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A B S T R A C T   

Objective: As the number of hearing loss cochlear implant candidates who suffer from global developmental delay 
has dramatically increased, we aimed to study the prognosis of implantation in this group. 
Materials and methods: In this cross-sectional case-control study, we utilized the Ages and Stages Questionnaire 
third edition (ASQ-3) to investigate the prognosis of cochlear implantation and its rehabilitation in 26 
congenitally deaf children who suffered from global developmental delay compared with those in 25 non- 
delayed cases with the same conditions in two time periods, namely the first diagnosis of hearing loss and 18 
months after the surgery and rehabilitation program. The data were analyzed using Statistical Package for Social 
Sciences, version 21 (SPSS-21). 
Results: By the time of hearing loss diagnosis (six months old), the performance of all the global developmentally 
delayed hearing loss children in five subtests of the ASQ-3 scale was significantly lower than that of their non- 
delayed peers. Meanwhile, they improved significantly in two gross motor and social development subtests 18 
months after the surgery and rehabilitation. 
Conclusion: Along with the general improvement of delay developed children with sensorineural hearing loss 
after cochlear implantation, global developmental assessment in the process of candidacy and after implantation 
is an essential factor that needs to be considered.   

1. Introduction 

Cochlear implantation is a common standard procedure through 
which children with profound sensorineural hearing loss can acquire 
hearing. As a result, they would achieve speech perception and pro
duction skills. The strong effect of certain factors, such as the age of 
implantation and additional disabilities, on a child’s prognosis after 
cochlear implantation, has led the medical teams to exclude several 
cochlear implant candidates in the early years of implantation with the 
assumption of uncertain prognosis. For example, over a decade ago, in 
the UK, numerous candidates with even one moderate additional 
disability were deprived of implantation [1]. This pattern was seen in 
Canadian cochlear implant candidates in 2000 as well [1,2]. 

However, the number of documented children with sensorineural 
hearing loss who suffered from the global developmental delay resulted 
in an expansion in cochlear implantation candidacy criteria to include 

children with complex developmental delay. 
Global developmental delay is a condition under which a child is 

delayed in one or more milestones categorized into motor skills, 
communication skills, cognitive skills, and social and emotional devel
opment [3]. According to various studies, approximately 40% of the 
children with sensorineural hearing loss experience global develop
mental delay as well [4,5]. In this situation, the delay can usually be 
overcome through early intervention, such as cochlear implantation, 
speech and language therapy, and physiotherapy or occupational ther
apy [6,7]. The permanent delay in the development, which occurs 
following genetic disorders (Down syndrome and Fragile X), or severe 
metabolic disorders might prevent cochlear implantation due to the 
child’s confirmed poor prognosis. Meanwhile, the prevalence of various 
degrees of mild to moderate delay development in sensorineural hearing 
loss children has resulted in flexibility in the selection criteria of 
cochlear implantation. These days, many cochlear implanted children 
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include a group who has experienced difficulties in fine and gross motor 
movement, social interaction, or cognitive abilities [8–10]. 

Accordingly, the health authorities encourage parents to monitor 
their child’s development to inhibit its adverse effects on the child’s 
performance [6,7]. However, both parents and professionals must adjust 
their expectations for implantation results and incline to provide global 
developmentally delayed hearing loss children with a situation in which 
they access cochlear implantation devices in the early years of diagnosis. 

Nevertheless, studies focusing on global developmental delay in 
cochlear implanted children remain scarce and mostly go back to recent 
years [11–13]. Therefore, the main aim of this study was to compare the 
performance of the two groups of cochlear implanted children with/
without global developmental delay at two times; the first diagnosis of 
hearing loss (six months old) and 18 months after the surgery when in 
fact, cochlear implantation and its following rehabilitation program 
were carried out. 

2. Materials and Methods 

The objective of this cross-sectional case-control study was to eval
uate the effect of global developmental delay on pediatric cochlear 
implantation performance. We selected the sample by matching all the 
congenitally deaf children with cochlear implants who suffered from 
global developmental delay (26 patients) to 25 of their non-delayed 
implanted peers. Six out of 26 developmentally delayed candidates 
suffered from severe difficulties, including motor and cognitive delays, 
while the others were approximately equal and had experienced mild to 
moderate degrees of developmental delay. For note, all the subjects’ 
mean chronological age by hearing loss diagnosis was 6.03 ± 0.89 
months old. 

We selected the subjects from the children who participated in the 
rehabilitation program before and after the surgery. An expert speech 
therapist taught them lip-reading before the surgery. After the surgery, 
the same therapist provided the accepted traditional intervention pro
gram for cochlear implanted children named auditory-verbal therapy 
(AVT). 

All the participants’ parents signed a general informed written con
sent form to permit using the data of their medical records with 
consideration of their privacy. Additionally, the study protocol was 
reviewed and approved by the ethics committee of our university. 

The inclusion criteria for global developmentally delayed cochlear 
implanted children included delay in one or more milestones, such as 
motor skills, cognitive skills, and social and emotional development. 
These symptoms were approved by developmental pediatrics and neu
rologist’s examinations and reports from their parents while doing daily 
activities, like washing, dressing the child, or playing with him [6]. 

By the time of hearing loss diagnosis (about six months old), all the 
children were assessed 

via the Ages and Stages Questionnaire third edition (ASQ-3). It is 
necessary to indicate that we used a version of (ASQ-3) that is culturally 
adapted for Persian-speaking children [14]. The second assessment was 
carried out after about 18 months, while the children were almost 24 
months old and had received a cochlear implant device and its follow-up 
rehabilitation program. 

The ASQ-3 is a developmental screening tool comprising five sepa
rate sub-scales of communication, gross motor, fine motor, problem- 
solving, and personal-social interaction, by which the developmental 
progress can be determined in children between the ages of 1 month–5 ½ 
years old. Each sub-scale indicates the activities expected to be feasible 
for the relevant age group. The essential data were gathered by asking 
the parents to fill in the ASQ-3 questionnaire with “regularly,” “some
times “or” not yet” doing the activity according to their child’s abilities. 

After data collection, we conducted statistical analysis through Sta
tistical Package for Social Sciences, version 21 (SPSS-21). Evaluation of 
the group’s difference concerning age distribution was performed 
through the independent sample t-test. Since we intended to compare 

the groups in terms of the five sub-scales of the ASQ scale, the Multi
variate Analysis of Variance (MANOVA) was performed. The statistical 
significance was accepted at P < 0.05. 

3. Results 

According to Table 1, the mean age of diagnosis of hearing loss and 
age of implantation in the two groups were almost equal. The inde
pendent sample t-test showed no significant difference between the two 
groups concerning age distribution. 

The subjects’ mean scores of the five subtests of the ASQ-3 scale by 
the time of hearing loss diagnosis and 18 months afterward are 
demonstrated in the second and third tables, respectively. 

Based on the data represented in Table 2, the pre-implantation scores 
were statistically different for all subtests in the two groups of children, 
with typically developing peers outperforming those with develop
mental delay. The post-implantation scores were unchanged for typi
cally developing children and unchanged in three sub-tests for those 
with developmental delay (Table 3). However, there was an improve
ment in 2 sub-tests (gross motor and social development) for those with 
developmental delay. 

We did the multivariate analysis of variance to examine the differ
ences between the groups by the time of diagnosis of hearing loss 
(Table 4) and 18 months later (Table 5). 

Table 4 concerns the significant differences between the subjects in 
terms of their performance in all the five subtests of the ASQ-3 scale by 
the time of hearing loss diagnosis (six months old). Moreover, the mean 
scores of the two groups, which are demonstrated in Table 2, showed 
better performance of the normally developed hearing loss children 
compared with that of the delay developed hearing loss children. 

Nonetheless, after 18 months of cochlear implantation and rehabil
itation program (Table 5), the multivariate analysis of variance results 
showed significant improvement in 2 domains (gross motor and social 
development) for those with the developmental delay with similar post- 
implant performance to typically developing peers (P < 0.001). This 
finding could also be confirmed by comparing the mean scores of the 
two groups after 18 months of implantation and rehabilitation programs 
(Table 3). 

4. Discussion 

The present study results indicated that global developmental delay 
causes the poor performance of hearing loss children in motor skills, 
speech perception and production, cognitive skills, and social and 
emotional development. However, they become improved like normally 
developed cochlear implanted children in gross motor and social 
development after implantation and its follow-up rehabilitation pro
gram. We hypothesized that their growth in terms of social interaction 
and movement ability is due to the natural evolution and growth of self- 
esteem following the AVT program and the child’s improvement in 
auditory perception performance, which allow the child to investigate 
the surrounding environment; this may, in turn, facilitate his/her 
learning process. This finding revealed the importance of a child’s 
general development assessment in the process of candidacy and after 
implantation more than ever because significant developmental delay is 
a negative predictor of the child’s performance in different aspects of 
cognitive and language abilities. 

Edwards LC et al.; conducted a study in 2006 on 32 children before 
and after the implantation surgery and its follow-up rehabilitation. It 
implied a strong negative correlation between the severity of develop
mental delay exhibited by cochlear implanted children and their prog
ress in speech intelligibility [11]. This pattern was also observed in the 
research by Archbold and colleagues (2015) and Eze and colleagues 
(2013) [15,16]. 

In other words, those who suffered from a significant delay in various 
areas of functioning depicted no progress in speech perception even 
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though their cochlear implantation device was switched on and a 
rehabilitation program was in progress. According to Lindcey C. 
Edwards and colleagues, speech perception and intelligibility were 
related to the child’s developmental status; This means the delayed 
developed cochlear implanted children’s access to environmental 
sounds did not significantly improve their speech perception abilities 
compared with that of the normally developed cochlear implanted 
children. Moreover, it did not significantly ameliorate their quality of 

life [11]. Nevertheless, speech perception performance of mild global 
developmentally delayed children was almost equal to that of their 
non-delayed implanted peers. This finding is in line with the present 
study results, but we assessed the patients through the schedule of 
growing skills. 

Another study in 2004 indicated that severe developmental delay, 
especially that observed in pervasive developmental disorders, is a 
condition in which small gains in speech perception and production 
skills might be accessed following implantation. Nevertheless, some 
progress in behaviors and interaction with others through implantation 
and its following rehabilitation program encouraged most parents to 
recommend cochlear implantation to other families under similar con
ditions [17]. 

Overall, the results obtained by different papers have implied that 
mild to moderate developmentally delayed cochlear implanted children 
can benefit from surgery. However, their progress might be lower than 
their normally developed peers [5,18,19]. Thus, it could be argued that 
general developmental status of young cochlear implant candidates is a 
predictor of their post-implantation performance, which should be 
considered for candidacy decision. 

Despite the remarkable results obtained in this study, there are 
several study limitations that need to be taken into consideration; pri
marily the small sample size, particularly in the case group with only six 
severe developmentally delayed patients and 20 mild to moderate 
developmentally delayed patients. Furthermore, there was no access to a 
variety of appropriate diagnostic culturally adopted tests for Persian- 
speaking children in this age group. 

Finally, based on this study’s findings concerning the improvement 
of delay developed hearing loss children in gross motor and social 
interaction after implantation and its follow-up rehabilitation program, 
it is suggested to proceed with a bigger sample size to observe the real 
difference between the groups. Also, we recommend performing another 
appropriate diagnostic culturally adopted test for Persian-speaking 
children (i.e., Bayley scale of infant and toddler) that evaluates other 
child’s developmental aspects. 

Table 1 
The mean age of hearing loss diagnosis and implantation in the two groups.  

Group N Age (months) Mean ± SD Minimum Maximum Significance (P-value) 

Children with delayed development and hearing loss 26 Age of hearing loss diagnosis 6 ± 0.97 5 7 0.75 
Age of implantation 12.38 ± 2.11 12 15 

Normal developed hearing loss children 25 Age of hearing loss diagnosis 6 ± 0.81 5 7 0.41 
Age of implantation 12.76 ± 0.92 12 15  

Table 2 
Descriptive statistics at the age of six months old.  

ASQ subtests Mean ± SD 

Delay developed hearing loss 
children 

Normal developed hearing 
loss children 

Communication 20 ± 2 36 ± 5.9 
Gross motor 17.69 ± 8 48 ± 2.8 
Fine motor 24.4 ± 7.9 46.8 ± 4.8 
Problem solving 21.15 ± 4.96 48.8 ± 3.8 
Social 

development 
21.34 ± 7.2 48.4 ± 4.26 

N 26 25  

Table 3 
Descriptive statistics at the age of 24 months old.  

ASQ subtests Mean ± SD 

Delay developed C.I 
children 

Normal developed C.I 
children 

Communication 21.34 ± 5.2 49.6 ± 4.54 
Gross motor 49.23 ± 4.23 49.8 ± 4.67 
Fine motor 20.19 ± 7.41 49.4 ± 4.16 
Problem solving 19.8 ± 5.19 48.6 ± 3.39 
Social 

development 
47.69 ± 5.69 48.2 ± 4.3 

N 26 25  

Table 4 
Test of between-subjects effects for ASQ-3 subscales in both groups by the time of diagnosis of hearing loss (six months old).  

Source Dependent variables SS Df Ms F Significance 

Group Communication 3262.745 1 3262.745 168.289 0.001 
Gross motor 11707.089 1 11707.099 316.663 0.001 
Fine motor 6381.811 1 6381.811 148.179 0.001 
Problem solving 9741.204 1 9741.204 497.366 0.001 
Social development 9328.272 1 9328.272 259.136 0.001 

Error Communication 950.000 49 19.388   
Gross motor 1811.536 49 36.970 
Fine motor 2110.346 49 43.088 
Problem solving 979.365 49 19.987 
Social development 1763.885 49 35.998 

Total Communication 43750.000 51    
Gross motor 67550.000 51 
Fine motor 72375.000 51 
Problem solving 72150.000 51 
Social development 72175.000 51 

Corrected total Communication 4212.745 50    
Gross motor 13518.627 50 
Fine motor 8492.157 50 
Problem solving 10720.500 50 
Social development 11092.157 50  
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