
late implanted subjects. However, after implantation, a defi-
nite improvement in the scores is noted in late implanted pre-
linguals as well. The mean SAT improved from 73 dB before 
implantation to 45 dB after implantation as did the mean SRT 
and mean SDS scores that increased from 76 dB to 58 dB, 
and 15% to 79%, respectively. These results indicate overall 
improvement in auditory awareness skills in the targeted pop-
ulation. 

Another factor that this study aimed to study was to ascer-
tain parental/caregiver satisfaction with the CIs. Along with 
the restoration of hearing abilities, cochlear implantation also 
helps the child to adapt to the immediate environment such as 
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home, school, and society and further improves the quality of 
life of the child. Wheeler, et al. [23] had reported that the shift 
from sign language to total or completely oral mode of com-
munication in 11 out of 12 of their subjects after the implanta-
tion. Parents play a decisive role in this rehabilitation process. 
Rout and Khanna [24] investigated the key concerns of moth-
ers regarding the needs and difficulties faced by the child 
with hearing impairment and reinforced on the need of lan-
guage and cultural directed materials to address the parental 
concerns. In our study, a 10-point parental satisfaction scale 
and a questionnaire was administered. The median parental 
satisfaction score improved to 8 post-surgery which was re-
corded to be 1 before implantation. Most of the parents were 
satisfied with children’s auditory abilities after the cochlear 
implantation. The questionnaire comprising of seven ques-
tions to assess the subject’s communication abilities among 
peer groups and at school was administered. Majority of the par-
ents rated the performance of their children 4 or 5 on a 5-point 
rating scale after the implantation indicating improved commu-
nication skills of the subjects while interacting with the peer 
group and at the school. 

The ambispective analysis of our study concluded that the 
delayed intervention with cochlear implantation in prelingual 
children can result in improvement in all domains including 
auditory behavior and language skills. In a prospective study 
by Kos, et al. [25], the late implanted subjects showed improved 
awareness of oral language structures and better performance 
on CAP and SIR. Similarly, Liu, et al. [26] reported the speech 
assessment of retrospectively studied group of 94 late im-
planted prelingual subjects. The study stated that cochlear im-
plantation in late prelinguals is an effective intervention option 
but can take a longer duration for rehabilitation compared to 
their early implanted counterparts. Therefore, cochlear im-
plantation in late prelinguals is a viable option and should be 
considered along with intensive post-implantation speech and 
language rehabilitation. 

The present study explored the clinico-social outcomes of 
cochlear implantation in children with severe to profound pre-
lingual deafness who underwent cochlear implantation later 
than recommended age of implantation. The findings indicat-
ed that the outcomes with CI at the later age may not parallel 
with the implantation at younger age, but it still provides mea-
surable benefits even after longer period of auditory depriva-
tion. These findings should encourage the concerned authori-
ties and funding agencies in the country to extend the support 
for select groups of these children who have not been able to 
get the benefits of implantation at an early age. Thorough eval-
uation of such patients and due recommendations by board of 
experts are however strongly recommended. Also, future stud-

ies can be carried out by employing dual arm analysis within a 
demographically more comparable patient cohort.
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