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ABSTRACT 

Objective: To identify and describe predictors of pediatric cochlear implantation outcomes in 

a South African population.  

Methods: A retrospective study of 301 pediatric CI recipients from five cochlear implant 

programs was conducted and cross-sectional outcome data were added at the time of data 

collection. Twenty potential prognostic factors were identified from the retrospective dataset, 

including biographical, cochlear implant (CI), family and risk factors. Multiple regression 

analyses was performed to identify predictor variables that influence outcomes in terms of 

auditory performance (CAP scores), speech production (SIR scores), communication mode 

and educational placement.  

Results: Although implanted children within this sample did not have equal opportunity to 

access a second implant, bilateral implantation was strongly predictive of better auditory 

performance and speech production scores, an oral mode of communication and mainstream 

education. NICU admittance/ prematurity were associated with poorer auditory performance 

and speech production scores, together with a higher probability for non-oral communication 

and non-mainstream education. The presence of one or more additional developmental 
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condition was predictive of poorer outcomes in terms of speech production and educational 

placement, while a delay between diagnosis and implantation of more than one year was also 

related to non-mainstream education. Ethnicities other than Caucasian were predictive of 

poorer auditory performance scores and a lower probability for mainstream education.   

Conclusion: An extensive range of prognostic indicators were identified for pediatric CI 

outcomes in South Africa. These predictive factors of better and poorer outcomes should 

guide pediatric CI services to promote optimal outcomes and assist professionals in providing 

evidence-based informational counselling.  

Keywords: pediatric cochlear implantation, prognostic factors, cochlear implant, children, 

outcomes 

 

Abbreviations: CAP, Categories of Auditory Performance; CI, cochlear implant; HL, 

hearing loss; NICU, neonatal intensive care unit; SASL, South African Sign Language;  SIR, 

Speech Intelligibility Rating 

 

INTRODUCTION 

 

In recent years, significant improvement has been demonstrated in pediatric cochlear implant 

(CI) outcomes due to technological advances, earlier implantation and earlier intervention [1-

3]. Speech and language skills comparable to normal hearing children can be achieved in 

some prelingually deaf children implanted within the first year of life, as indicated by recent 

reports [4-6]. Understandably, expectations for pediatric cochlear implantation are high [1]. 

However, outcomes vary as multiple internal and external factors have the potential to affect 
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clinical outcomes [7-9]. As a result many pediatric cases present with sub-optimal outcomes. 

In order to counsel families pre-operatively about the range of possible outcomes and to plan 

for post-implantation intervention, accurate prognostic information is required [10,11].  

Indications for pediatric cochlear implantation are becoming more complex with an increase 

in bilateral implantation and a growing number of children with less severe hearing losses 

being implanted [10,12-15]. Also, children with multiple medical conditions resulting from 

prematurity or perinatal etiologies are more likely to be considered as candidates, expanding 

the criteria for implantation even more [16]. Consequently the number of pediatric cochlear 

implantation surgeries has increased significantly since 1990 [17], which necessitates a clear 

understanding of potential threats to overall outcomes in this population [9]. 

In a recent systematic literature review on prognostic indicators in pediatric CI surgery, Black 

et al. [10] identified only four factors influencing pediatric CI outcomes consistently, namely 

age at implantation, presence of inner ear malformations, as well as occurrence of meningitis 

and Connexin 26 GJB2 gene-related deafness. Firstly, early implantation is indisputably 

considered as a strong positive predictor of expressive and receptive language skills, as 

confirmed by a plethora of published studies [9,18-25]. Secondly, inner ear malformations 

are strongly associated with pediatric CI outcomes in terms of speech perception and 

expressive language skills, with children who have more severe cochlear malformations (e.g. 

cochlear dysplasia and common cavity) performing worse than children with less severe 

malformations (e.g. incomplete partition or enlarged vestibular aqueduct) [9,26-29].  Thirdly, 

despite the fact that the central effects associated with meningitis may impact language 

learning potential [30], children with postmeningitic hearing loss do appear to benefit from 

CIs in terms of auditory receptive abilities, provided they receive an implant early [31]. 

However, for children with ossified cochleae as a result of meningitis,  speech perception is 

frequently poorer than children with non-ossified cochleae [32]. Lastly, Connexin 26 GJB2-
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related deafness in children with CIs appear to have lesser impacts predicting better speech 

intelligibility, speech discrimination and communication abilities when compared to 

implanted children with other etiologies of hearing loss [33-35]. 

Many other prognostic factors are described in literature, but only anecdotally, mostly due to 

small sample sizes [10]. Likewise, emerging trends in pediatric CI such as multiple 

disabilities, family influences and the impact of prematurity still require further evaluation as 

prognostic indicators [9]. The presence of additional disabilities negatively effects the 

language development of implanted children [1,23,35,36]. Yet outcomes after cochlear 

implantation for these children with associated disabilities, even if variable, show a positive 

evolution in speech perception, communication abilities, social engagement and quality of 

life [3,37]. Problematic family environments are significantly associated with poorer speech 

and language outcomes [9,38]. Then again, family factors such as a high socioeconomic level 

[5,35,39], sufficient parental involvement in the rehabilitation process [23,40,41] and higher 

levels of maternal education [42] are all related to improved language outcomes. Prematurity 

is considered as an anecdotal prognostic factor often described in pediatric CI literature, but 

has not been consistently proven [43]. The same holds for other likely etiological factors or 

risk indicators associated with permanent childhood hearing loss, such as neonatal intensive 

care unit (NICU) admittance, low birth weight and assisted ventilation [44]. 

In recent years there has been increasing interest in outcomes of bilateral cochlear 

implantation, since it has become the standard of care for children with severe to profound 

hearing loss in developed countries [14,45]. The benefits of bilateral implantation in children 

are well documented in terms of improved localization [46-48] and enhanced speech 

recognition in quiet [49,50] and in noise [46,51,52] when compared to listening with a 

unilateral CI. Also recently confirmed, children with bilateral CIs have significantly better 

language outcomes compared to children with unilateral CIs [45,53]. However, there is still a 
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lack of evidence regarding the effect of bilateral cochlear implantation on broader outcomes 

such as literacy, academic skills and overall quality of life, particularly concerning long-term 

outcomes [45,48,54].  

Prognostication is considered as a key component in pediatric cochlear implantation. Parents 

will only be able to set evidence-based and achievable expectations for their children if they 

are guided by professionals who are able to discern the factors that will exert an adverse 

effect on outcomes [3,43]. Given the paucity of proven prognostic factors in pediatric 

cochlear implantation [43], this current work aims to identify possible predictors of outcomes 

and to investigate the prognostic significance of these factors, in a large caseload of pediatric 

CI recipients in South Africa. Since the first multichannel cochlear implantation took place in 

South Africa in 1986, more than 1500 individuals has been implanted at nine respective CI 

programs [55,56]. Therefore, this study also provides a broad depiction of the current status 

of pediatric cochlear implantation in South Africa and reports on an extensive range of 

prognostic indicators identified in an unselected group of pediatric CI recipients.  

MATERIALS AND METHODS 

A retrospective study of 301 pediatric CI recipients was conducted. Institutional ethics 

committee approval was obtained before data collection commenced. 

Study population 

Five South African CI programs participated in this multicentre study, from which four 

programs are situated in the Gauteng Province (University of Pretoria Cochlear Implant Unit, 

Johannesburg Cochlear Implant Program, Chris Hani Baragwanath Academic Hospital 

Cochlear Implant Program, Steve Biko Academic Hospital Cochlear Implant Program) and 

one program in the Free State Province (Bloemfontein Cochlear Implant Program). Patient 
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files of pediatric CI recipients at participating programs were reviewed retrospectively and 

cross-sectional outcome measures were added during an eight month data collection period. 

All children (≤18 years), implanted between 1996 and 2013 with a minimum of six months 

implant use at the time of data-collection and with data available on at least one outcome 

measure, were considered as eligible participants for this study. No case selection occurred 

and children from the complete range of educational and communication environments were 

included. The final sample consisted of 301 children, including eight (2.7%) children who 

were non-users of their CI devices (n=301). Of the total sample, 190 (63.1%) children were 

implanted unilaterally and 111 (36.9%) were implanted bilaterally at the time of data 

collection (n=301). All bilateral implants were performed sequentially, except for two 

children who were implanted simultaneously (2/111, 1.8%). The mean interval between first 

and second implant was 35 months (range: 1 - 156 months; 34.6 SD; n=107). Characteristics 

of the study population are presented in Table 1. Most children (94%) were implanted with 

Cochlear
©

 devices and 18 children (6%) with Med-el
©

 devices (n=301). With the exception 

of 13 children (5.3%), all children had a fully inserted electrode array in at least one cochlea 

(n=243). Nine children (9/301, 3%) had explant/re-implant procedures of their 1
st
/only 

implant, while 4 children (4/113, 3.5%) with bilateral implants were reimplanted in their 2
nd

 

ear. Of the children implanted unilaterally, most (81.8%, 108/132) used bimodal 

amplification. Less than a third of the children (29%, 77/265) made use of assistive listening 

devices. Almost all children had normal hearing parents (96.4%, 268/278). 
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Table 1: Characteristics of study population 

Demographics 

 

% (n) Hearing loss and CI characteristics % (n) 

Gender 

   Male  

   Female 

 

52.5 (158/301) 

47.5 (143/301) 

Onset of hearing loss 

   Congenital/ early onset 

   Progressive 

   Sudden  

   Unknown 

 

 

73.2 (188/257) 

10.9   (28/257) 

14.4   (37/257) 

  1.6     (4/257) 

Ethnic category 

   Caucasian  

   Black 

   Indian/ Asian 

   Coloured 

 

61.8 (186/301) 

24.3   (73/301) 

  8.6   (26/301) 

  5.3   (16/301) 

Age at diagnosis of hearing loss (months):  

   Congenital/ early onset (n=122) 

      Mean (SD) 

      Range  

   Post-natal (sudden/progressive) onset (n=51) 

      Mean (SD) 

      Range      

 

 

16.1 (10.0) 

1 - 60 

 

30.8 (31.2) 

3 - 180  

 

Home language 

   Afrikaans 

   English 

   African language 

   Other 

 

46.4 (129/278) 

42.8 (119/278) 

  4.0   (11/278) 

  6.8   (19/278) 

Age at implantation (months):  

   Congenital/ early onset (n=187) 

      Mean (SD) 

      Range 

   Post-natal (sudden/progressive) onset (n=65) 

      Mean (SD) 

      Range 

 

 

45.6 (32.5) 

5 - 188 

 

64.9 (42.5) 

9 – 193 

 

Health sector 

   Private 

   Public 

 

95.0 (286/301) 

  5.0   (15/301) 

Delay from diagnosis to implantation (months) in 1st 

ear (n=188) 

      Mean (SD) 

      Range 

 

 

28.7 (28.5) 

0.6 - 164.1 

 

South African citizen 

   Yes 

   No 

 

91.7 (276/301) 

  8.3   (25/301) 

Type of hearing loss  

   Sensory-neural 

   Auditory Neuropathy Spectrum Disorder 

 

 

96.5 (275/285) 

  3.5   (10/285) 

 

 

Description of variables 

Regression modelling was performed to determine prognostic factors that will influence 

outcomes in terms of auditory performance (CAP scores), speech production (SIR scores), 

communication mode and educational placement.  

Outcome variables 

Both “auditory performance” and “speech production” were used as continuous outcome 

variables in this study. Auditory performance was rated by the Categories of Auditory 

Performance (CAP) [57] - a language- and age-independent hierarchical scale of auditory 

receptive abilities. The CAP has 8 categories, ranging from 0 (unaware of environmental 
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sounds) to 7 (use of telephone with a familiar person). A revised version, referred to as the 

CAPR [58] was used, in which a ninth category was added (use of telephone with an 

unfamiliar person). The Speech Intelligibility Rating (SIR) [59] was used for the assessment 

of speech production to classify children’s speech production according to one of five 

hierarchical categories, ranging from Category 1 (connected speech is unintelligible) to 

Category 5 (connected speech is intelligible to all listeners). Validity, reliability and inter-

tester reliability of both the CAP and SIR scales has been confirmed [60-62].  

The research also included “communication mode” and “educational placement” as 

categorical outcome variables. Children’s mode of communication included oral 

communication, South African Sign Language (SASL), total communication, and other 

alternative modes of manual communication (such as informal gestures or augmentative 

communication devices). Oral communication refers to the use of spoken language, with 

primary reliance on auditory cues for communication [63]. The children in this study, who 

were communicating orally, received auditory-oral or auditory-verbal style intervention. 

SASL is a system of manual communication using visual gestures and signs used by the Deaf 

community in South Africa, while total communication implies the combined use of oral 

speech, a formal sign language system, speech reading and audition for communication [64]. 

Educational placement of implanted children involved mainstream schooling (normal hearing 

educational setting), school for the Deaf (SASL mode of communication), school for the hard 

of hearing (oral mode of communication), special school (following either a mainstream or 

adapted special syllabus), home school, or no school if children did not attend school for 

some reason (e.g. placement challenges as a result of multiple disabilities) or were too young 

to attend school.  
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Explanatory variables 

The collected retrospective data included demographical, CI and hearing loss data (Table 1), 

as well as family and risk factor data (Appendix A, Table A.1). From this retrospective 

dataset, 20 potential prognostic factors were identified and defined as categorical variables in 

two-way categories. These categorical predictors are presented in Appendix A, Table A.2 in 

terms of biographical and hearing loss factors (gender, ethnicity, age of diagnosis of hearing 

loss), CI factors (choice of ear for first implant, age at implant, delay from diagnosis to 

implant, bilateral implantation), family factors (family history of permanent childhood 

hearing loss, parental marital status, highest educational qualification of father, highest 

educational qualification of mother, employment status of mother) and risk factors (additional 

developmental conditions, prenatal risk factors, admittance to NICU, prematurity, natal risk 

factors, post-natal risk factors, meningitis, risk factors in general).  

Data collection 

All pediatric CI recipients who met the inclusion criteria were identified at each of the five 

participating CI programs. After data capturers were identified and trained for each 

participating program, the clinical files of all eligible children were reviewed retrospectively. 

An electronic database was developed for the capturing of the retrospective data (Table 1; 

Appendix A, Table A.1) amongst the participating programs.  Cross-sectional outcome data 

in terms of auditory performance, speech production, communication mode and educational 

placement were added to the database at the time of data collection. CAP and SIR scores 

were allocated by experienced audiologists/ speech-language therapists involved in the 

rehabilitation of the children at the respective CI programs. These professionals also provided 

the outcome data on the communication mode and educational placement of the implanted 

children.  
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Statistical analysis  

Simple descriptive statistics were utilized to define the study population in terms of 

demographical, CI and hearing loss characteristics (Table 1), as well as family and risk 

profiles (Appendix A, Table A.1). From these characteristics, 20 suspected prognostic factors 

were identified (Appendix A, Table A.2).  

For age of hearing loss diagnosis and age at implantation, only the children with congenital/ 

early onset hearing loss were considered and categorized into either an early 

diagnosis/implantation (<36 months) or late diagnosis/ implantation (≥36 months) category. 

For bilateral implantation, only the children who had at least 6 months experience with their 

bilateral implant at the time of data collection were considered as bilateral implant users 

(78.4%, 87/111).  

Children were categorised into performance groups for auditory receptive abilities (CAP 

scores). Thus, a low score was defined as CAP category 0-4 and a high score as CAP 

category 5-8.  Children’s speech intelligibility was also categorised into performance groups 

according to SIR scores, indicating whether a child’s connected speech is intelligible or not to 

a listener who concentrates and lip-reads. SIR category 1-2 was defined as a low score and 

SIR category 3-5 as a high score. Furthermore, children’s hearing age with a CI (i.e. length of 

device use from the day of initial stimulation of 1st implant) at the time of the scoring of the 

CAP and SIR was defined in months and is hence referred to as hearing age at CAP/SIR. 

Children’s mode of communication was described as being either oral or non-oral, with non-

oral referring to children utilising SASL, total communication or any alternative mode of 

manual communication. For educational placement children were divided in 2 groups: 

mainstream education and non-mainstream education.  

For the purpose of variable selection for regression modelling, bivariate data analyses were 

undertaken to determine the existence of a possible association between a potential predictor 

11



 

(Appendix A, Table A.2) and a categorical outcome variable, in two categories using the 

Pearson Chi-Square test. The p-values of the Pearson Chi-Square test on these 2x2 tables 

appear in Appendix A, Table A.3. 

For the main prediction analysis, two types of multiple regression were used: For continuous 

outcome variables (auditory performance and speech production), linear regression models in 

the form of multiway analysis of variance were constructed to investigate the influence of 

categorical predictors on the mean auditory performance (CAP scores) as well as the mean 

speech production (SIR scores).  

Loglinear models were constructed for categorical outcome variables (communication mode 

and educational placement) to model the log odds of children’s mode of communication to be 

non-oral and the log odds of educational placement to be non-mainstream in terms of the 

categorical predictors. An index for each category of a predictor can be calculated as the 

exponent of the regression coefficient of that category, obtained from the loglinear model. 

The odds for any combination of categories of predictors can be found by multiplication of 

the overall mean odds (the exponent of the intercept term in the log odds model) with the 

indices of the specified categories. Based on these odds the probability for non-oral 

communication or non-mainstream educational placement was estimated by dividing the odds 

outcome by the factor (1 + odds).  

Throughout the process two factors were additionally forced into the models. For the linear 

regression models, the hearing age at CAP/SIR factor (being either ≤36 months or ≥37 

months) was added. The onset of hearing loss (being either congenital/ early onset or post-

natal) was forced into both the linear regression models, as well as in the loglinear models  to 

ensure that a clear distinction was made statistically between children with congenital/ early 
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onset  (pre-lingual) hearing loss and children with post-natal (sudden or progressive) onset 

hearing loss. 

RESULTS 

General clinical and outcome profile 

The demographical and CI profile of the study sample are presented in Table 1. CAP and SIR 

scores were obtained for 240 children at the time of the study (240/301 or 79.7%). Overall, 

most children (164/240 or 68.3%) achieved high CAP scores (category 5-8), while 76 

children (76/240 or 31.7%) achieved low CAP scores (category 0-4). For the total sample, 

high SIR scores (category 3-5) were attained by 171 children (171/240 or 71.2%), with 69 

children (69/240 or 28.8%) attaining low SIR scores (category 1-2). Average hearing age at 

CAP/SIR for this study sample was 67.4 months (range: 6 - 88 months; 43.6 SD; n=236).  

This hearing age at CAP/SIR was divided into two groups: children with a hearing age with 

CI of ≤36 months (73/236 or 30.9%) and children with a hearing age with CI ≥37 months 

(163/236 or 69.1%). Taking this hearing age with CI into account, for children wearing their 

implants ≥37 months, high CAP scores (128/163 or 78%) and high SIR scores (128/163 or 

78%) were achieved for even more children. 

Data on children’s current mode of communication were obtained for 96.3% (290/301) of the 

total sample.  Most children (74.5%, 216/290) were oral communicators, while 13.1% 

(38/290) utilized TC and 6.2% (18/290) used SASL. The remaining 6.2% (18/290) were 

using other alternative modes of manual communication. All children who were not oral 

communicators were grouped together as non-oral communicators (25.5%, 74/290).  

For almost the entire sample (99%, 298/301), data were available on the educational 

placement of children. Just more than half of the children were in mainstream schools 
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(52.3%, 156/298), while 15.1% (45/298) were in schools for the deaf (SASL mode of 

communication) and 7.4% (22/298) were in schools for the hard-of-hearing (oral mode of 

communication). A significant proportion of children (17.4%, 52/298) attended special 

schools where in half of the cases (50%, 26/52) a mainstream syllabus was followed and the 

other half of the cases (50%, 26/52) an adapted special syllabus was followed. Fourteen 

children (4.7%, 14/298) did not go to school, and another 9 children (3%, 9/298) were home-

schooled. All children not attending mainstream schools were grouped together as being 

placed in non-mainstream education (47.7%, 142/298). 

Linear regression analysis: Auditory performance (CAP scores) and Speech production 

(SIR scores) 

Only the predictor variables that appeared to be associated with the outcome variables in the 

bivariate analysis were included in the regression models (Appendix A, Table A.3). For the 

linear regression models, all associated predictor variables with a significance level of p < 

0.1, as well as the two forced factors, were randomly fed into the model. During the model 

building process, the best predictors of the two continuous outcome variables (CAP and SIR 

scores) were identified. 

The two resulting linear regression models showing the best predictors of outcomes in terms 

of auditory performance (model 1) and speech production (model 2) are presented in Table 2. 

Both linear regression models (model 1 and 2) were highly significant (p = < 0.0001) and 

present with determination coefficients (R
2
) of 28% and 26% respectively, giving an 

indication that less than 30% of the variation in the outcomes observed in the data was 

accounted for by the models. Accordingly, 72% of the variation in auditory performance 

outcomes and 74% of the variation in speech production outcomes was not explained by the 

selected factors in the linear regression models. 
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Figure 1: Bilateral implantation, prematurity and ethnicity*hearing age as predictors of 

auditory performance (CAP scores) n=193 The box plots represent the smallest observation, lower quartile, median (bold 

line), mean (x), upper quartile, largest observation, and outliers (>1.5 times interquartile range) (○). * interaction 

 

The boxplots in Figure 1 illustrate bilateral implantation, prematurity and ethnicity as 

predicting factors for the auditory performance outcome (regression model 1). It shows that 

children implanted unilaterally have significantly lower average CAP scores (minus 2 units) 

compared to children who are implanted bilaterally (p = 0.0003). The same results are 

observed for the prematurity factor where on average children born prematurely (≤34 weeks 

gestation) also score 2 CAP units lower (p = 0.0075). A third factor that was identified in 

model 1 was the interaction between the hearing age at CAP/SIR and ethnic category for the 

group of children with a hearing age with CI ≥37 months , showing a lower average CAP 

 
Prematurity Cochlear implantation  
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score (minus 2 units) for children with “other” ethnicities when compared to Caucasian 

children (p < 0.0001). 

 

Figure 2: Bilateral implantation, presence of additional developmental conditions and 

admittance to NICU*hearing age as predictors of speech production (SIR scores) n=213 The box 

plots represent the smallest observation, lower quartile, median (bold line), mean (x), upper quartile, largest observation. *interaction 

 

The identified relevant predictors for speech productions (regression model 2) (Table 2), 

illustrated by the boxplots in Figure 2, show that children with bilateral implants are expected 

to have an average SIR score of 5, compared to an average score of 3 for children with  

 

 

 

 
Additional development conditions Cochlear implantation NICU * Hearing Age 
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Table 2: Linear regression analysis results 

 

*DF: Degrees of freedom; **Pr>F: p-value of the F-test (with F-test testing the significance of the model) 

 

unilateral implants (p = 0.0038). Secondly, children with additional developmental conditions 

are expected to have a lower average SIR score of 3 when compared to children without any 

additional developmental conditions (average SIR score of 4) (p = 0.0002). Lastly, the 

hearing age at CAP/SIR and NICU admittance interaction shows that for children with a 

hearing age with CI ≥37 months, those who were admitted to the NICU have lower SIR 

scores (minus 2.5 units) than those who did not have a history of NICU admittance (p = < 

0.0001). 

Log Linear analysis: non-oral mode of communication and non-mainstream educational 

setting 

Log linear modelling is used to determine the influence of a set of categorical explanatory 

factors on a categorical outcome. The cell frequencies within a combination of categories of 

predictors must be large enough. Therefore only a limited number of predictor variables in 

the categorical modelling can be considered for the sample sizes of n=139 and n=151 for the  

Model Outcome variables Explanatory variables DF* Sum of 

Squares 

F 

Value 

Pr > F** 

(P value) 

R2 

1 Auditory performance 
(CAP) 

 

Bilateral implantation 

Prematurity 

Hearing age at CAP/SIR & 

ethnic category interaction 
 

5 

 

202.221 14.39 <0.0001 0.28 

2 Speech production 
(SIR) 

Bilateral implantation 

Additional developmental 
conditions 

Hearing age at CAP/SIR & 
NICU interaction 

5 113.083 14.81 <0.0001 0.26 
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Table 3: Log linear analysis results (maximum likelihood estimates) 

Model Parameter  

(combined factors) 

Categories Estimate 

from log-

linear model 

Index* 

3 Overall mean odds   -1.2025 0.30 

Bilateral/ unilateral CI and 

natal risk factors 

Bilateral CI 

Unilateral CI 

-0.3465 

 0.3465 

0.71 

1.41 

Onset of HL, NICU 

admittance,  risk factors 

(general) and additional 

developmental conditions 

Congenital onset HL, NICU   

Congenital onset HL, no NICU  

Post-natal onset HL 

 0.5411 

-0.4027 

-0.1384 

1.72 

0.67 

0.87 

4 Overall mean odds  -0.0772 0.93 

Onset of HL, ethnicity, delay 

between diagnosis and 

implantation, bilateral/ 

unilateral implantation  

 

 

 

White, congenital onset HL, <12 months, bilateral CI 

Post-natal onset HL 

Non-white, congenital onset HL 

White, congenital onset HL, >12 months, bilateral CI 

White, congenital onset HL, <12 months, unilateral CI 

White, congenital onset HL, ≥12 months, unilateral CI 

-1.5484 

 0.2921 

 0.6383 

-0.4461 

 0.4095 

 0.6546 

0.21 

1.34 

1.89 

0.64 

1.51 

1.92 

Additional developmental 

conditions and NICU 

admittance 

Additional developmental condition, NICU 

Additional developmental condition, no NICU 

No additional developmental condition 

 0.9102 

-0.1756 

-0.7346 

2.49 

0.84 

0.48 

 

*Index is the exponent of the estimate. An index lower than 1 indicates an odds (to be non-oral/ to be placed in non-

mainstream education) that is lower than the average odds of 1 (low-risk category), while an index higher than 1 indicates 

an odds higher than average (high-risk category). 

 

two odds models. In this study, only the predictor variables that were significantly associated 

with the categorical outcome variables were included (p < 0.05) (Appendix A, Table A.3). 

Log linear model analysis was used to model the log of the odds to be a non-oral CI user 

(model 3) and the log of the odds to be a CI user in a non-mainstream educational setting  

(model 4). The statistical outcome of the log linear analysis is summarized in Table 3 in 

terms of indices. By using the indices, the odds to be non-oral and non-mainstream were 
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calculated by multiplying the overall main effect (index of the intercept) with the indices of 

any combination of categories of predictors. The odds and percentage chance for models 3 

and 4 are presented in Figure 3 and Figure 4 respectively. 

For unilaterally implanted children with a congenital/ early onset hearing loss and a history of 

admittance to the NICU, there was a 42% probability to be a non-oral communicator, with 

the probability being almost half times less (22%) if children were not admitted to NICU. In 

contrast, should bilaterally implanted children with a congenital/ early onset hearing loss 

have a history of NICU admittance, the chance to be a non-oral communicator was less 

(27%). For children with a post-natal onset of hearing loss, those implanted unilaterally had a  

 

Figure 3: Associated probability predisposing non-oral mode of communication (model 3) 

n=139 
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Unilateral

16 (0.19)

27 (0.37)

Yes

No 12 (0.14)

Yes

No 22 (0.30)

27 (0.37)

42 (0.73)
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higher probability (27%) to be non-oral communicators, in contrast to children with bilateral 

implants (16%). 

For model 4 (Figure 4), a very high probability for non-mainstream educational placement 

(82%) was indicated for Caucasian, unilaterally implanted children with a congenital/ early 

onset hearing loss, with a delay of more than one year between diagnoses and implantation, 

who presented with a history of NICU admittance and at least one additional developmental 

condition. Similarly a high chance for non-mainstream educational placement (81%) was 

indicated for all Caucasian children with a congenital/ early onset hearing loss, who were 

admitted to NICU and presented with at least one additional developmental condition. For 

Caucasian children with a congenital/ early onset hearing loss, with a delay of less than one 

year between diagnosis and implantation, who presented with a history of NICU admittance  

 

Figure 4: Associated probability predisposing non-mainstream educational setting (model 4) 

n=151 
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and the presence of at least one additional developmental condition, the difference in 

probability for non-mainstream education was significant between those implanted 

unilaterally (78%) and bilaterally (33%). Even if these children were not admitted to NICU, 

the difference in probability for unilateral implanted children (54%) and bilateral implanted 

children (9%) was still substantial. For children with a post-natal hearing loss, the probability 

to be placed in a non-mainstream educational setting were twice as high (76%) for those who 

were admitted to NICU and presented with at least 1 additional developmental condition, in 

contrast to those with no history of NICU admittance or additional developmental conditions 

(37%). 

 

DISCUSSION 

A broad range of predictors for pediatric cochlear implantation outcomes in South Africa 

were identified. The vast majority of children (78%) implanted for more than three years 

achieved high CAP scores for auditory performance, and high SIR scores for speech 

production, suggesting they can understand spoken conversation with a familiar person and 

have connected speech that is intelligible for at least an experienced listener. Almost 75% of 

children in this study were oral communicators and more than half (56%) of children who 

used their implants for longer than three years were placed in mainstream educational 

settings. However, mainstream education as a measure of success in cochlear implantation 

should be used with caution, since the emphasis should rather be on the appropriateness of 

educational placement to each child’s specific needs. Current educational policy in South 

Africa has the long-term goal to develop an inclusive education system, also for children with 

severe-profound hearing loss, which will address barriers to learning such as socio-economic 

barriers, language and communication and inflexible curriculums [65]. Nonetheless, various 
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persistent challenges, such as disparities in resourcing inclusive education across provinces 

and limited access to specialist support in public ordinary schools, currently impede the 

progress that is being made towards an inclusive education system [66]. 

Predictive factors for pediatric CI outcomes in this study were bilateral implantation, 

admittance to the NICU, prematurity, additional developmental conditions, ethnicity and the 

delay between diagnosis and implantation. Clear distinction was made in the statistical 

analysis of data between children with congenital/ early onset (pre-lingual) hearing loss and 

children with post-natal (sudden/progressive) onset hearing loss. This distinction is important 

when a heterogeneous caseload is considered, since it is expected that children with post-

lingual onset hearing loss will mostly perform well after cochlear implantation as a result of 

more mature auditory pathways and early foundations for speech and language [24,67-69].  

Bilateral implantation was a strong predictor for better auditory performance and speech 

production scores, and was associated with a lower probability for a non-oral mode of 

communication and a non-mainstream educational setting. Scherf at al.[70] also used the 

CAP as outcome measure in a group of 35 children with bilateral CIs, showing that after 

three years of bilateral implant use, higher CAP scores were obtained for significantly more 

children than before their second implant. Although the positive effect of bilateral 

implantation on spoken language development has recently been demonstrated [45,53], the 

influence of bilateral implantation on speech production remains to be demonstrated [48]. 

The strong association between bilateral implantation and the increased ability of children to 

produce intelligible speech in the current study, could be the direct result of the improved 

auditory input from a second CI, since speech perception and speech production skills are 

highly correlated with each other [71].  
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Evidence for bilateral cochlear implantation affecting educational outcomes is lacking 

[48,54]. The current study provides preliminary evidence that children with bilateral CIs, in at 

least a subgroup of Caucasian children with congenital/ early-onset hearing loss, have a lower 

associated probability for non-mainstream education, compared to those children with 

unilateral CIs. Also, the probability for non-oral communication was greater for unilaterally 

implanted children, irrespective of onset of hearing loss. However, it is imperative that the 

association between bilateral implantation and better outcomes in this study should be viewed 

against the background that implanted children in South Africa do not have equal opportunity 

to access a second CI. With 95% of this sample representing the private health care sector, 

family financial resources remains to be a significant determining factor for bilateral 

implantation in South Africa, implying that a bilateral  CI will only be accessible to children 

who’s caregivers have adequate finances. As a result, it is more likely that unilaterally 

implanted children from affluent families, who communicates orally and already functions in 

mainstream educational environments, would be considered for bilateral implantation.  

NICU admittance was associated with poorer speech production scores and a higher 

probability for non-oral communication and non-mainstream school placement, while 

prematurity was associated with lower auditory performance scores. To the authors’ 

knowledge, NICU admittance, together with prematurity, has not yet been demonstrated as 

prognostic factors in pediatric CI. Robertson et al. [72] reported that in a group of 1279 

children admitted to NICU because of extreme prematurity, 3.1% presented with permanent 

childhood hearing loss, of whom 73% had more than one other major developmental 

disability. The outcomes of NICU graduates with permanent childhood hearing loss who 

eventually receive CIs are likely to be affected by the increased incidence of additional 

developmental conditions. NICU admittance and prematurity are therefore risk factors for 
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poorer CI outcomes, likely related to the comorbidities that accompany these perinatal 

developmental challenges.  

The presence of one or more additional developmental condition was found to be strongly 

predictive of poorer speech production scores, and was associated with a higher probability 

for non-mainstream education. It is estimated that 30 to 40% of children with profound 

deafness have additional disabilities [1,73,74], which is slightly higher than the 24% 

prevalence in this study population. In an outcome study of 119 three year old children with 

hearing loss and additional disabilities, of whom 29% were CI users, speech intelligibility 

ratings revealed relatively poor outcomes, with a mean rating of 4.2 on a scale from 1 to 6, 

where 1 represents 100% intelligibility [42]. Not only does the presence of additional 

developmental conditions negatively impact language development in pediatric CI recipients 

[1,23,36], but it may also prevent them from reaching their full potential cognitively, socially 

and educationally [42].  

Ethnicity was found to be a predictor of auditory performance and educational placement, 

with ethnicities other than Caucasian achieving lower auditory performance scores and 

having a higher associated probability for non-mainstream education. Not only in South 

Africa, but all over the world many areas of healthcare are replete with evidence of 

socioeconomic status and ethnicity related disparities, with pediatric cochlear implantation 

being no exception [75-77]. The current study population consisted of predominantly 

Caucasian (62%) children from the private health care system (95%), speaking either 

Afrikaans (46%) or English (43%). This sample could be considered as representative of 

pediatric CI recipients in South Africa and reflects the current health care inequalities for 

advanced interventions such as CIs. However, this sample does not represent the larger South 

African population, with 79.8% of the population being of African ethnicity, 74.9% speaking 

an African first language and 75% relying on public health care for health services [78-80]. 
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Ethnicity as a prognostic indicator in this study is most likely a proxy for social and health 

inequality. 

A delay between diagnosis and implantation of more than 12 months was strongly associated 

with a higher probability of non-mainstream school placement in at least a subgroup of 

Caucasian children with congenital/ early-onset hearing loss. With the recent emphasis on 

early access to sound through early implantation, late implantation is now defined as more 

than 12 months after diagnosis of hearing loss [81]. Early implantation during periods of 

optimal neural plasticity maximizes early auditory experience and leads to more age-

appropriate speech and language skills [67,82,83], which may also increase the likelihood for 

mainstream education from earlier ages onwards.  Likely contributing factors for this delay 

between diagnosis and implantation include funding constraints, lack of prompt referral to 

specialized CI services, parental barriers such as delayed/missed appointments, complex 

medical conditions, family indecision and geographical location [81,84,85].  

Within this relatively large dataset, various factors were identified to be predictive of 

outcomes, however the determination coefficients  of the linear regression models were less 

than 30% and do not account for two-thirds of the remaining variation in auditory 

performance and speech production outcomes. This implies that both outcomes are in reality 

determined by many more single or interacting factors not included in the different models 

used herein.  

Unlike many other studies, age of implantation was not confirmed as a prognostic factor for 

this dataset. A possible explanation for this could be the fact that this study examined 

outcomes at a single point in time, rather than longitudinally, as also reported by other studies 

[39,86]. It might be that some of the advantages for early implantation are more evident at 

younger ages, becoming less apparent when children become older.  
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CONCLUSION 

Bilateral implantation was a strong predictor of better auditory performance and speech 

production outcomes, and was strongly related to an oral communication mode and 

mainstream education. However, since family financial resources remains a decisive factor 

for bilateral implantation in South Africa, not all implanted children in this dataset had the 

opportunity to access a second CI.  NICU admittance/ prematurity were predictive of poorer 

auditory performance and production outcomes, together with a higher probability for non-

oral communication and non-mainstream education. The presence of one or more additional 

developmental conditions was associated with poorer outcomes in terms of speech production 

and educational placement, with a delay between diagnosis and implantation of more than 12 

months also being associated with non-mainstream schooling. Ethnicity was validated to be 

predictive of auditory performance outcomes and educational setting, with ethnicities other 

than Caucasian having lower auditory performance outcomes and a lower probability for 

mainstream education. The challenges associated with multicentre retrospective data 

collection in this study, such as unsystematic, missing and inconsistently recorded data, 

highlighted the need for the implementation of a shared data recording methodology across 

programs in South Africa. Only within such an agreed standardized framework, with 

universal standardized outcome measures, can compatible patient and outcome data be 

captured and utilized for the purpose of collaborative multicentre research [9]. Irrespective, 

findings from this study provide valuable guidance and understanding into the causes of 

variation of pediatric CI outcomes, and also contribute to evidence-based pediatric CI 

services that promote optimal outcomes.  
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Appendix A Supplementary data 

Table A.1: Risk and family factor prevalence 

Syndromes and additional 
developmental conditions identified 
 

% (n) Risk factors identified % (n) Family factors identified % (n) 

Syndromes 
   Any syndrome diagnosed (including    
   syndromes listed below) 
    
   Waardenberg Syndrome 
   Ushers Syndrome 
   Pierre Robin Syndrome 
   Leopard Syndrome 
    

 
9.5 (24/252) 
 
 
5.2 (13/252) 
1.2   (3/252) 
0.8   (2/252) 
0.8   (2/252) 

Prenatal risk factor 
   Rubella 
   Cytomegalovirus 
   Twin/triplet 
   Syphilis 
   Toxoplasmosis 
 

 
6.2 (14/225) 
3.6   (8/225) 
3.1   (7/225) 
0.4   (1/225) 
0.4   (1/225) 
 

Family history of permanent childhood  
   hearing loss 
 
Parental marital status 
   Married 
   Divorced 
   Single 
   Partner, not married 
 
Parental hearing status 
   Both hearing 
   One/both hearing loss 

 
20.1  (44/219) 
 
 
74.2 (196/264) 
15.9   (42/264) 
  8.7   (23/264) 
  1.1     (3/264) 
 
 
96.4 (268/278) 
  2.5     (7/278) 

Additional developmental 
conditions 
   1 or more condition present 
   Visual impairment 
   Cerebral palsy 
   ADHD 
   Mobility impaired  
   Learning disabilities 
   Autism 
   Apraxia 
   Developmental motor delay 
   Epilepsy 
   Cleft lip and/or palate 
   

 
 
24.4 (64/262) 
  7.6 (20/262) 
  5.3 (14/262) 
  4.6 (12/262) 
  3.1   (8/262) 
  2.7   (7/262) 
  1.9   (5/262) 
  1.9   (5/262) 
  1.5   (4/262) 
  1.1   (3/262) 
  1.1   (3/262) 

Natal risk factor 
   Admittance to NICU 
   Prematurity (≤34 weeks gestation) 
   Low birth weight (<2500g) 
   Extremely low birth weight (<1500g) 
   Birth asphyxia 
   Maternal hypertensive disorder in  
   pregnancy 
   Rupture of membranes 
   Birth trauma 
   Rh incompatibility 
    
Postnatal risk factor 
   Meningitis 
   Neonatal jaundice/ hyperbilirubinemia 
   Blood transfusion 
   Viral infection (unspecified) 
   Ototoxic drugs 
   Mumps 
   Measles 
   Tuberculosis 

 
26.9 (43/160) 
13.9 (32/230) 
  9.1 (21/230) 
  4.8 (11/230) 
  1.7   (4/230) 
 
  1.3  (3/230) 
  1.3  (3/230) 
  0.9  (2/230) 
  0.4  (1/230) 
 
 
13.6 (31/228) 
  7.9  (18/228) 
  1.8   (4/228) 
  5.3 (12/228) 
  3.1   (7/228) 
  0.9   (2/228) 
  0.4   (1/228) 
  0.4   (1/228) 

 
Communication mode of mother 
   Oral 
   Sign Language 
   Total communication 
 
Communication mode of father 
   Oral 
   Sign Language 
   Total communication 
 
Highest educational qualification: mother 
   Tertiary qualification (University) 
   Tertiary qualification (other) 
   Matric completed 
   High school (Grade 8-11) 
 
Highest educational qualification: father 
   Tertiary qualification (University) 
   Tertiary qualification (other) 
   Matric completed 

 
 
97.8  (266/272) 
  1.5     (4/272) 
  0.7     (2/272) 
 
 
97.5 (274/281) 
  1.4     (4/281) 
  1.1     (3/281) 
 
 
40.4 (38/94) 
19.1 (18/94) 
33.0 (31/94) 
  7.4   (7/94) 
 
 
58.5 (48/82) 
15.9 (13/82) 
23.2 (19/82) 
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   High school (Grade 8-11) 
 
 
Mother employment status 
   Employed 
   Not employed 
 
Father employment status 
   Employed 
   Not employed 

  2.4   (2/82) 
 
 
 
76.6 (98/128) 
23.4 (30/128) 
 
 
99.3 (146/147) 
  0.7     (1/147) 
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Table A.2: Suspected prognostic factors 

Prognostic factors 
 

Two-way categories % (n) 

Demographical and hearing loss factors 
   Gender 
    
   Ethnic category 
 
   Age of diagnosis of hearing loss (congenital/early  
   onset only) 
 

 
Male 
Female 
Caucasian 
Other 
Early diagnosis (<36 months) 
Late diagnosis (≥ 36 months) 
 

 
52.5 (158/301) 
47.5 (143/301) 
61.8 (186/301) 
38.2 (115/301) 
93.4 (114/122) 
  6.6      (8/122) 

Cochlear implant factors 
   1

st
 ear left/ right 

 
   Age at implant 1

st 
ear (congenital/early onset only) 

 
   Delay from diagnosis to 1

st
 implant 

 
   Bilateral implant (including only cases with at least 6  
   month experience with bilateral implant) 
 
   

 
Left 
Right 
Early implantation (<36 months) 
Late implantation (≥36 months) 
<12 months 
≥12 months 
Yes 
No 

 
35.8 (106/296) 
64.2 (190/296) 
49.2   (92/187) 
50.8   (95/187) 
29.3   (55/188) 
70.7 (133/188) 
29.0   (87/301) 
71.0 (214/301) 

Family factors 
   Family history of permanent childhood hearing loss   
 
   Parental marital status 
 
   Highest educational qualification: Mother 
 
   Highest educational qualification: Father 
 
   Mother employment status 

 
Yes 
No/ unsure 
Married 
Single/ divorced 
High school 
Tertiary education 
High school 
Tertiary education 
Employed 
Not employed 
 

 
20.1   (44/219) 
79.9 (175/219) 
74.2 (196/264) 
25.8   (68/264) 
40.4     (38/94) 
59.6     (56/94) 
25.6     (21/82) 
74.4     (61/82) 
76.6   (98/128) 
23.4   (30/128) 

Risk factors 
   Additional developmental conditions 
 
   Admittance to NICU 
 
   Prematurity (≤34 weeks gestation)  
 
   Prenatal risk factors 
 
   Natal risk factors 
 
   Post-natal risk factors 
 
   Meningitis 
 
   Risk factors present (pre-natal, natal, post-natal  
   combined) 
 
 

 
Yes (1 or more) 
None 
Yes 
No 
Yes 
No 
Yes (1 or more) 
None 
Yes (1 or more) 
None 
Yes (1 or more) 
None 
Yes 
No  
Yes (1 or more) 
None 
 

 
 
24.4   (64/262) 
75.6 (198/262) 
26.9   (43/160) 
73.1 (117/160) 
13.9   (32/230) 
86.1 (198/230) 
15.6   (35/225) 
84.4 (190/225) 
23.5   (54/230) 
76.5 (176/230) 
36.4   (83/228) 
63.6 (145/228) 
13.6   (31/228) 
86.4 (197/228) 
55.6 (133/239) 
44.4 (106/239) 
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Table A.3: Predictors having a possible association with outcome variables  

Potential predictors CAP score 
(in two 
categories) 

SIR score  
(in two 
categories) 

Communication 
Mode 

Educational 
placement 

Ethnic category (n=301) 0.095* 0.031** 0.096* 0.015** 
 

Age at implant 1
st 

ear  
(congenital/early onset hearing loss only) (n=187) 
 

- - - 0.054** 
 

Delay from diagnosis to 1
st

 implant (n=188) 
 
 

- - - 0.005** 
 

Bilateral implantation (n=301) 
 

0.000** 
 

0.000** 
 

0.000** 
 

0.000** 
 

Highest educational qualification of mother (n=94) 
 
 

- - - 0.005** 
 

Additional developmental conditions (n=262) 
 

- 0.002** 
 

0.027** 
 

0.002** 
 

Admittance to NICU (n=160) 0.002** 0.022** 
 
 

0.008** 
 

0.037** 
 

Prematurity (≤34 weeks gestation) (n=230) 
 
 

0.053* 
 
 

- 
 
 

- 
 
 

- 
 
 

Natal risk factors (n=230) 
 

0.005** 
 
 

0.058* 
 
 

0.011** 
 
 

0.072* 
 
 

Post-natal risk factors (n=228) 
 

0.003** 
 
 

0.078* 
 
 

0.085* 
 
 

- 
 
 

Meningitis (n=228) 
 

0.066* 
 
 

- 
 
 

- 
 
 

- 
 
 

Risk factors present (in general) (n=239) 0.003** - 0.031** 0.036** 

 

*possible significance (0.05 < p < 0.1); **significance (p < 0.05) 
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