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Abstract

Introduction:

Bilateral paediatric cochlear implantation is a new clinical option for children with bilateral
severe to profound hearing loss. The benefits and risks associated with the procedure need to
be understood by parents and considered in light of their personal values before making an
acceptable decision.

Objectives:
e To explore the decision-making needs of parents regarding cochlear implants (CIs).
e To provide updated, comprehensive information on the risks and benefits associated
with paediatric bilateral Cls.
e To develop and pilot a decision aid for sequential paediatric bilateral Cls.

Methods:

¢ Clinicians and parents were interviewed using a semi-structured approach, regarding CI
decisions that are perceived to be difficult, barriers and facilitators to decision-making,
and potential strategies for overcoming barriers.

e Published research on paediatric CI benefits and risks was systematically gathered and
synthesized. A retrospective chart review of local CI surgeries was also undertaken to
estimate risks.

e A decision aid was designed based on parents needs, reviews of benefits and risks, and
international (IPDAS) standards.

e A pre-test post-test design was used to pilot the decision aid and measure knowledge
and decisional conflict aid with parents. The acceptability of the decision aid was
assessed by parents and clinicians post-decision aid.

Results:

The need for additional decisional support was identified for some parents, particularly for
bilateral CI decisions. The benefits and risks of bilateral implantation were systematically
identified, documented, and estimated. A decision tool was designed to provide information
about the options, their risks and benefits, as well as tools for parents to clarify and
communicate the value they attribute to the risks and benefits. The piloted decision aid was
acceptable to parents and clinicians and significant improvements in parents’ knowledge
were noted.

Conclusion:

Parents considering the bilateral CI decision have needs that are not being met with current
decision support. An intervention that addresses this clinical gap was designed with updated
evidence of benefits and risks and shows promise in improving parental decision-making for
their children with hearing loss.
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Statement of the problem

Cochlear implants (CI) have become the standard of care for children with severe to
profound hearing loss (Berg et al., 2007). Research has shown that CIs improve speech,
language, and communication outcomes for these children (Moog & Geers, 2003;
Thoutenhoofd et al., 2005). Originally, cochlear implantation was performed only in one ear
due to the cost of the device, surgical risks, and the potential for language acquisition with
unilateral auditory stimulation. Recently, more centres are performing bilateral cochlear
implantation in children with the assumption that the two devices will provide children with
binaural hearing ability (Berg et al., 2007).

| The bilateral implantation procedure involves the simultaneous or sequential surgical
implantation of a medical device in each ear to directly stimulate the auditory nerve. The
implantation in both ears provides children with severe to profound hearing losses with
bilateral auditory stimulation which may offer benefits such as sound localization and
improved speech recognition in noise (Brown & Balkany, 2007; Ching et al., 2007; Murphy
& O’Donoghue, 2007; Schafer & Thibodeau, 2006). These are the primary benefits that are
accrued through binaural hearing in normal hearing individuals as well as those with hearing
aids who are aided binaurally (Colburn et al., 2006; Mencher & Davis, 2006).

Early research examining the effectiveness of bilateral Cls for children that focused
on sound localization and speech recognition in noise tasks indicated improvements for
some, but not all children (Litovsky, Johnstone, Parkinson, Péters, & Lake, 2004, Litovsky,
Parkinson, Arcaroli, Peters, Lake, et al., 2004). This variability may be due to differences in
the characteristics of the population studied, such as age at implantation, or variations in

experimental methods used. More recent work has shown consistent benefits on these
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measures for many children, particularly those who are implanted following a shorter period
of deafness (Brown & Balkany, 2007; Ching et al., 2007; Murphy & O’Donoghue, 2007;
Schafer & Thibodeau, 2006). The increase in the number of bilateral implantations needs to
be based on scientific evidence that clearly demonstrates the advantages of this approach. In
addition, it is unclear if the benefits associated with bilateral implantation are justified in
light of the risks associated with the procedure.

Because bilateral implantation is relatively recent, as well as a variation from the
standard of care that is mainly unilateral implantation, questions arise from clinicians,
parents, and CI users regarding the effectiveness, the benefits and risks, of the new bilateral
- procedure (Brown & Balkany, 2007; Berg, et al., 2007). Because of this, there is a need to
review the scientific evidence for these multiple stakeholders.

One of the gaps in the literature is an overall estimation of risks associated with
cochlear implantation. While there are individual hospital-based studies, no studies estimate
overall rates. Current estimates suggest that major complications occur in 0 (James & Papsin,
2004) to 7.66% of CI surgeries (Migrov, Muchnik, Kaplan-Neeman & Kronenberg, 2006).
There is an increased post-surgical risk of meningitis among children who have received an
implant compared to children without implants and it is considered a major risk of the
device. Facial nerve paralysis, vestibular problems, and risks associated with the use of a
general anaesthetic are some of the additional complications of CI surgery (Fayad, Wanna,
Micheletto, & Parisier, 2003; Fina et al., 2003; Gysin, Papsin, Daya, & Nedzelski, 2000).
These are some of the risks associated with CI that may influence parental decision-making.
There is also the risk of additional surgery due to device failure or trauma. Additionally, once

CI surgery is undertaken, there is a high risk of losing residual hearing in that ear (Bergeron,
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2000; Boggess, Baker, & Balkany, 1989). Therefore, a parent’s decision to use a Cl is
typically irreversible.

At diagnosis, parents are often unfamiliar with hearing loss and rehabilitation options.
Ninety percent of children with hearing loss are born to parents who have never experienced
hearing loss themselves (Northern & Downs, 1991). The lack of knowledge surrounding
hearing loss, the options for communication development, and the technologies for
rehabilitation can be overwhelming for parents. In addition, the diagnosis of a hearing loss
for these parents can be distressing and parents often go through a period 6f mourning and
loss (Moses & Vantteche-Wulatin, 1981). Parents must absorb significant technical and
scientific information and make choices for their children during this period of loss. They are
often required to decide about communication options and early amplification before the CI
or BICI decision so they have some information on hearing loss prior to making this
decision. Parents making the unilateral CI decision, need to gain knowledge on the risks and
benefits of the device that are now well documented in the literature (Moog & Geers, 2003;
Thoutenhoofd et al., 2005). Parents contemplating BICIs need to gain similar knowledge on
the advantages and risks of BICI, but this information is not as readily available. At the
moment, the majority of BICIs have been sequential. Parents making the sequential BICI
decision will have benefited from their experience with one CI for their child, but again
would need to have information on the benefits and risks of BICIs. This need for information
would also apply to parents considering simultaneous BICIs. This information, together with
the consideration of parent’s values is essential in allowing parents to make an informed
decision on bilateral implantation.

Currently, there are no data indicating how parents react to the bilateral cochlear

implantation decision. The literature does indicate that parents may find it stressful to make
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the decision about whether or not to undergo unilateral CI surgery for their children
(Incesulu, Vural, & Erkam, 2003; Most & Zaidman-Zait, 2003; Steinberg, Brainsky, Bain,
Montoya, Indenbaum, & Potsic, 2000). While the decision to undergo unilateral implantation
appears to be stressful for parents, most parents are opting to go ahead with implementation
for their children. Now, with the need to decide about bilateral cochlear implantation, there is
an additional component that parents must consider. Adding to the complexity of the
decision is the fact that there is little information available for parents and clinicians
regarding the benefits and risks associated with bilateral implantation.

Evidence-based information is essential for parents to make informed decisions for
their children that are consistent with their values. Recent audiology and otolaryngology
literature has included papers on the need for evidence of bilateral CI effectiveness for
parents, researchers, and clinicians (Gregoret, 2003; Berg et al., 2007). One approach to
disseminating knowledge for health-care consumers, including parents, is through the use of
decision aids (O’Connor & Edwards, 2001). Decision aids are interventions that have three
goals: 1) To prepare a person for decision making and provide facts about a person’s
condition, the options and their features, 2) To help people to clarify their values (the
features that matter most to them), 3) To help people to share their values with their health
care practitioner and others (International Patient Decision Aid Standards [IPDAS], 2006).
Decision aids have been shown to improve the quality of the decision and the decision
making process (O’Connor et al., 2004). Currently, no decision aid exists for any paediatric
audiology topics, including the bilateral CI decision (Cochrane Inventory of Patient Decision

Aids, 2004),

Purpose and Objectives



Johnston, PhD in Population Health Doctoral Thesis

The specific objectives for the project were:

1)

2)

3)

4

5)

To explore the decision-making needs of parents regarding their experiences with
unilateral and BICIs, including their: (a) perceived options, advantages, and
disadvantages; (b) parental perceptions of their knowledge and expectations, values,
support, and resources available to them; (c) decisional conflict and contributing
factors when making the decisions; and (d) the need for a decision aid to support
parents and clinicians

To provide clinicians, families, and researchers with updated, comprehensive
information on the available paediatric BICI literature

To estimate risks for cochlear implantation at a local CI center and in the published
literature

To develop a decision aid for sequential bilateral paediatric cochlear implantation that
is acceptable to clinicians and parents, using International Patient Decision Aid
Standards (IPDAS), the Ottawa Decision Aid Template, and available data

To pilot a decision aid and describe changes in knowledge and decisional conflict

after using a patient decision aid among parents.

Present State of Knowledge

Paediatric Hearing Loss

Approximately 1 to 4 of 1000 children will be identified with a severe or profound

permanent congenital hearing loss at birth or shortly afterwards (Fortnum et al., 2001; Mehl

& Thomson, 2002). Causes of congenital hearing loss include prenatal infections, genetic

conditions, or trauma during birth. Another group of children have acquired losses. These

losses can be due to infections such as meningitis, ototoxic medications, or trauma (Northern
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& Downs, 1991). Children with a unilateral hearing loss (normal hearing in only one ear)
acquire language in much the same way as a child with normal hearing. A child with a
permanent bilateral hearing loss (loss in both ears) often requires specialized early
interventions to acquire language (Samson-Fang, Simons-McCandless, & Shelton, 2000).
The level of the hearing loss often correlates with the level of intervention required for

language learning.

Benefits of Unilateral Cochlear Implantation in Children with Hearing Loss

Children with bilateral, severe to profound hearing losses are eligible for cochlear
implantation. Cls consist of an internal receiver, an electrode array (that is surgically
implanted into the cochlea of the inner ear), and an external speech processor that processes
sounds and transmits them across the skin to the implanted device. Following surgical
implantation of the device, the electrode array is activated and controlled by an external
speech processor programmed according to electrophysiological results (neural response
imaging or telemetry) and the child’s perception of sounds in the environment. Programming
of the processor requires monitoring and repeated modifications by an audiologist to ensure
that the child is hearing all that she should. Technological advances have made multi-channel
devices the norm in place of the single channel devices that were originally developed
(Thoutenhoofd et al., 2005).

The criteria for CI use in children that were established in 1990 have been expanded
since then (Candidacy Criteria, 2008; United States’ Food and Drug Administration
[USFDA], 1990). Originally used only in children with profound hearing loss, now children
with lesser degrees of hearing loss are eligible for ClIs. In addition, children may be

implanted with ClIs at one year of age or earlier as in some cases of meningitis (Candidacy
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Criteria, 2008). The candidacy criteria have been expanded due to the positive clinical and
research results on the accessibility of environmental sounds and speech to children and
adults with a CI (Thoutenhoofd et al., 2005). Prior to the use of CIs, many children with
profound deafness were unable to detect soft speech sounds, even with hearing aids. The
successes in speech and sound detection among CI users with profound hearing losses has
led to the expansion of the use of CI devices to children with lesser degrees of hearing loss,
namely those with severe and severe to profound losses. The expanded criteria and positive
outcomes associated with ClIs have made it the standard of care for children with severe to
profound hearing loss (Berg et al., 2007).

A variety of medical, speech and language, educational, social, and family outcomes
of cochlear implantation for children with severe to profound hearing losses have been
examined in the literature. All of these outcomes are of interest to clinicians and parents
considering cochlear implantation. A recent systematic review examined studies published
between 1994 and 2002 that looked at these outcomes in children implanted before age five
(Thoutenhoofd et al., 2005). Thoutenhoofd et al. (2005) evaluated 145 articles from the CI
literature and reported that a large number of studies show improved hearing decibel levels
for children following cochlear implantation. The authors also reported that speech
recognition improved for children with profound losses who are implanted compared to
those who use conventional amplification. Cls can help make more of the vowels,
consonants, and supra-segmental features of language available to children with profound
hearing losses and as a result this may contribute to improved oral language development
(Martin & Clark, 1996). For children with severe losses who are implanted, there is less
robust evidence available to indicate if speech perception is improved with cochlear

implantation compared to hearing aid use (Thoutenhoofd et al., 2005).
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The evidence therefore is described as strong and the outcomes robust for the
improved speech perception and production of children with profound hearing losses with
ClIs. Nonetheless, variations in speech perception exist for children with hearing losses with
similar audiometric configurations. For example, some children with severe or profound
hearing loss seem better able to perceive speech and develop oral language than others, even
before CI surgery (Geers & Brenner, 2003; Gordon, Daya, Harrison, Papsin, 2000). Factors
such as pre-implantation language and speech perception abilities (Gantz, Tyler, Woodworth,
Tye-Murray, & Fryauf-Bertschy, 1994) and age at implantation (Harrison, Panesar, El-
Hakim, Abdolell, Mount, & Papsin. 2001; Nikolopoulos, Archbold, Lutman, &
O’Donoghue, 2000) have all been shown to influence post-implant speech perception and
production. Furthermore, the rehabilitative choice of the parents, family characteristics, and a
child’s cognitive ability are all hypothesized to influence speech perception and production
however little research exists to support these hypotheses. |

The systematic review by Thoutenhoofd et al. (2005) reported that the research on the
outcomes for language development was inconclusive or contradictory. While some studies
indicated improved oral language development for many children using Cls, others showed
that children do not improve their oral language development significantly. There are both
pre-implant (duration of deafness and the age of child) and post-implant factors (poor speech
processor programming and limited rehabilitation therapy) that seem to be predictors of poor
language acquisition (Gordon, Daya, Harﬁson, Papsin, 2000; van Dijk, van Olphen,
Langereis, Mens, Brokx, & Smoorenburg, 1999). One of the limitations of the studies
included in the systematic review was that many of the included studies were conducted on

convenience samples of small groups of children, using a wide variety of outcome measures
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and testing administration approaches. Significant methodological heterogeneity exists in the
early cochlear implant literature included in this systematic review.

A recently published, multi-site, study of 181 children that used standardized
language measures showed greater improvements in language of children using Cls as
compared to earlier evaluations of children using hearing aids (Moog & Geers, 2003). In
fact, half of the 181 participating children had some language scores within the range of
normally hearing peers (Geers et al., 2003). The researchers of this study examined language
comprehension and production. This research clearly demonstrated the benefits of cochlear
implantation for children on a variety of these standardized measures.

There are a number of research strengths associated with this important study. This
study had an adequate sample size to control for child and family characteristics that
previous, smaller sampled studies were unable to do. In addition, all included children had
used cochlear implants for 4 to 7 years. As such, this study also provides evidence about the
medium- to long-term outcomes of cochlear implantation rather than some of the earlier
outcomes, such as speech perception and production that was examined in the early CI
literature. The positive outcomes identified in this research may also be most relevant for
parents cufrently making the CI decision. The children in the Geers and Moog (2003) study,
as recipients of Cls in the late 1990’s, rather than the early 1990’s, may have benefited from
standardized fitting and rehabilitation strategies developed following the early years of
cochlear implantation and that remain in place. These results have contributed to the strength
of support of CIs.

The research on educational placement and communication approach used by
children with ClIs is also inconclusive (Thoutenhoofd et al., 2005). Although children with

ClIs tend to be placed in mainstream schools more frequently, it is uncertain if this is a result

10
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of the Cl itself or other confounding variables (Thoutenhoofd et al., 2005). Studies have
compared current rates of mainstreaming in children with permanent hearing loss with those
of previous years, however educational trends in increased inclusion of students with
disabilities over the past number of years potentially confound a retrospective comparison
(Archbold, Nicolopoulos, Lutman, & O’Donoghue, 2002; Archbold, Nicolopoulos, Tait,
O’Donoghue, Lutman, & Gregory, 2000). It is also uncertain if parents of children with
implants requeét mainstream placement more frequently than parents of children without
Cls.

Little evidence was reported to be available for outcome measures such as
employment and educational outcome, social and psychological outcomes, and quality-of-
life measures (Thoutenhoofd et al., 2005). This may be due to the fact that paediatric
cochlear implantation is still relatively new and that participants of late school or
employment age may not yet be available. A recent additional systematic review of the
paediatric cochlear implantation quality of life research reported that there are
methodological limitations in drawing conclusions regarding the improvement in quality of
life of CI users due to the potential of bias in subject selection and heterogeneity of tools
used (Lin & Niparko, 2007). The lack of studies of strong methodological rigor does not
indicate that there is a lack of quality of life improvements for child users of ClIs, rather, it
indicates that there is a lack of good quality evidence documenting either the benefits or the
lack thereof. Evidence also remains unclear regarding the relative benefits of Cls to hearing
aids for children who are borderline audiologic candidates and those with comorbid
disabilities due to a lack of research examining outcomes in these populations (Thoutenhoofd

et al., 2005).

11
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Strong systematic review and longitudinal cohort study researqh evidence exists to
support the use of CIs to improve sound detection, speech perception, and language
improvements for children with severe to profound hearing losses (Moog & Geers, 2003;
Thoutenhoofd et al., 2005). These results have made the CI option the standard of care and
the option of choice to most, although not all, parents and clinicians. There remains a need
for additional longitudinal research to examine some of the additional outcomes of interest
that may include educational outcomes and quality of life.

Risks of Cochlear Implantation in Children with Hearing Loss

While CIs can provide significant benefits for many children, there is also the
potential for complications or adverse events with implant surgery and/or device use. There
are both minor and major risks associated with CI surgery (Cohen et al., 1991). Major
surgical complications are those that require additional surgery or medical management in a
hospital setting (e.g. facial nerve paralysis, flap infection requiring hospitalization, blood
loss). Minor complications are defined as those that are treated with medical management on
an outpatient basis (e.g. flap infections requiring oral antibiotics, haematoma). Possible
adverse effects due to implantation use can include tinnitus or imbalance. Increased post-
surgical risk of bacterial meningitis among children who have received an implant has been
highly publicized and is considered a major risk of the device (Health Canada, 2003;
USFDA, 2006). Mastoiditis, otitis media presenting as postauricular edema and/or erythema,
may also occur in some patients due to the removal of the mastoid during the CI surgery.
These adverse events are not due to the implant itself but occur as a result of the surgical
procedure used during implantation. This complication can be major, requiring intravenous
antibiotics and hospitalization, or minor, requiring oral antibiotics on an outpatient basis.

While all child CI recipients with a normal life expectancy will experience a device

12
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failure at some point during their lives, some will experience a device that will fail to
function optimally prematurely. Device failure can occur due to an internal defect in the
device or due to trauma to the device from impact to the head (Battmer et al., 2007). In both
cases, the device malfunction requires additional surgery to explant the malfunctioning
device and reimplant a new one. Additionally, once CI surgery is undertaken, there is a high
risk of losing residual hearing in that ear (Bergeron, 2000; Boggess, Baker, & Balkany,
1989). Therefore, the parental decision to use a CI is typically irreversible.

Current estimates of complications of CI surgery available in the published literature
are derived primarily from hospital-based retrospective studies (Arnoldner et al., 2005;
Bhatia et al., 2004; Black et al. 2007; Cunningham et al., 2004; Gysin et al., 2000; James et
al., 2004; Kandogan et al., 2005; Maurer et al., 2005; Migrov et al., 2006a; Migirov et al.,
2006b; Parisier et al., 2001; Postelmans et al., 2006; Weise et al., 2005, Stratigouleas et al.,
2006; Venail et al., 2007; Yu et al., 2001). There is considerable variation in the
complication rates reported in these studies. For example, some studies report no minor
complications in their results (James et al., 2004) while others report rates as high as 18.75%
(Postelmans et al., 2006). Retrospective studies of medical complicaﬁons associated with
paediatric CI surgery suggest that the rate of major complications range from 0% of CI
surgeries (James et al., 2004) to 7.66 (Migrov, Muchnik, Kaplan-Neeman & Kronenberg,

2006).

Ethical or Cultural Issues Arising from Cochlear Implantation

In addition to the surgical risks and benefits there are ethical or cultural issues that
arise with the decision regarding cochlear implantation. Some individuals and organizations

have had negative perceptions of the CI technology, particularly when used with pre-lingual
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infants (Crouch, 1997). As hearing loss does not in itself present a medical problem but is a
potential risk factor for the lack of development of spoken language (but not sign language)
the risks of surgery are perceived by some as being unnecessary (Peters, 2000).

For the most part, there are three distinct types of communication development
options for children with significant hearing loss. Auditory-oral communication uses spoken
language, amplification devices, and the child’s residual hearing (Reamy and Brackett,
1999). Manual methods use some form of American Sign Language (ASL) which is a
distinct language used by many members of the Deaf community in North America. There is
also a third bilingual/ bicultural approach that seeks to provide children with hearing loss an
opportunity to learn both spoken (through amplification) and signed languages (through ASL
instruction).

Prior to the use of ClIs, children with severe and profound hearing losses had limited
access to auditory stimulation even with hearing aids and often became users of ASL through
their educational environment. These children became a unique cultural group that used its
own language and had hearing loss as one of its defining features. With the increased use of
ClIs, some in the Deaf community have felt that the existence of ASL and Deaf culture itself
has been threatened due to the increase in auditory-oral programs for CI users and the
reduction in ASL and bilingual/bicultural programs available for CI users (Nevins & Chute,
1996). While many in the hearing community, particularly hearing parents of children with
hearing loss, may feel that CIs provide children with the opportunity to become more active
members of the hearing community and have actively sought out auditory-oral
communication programs for their children. The cultural and ethical issues raised by the
Deaf community may be relevant for some parents making the CI decision and should be

considered by all parents making the CI decision (National Association of the Deaf, 2000).
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The strength of the opposition to Cls has varied over the time since the introduction
of the devices as well as by geographic location (Thoutenhoofd et al., 2005). Currently, both
the Canadian Association of the Deaf (2007) and the National Association of the Deaf of the
United States (2000) acknowledge that there is a role for CI use for both adults and children.
These organizations emphasize that parents of children with hearing loss should be aware of
all their options as well as be informed of the risks and benefits associated with these options
prior to making a decision regarding cochlear implantation. Both the American and Canadian
groups emphasize that Cls are assistive devices that may improve sound and speech
detection but that do not preclude the use of, or need for sign language. The Canadian
Association of the Deaf (2007) currently states in their position statement that children with
Cls are important members of their community and that they hope that these children will be

offered bilingual/bicultural opportunities.

Bilateral Cochlear Implantation

The improved speech production, perception, and language outcomes for children
with unilateral CIs have made Cls the standard of care for children with bilateral severe to
profound hearing losses (Berg et al., 2007; Moog & Geers, 2003). A recent trend is that more
centres are performing bilateral cochlear implantation in children (Berg et al., 2007).
Bilateral implantation involves the simultaneous or sequential surgical implantation of the
device in both ears. At the moment, as most children have already been provided with a
single CI, the majority of bilateral cochlear implant (BICI) surgeries have been sequential
(Shafir, 2007). Bilateral implantation provides children with severe to profound hearing
losses with bilateral auditory stimulation. As with any new medical procedure, questions

arise from clinicians, parents, and CI users regarding the effectiveness, the benefits and risks,
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of paediatric bilateral cochlear implantation (Brown & Balkany, 2007; Berg, et al., 2007).
Bilateral implantation is not currently the standard of care for children with severe to
profound hearing loss.

There are a number of reasons for pursuing bilateral cochlear implantation. For one,
the psychoacoustic-literature has demonstrated the benefits of binaural hearing for those with
normal hearing and for many with bilateral amplification using measures of speech
recognition and sound localization (Colburn et al., 2006; Mencher & Davis, 2006). Speech
recognition can be measured in noise or in quiet. Speech recognition in noise is typically
improved in binaural compared to monaural hearing conditions (Zurek, 1993). Sound
localization refers to the ability to identify and locate the source of a sound in space (Brown
& Balkany, 2006). Those with available binaural signals take advantage of the head shadow,
binaural summation, and binaural squelch effects to improve their speech recognition in
noise and sound localization performance (Brown & Balkany, 2007). As such, it is a logical
area for bilateral cochlear implantation research to identify if the same benefits are accrued
through the auditory stimulation provided by two Cls.

Recent literature reviews examined the literature on bilateral cochlear implantation
have explored the effectiveness of BICIs on sound localization and speech recognition in
noise measures (Brown & Balkany, 2007; Ching et al., 2007; Murphy & O’Donoghue, 2007,
Schafer & Thibodeau, 2006). These reviews included studies examining the effectiveness of
bilateral cochlear implants (BICIs) compared to unilateral CI use in adults and children. All
four reviews (Brown & Balkany, 2007; Ching et al., 2007; Murphy & O’Donoghue, 2007,
Schafer & Thibodeau, 2006) concluded that there are benefits for patients receiving bilateral
stimulation compared to use of a single CI on measures of speech recognition in noise and

sound localization. Children with increased residual hearing in their non-implanted ear may
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receive benefit from a hearing aid in their second ear (Ching et al., 2007; Schafer &
Thibodeau, 2006). For children who cannot use hearing aids in their second ear due to
severity of hearing loss, this bilateral stimulation would only occur through the use of a
second CI.

A second reason for implanting a device in the second ear is to try and reduce the
effects of auditory deprivation on the child’s developing auditory system. As a child
develops from infancy to adulthood, a number of changes take place in the developing
auditory pathways that affect their responses to sound (Werner & Grey, 1998). The
development is hypothesized to be due to changes in the external ear, cochlear and neural
pathways, and attentional factors. While some measures of audition, such as auditory
sensitivity, undergo rapid changes and approach adult levels of hearing relatively early
(Werner & Grey, 1998), complex auditory processing, such as temporal processing, does not

“approach adult levels until late childhood (Jensen & Neff, 1993). In order for the bilateral
auditory system to develop during this critical p