
ABSTRACT
Objectives

This fourteen-centre project used professional rating scales and parent questionnaires to assess longitudinal outcomes in a large non-selected population of children receiving simultaneous and sequential bilateral cochlear implants .  
Methods
This was an observational non-randomised service evaluation.  Data were collected at four time points: before bilateral cochlear implants or before the sequential implant, one year, two years and three years after. The measures reported are Categories of Auditory Performance II (CAPII), Speech Intelligibility Rating (SIR), Bilateral Listening Skills Profile (BLSP) and Parent Outcome Profile (POP).  
Results

1001 children aged from 8 months to almost 18 years were involved, although there were many missing data.  In children receiving simultaneous implants after one, two, and three years respectively, median CAP scores were 4, 5, and 6; median SIR were 1, 2, and 3.  Three years after receiving simultaneous bilateral cochlear implants, 61% of children were reported to understand conversation without lip-reading and 66% had intelligible speech if the listener concentrated hard.  Auditory performance and speech intelligibility were significantly better in female children than males.

Parents of children using sequential implants were generally positive about their child’s well-being and behaviour since receiving the second device; those who were less positive about well-being changes also generally reported their children less willing to wear the second device.     

Conclusion
Data from 78% of paediatric cochlear implant centres in the United Kingdom provide a real-world picture of outcomes of children with bilateral implants in the UK.  This large reference data set can be used to identify children in the lower quartile for targeted intervention.
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INTRODUCTION
In the United Kingdom (UK) before 2009, National Health Service (NHS) funding was mainly only available for children and adults to receive unilateral cochlear implants.  In 2009 the National Institute for Health and Care Excellence, NICE,  published guidance for cochlear implantation following a review NICE, 2009()
.  These guidelines recommend that all suitable children who meet eligibility criteria receive simultaneous bilateral cochlear implants.  In addition they recommend that a sequential bilateral cochlear implant can be offered only if the first implant was received before the guidelines were published.  
This 14-centre longitudinal observational service evaluation aimed to answer the questions:
1.  What is the range of outcomes achieved by children receiving bilateral cochlear implants in the UK?

2. Do two implants result in better outcomes than one?

Background to the project is detailed in Cullington et al 2016()
.  
This paper describes only professional rating scales and parent questionnaires and aims to only show the range of results, thus addressing Question 1 above.  A companion paper describes the performance measures of localisation and speech perception Cullington et al., 2016()
.  The surgical outcomes were reported by Broomfield et al 2014()
.  A new quality of life measure, Brief Assessment of Parental Perception (BAPP), is described in Samuel et al 2016


( ADDIN EN.CITE )
.  
Professional rating scales

Many children receiving cochlear implants are very young at the time of surgery (around 12 months of age); they often cannot participate in performance measures until they are substantially older.  Information about their progress is therefore assessed using professional rating scales and parent-report measures.  These allow a holistic view of the child’s development, and can highlight issues that may not become apparent with performance testing.  Two professional rating scales commonly used in the UK were included in this project: Categories of Auditory Performance, CAP and the Speech Intelligibility Rating, SIR.   
Categories of Auditory Performance II

Categories of Auditory Performance (CAP) is a widely-used global outcome measure of developing auditory skills in deaf children Archbold, Lutman, & Marshall, 1995()
.  It is conducted using observation by a teacher or rehabilitation professional and assesses the function of the child in everyday situations at home and school.  The CAP has seven categories, ranging from 0 (No awareness of environmental sounds or voice) to 7 (Use of telephone with known speaker); it is a non-linear hierarchical scale.  For the purposes of this project two new categories were added representing more complex skills (Gilmour, 2010): 8 (Follows group conversation in a reverberant room or where there is some interfering noise, such as a classroom or restaurant) and 9 (Use of telephone with an unknown speaker in unpredictable context) Gilmour, 2010()
.  The new version is described as CAPII and is shown in Table 1.  Both CAP Archbold, Lutman, & Nikolopoulos, 1998()
 and CAPII Gilmour, 2010()
 scores have been found to have good inter-observer reliability.
Research from Govaerts et al 
 ADDIN EN.CITE 
(2002)
 suggested that all normally-hearing children achieved a CAP score of 5 to 7 by the age of 2.5 years (it is assumed that the study only included typically-developing children).  Five years after receiving a unilateral cochlear implant, the average CAP score is generally 6 
 ADDIN EN.CITE 
(Beadle et al., 2005; Phillips et al., 2009)
.  CAP scores tend to increase faster in those who receive cochlear implants at a younger age 
 ADDIN EN.CITE 
(L. Colletti, Mandala, Zoccante, Shannon, & Colletti, 2011; V. Colletti et al., 2005)
, with those implanted under one year of age all achieving a CAP score of 3 within 6 months of surgery  
 ADDIN EN.CITE 
(V. Colletti et al., 2005)
, although these figures were for a selected small group (n = 10) with normal cochleovestibular nerves and no additional difficulties.  Scherf et al 2009


( ADDIN EN.CITE )
 showed improvement in CAP scores after children with high cochlear implant performance with the first device received a sequential implant, although the absolute values were not given and of course the children had also got older so their improvement could be attributed to normal development.  When assessing predictors of outcome after at least 6 months in a large sample of non-selected children le Roux et al., 2016


( ADDIN EN.CITE )
, the median CAP in 61 bilaterally-implanted children was 8 compared to 6 in 132 unilaterally-implanted children.  
Speech Intelligibility Rating
Speech intelligibility refers to the degree to which a speaker’s intended message can be decoded by other listeners.  A speech intelligibility rating scale in deaf children using a five-point hierarchical scale was developed by Dee Dyar of the Nottingham Auditory Implant Programme M. C. Allen, Nikolopoulos, & O'Donoghue, 1998()
.  The categories range from Category 1 (No intelligible speech or recognisable words but the child may be capable of verbalisation. The child’s primary mode of everyday communication may be manual.) to Category 5 (Connected speech is intelligible with little or no concentration on the part of the listener. The child is understood easily in interaction with an adult.) as shown in  Table 2.  The measure is performed by a speech and language therapist or rehabilitation professional, and has been found to be reliable between observers 
 ADDIN EN.CITE 
(C. Allen, Nikolopoulos, Dyar, & O'Donoghue, 2001; Wilkinson & Brinton, 2003)
.  Children with cochlear implants generally have an average SIR of 3 to 4 after five years of listening with one cochlear implant 
 ADDIN EN.CITE 
(Beadle et al., 2005; Phillips et al., 2009)
, with a higher SIR in children who received implants at a younger age 
 ADDIN EN.CITE 
(L. Colletti et al., 2011; De Raeve, 2010)
.  There is some evidence of SIR being higher in bilaterally-implanted children when compared to those with unilateral implants le Roux et al., 2016


( ADDIN EN.CITE ; Scherf et al., 2009)
.  The median SIR in 65 bilaterally-implanted children was 5 compared to 3 in 148 unilaterally-implanted children le Roux et al., 2016


( ADDIN EN.CITE )
.    

Parent questionnaires
Parents or carers are key people in a young child’s life, and their views and experiences can be paramount to shaping the child’s development.  Although the benefits of bilateral cochlear implantation have been demonstrated in terms of speech perception and localisation, it can be argued that from a patient or parent’s perspective, quality of life is more important.  Parental perception was used to assess the child’s progress after implantation using three measures: the Bilateral Listening Skills Profile (BLSP), the Parent Outcome Profile (POP) and the Brief Assessment of Parental Perception (BAPP) - a newly-designed measure of quality of life 
 ADDIN EN.CITE 
(Samuel et al., 2016)
.  Some measures have been used to assess quality of life in people using cochlear implants  
 ADDIN EN.CITE 
(Cohen, Labadie, Dietrich, & Haynes, 2004; Damen, Beynon, Krabbe, Mulder, & Mylanus, 2007; Hinderink, Krabbe, & Van Den Broek, 2000)
, but few studies have evaluated changes in quality of life after receiving bilateral cochlear implants.  Summerfield et al 2006()
 did not find a significant improvement in quality of life in adults receiving a second cochlear implant, but other authors did find an improvement Bichey & Miyamoto, 2008


( ADDIN EN.CITE ; Olze, Grabel, Haupt, Forster, & Mazurek, 2012)
 independent of their speech perception scores King, Nahm, Liberatos, Shi, & Kim, 2014()
.  Smulders et al 
 ADDIN EN.CITE 
(2016a, 2016b)
 used a randomised controlled trial and compared cost-utility in unilateral versus simultaneous bilateral cochlear implantation in adults with postlingual deafness and found that bilateral implantation became cost effective after a period of 5–10 years based on the Visual Analog Scale (VAS) on hearing and 10–25 years based on the Health Utilities Index-3 (HUI3) and time trade-off method.  Harkonen et al (2015) also assessed adults (that were currently working) and found that provision of a sequential bilateral cochlear implant increased working performance and quality of life.  In children, Sparreboom et al (2012) demonstrated an improvement in quality of life after receiving a second cochlear implant, although only on disease-specific measures; they found no influence of age at second implant.    
Bilateral Listening Skills Profile

The BLSP is a 12-item questionnaire for parents to complete, based on the Speech Spatial Qualities (SSQ) Gatehouse & Noble, 2004()
 (adapted for paediatric users by Reeder and Firszt, Washington University, 2006) and the Infant Toddler Meaningful Auditory Integration Scale (IT-MAIS) Zimmerman-Phillips, Robbins, & Osberger, 2000()
.  It was devised by The Ear Foundation, Nottingham with support from the Royal National Institute for Deaf People (RNID, now Action on Hearing Loss).  The parent is asked to provide a rating of their child’s ability to perform certain tasks, ranging from 0 (Not at all) to 5 (Perfectly).  An example question is ‘Your child is standing on the pavement of a busy street.  Can your child hear right away which direction a bus or lorry is coming from before seeing it?’.   

Parent Outcome Profile
The POP (also known as the Children with Cochlear Implants: Parental Perspectives, or the Parents’ views and experiences with paediatric cochlear implant questionnaire, PVECIQ) was developed by the Nottingham Auditory Implant Programme and the University of Southampton, supported by Action on Hearing Loss.  In addition to assessing speech and hearing outcomes, it is important to assess the child’s use of the device and a parent’s view of the stressors, efforts and benefits related to the implant Nunes, Pretzlik, & Ilicak, 2005()
.  

The questionnaire consists of 74 statements that parents score on a five-point Likert scale (strongly agree to strongly disagree).  The questionnaire has been found to be robust and repeatable 
 ADDIN EN.CITE 
(Nunes et al., 2005; O'Neill, Lutman, Archbold, Gregory, & Nikolopoulos, 2004)
.  Some questions in the POP ask for a snapshot assessment of the child’s abilities.  Other questions ask for a comparison of the child’s status compared with before they had their first implant (at the pre-implant interval) or before they had the second implant (at the post intervals).  Further questions ask the parent to recollect their feelings or the child’s situation before receiving their implant/the second implant.    
Brief Assessment of Parental Perception
The child’s quality of life was assessed using a brief four-item questionnaire developed by clinical psychologists at UK cochlear implant centres 
 ADDIN EN.CITE 
(Samuel et al., 2016)
.  The four questions covered the child’s use of their processors, their willingness to wear them, their behaviour, contentment, communication, learning and getting on with friends.  The parents were then asked if they would recommend bilateral cochlear implantation to another family in a similar situation.  Two versions of the questionnaire were used: one for simultaneous bilateral implantation, and one for sequential implantation.  More information and results can be found in Samuel et al (2016).
Aims

This paper aimed to answer the question:

1. What is the range of outcomes achieved by children receiving bilateral cochlear implants in the UK?

This paper reports only professional rating scales and parent questionnaires.  

MATERIALS AND METHODS
This longitudinal observational non-randomised service evaluation involved 14 UK cochlear implant centres.  Please see Cullington et al (2016) for further details.  Measures were made before surgery, and at one, two and three years following bilateral implantation in the child’s usual listening condition.  
Professional rating scales

CAPII and SIR
Outcome variables were ordinal data (CAPII: between 0 and 9; SIR: between 1 and 5).
Parent questionnaires
BLSP

The simultaneously-implanted children were not assessed at the pre-implant interval because UK candidacy criteria dictated that they were likely to have little hearing before receiving their implants.  A factor analysis was performed to determine the structure and relationship between the questions using data from 229 sequentially-implanted children at the pre-implant interval (the largest dataset).  

The rotated factor matrix obtained after varimax rotation suggested three factors as shown in Table 3.  Due to the content of the constituent questions, they were termed BLSP speech recognition, BLSP localisation and BLSP music.  Reliability analysis was acceptable (Cronbach’s α = 0.86 for BLSP speech recognition, 0.76 for BLSP localisation and 0.73 for BLSP music).
Factor 1 BLSP speech recognition is made up of eight questions; the parents were required to answer six (75%) of these in order to have their data included.  Both factors 2 BLSP localisation and factor 3 BLSP music are made up of two questions; both questions needed to be answered in order for data to be included.  Question 12 is somewhat problematic in that it asks the question ‘When your child is a passenger in the car, can s/he easily hear what the driver is saying?’ and then there follows the text [from which position in the car?].  Some parents gave one answer to the question without specifying the car position, others answered and specified (either front or back).  Yet other parents answered the original question and then gave another answer for front and/or back.  If the parent had given a score for the original question, this was used – even if they had also given scores for front and/or back – as it was considered that they had answered the question for the child’s usual car position.  If parents had not answered the original question but had answered for the back position, this score was used, as it was considered most likely that a child would be positioned in the back of the car.  The score for the front position was only used if this was the only part the parent had answered.   The outcome variables were BLSP speech recognition, BLSP localisation and BLSP music scores; constituent question data were averaged.  Although the individual BLSP data were ordinal, the combination of several questions into factors were treated as continuous data that ranged from 0 to 5.  BLSP localisation data were included in the companion paper Cullington et al., 2016()
 as it was felt more appropriate to compare these data with the localisation performance measure.       
POP
The POP questionnaire was used to assess the parent perspective regarding cochlear implantation; two versions are available – for a female and a male child.  A second pair (female and male) of the questionnaire (POP2) was used for those children having a second cochlear implant sequentially.  This asked parents to think about their child now, compared to when he or she had one cochlear implant.  The original protocol Cullington et al., 2016()
 specified that the POP should be completed by the parents at the one and two year post-implant intervals, and at the pre-implant interval for sequentially-implanted children.  However, centres found that the questionnaire was long and time-consuming and difficult for families without English as a first language, so the POP was removed from the modified protocol. 

In common with Nunes et al 2005()
, 23 questions (8, 13, 21, 24, 25, 31, 34, 36, 40, 42, 43, 44, 46, 48, 49, 52, 54, 56, 58, 60, 66, 68, 73) were excluded from the analysis because they were not considered relevant to parents’ view and experiences of bilateral cochlear implantation.  The omitted questions related to attitude to support services, concern about the physical functioning of the implant, attitudes towards oral and sign language, and parents’ reasons for choosing a cochlear implant.  In common with Damen et al 
 ADDIN EN.CITE 
(2007)
, the two domains ‘Process of implantation’ and ‘Decision to implant’ were excluded as these items were difficult to numerically code (10, 13, 21, 22, 24, 25, 28, 29, 34, 36, 38, 40, 42, 43, 44, 46, 49, 52, 54, 55, 56, 57, 58, 60, 63, 68).  Those items referring to the period before or immediately after implantation were excluded (2, 4, 11, 30, 33).  Two items not referring to their own child were excluded (19, 62).  
Factor analysis was run with the remaining 36 questions using data from sequentially-implanted children at the pre-implant interval as it was the largest dataset.  Two factors emerged which together accounted for 31% of the variance.  Reliability analysis indicated acceptable internal consistency (Cronbach’s α = 0.89 for factor 1 and 0.51 for factor 2).  When items 37 and 69 were deleted, this increased α for factor 2 to 0.74.

Table 4 shows the constituent questions of the two factors extracted from POP.  For the purpose of this paper, the first factor (average of 19 items) was termed POP well-being, and the second factor (average of three items) was termed POP behaviour.  The parents were required to answer 14 out of 19 (74%) of POP well-being and 3 out of 4 (75%) of POP behaviour questions in order for data to be included.  The factors POP well-being, POP2 well-being, POP behaviour and POP2 behaviour were treated as continuous outcome variables ranging from 1 to 5. 
Statistical analyses

The aim of this project was to show the range of outcomes achieved; data were therefore shown as boxplots.  There were no a priori hypotheses.  The majority of the analyses are descriptive, with statistics only used to assess the likelihood that differences seen on graphs occurred by chance.  Without null hypotheses to test and with the p value set at 0.05, there is a 5% chance that a significant difference will be seen by chance, and of course this must be considered when post hoc testing only is done.  When comparisons are made at different intervals (i.e. pre, one year etc.), it should be noted that the data are not entirely independent; in some cases scores at different intervals are measured on the same participants.  However, since it is not all the same participants, independent statistical tests were used.  Exact two-tailed p values are given for all analyses.  Normality assumptions were tested using the Kolmogorov-Smirnov test in each group for each group for each analysis.  Where normality assumptions were violated, non-parametric statistics were used.  When assessing a variable at different time intervals, the Jonckheere-Terpstra test was used.  This performs the same function as the non-parametric Kruskal-Wallis test (looks at differences between medians), but incorporates information about whether the order of the groups (interval) is meaningful.    
Ethical considerations are covered in the companion paper Cullington et al., 2016()
.
RESULTS
One thousand and one children were included: 465 were implanted simultaneously and 536 were implanted sequentially.  In simultaneously-implanted children, the age at implant ranged from 0.7 years to 17.9 years with a median of 2.1 years.  In sequentially-implanted children, the age at first implant ranged from 0.4 years to 17.2 years with a median of 2.6 years.  The time interval between implants ranged from 0.1 to 14.5 years with a median of 4.9 years.  More information on demographics is included in the companion paper Cullington et al., 2016()
.    
Question.  What is the range of outcomes achieved by children receiving bilateral cochlear implants in the UK?
Professional rating scales

CAPII and SIR
Figures 1 and 2 show CAPII and SIR scores, respectively, at each interval.  There is an increase in scores on both measures over the first three years following implantation in the simultaneously-implanted children.  The sequentially-implanted children already had one cochlear implant at the pre-implant interval, so the rapid increase had generally already occurred.  The range of results is large in both simultaneously- and sequentially-implanted children and there are many outliers.  Most simultaneously-implanted children had a SIR of 1 at the pre-implant interval, although there were several outliers with very good speech intelligibility prior to receiving implants.  These children are likely to have experienced a progressive or sudden hearing loss rather than being profoundly deaf from birth.  As this project aimed to evaluate the range of outcome data achieved by an unselected population, predictive data such as age at deafness were not collected.  The sequentially-implanted children (and the simultaneously-implanted children at the three-year interval) showed ceiling effects, suggesting that SIR may not be a good measure once children have had their implants for a few years.   

A small effect of sex was seen in that female children showed significantly better CAPII and SIR scores at almost all intervals in both simultaneously- and sequentially-implanted children, even before receiving cochlear implants (see Table 5 for statistical parameters of Mann-Whitney U tests and effect sizes).  
A further analysis was conducted using a repeated measures comparison of 239 sequentially-implanted children who had scores for CAPII at the pre and one-year intervals.  The median CAPII score before receiving the second implant was 6; it increased to 7 after receipt of the second device (although of course another year of listening had also passed).  The difference was significant (Wilcoxon Signed Ranks Test T = 7030, p = 0.000).  The effect size was medium  (r = 0.34).  One hundred and five children had a higher CAPII score at the one-year interval; 112 had an unchanged score.  Twenty-two children had a worse CAPII score one year after receiving their second device.

Repeated measures SIR analysis of 246 sequentially-implanted children showed no change in the median (4), although there was a significant increase (Wilcoxon Signed Ranks Test T = 3455.5, p = 0.000).  The effect size was small (r = 0.25).  Seventy-three children had a higher SIR at the one-year interval; 154 had an unchanged score.  Nineteen children had a worse SIR one year after receiving their second implant.

Parent questionnaires

BLSP

Results of BLSP localisation are reported in the companion paper Cullington et al., 2016()
.  Figures 3 and 4 show BLSP speech recognition and music scores, respectively, plotted against interval.  The variable BLSP speech recognition was significantly affected by interval in both simultaneously-implanted and sequentially-implanted children: as the interval increased, the median score increased (simultaneous: Kruskal-Wallis H(2) = 9.606, p = 0.008, Jonckeere-Terpstra J = 12,609.5, Z = 3.10, p = 0.002; sequential: Kruskal-Wallis H(3) = 88.58, p = 0.000, Jonckeere-Terpstra J = 117742, Z = 8.53, p = 0.000).  The variable BLSP music was also significantly affected by interval in both simultaneously-implanted and sequentially-implanted children: as the interval increased, the median score increased (simultaneous: Kruskal-Wallis H(2) = 7.51, p = 0.02, Jonckeere-Terpstra J = 10412, Z = 2.73, p = 0.006; sequential: Kruskal-Wallis H(3) = 47.77, p = 0.000, Jonckeere-Terpstra J = 100070, Z = 6.72, p = 0.000).  However, there were many outliers.  The variable BLSP speech recognition for sequentially-implanted children was significantly higher than for simultaneously-implanted children at only the one-year interval (Mann-Whitney U = 19410, Z = -3.73, p = 0.000).  The effect size was small ( r = -0.12).  It is worth noting that the sample size was large and it is possible that statistical significance does not translate to clinical significance.  Indeed, the clinical significance of a small change in BLSP speech recognition is unknown.  No differences were seen between children with simultaneous and sequential implants for BLSP music score.  Scores of BLSP music showed ceiling effects.    

Repeated measures comparison of 152 sequentially-implanted children who had scores for BLSP speech recognition at the pre and one-year intervals showed a significant increase (Wilcoxon signed ranks test T = 9642.5, p = 0.000).  The effect size was medium (r = 0.47).  One hundred and twenty-two children had improved; 5 had an unchanged score.  Twenty-five children had a worse score one year after receiving the second device.  Repeated measures comparison of 137 sequentially-implanted children for BLSP music at the pre and one-year intervals showed a significant increase (Wilcoxon signed ranks test T = 5007.5, p = 0.000).  The effect size was medium ( r = 0.31).  Eighty-four children had improved; 24 had an unchanged score.  Twenty-nine children had a worse BLSP music score at the one-year interval.

POP
The scores of the POP cannot be plotted like the other measures as two different versions were used.  The standard POP was used in children with simultaneous implants at all intervals, and those with sequential implants at the pre-implant interval.  After receiving a second implant, children with sequential implants were evaluated using POP2, which asked for a comparison of their status compared to when they had only one implant.  Figures 5a and 5b show POP well-being and POP2 well-being change since second implant in children with simultaneous and sequential implants, respectively.  Parents generally felt positive about their child’s well-being.  Figures 6a and 6b show POP behaviour and POP2 behaviour change since second implant in children with simultaneous and sequential implants, respectively.  Parents of those with sequential cochlear implants generally felt less positive about behaviour change since the second implant.
Figure 7 shows POP2 well-being change since the second implant at the one-year interval plotted against willingness to wear the second implant (from BAPP questionnaire) for sequentially-implanted children.  POP2 well-being change became more positive as parents reported that children were more willing to wear the second cochlear implant (Kruskal-Wallis excluding ‘very reluctant’ category with one participant: H(3) = 22.14, p = 0.000).  A similar analysis was not done for POP2 behaviour due to limitations of this factor (see Discussion).  
Missing data

Ascertainment figures (shown in Cullington et al, 2016) suggested that just over 50% of children with bilateral implants in the UK within the study period were included.  Throughout the service evaluation, attempts were made to minimise missing data including providing frequent feedback to data collectors by email and regular meetings.  However, there were still extensive missing data (see Cullington et al, 2016, for missing data discussion).  The professional rating scales (CAPII and SIR) represented the largest dataset, perhaps because these are quick to perform and were generally familiar to staff.
DISCUSSION
Professional rating scales

CAPII
Data from the simultaneously-implanted children provide reference CAPII values for the progress expected from children receiving simultaneous bilateral cochlear implants, with the median being 4, 5, and 6 at one, two and three years, respectively.  Excepting two outliers, all children had CAPII scores of 3 to 8 after three years of use of simultaneous bilateral cochlear implants.  This represents a large range in listening ability: from identifying only environmental sounds to following group conversation in a noisy place.  In this group CAPII appears to be a useful measure with no ceiling effects seen up to three years after implantation.  
SIR

The simultaneously-implanted children generally showed improvements in speech intelligibility after implantation; however, the full range was still seen three years after implantation (from ‘no intelligible speech’ to ‘child easily understood by an adult’).  Median values were 1, 2, and 3 at one, two, and three years, respectively.  Little change was seen in SIR data in sequentially-implanted children, with ceiling effects evident.  This is not unexpected; learning to speak occurs with unilateral hearing, and the provision of bilateral devices is unlikely to show an effect.  The SIR is a gross measure of speech intelligibility and is not sensitive enough to show subtle changes in speech; it may be improved by the use of sub levels, although it serves its purpose as a quick and easily-understandable measure of speech intelligibility.  Ceiling effects were evident by three years post-implantation.  
As professional rating scales do not rely on patient cooperation, the results are not biased in favour of good performers and can be assumed to include children with widely varying auditory, cognitive and developmental levels.  However there are significant limitations of proxy rating scales (see end of Discussion), and no test-retest with different professionals was done.  
Both CAPII and SIR ratings were better at almost all intervals in female compared to male children in both simultaneously-implanted and sequentially-implanted children.  Female children were rated higher on auditory abilities and speech production even when they used no implants (pre implant interval in simultaneously-implanted).  This agrees with the findings of previous researchers who found better language skills in girls with cochlear implants than boys 
 ADDIN EN.CITE 
(Geers, Moog, Biedenstein, Brenner, & Hayes, 2009; Sarant, Harris, Bennet, & Bant, 2014)
.  Female children exhibiting superior language to males also exists in normally-hearing children 
 ADDIN EN.CITE 
(Fenson et al., 2000; Moog & Geers, 2003)
.    However, it is worth noting that this project only collected data up to three years after implantation, and it is entirely possible that this difference between male and female children would disappear at a later stage.
Parent questionnaires

BLSP

An improvement over time was seen in both BLSP speech recognition and BLSP music in the years following the receipt of bilateral implants, suggesting that the parents perceived an improvement in the child’s bilateral listening skills.  However, there are still many children whose parents perceive that their child has poor skills in these areas.  Ceiling effects were evident in BLSP music at all intervals.      

POP

The POP well-being factor was made up of 19 questions exploring many issues such as communication, speech production, education, frustration, independence, listening progress, friendship, family relationships, confidence and happiness.  The POP behaviour factor consisted of four items related to family relationships, behaviour and frustration.  Parents of children with simultaneous bilateral cochlear implants generally felt positive about both these aspects of their child.  
Children with sequential bilateral cochlear implants were assessed with the POP2 which asked parents to compare to when they only had one implant.  Parents generally felt positive about changes in their child’s well-being and behaviour after receiving a second device.  All the questions in the POP2 behaviour factor were specific about comparing to before the child had the second implant e.g. ‘She is less frustrated than before she had the second implant’ (Table 4).  However,  many of the other POP2 questions appeared to ask for a snapshot of the child’s current state e.g. ‘I find it easier to communicate with him by speaking than by signing’.  Agreeing or strongly agreeing with a statement in the POP2 behaviour factor indicates that there has been an improvement.  However, disagreeing or strongly disagreeing with a statement may indicate no change in that behaviour regardless of what the starting point was before the second implant.  For example, if the child had never been frustrated, parents may be confused whether to indicate ‘Neither agree nor disagree’ or ‘Disagree’ with the statement that frustration has lessened.  Thus, only a positive score is meaningful.  

Those parents who felt more positive about their child’s well-being after receiving a second implant also reported that their children were more willing to wear the second device (Figure 7).  There may have been issues of frustration and behaviour related to the child not wanting to wear the second device.  There is no directionality implied here; it is not possible to say whether the children wore their devices more willingly and so their behaviour improved or vice versa.  Indeed, there is no causality implied either; the two factors of behaviour and willingness to wear the second device are clearly related but may be caused by another factor.  There may also be problems with recall error or bias: as the time since bilateral implantation increased, the parents’ memory of the period before bilateral implants may fade or distort.  
“Where will my child be in that range?”
All measures show a large range of outcomes after receipt of bilateral cochlear implants.  It is well known in all cochlear implant centres worldwide that there is an enormous variation in outcomes Pisoni et al., 2008()
.  Varying outcomes after cochlear implantation are likely to be due to a number of factors including age at onset of deafness, age at implantation, extent of residual hearing before implantation, communication mode Kirk, 2000()
; environmental stimulation, caregiver interaction, attention, learning, memory, sensory-motor coordination, visual-spatial processing, cognitive control Pisoni et al., 2008()
; in addition to aetiology and device differences Lazard et al., 2012


( ADDIN EN.CITE )
.  Varying outcomes in binaural skills additionally relate to interimplant interval Gordon & Papsin, 2009


( ADDIN EN.CITE )
.  Parents and children considering bilateral cochlear implantation will naturally question likely outcomes for their individual child.  After implantation parents, patients and professionals will also wish to establish if their child is performing to expectation.  This project did not intend to answer questions related to outcome predictions; this is poorly understood Pisoni et al., 2008()
 and further prospective work is required.   However, data from this project may assist professionals in flagging children in the lowest quartile of results for targeted rehabilitation or other interventions.

This project has limitations and some unique strengths.  One important factor is that the results discussed are all proxy reports from parents or professionals.  While proxy reporting may indicate a child’s listening abilities, it has been found to be flawed when ascertaining well-being Cummins, 2002()
.  This is further complicated by the wide age range represented in this project.  The simultaneously-implanted children were generally younger than the sequentially-implanted children, and were often babies.  Proxy reporting for babies relies solely on the reporter’s perception, while proxy reporting for older children will naturally include the child’s expression of their well-being.  Further limitations are discussed in  the companion paper Cullington et al., 2016()
.  
CONCLUSIONS
This fourteen-centre project collected outcome data on 1001 non-selected children receiving bilateral cochlear implants both simultaneously and sequentially.  
This paper provides a large reference data set for auditory performance (CAPII) and speech intelligibility (SIR) in children with bilateral implants.  In children receiving simultaneous implants after one, two, and three years respectively, median CAP scores were 4, 5, and 6; median SIR were 1, 2, and 3.  Three years after receiving simultaneous bilateral cochlear implants, 61% of children were reported to understand conversation without lip-reading, and 66% of children had intelligible speech if the listener concentrated hard.  Auditory performance and speech intelligibility were significantly better in female children than males at almost all stages.  Parents of children receiving two implants noticed improvements in speech understanding in challenging situations and music as time with two implants increased.  
The majority of sequentially-implanted children showed improvement in auditory performance, speech intelligibility, speech recognition in challenging situations and music one year after receipt of the second device.  Parents who were less positive about behaviour changes in their sequentially-implanted child after the second device were generally the same parents that reported their children less willing to wear the second device.     
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Table 1.  Categories of Auditory Performance II (CAPII)
	Category
	

	0
	No awareness of environmental sounds or voice

	1
	Awareness of environmental sounds

	2
	Response to speech sounds

	3
	Identification of environmental sounds

	4
	Discrimination of speech sounds without lip reading

	5
	Understanding of common phrases without lip reading

	6
	Understanding of conversation without lip reading

	7
	Use of telephone with known speaker

	8
	Follows group conversation in a reverberant room or where there is some interfering noise, such as a classroom or restaurant.

	9
	Use of telephone with an unknown speaker in unpredictable context.


Table 2.  Speech Intelligibility Rating (SIR) categories

	Category
	

	1
	No intelligible speech or recognisable words but the child may be capable of

verbalisation. The child’s primary mode of everyday communication may be manual.

	2
	Phrases/sentences (connected speech) unintelligible. Intelligible speech has

developed for single words only. The listener may need to use lip-reading/

contextual cues.

	3
	Connected speech is intelligible only if the listener concentrates hard. The listener

may need to make use of lip-reading/contextual cues.

	4
	Connected speech is intelligible but there may be some difficulty to a listener with no

experience of a deaf person’s speech.  Some concentration may be required on

the part of the listener.

	5
	Connected speech is intelligible with little or no concentration on the part of the

listener. The child is understood easily in interaction with an adult.


Table 3.  Factors extracted from BLSP

Factor 1 – speech recognition

1. You and your child are in a room alone and the TV is on in the same room.

Without turning the TV down, can your child understand you?

2. Your child is in a group of about five people, sitting around a table or in a circle on the floor. It is an otherwise quiet place. Your child can see everyone else in the group. Can your child understand what each person is saying?

3. You and your child are in a quiet carpeted room. Can your child understand you?
4. Your child is in a group of about five people in a busy place e.g. a nursery,

restaurant or shop. Your child can see everyone else around them. Can your child understand what each person is saying?

5. You and your child are talking to each other in a room where there are many

other people talking. Can your child understand you?

6. Does your child produce well-formed syllables and syllable sequences that are

recognised as ‘speech’. 

11. Can your child listen to someone or something without having to concentrate?

12. When your child is a passenger in the car, can s/he easily hear what the driver is saying? [from which position in the car?]

Factor 2 – localisation
7. Your child is sitting between two people. One of them starts to speak. Can your child tell right away whether it is the person on the left or right, without having to look?

8. Your child is standing on the pavement of a busy street. Can your child hear right away which direction a bus or lorry is coming from before seeing it?
Factor 3 – music

9. Does your child find it easy to distinguish different songs that s/he is familiar with?

10. When your child sings a familiar song/tune, would you be able to recognise a

familiar song and join in the actions?

Table 4.  Factors extracted from POP

Factor 1 – well-being
1. Communication is difficult even with people

she knows well.

9. She is unable to cope with mainstream schooling.

16. She still shows signs of frustration in her

behaviour.

18. The quality of her speech gives me cause for

concern.

20. I get more time to myself because of her

increased independence.

23. She is keeping up well with children of her own

age at school.

26. Progress after implantation has exceeded my

expectations.

27. We can now chat even when she cannot see my

face (for example in the car or in the dark).

32. A significant change has been improvement in

her confidence.

35. She can now amuse herself listening to music or

watching TV or playing games.

39. She does not make friends easily outside the family.

47. She is as independent as most other children of

her age.

50. I am happy about her progress at school.

51. I can now let her play outside as she is aware of

the sound of traffic.

53. She is still unable to cope in new situations.

65. She takes part in family relationships on an

equal footing with other members.

70. She continues to be a happy child and good fun

to be with.

71. Her use of spoken language has developed greatly.

72. Now she is talkative and engages others in

conversation.

Factor 2 - behaviour

45. She shares in family situations more than before

implantation.

59. Her behaviour has improved since she had her

implant.

64. She is less frustrated than before she had the

implant.

74. Her relationship with brothers and sisters has

improved. 
Table 5.  Results of non-parametric Mann-Whitney U test to examine the effect of sex on CAPII and SIR scores at each interval in simultaneously and sequentially-implanted children.  Those shown in bold reached statistical significance.  Where there is a significant effect. The effect size is denoted by r (r = 0.10 can be considered to represent a small effect; r = 0.30 can be considered to represent a medium effect)

	Interval
	Pre
	1 year
	2 years
	3 years

	CAPII
	sim
	U = 14215, Z = -2.02, p = 0.04, r = -0.11
	U = 683, Z = -3.67, p = 0.000, r = -0.22
	U = 1238.5, Z = -2.73, p = 0.006, r = -0.25
	U = 207, Z = -0.84, p = 0.40

	
	seq
	U = 18884, Z = -2.07, p = 0.04, r = -0.10
	U = 9952, Z = -2.23, p = 0.03, r = -0.13
	U = 2968, Z = -0.96, p = 0.34
	U = 148, Z = -2.41, p = 0.02, r = -0.36

	SIR
	sim
	U = 14093.5, Z = -2.90, p = 0.004, r = -0.15
	U = 6985, Z = -2.67, p = 0.008, r = -0.17
	U = 1121, Z = -2.67, p = 0.008, r = -0.25
	U = 179.5, Z = -1.51, p = 0.13

	
	seq
	U = 18826.5, Z = -3.29, p = 0.001, r = -0.16
	U = 9719, Z = -2.24, p = 0.03, r = -0.13
	U = 2789.5, Z = -1.22, p = 0.22
	U = 240, Z = -0.48, p = 0.63


Figure 1.  Boxplot of CAPII scores plotted against interval in simultaneously- and sequentially-implanted children.  The box represents the portion of the distribution falling between the 25th and 75th percentiles (lower and upper quartiles).  The horizontal line represents the median.  The vertical lines outside the box (whiskers) contain the largest and smallest values that are not categorised as outliers or extreme values.  Outliers (more than 1.5 box lengths above or below the box) are shown as circles; extreme outliers (more than 3 box lengths above or below the box) are shown as diamonds.  The numbers by the markers represent individual case identifiers. (Simultaneous n = 359, 270, 119, 44; sequential n = 413, 305, 161, 45)
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Figure 2.  Boxplot of SIR against interval in simultaneously- and sequentially-implanted children.  (Simultaneous n = 359, 261, 113, 44; sequential n = 428, 301, 158, 46)
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Figure 3.  Boxplot of BLSP speech recognition score plotted against interval for all children who were tested (simultaneous and sequential).  (Simultaneous n = 186, 81, 22; sequential n = 308, 263, 137, 32).  In simultaneously-implanted children (p = 0.008) and sequentially-implanted children (p = 0.000) there was a significant effect of interval, p = 0.000).  In this and subsequent figures, statistical significance is indicated as follows: * p < 0.05; ** p < 0.01; *** p < 0.001.

[image: image3.jpg]BLSP speech recog

5 T -
44
3
2 die 2363
2734 [0}
° 3815
994 3638 791115 448
13000 2108, 1335° o
1> 2742 0 1860
4 2357 @ o o
1 ° 4501382 0 3690 1315
3434
3% 137027027 3534
3685 m;zi“ <& 3784
o <&
0_
T T T T
pre 1 year 2 years 3 years

interval

(M sim
[(seq




Figure 4.  Boxplot of BLSP music score plotted against interval for all children who were tested (simultaneous and sequential).  (Simultaneous n = 171, 74, 20; sequential n = 292, 246, 130, 30).  In simultaneously-implanted children (p = 0.023) and sequentially-implanted children (p = 0.000) there was a significant effect of interval, p = 0.000.
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Figure 5a.  Boxplot of POP well-being score plotted against interval for all children with simultaneous implants who were tested (n = 113, 33).  The dotted line represents a neutral parent opinion
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Figure 5b.  Boxplot of POP2 well-being change score since second implant plotted against interval for all children with sequential implants who were tested (n = 159, 28).  Points above the dotted line indicate agreement that there has been a positive change    
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Figure 6a.  Boxplot of POP behaviour score plotted against interval for all children with simultaneous implants who were tested (n = 113, 30)
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Figure 6b.  Boxplot of POP2 behaviour change score plotted against interval for all children with sequential cochlear implants who were tested (n = 158, 28)
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Figure 7.  Boxplot of POP2 well-being change score one year after receiving the second implant plotted against BAPP willingness to wear second implant for sequentially-implanted children (n = 1, 8, 18, 36, 81).  The change in POP2 well-being was significant (p = 0.000)
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Figure captions
Figure 1.  Boxplot of CAPII scores plotted against interval in simultaneously- and sequentially-implanted children.  The box represents the portion of the distribution falling between the 25th and 75th percentiles (lower and upper quartiles).  The horizontal line represents the median.  The vertical lines outside the box (whiskers) contain the largest and smallest values that are not categorised as outliers or extreme values.  Outliers (more than 1.5 box lengths above or below the box) are shown as circles; extreme outliers (more than 3 box lengths above or below the box) are shown as diamonds.  The numbers by the markers represent individual case identifiers. (Simultaneous n = 359, 270, 119, 44; sequential n = 413, 305, 161, 45)
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Figure 5a.  Boxplot of POP well-being score plotted against interval for all children with simultaneous implants who were tested (n = 113, 33).  The dotted line represents a neutral parent opinion
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Figure 6a.  Boxplot of POP behaviour score plotted against interval for all children with simultaneous implants who were tested (n = 113, 30)

Figure 6b.  Boxplot of POP2 behaviour change score plotted against interval for all children with sequential cochlear implants who were tested (n = 158, 28)

Figure 7.  Boxplot of POP2 well-being change score one year after receiving the second implant plotted against BAPP willingness to wear second implant for sequentially-implanted children (n = 1, 8, 18, 36, 81).  The change in POP2 well-being was significant (p = 0.000)
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