
10
Francesco Martines and Antonella Ballacchino
11
Speech Intelligibility and Perception after Cochlear Implant ...






Chapter



Speech Intelligibility and Perception after Cochlear Implant in Deaf Children with or without Associated Disabilities: A Review


Francesco Martines (PhD)1, and Antonella Ballacchino2 (MD)
1Università degli Studi di Palermo, Dipartimento di Biomedicina Sperimentale e Neuroscienze Cliniche, (BioNeC), Sezione di Otorinolaringoiatria,
Palermo, Italy
2Università degli Studi di Palermo, Dipartimento di Biopatologia e Biotecnologie Mediche e Forensi (Di.Bi.Me.F.), Sezione di Audiologia,
Palermo, Italy


Abstract

The ability to make oneself understood is critical to most human interaction, and as such, the failure to develop fully intelligible speech may result in a significant handicap especially in the child in learning phase.
World literature has demonstrated improved speech intelligibility and speech perception as well as a good development of communication skills in prelingual profound sensorineural hearing loss (SNHL) children after cochlear implantation.
The literature considered as universally-accepted the usefulness/effectiveness of unilateral early cochlear implantation in severely-profoundly deaf children with or without associated disabilities. In fact this procedure, for children implanted very early it appears that progress toward intelligible speech is more rapid and ensures physiological development of 'learning the language, although slower, even in children with disabilities associated with deafness.
The aim of this review was to analyze data literature about audiometric characteristics and speech intelligibility/perception after implantation comparing the results with those described by different authors showing the methods of evaluation used as audiometric tests, language measures -Test for Auditory Comprehension of Language-Revised (TACL-R); Speech/sign interview; Narrative task; WISC-III Similarities subtest; Speech interview- and questionnaires.
Recent studies have correlated various tests and questionnaires administered after implantation (1, 3, 6, 12 and 18 months by activation), such as meaningful auditory integration scale (MAIS), meaningful use of speech scale (MUSS), categories of auditory performance (CAP), and speech intelligibility rating (SIR). The results obtained after surgery are linked, as well as the age of the patient, cochlear implant technology and amount of implant use, even to the substrate cultural family especially in the post implant.


Introduction

World literature has demonstrated improved auditory speech recognition and speech production ability in prelingual profound sensorineural hearing loss (SNHL) children after cochlear implantation [1-8]. The amount of benefit in speech recognition, however, varies among children and appears to depend on several factors. These factors include demographic and hearing characteristics of the child, as well as features of the implant device [3,4,7]. In particular most studies have primarily investigated the characteristics of the cochlear implant (CI) user, the role of age of implantation, amount of residual hearing, mode of communication in education, family support and the educational setting [9-13].
Many works have explored speech performances of English, French, Belgian, Dutch and Italy (specifically in Sicily) children with CI considering, in the latter region, the high percentage of profound HL (44.68%) discovered, mainly related to genetic causes [14-17].
Since the NIH Consensus Conference was held in New York in 1995, cochlear implantation has established itself worldwide as the primary method for treating children born deaf, prelingually or postlingually deafened, or for adults deafened in maturity [18]. Despite the clear statement of the consensus conference, the norm for ‘successful’ cochlear implant (CI) treatment in children is not clearly defined. One suggested important criterion might be the speech development of the implanted children. The evaluation of language development is facilitated by receptive tests for the detection, discrimination, identification and perception of language samples. In the studies published so far, receptive skills are the most frequently applied criteria for the assessment of hearing and language progress after CI treatment [19-21]. In order to evaluate these skills, a number of tests are available with largely similar contents [22].


Characteristics of a Cochlear Implant

A cochlear implant (CI) is a surgically implanted electronic device that functions as an auditory prosthesis for patients with severe to profound sensorineural hearing losses. The device provides electrical stimulation to the surviving spiral ganglion cells of the auditory nerve while bypassing the damaged hair cells of the inner ear to restore hearing. All of the cochlear implants in use today consist of an internal multiple electrode array and an external processing unit. The external unit consists of a microphone that picks up sound energy from the environment and a signal processor that codes frequency, amplitude and time and compresses the signal to match the narrow dynamic range of the ear. Cochlear implants provide temporal and amplitude information. Since the approval of cochlear implants by the FDA as a treatment for profound deafness, over 60,000 patients have received cochlear implants at centers all over the world. The findings on Cochlear Implants in deaf children are represented by some important variables: large individual differences, age of implantation, effects of early experience, cross modal plasticity, links between perception and production, no preimplant predictors of outcome and abilities emerge after implantation (learning). Among them, one of the most important factors is the age of implantation; in fact children who receive an implant at a young age do much better on a whole range of outcome measures than children who are implanted at an older age [11]. Length of auditory deprivation or length of deafness is also related to outcome and benefit. Children who have been deaf for shorter periods of time before implantation do much better on a variety of clinical measures than children who have been deaf for longer periods of time. Both findings demonstrate the contribution of sensitive periods in sensory, perceptual and linguistic development and serve to emphasize the close links between neural development and behavior, especially the development of hearing, speech and language (Konishi, 1985; Marler & Peters, 1988) [23, 24]. Waltzman et al. [25] found that after 4 to 5 years of implant use, the children who received an implant when younger than 3 years achieved a higher level of performance than did older children. Absolute contraindications to the IC will have in case of particular anatomical situations such as aplasia of the cochlea, the auditory nerve aplasia or his sacrifice as needed surgery in the surgery of neurofibromatosis type II. Among the relative contraindications include cochlear ossification, the result of inflammatory processes of the inner ear and some cochlear malformations. The downside is the type of cochlear malformation, the number of electrodes that can be inserted into the cochlea and the extent of neural fibers that are stimulated (Luntz et al., 1997) [26]. Even the chronic inflammatory disease of the middle ear and the outcomes of interventions otologic represent a relative contraindication to the IC. In fact, many of these cases may be subjected to IC after surgically treated the basic situation (Axon et al., 1997, El- Kashlan et al., 2002) [27, 28], after obliteration of the middle ear (Gray et al., 1995) or by using an alternative route as that of the middle cranial fossa [29]. After the implantation is very important the regulation. There are two key measurements: the minimum or threshold electric (level ‘T’) and the maximum comfortable level (level ‘C’ or ‘M’ or other specific encoding of the manufacturer). The minimum level is the level “Low” of electric current that determines a sound sensation in 100% of presentations. The level C (or M), on the contrary, is the level of current more “High” that guarantees a comfortable extended listening. The levels of T and C/M must be determined for each active electrode of the device. The determination of the levels of T and C/M in younger children is a task complex. The initial reaction to the electrical stimulation is indeed very variable and can differ significantly from the acoustic stimulation. The techniques used to reinforce the response does not differ, however, from those typical child’s audiometry. The electrical stimuli are initially presented at supraliminal. Typical reactions are made by tears, by the interruption of the game, from the look to parents or operators. Verified the first reaction the stimulus is repeated in order to strengthen and confirm the responses and then proceed by determining the threshold which is normally discreetly reliable. On the contrary, it is much more difficult to determine the levels C/M. in most small it often happens that reactions only occur when the intensity of the stimulus is already too high: he cries, changing the expression facial features reflexes eyelid hangs in the activity of the game, try to disconnect the antenna. In the older child instead you can use scales such as visual analogs of loudness; levels C/M will be in these cases determined with reliability comparable to the typical one the adult. In the activation phase is common practice to adjust the levels C/M at levels lower than the threshold of the stapedial reflex intraoperative or to thresholds of neural telemetry building in other words a ‘map’ with reduced dynamic range. The purpose of this conservative approach is to limit the risk of overstimulation. Even in this case the program is validated in “hands-free” rarely the baby cries or obvious discomfort while usually be pleasantly surprised (Willeboer et al., 2006) [30]. Some disabilities may be associated with deafness such as visual impairment, cognitive, mental, attention and learning, autism and pervasive developmental disorders. These handicaps associated with not necessarily contraindicate the IC. Different studies have been conducted on these populations of patients. The results document a significant benefit auditory although progress is slow and unstable, and the linguistic and perceptual skills are lower overall than their peers with isolated deafness ( Waltzman et al., 2000) [54]. 


What Are the Most Commonly Used Methods to Assess the Perception and Speech Intelligibility in Children after Cochlear Implant?

In order to optimize the individual rehabilitation program in patients with IC should be subjected to regular evaluation of the perception of verbal and language skills. In the first year of use of the device evaluations are performed on the 1st, 3rd, 6th and 12th month thereafter at least once a year. The main indicators of benefit are based on structured questionnaires and tests appropriate for the age and level of communication. They are normally given by the speech pathologist who therefore occupies an important role in the follow-up. In short the main tests used exploring different levels of auditory perception according to the classical scheme proposed by Erber (1982) [31]:

Detection: ability to detect the presence / absence of sound that is instrumental verbal
Discrimination: the ability to distinguish sounds ( same / different ) for both segmental aspects (tools, vowels, consonants , words, sentences ) that suprasegmental aspects (duration, intensity, intonation, stress, frequency)
Identification: ability to identify different words in closed list (tools, words, sentences)
Recognition: the ability to recognize words and phrases in the only way open list using acoustic
Comprehension: ability to interact verbally communicative situations

The role of professional speech therapist, family members and teachers of the school are fundamental elements to optimize the recovery and the acquisition of language. In fact the purpose of the evaluation is to assess: the effective use of the cochlear implant in different listening environments (quiet/noise), the threshold audiometry in free field conditions, the detection, discrimination and recognition of environmental sounds and speech, the development of listening skills as well as the transition of the mode of communication from auditory-verbal to auditory exclusive and impact on quality of life. The test results should always be discussed with the patient and family members, formally communicated to them as well as the actors involved in the rehabilitation program in the district of residence (speech therapist, teachers, etc..). The evaluation of perceptual skills in children younger than two years requires dedicated methodologies to grasp the prerequisites or the first language skills. 
Among the most used are questionnaires the IT-MAIS (Infant Toddler Meaningful Auditory Integration Scale) Zimmerman-Phillips et al., (2001) and the MUSS (Meaningful use of speech stairs) Zimmerman-Phillips et al., (1997) [32,33]. Another very useful questionnaire is the PRISE (Production of Infant Scale Evaluation) of Kishon-Rabin et al., (2005) focused on the evolution of verbal behavior in pre- lexical stage [34].
The LIP (Listening Progress Profile) developed by Archbold (1995) is a measure of the development of listening skills of the deaf child. It is based on observation and graduation of auditory behavior during spontaneous activity, play and interaction with sound instruments. Among the steps that allow you to categorize hearing performance of the children there is the CAP (Categories of Auditory Performance) developed by Archbold.
Another method of evaluation is represented by SIR (speech intelligibility rating) according to Allen et al., [37], ‘‘...was designed as an outcome measure accessible to parents, professionals, and health-care purchasers. It is a ‘real-life’ descriptive rating scale...’’
Finally the video analysis is an interesting method of observation and coding of perceptual and communicative behavior. It measures the development of the pre-requisites of the language at that stage that precedes the emergence of the first words [36-39]. 
Specifically the IT-MAIS (Infant Toddler-MAIS) questionnaire includes 10 questions posed to the parents in an interview schedule regarding their child’s spontaneous listening behaviours in everyday situations. The questions reflect three different areas of auditory skills development: changes in vocalization associated with device use, alertness to sounds in everyday environments and derivation of meaning from sound. The MUSS assesses the child’s ability to use speech and language meaningfully. It also consists of 10 questions related to the development of the child’s speech and language, including an evaluation of the vocalization efforts, communicative interactions and the use of oral language. Scores for each question range from 0 (‘‘never demonstrates the behaviour’’) to 4 (‘‘always demonstrates the behaviour’’). The maximum score for IT-MAIS and MUSS is 40.
CAP comprises a non-linear and hierarchical scale of auditory receptive abilities, the lowest level describing no awareness of environmental sounds, with the highest level being represented by the ability to use a telephone with a known speaker. CAP is not a closed-set laboratory type test but a measure of everyday auditory performance and thus reflects the ‘‘real life’’ progress of children in the developing use of audition. Furthermore, the inter-observer reliability of this scale has been formally confirmed [40].
The speech intelligibility rating (SIR), developed in 1989, was used as a framework to rank the child’s spontaneous speech into one of five hierarchic categories [38, 39]. SIR is not a performance test and like MAIS and MUSS designed as a time-effective global outcome measure of speech production in real-life situations. 
Sometimes there are discrepancies between the questionnaires. Pinto et al. showed that children classified in the same MUSS and IT-MAIS questionnaire categories presented very different behaviours when observed at play, and are, therefore, not in the same group as the questionnaires might have us believe. In relation to forms of communication, all children that had speech used only words. The same occurred in relation to speech understanding; most of the children that understood speech did so using lip reading only of isolated words that belonged to the context. All children used gestures in various manners: indicative gestures, representative gestures, nodding, shaking their head; some children used part of the Brazilian sign language. These results are significantly different from the MUSS questionnaire results for questions about the use of gestures, most of which reported absence of gestures [41].
Some children understood gestures isolatedly in interactions. Once again MUSS questionnaire answers mostly indicated that children understood little about gesture use.
It has been shown that concurrent use of multiple follow-up questionnaires makes the most reliable and specific.
Martines et al. showed the results from the questionnaires and variables associated reporting mean values, standard deviation, median and t-test for IT-MAIS, MUSS, CAP and SIR before cochlear implantation and 3, 6 and 12 months post switch-on respectively; it is clearly evidenced as speech perception and speech intelligibility performances improved progressively after implantation. Linear regression, performed comparing the mean values for each speech test, resulted statistically significant (r values of 0.99, 0.98, 0.98 and 0.98 respectively for IT-MAIS, MUSS, CAP and SIR). Specifically the study of t-test evidenced the highest significant progression after 6 month (p<0.0001), even if in the 17.86% of cases (corresponding to 5/28) the speech performances resulted poor [42]. 
Eleven cases were also examined at 18 months because the length of CI use was > 12 months; it resulted an improvement of the median values respect to the previous examinations, with a continuous progression in speech perception and intelligibility capacities.
The relationship between speech performances of CI users and families’ characteristics (economic status, educational status, family size, mothers work status and expectation) were analyzed, but none of these variables influenced significantly speech development (p>0.05). Among CI users’ characteristics instead, only daily CI use (85.71% of the cohort) resulted an important predictor of good speech improvement (P<0.0001).
McConkey Robbins et al. (2004) [43], who studied a cohort with similar characteristics (children implanted before the age of 2 years), obtained scores superimposable to Martines’ et al., study from the IT-MAIS questionnaire [42,51]. This fact indirectly evidences how early diagnosis of congenital profound bilateral SNHL and young age at implantation (< 2 years of life) represent crucial variables for children’s auditory speech perception and language ability.
The study of SIR up to 1 year after implantation evidenced, in the 46.42% of CI users, a SIR category = 3, considered by Flipsen (2008) as ‘barely intelligible’. In contrast, Bakhshaee et al. reported, in the 91% of a group of 47 CI users (age at implantation ranging between 13 and 68 months), a SIR category of 3+; differently Calmels et al. found a SIR = 3+ only in the 17% of 63 children (mean age at implantation of 45 months). However, as suggested by Flipsen, a correct comparison between these findings is possible only after three years of daily CI use [44-46].
Concerning to Categories of Auditory Performance (CAP), it must be said that CAP is the only supraliminal auditory receptive outcome measure that is applicable to all children irrespective of their age and so the results can be considered homogeneous between studies in the literature. Finally Govaerts et al. and Martines et al. found also that children implanted before the age of 2 years, compared with their normal hearing peers, showed similar CAP values just at three months post implantation [7,42,47].
Another important analysis is to be done in respect of CI in deaf children with additional disabilities. A recent review (Forli et al., 2011) [48] analyzed seven scientific articles about it. The groups of children analyzed were heterogeneous with regard to type of disability associated with deafness and number of associated disabilities, as well as other variables conditioning post-CI results (age at time of CI, use of hearing aids before CI, type of rehabilitation performed, etc.). All the selected studies reported post-CI benefits in this category of children, although they were inferior and slower compared to those generally reached by implanted children with isolated deafness [42,46-54].
None of the studies examined auditory/communicative/ quality of life results in implanted children with disabilities associated with deafness compared to those obtained in children in the same category (children with disabilities associated with deafness), treated by traditional hearing aids. The post-CI results obtained in children with disabilities associated with deafness have been compared to those obtained by children affected by isolated deafness in only one study [55].
In summary, the studies analyzed suggest that the CI procedure is also suitable for children with disabilities associated with deafness. However, there are some rare cases linked to modest outcomes, and some authors considered that there are contraindications for the procedure (severe form of autism, serious psychotic disturbances and severe to profound mental retardation).
From the studies included in the review, it emerges that even children with disabilities associated with deafness may draw benefits from the procedure, even if they are slower and inferior to those of children with isolated deafness, especially in terms of high communicative and perceptive skills (e.g. development of oral language, open set recognition abilities).
In these cases, it can be difficult to assess post-implant benefits with regards to perceptive abilities and language development using standardized tests; furthermore, the results of these tests may not reflect the actual benefits obtained and reported by parents in terms of quality of life. Therefore, literature studies underline the need for assessment tools that are different from those commonly employed, which can allow assessment of benefits in various aspects of everyday quality of life (e.g. questionnaires).
It is an emerging issue which CI teams have to face. To our knowledge, none of the in- ternational guidelines or existing systematic reviews have specifically analysed this issue [56]. 
The WG recommended the following.
CI in children with multiple disabilities is indicated. Indications and prognosis should be considered on a case- by-case basis. Comprehensive counselling with family members and caregivers is mandatory. Benefits after implantation can be expected both in terms of speech and language improvements and in quality of life.


Conclusion

The cochlear implant is the latest and most effective solution in the presence of profound deafness, can be used successfully if certain rules are observed, such as: 

1. 	Experience of the speech therapist in rehabilitation of deafness; 
2. 	Knowledge and experience on the plant cochlear; 
3. 	Deep knowledge of the subject to be implanted; 
4. 	Ability to adopt the treatment protocol for each subject in relation to its auditory cognitive level, its character traits to its maturity on the type of family they belong to.

It is essential for children with or without associated disabilities to express their desire to communicate; children reconstruct internally cultural forms of action, thought and meaning based on these relationships with others (Roncato and Lacerda, 2005) [57].
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