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American Cochlear Implant Alliance Task Force Guidelines
for Clinical Assessment and Management of Cochlear
Implantation in Children With Single-Sided Deafness
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More children with single-sided deafness (SSD) are receiving cochlear
implants (Cls) due to the expansion of Cl indications. This unique group of
pediatric patients has different needs than the typical recipient with bilateral
deafness and requires special consideration and care. The goal of cochlear
implantation in these children is to provide bilateral input to encourage
the development of binaural hearing. Considerations for candidacy and
follow-up care should reflect and measure these goals. The purpose of this
document is to review the current evidence and provide guidance for Cl
candidacy, evaluation, and management in children with SSD.
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PURPOSE

‘When cochlear implants (CIs) were first approved for children,
the initial goal was unilateral sound awareness. With multichannel
Cls, speech perception became an achievable and expected goal.
Outcome measures moved from detection of speech to closed set
word recognition, to open-set word recognition, to sentences in
quiet, and ultimately sentence perception in noise. With bilateral
cochlear implantation becoming standard of care for children in the
US with bilateral severe to profound hearing loss, clinicians began
to describe outcomes in terms of individual ear word recognition
and bilateral performance on speech perception tasks (Uhler et al.
2017). Now children with hearing loss in only one ear are receiv-
ing CIs and clinicians are challenged with programming, testing,
and evaluating performance in children who have hearing thresh-
olds within the normal range on the contralateral side. This is a
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considerable challenge as so much of the groundwork for evalua-
tion of CI patients has been laid by working with patients who have
bilateral hearing loss. Children who seek cochlear implantation
for unilateral hearing loss (UHL) or single-sided deafness (SSD)
are seeking implantation not solely for better speech understand-
ing, but in the hopes of achieving binaural hearing. Candidacy
considerations, counseling, habilitation, and evaluation postactiva-
tion must look beyond simple speech perception and move toward
evaluation that encompasses tasks associated with binaural hear-
ing. The aim of this review is to summarize the current literature
regarding CI outcomes for children with SSD and provide guid-
ance for candidacy, outcome measures, and mapping of children
with SSD + CI. The following recommendations were developed
based on published research and experience of clinicians managing
children and adults with SSD + CI. While many of these principles
may be applicable to children who have asymmetric hearing loss
(AHL) wherein there is a mild-to-moderate hearing loss in the bet-
ter ear, these recommendations focus on children with SSD who
have thresholds falling within the normal to near normal range in
the better ear (Vincent et al. 2015).

BACKGROUND

UHL is known to occur in approximately 0.6 to 0.7 per 1000
live births in the U.S. (Centers for Disease Control Early Hearing
Detection and Intervention [CDC] Database). By school-age,
the number of children with UHL is estimated to be 2.5 to 6%
(Bess 1998; Ross et al. 2010; Shargorodsky 2010). The impact of
UHL includes difficulty understanding speech in noise (Bess &
Tharpe 1984; Bess et al. 1986; Sangen et al. 2017; Corbin et al.
2021) and localizing on the horizontal plane (Bess & Tharpe
1984; Bess et al. 1986; Johnstone et al. 2010; Sangen et al. 2017;
Corbin et al. 2021), resulting in an increased risk for problems
with speech and language (Bess & Tharpe 1984; Fischer & Lieu
2014; Anne et al. 2017; Sangen et al. 2017), cognition (Bess &
Tharpe 1984; Ead et al. 2013; Fischer & Lieu 2014), behavior
(Bess & Tharpe 1984; Culbertson & Gilbert 1986), and quality
of life (QoL) (Umansky et al. 2011; Roland et al. 2016).

Although a hearing aid (HA) may be beneficial for children
with mild-to-moderate UHL, it is contra-indicated in those
with more significant degrees of UHL, often referred to as SSD
(Bagatto et al. 2019). Traditionally, hearing technologies avail-
able for school-age children with SSD have included re-routing
devices such as contralateral-routing-of-signal (CROS) HAs
and bone conduction devices (BCD). Each re-routing device has
advantages and disadvantages, although they are typically con-
traindicated in young children with SSD (McKay et al. 2008;
Bagatto et al. 2019). The auditory deprivation associated with
SSD causes irreversible changes in the auditory cortex (Kral et al.
2013a, 2013b; Gordon et al. 2015), which re-routing devices
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would not be expected to prevent as they do not provide hearing
to the affected ear.

Cochlear implantation, previously reserved for individuals with
bilateral severe to profound sensorineural hearing loss (SNHL), is
the only SSD treatment that provides hearing to the affected ear and
enables binaural auditory stimulation of the brain. The Food and Drug
Administration (FDA) has approved cochlear implantation for adults
and children aged 5 years and older with SSD. MED-EL received
approval in 2019 (MED-EL Corporation 2019) and Cochlear Americas
received approval in 2022 (Cochlear Corporation 2022). Although
published outcomes are limited, several positive trends have emerged
(Benchetrit et al. 2021). Length of device use has been reported between
6 and 12 hours per day, which compares favorably with bilateral users
(Beck et al. 2017; Polonenko et al. 2017; Ganek et al. 2019; Ramos
Macias et al. 2019; Deep et al. 2021; Ehrmann-Mueller et al. 2020,
Brown et al. 2021). Subjective benefit has been reported in recipients
with follow-up ranging from 4 months to 3.5 years (Arndt et al. 2015;
Beck etal. 2017; Thomas et al. 2017; Ramos Macias et al. 2019; Brown
etal. 2021). Improved speech understanding in the presence of compet-
ing noise (Sladen et al. 2017; Thomas et al. 2017; Zeitler et al. 2019;
Ehrmann-Mueller et al. 2020; Brown et al. 2021; Park et al. 2021a), tin-
nitus suppression (Zeitler et al. 2019), and enhancement of localization
(Arndt et al. 2015; Tavora-Vieira & Rajan 2015; Ehrmann-Mueller et
al. 2020; Brown et al. 2021) have also been demonstrated.

CANDIDACY CONSIDERATIONS

Medical Considerations

The etiology of SSD is more often unknown in comparison
to children with bilateral SNHL, particularly when it comes to
genetic causes (Usami et al. 2017). Although genetic etiolo-
gies account for the majority of bilateral SNHL, genetic testing
for SSD is not standard unless a specific syndromic etiology is
suspected. The reason is lack of cost effectiveness since most
genetic variants included in commercial comprehensive hearing
loss panels are associated with nonsyndromic bilateral SNHL.

Eighthnerve anatomy is a critical aspect of SSD Cl candidacy. Significant
hypoplasia or aplasia of the eighth nerve, often referred to as cochlear nerve
deficiency (CND), is a contraindication to CI for children with SSD. The
incidence of CND has been reported to be as high as 46% in children with
SSD who underwent high resolution magnetic resonance imaging (MRI)
(Clemmens et al. 2013; Usami et al. 2017; Zhan et al. 2020). High resolu-
tion 3D MRI s essential to diagnose CND. An MRI may reveal CND when
CT temporal bone imaging demonstrates normal bony landmarks, including
diameteroftheinternal auditory canal (IAC)andcochlearaperture(Casselman
& Bensimon 1997; Adunka et al. 2006; Young et al. 2012). Children with
SSD due to CND may have auditory brainstem response (ABR) findings
consistent with SNHL or unilateral auditory neuropathy spectrum disorder
(ANSD). Cochlear implantation is contraindicated in these cases as the elec-
tric signal presented to an ear with CND would be significantly degraded.
Therefore, the prognosis is poor and likelihood of nonuse is high (Arndt et al.
2015; MacCutcheon et al. 2019; van Wieringen et al. 2019; Zhan et al. 2020,
Dewyer et al. 2021; Selleck et al. 2021). In addition, there is risk of negative
impact on speech perception, as may occur with traditional amplification of
SSD.

At present the SSD + CI literature describes pediatric recipi-
ents with anatomy enabling full electrode insertions. Adequate
electrode array insertion should be considered during candidacy
evaluation for similar reasons as noted above regarding CND.

Children with SSD at risk of progressive loss in their better
hearing ear merit special consideration. It is advantageous to

implant the SSD ear rather than wait for the contralateral ear to
decline. This approach reduces the period of auditory deprivation,
which may improve speech perception in the implanted ear, while
simultaneously providing binaural hearing. Two common causes
of progressive loss in the initially better hearing ear of children
with SSD are cochlear malformation and congenital cytomegalo-
virus (cCMV) infection. Congenital CMV is one of the most com-
mon causes of acquired SNHL (Morton & Nance 2006; Grosse
et al. 2008), but often undiagnosed in otherwise asymptomatic
children unless viral testing is done during the neonatal period.
Children with enlarged vestibular aqueduct have bilateral inner ear
malformations twice as often as unilateral and are at high risk of
progression to CI candidacy during childhood (Hodge et al. 2021).

SSD due to bacterial meningitis requires timely intervention.
If profound SNHL occurs, rapidly progressive ossification may
obliterate the inner ear and preclude successful implantation.
Therefore, early implantation of any ear deafened by bacterial
meningitis is necessary.

Age and Length of Deafness

Younger age of implantation is one of the most important fac-
tors influencing outcomes in the pediatric CI population (Leigh
et al. 2013; Ching et al. 2017). However, the range and degree of
benefit associated with age of CI and length of unilateral deathess
for children with SSD is not yet fully understood. The current
FDA indications for SSD specify that candidates have maximum
10-year duration of deafness and minimum age of 5 years. The
lower age limit likely reflects concerns about safety as indica-
tions were changed based on adult data and not data obtained
specifically from children. Paradoxically, the limit of 10-years
of deafness is reflective of the potential negative impact of a
lengthy period of auditory deprivation. Considering the impor-
tance of neuroplasticity in CI outcomes, it is not unreasonable to
assume younger age at implant would be advantageous in SSD +
CI outcomes. There is also evidence that brain reorganization in
response to SSD may impede binaural central integration after
CI perhaps as early as 2 years after onset (Kral & Sharma 2012;
Kral et al. 2013a, 2013b). This phenomenon may explain poorer
outcomes in some older children with congenital or longstanding
SSD (Arndt et al. 2015; Gordon et al. 2015; Rauch et al. 2021).
This provides further rationale to implant children with SSD
before the arbitrary age of 5 years, especially if they are con-
genitally deafened. Regarding safety, there is growing evidence
demonstrating safety of implantation of children as young as 6
months using modern techniques (Hoff et al. 2019; American
Academy of Otolaryngology Head and Neck Surgery 2020).

Audiological Considerations

Children of any age with unilateral, moderate-to-profound
SNHL should be referred for an audiological evaluation of CI
candidacy. Evaluation procedures are similar to those completed
in children with bilateral hearing loss, with the addition of mea-
sures meant to evaluate binaural hearing abilities. Specifically,
evaluations should consist of case history, threshold assess-
ment, verification of current hearing technology, and validation
of current levels of functioning. The goal should be to obtain a
full picture of the child’s current level of auditory function and
collect baseline data for postactivation testing. Specific recom-
mendations for CI candidacy test batteries and outcomes are
described in the “Test Battery” section to follow.
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As cochlear implantation in children with SSD is a relatively
new treatment option, the professional community relies on evi-
dence obtained in trials with adults with SSD + CI and from
children with bilateral hearing loss to guide informed decision-
making regarding candidacy. Off-label cochlear implantation
has become more routine for children with varying degrees and
configurations of hearing loss (Carlson et al. 2018). These proce-
dures have resulted in improved speech perception outcomes for
many children (Carlson et al. 2015; Wilson et al. 2016; Meredith
et al. 2017; Carlson et al. 2018; Rajan et al. 2018; Park et al.
2019a; Teagle et al. 2019; Varadarajan et al. 2020). For example,
Leigh and colleagues (2016) compared phoneme perception
abilities between children using HAs and children using CIs and
determined that HA users with a 60 dB HL three-frequency pure-
tone average (3FPTA; average at 500, 1000, and 2000 Hz) had a
75% likelihood of improved word recognition with a CI, which
increased to a 95% likelihood of improved scores with a 3FPTA
of 82 dB HL. Aided speech intelligibility index (SII) scores
can predict speech understanding with 0.0 implying no avail-
able speech information and 1.0 indicating full audibility. Work
evaluating outcomes with HAs related to the aided SII suggest
that values lower than 0.65 are associated with poor audibility
and outcomes (Stiles et al. 2012; McCreery et al. 2013; Tomblin
et al. 2015; Leal et al. 2016). McCreery (2014) recommended
that children who have an aided SII of less than 0.65 should be
considered for cochlear implantation regardless of pure tone
thresholds. Even sloping configurations with 3FPTAs as low as
43 dB HL can result in an aided SII of less than 0.65 (Leal et al.
2016). As these degrees and configurations of loss have shown
the potential to provide insufficient access to speech for bilat-
eral losses, children meeting these criteria unilaterally should be
considered for cochlear implantation as well. The current FDA
labeling for SSD includes a four-frequency pure-tone average
(4FPTA,; dB average at 500, 1000, 2000, and 4000 Hz) of = 90
dB HL for MED-EL devices (MED-EL Corporation 2019) and
>80 dB HL for Cochlear devices (Cochlear Corporation, 2022).
Given the current evidence suggesting that bilateral guidelines
are too restrictive, these SSD criteria may be too restrictive for
children as well. Therefore, children with a unilateral 3FPTA >
60 dB HL and/or an aided SII < 0.65 should be evaluated and
considered for possible cochlear implantation. Of course, ear
and frequency specific data may be challenging to obtain in
some infants and very young children. In such cases, frequency-
specific ABR testing may be used to estimate hearing thresholds.

Experience With Alternative Technology

Re-routing technology such as CROS and BCD are typically
avoided in young children with SSD for several reasons (McKay
et al. 2008; Bagatto et al. 2019). First, to avoid having a poor
signal on the deafened side transmitted to the better-hearing ear,
users must be mature enough to manipulate their device and/
or environment. Also, to avoid occlusion of the better-hearing
ear with a CROS device, children need to have large enough
ear canals to accommodate the device. Most importantly these
technologies do not promote binaural hearing as stimulation is
provided only to one auditory pathway. Delaying intervention
that stimulates both auditory pathways can result in auditory
deprivation in the ear with SSD, which has been associated
with irreversible changes in the auditory cortex (Kral et al.
2013a, 2013b; Gordon et al. 2015). The current FDA labeling
indicates a 30-day trial with a CROS or BCD prior to cochlear

implantation. The authors of the current article do not believe
this should be required for pediatric SSD patients seeking CI.
When the goal is binaural hearing, there is no need to trial a
device that does not stimulate both auditory pathways. If the
goal is to manage and mitigate the impact of SSD, and there is
hesitancy around implantation, a trial period with a re-routing
device can be considered.

A trial with traditional amplification is not recommended if
an aided SII is less than 0.65 despite the current FDA criteria
specification of unilateral aided open-set word recognition of
5% or poorer. Unilateral word recognition in children with Cls
averages above 70% (Teagle et al. 2019), revealing a large gap
in what current guidelines consider acceptable for children with
UHL and what children are capable of with a CI. Furthermore,
children with SSD do not typically present for consideration of
cochlear implantation because the family would like for them
to better discriminate single words in their poorer-hearing ear.
That is, children with SSD present with difficulties in learn-
ing, localization, hearing in noise, and QoL necessitating fur-
ther consideration of the whole child beyond the audiogram or
single-word recognition when determining candidacy. Specific
recommendations for preoperative and postactivation measure-
ments of these important variables are included in the “Test
Battery” section of this document.

Counseling

A logical first step in counseling families of children with
UHL is to identify the needs and goals of the family. Here, cli-
nicians may probe the family on their family dynamics, their
feelings around surgery, and their understanding of their child’s
needs. Services need to be family-focused, allowing for modi-
fications based on unique family-identified concerns, priorities,
goals, and desires (Moeller et al. 2013).

Counseling families of children with SSD requires a lengthy
discussion on the developmental risks associated with SSD and
the associated consequences for speech understanding in noise
and sound localization. Families need this information to fully
understand the long-term consequences of SSD and evaluate the
possible treatment options. This conversation may emphasize
the importance of bilateral input for the process of separating
speech and noise and finding sounds in space. Families should
be presented with all options to manage SSD, including re-rout-
ing devices to appreciate how each technology may or may not
help meet the goals they have for their child. Families must also
understand that studies demonstrate auditory neural plasticity is
greatest during the first few years of life (Sharma et al. 2002).
Polonenko and colleagues (2017) used electroencephalography
to measure cortical responses to sound among a small group of
children with left SSD since infancy who received an implant
prior to 3.6 years of age. Results showed rapid improvement of
cortical responsivity after a few months of device use suggest-
ing that when children with SSD are implanted at young ages,
they may be able to make use of neural plasticity.

Generally speaking, research suggests that children with
SSD should expect benefit from a CI for speech perception in
noise and quiet as well as with localization (Benchetrit et al.
2021; Brown et al. 2021), but reasonable expectations should
be established prior to surgery (Deep et al. 2021; Rauch et al.
2021). Families who choose cochlear implantation need to
understand the high degree of variability in patient performance
and the inability to accurately predict outcomes. In addition to
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age and duration of SSD, variation in SSD + CI outcomes is
likely influenced by a host of variables including, but not lim-
ited to, neuroanatomy, etiology of hearing loss, electrode inser-
tion length, duration and consistency of device use, and type
and duration of behavioral auditory skill building therapy post-
CI. In addition, the time needed to adjust to electrical hearing
and subsequently achieve benefits for speech understanding in
noise and localization may vary across individuals. Families
and older children in particular should understand that CI out-
comes are best with device use during all waking hours (Easwar
et al. 2018; Park et al. 2019b; Gagnon et al. 2020). Early work
has been suggestive of teen and pre-teenaged children having
difficulty adjusting to device use, potentially due to social pres-
sures and the scrutiny a visible device brings to a previously
invisible disability (Thomas et al. 2017). Families should also
be prepared for the listening therapy recommended following
implantation (Evans & Dillon 2019). Most importantly, families
should understand that while safe and effective, SSD + CI in
children is still a relatively recent development, and long-term
evidence regarding speech, language, cognitive, and behavioral
outcomes among children with SSD + CI s still evolving.

Parents of children with SSD and additional disabilities that
put them at high risk for language delay independent of hearing
loss, such as autism spectrum disorder and/or Down syndrome,
warrant special counseling considerations. For these families,
discussion about potential advantages of improved hearing
regardless of spoken language status is important. In addition,
counseling regarding the need for long-term, consistent CI use
in the absence of measurable benefit is important for parents
and professionals working with these children as auditory skills
may be challenging to measure and/or slower to emerge than in
typically developing children.

Candidacy Determination

Once current level of audiological function, medical status,
imaging, case history, and QoL has been obtained, the child’s case
should be discussed with the CI team. A multidisciplinary team
(typically audiologist, surgeon, and speech and language patholo-
gist at a minimum) can help synthesize information to determine
whether the child is expected to have improved outcomes with a CI
as opposed to a traditional HA, re-routing device, or no interven-
tion. CI team staffing can also be particularly helpful in making
sure candidates are well-selected and that realistic expectations
have been established before moving forward. Implant teams may
provide summaries of the team discussion as a report that outlines
the criteria for which candidacy was based. Supplemental reports
including speech and language evaluations and parental and
teacher feedback may also be included. This report may help sup-
port insurance approval and should be substantiated by literature.

TEST BATTERY

Threshold Assessment and Immittance Measures
Preoperative assessments should include immittance mea-
sures, and pure tone air and bone conduction testing using
warble tone stimuli. The test battery should consist of age-
appropriate behavioral assessment and cross-check measures
(Jerger & Hayes 1976; American Academy of Audiology 2020).
It is recommended that octave thresholds be measured between
125 and 8000 Hz, and inter-octaves 3000 and 6000 Hz can be
included in at least the better-hearing ear. It is important to find

any early signs of noise-induced or progressive hearing loss in
the better-hearing ear and measure low frequencies (e.g., 125
Hz) for consideration of interaural pitch matching and evalua-
tion of hearing preservation.

Reliable behavioral testing can be difficult to obtain with very
young children. In these cases, objective assessments of audi-
tory function are the gold standard and should be completed fol-
lowing the Joint Commission on Infant Hearing Early Hearing
Detection and Intervention Guidelines (The Joint Committee on
Infant Hearing 2019), particularly when an infant does not pass
their newborn hearing screening. Testing should be conducted as
outlined in the Clinical Guidance Document on Assessment of
Hearing in Infants and Young Children (American Academy of
Audiology 2020). Additionally, consideration for effective mask-
ing levels should be used to isolate the ear with hearing loss for
accurate assessment (Lightfoot et al. 2010; Lau & Small 2020)
and to avoid under-estimating the degree of loss as this may fur-
ther delay intervention including possible provision of a CI.

Postactivation, unaided hearing assessment of both ears
should be continued at regular intervals. There are no avail-
able data that estimate the prevalence of progression to bilateral
hearing loss among children with CIs and SSD. Studies that
have investigated the incidence of progression in children with
UHL of varying degrees have estimated that between 10 and
17% of children with UHL may progress to a bilateral hearing
loss (Uwiera et al. 2009; Haffey et al. 2013; Fitzpatrick et al.
2017). Unaided hearing of the implanted ear should be moni-
tored as well (Dillon et al. 2020) and electric-acoustic stimu-
lation should be considered for children with postoperative
residual hearing (Skarzynski & Lorens 2010; Wolfe et al. 2017;
Park et al. 2019a).

As with all CI recipients, routine validation of audibility
from the CI is required postactivation (Academy Task Force
on Guidelines for Cochlear Implants 2019). Sound field testing
using warble tones is used with traditional recipients to ensure
audibility of conversational speech. Isolating the implanted side
in the sound field is complicated in children with SSD because
the stimulus will reach the CI processor and the better hearing
ear simultaneously. Masking is typically used in audiometric
testing to avoid crossover from the ear contralateral to the test
ear. Electric hearing does not create crossover to the non-test
ear, and there are no formulas for calculating effective mask-
ing for this test configuration. As the goal is to occlude the bet-
ter hearing ear enough to prevent its contribution to testing, the
plug-and-muff method is used for sound field detection in adult
studies of CI recipients with SSD (Roland et al. 2011; Firszt et
al. 2012; Friedmann et al. 2016; Galvin et al. 2019). The ear
plugs should be small enough to ensure an appropriate fit, and
the muffs should be an appropriate pediatric size (Park et al.
2021b). The plug-and-muff technique does not provide complete
attenuation of the ear with normal hearing thresholds (Berger et
al. 2003; Galvin et al. 2019). Clinicians should keep in mind that
the estimated attenuation from this configuration is limited to
the noise reduction rating (NRR) of the device with the highest
attenuation value +5 dB (US Department of Labor 1993), which
may not be enough for children with normal thresholds. To
ensure that the thresholds obtained in the sound field are attrib-
utable to the detection from the speech processor rather than the
occluded better hearing ear, thresholds should be screened with
the plug-and-muff alone at 10 to 15 dB above the assumed CI
thresholds. If there is no response, occlusion was sufficient for
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accurate CI detection threshold. If there is detection, the provider
should be aware that the assumed CI detection threshold may be
a response from the occluded contralateral ear.

Verification of Hearing Technology

Preoperative speech perception testing is an essential com-
ponent of the candidacy evaluation to assess functional access
to sound and establish a baseline for monitoring progress with
the CI. The authors recommend that candidacy assessment can
be completed in the child’s everyday listening situation whether
that may be with a CROS, BCD, or no assistive technology. It
may be necessary to obtain ear-specific word recognition scores
through use of a traditional HA for purposes of insurance autho-
rization. It is important that the HA or re-routing device used
for the assessment is appropriate for the child’s hearing loss
and is programmed to DSL v5.0 prescriptive targets (Bagatto
et al. 2005; Seewald et al. 2005) using probe microphone mea-
sures. The reader is directed to the Clinical Practice Guidelines
for Pediatric Amplification from the American Academy of
Audiology (2013) for further guidance. For traditional HAs, the
clinician should make note of the SII for 65 dB speech inputs.
Aided SIIs of 0.65 or below should be considered to reflect poor
potential for adequate audibility with a HA (Stiles et al. 2012;
McCreery et al. 2013; Tomblin et al. 2015; Leal et al. 2016).

Postactivation, the function of the CI speech processor
should be verified through obtaining sound field detection as
described above, confirmation of microphone function, and lis-
tening checks via direct audio input (DAI) and/or streaming.

Word Recognition Testing

Preoperative speech perception testing can be administered
once the HA or re-routing device has been properly verified.
This testing should be completed using recorded speech stim-
uli (Roeser & Clark 2008; Uhler et al. 2016) calibrated and
presented at 60 dBA from a single loudspeaker at 0° azimuth
approximately 1 m from the center of the listener’s head as out-
lined by the Pediatric Minimum Speech Test Battery (PMSTB;
Uhler et al. 2017). For pediatric patients, selection of develop-
mentally appropriate test stimuli is of great importance. The
PMSTB was developed to provide a standardized, hierarchical
protocol to assist pediatric audiologists in test selection for eval-
uating speech perception in children with hearing loss (Uhler
et al. 2017). The PMSTB provides guidance not only on test
selection, but also administration parameters, with an emphasis
on administering the most appropriate test and conditions given
a child’s language age, auditory skills, and response abilities,
while avoiding potential ceiling or floor effects. The authors rec-
ommend the use of a modified version of the PMSTB as chil-
dren with thresholds in the normal hearing range in one ear are
likely able to repeat more challenging word lists at a younger
age than children with prelingual bilateral SNHL. Table 1 lists
the recommended hierarchy.

The age at which a child can participate in word and sen-
tence recognition may vary, but should be attempted as early
as possible, starting with a closed-set ESP low-verbal and
then expanding to open-set word recognition as soon as pos-
sible. Single-word speech recognition testing should be com-
pleted preoperatively and at regular postactivation intervals
in the sound field in the following conditions: better hearing
ear alone, aided in the affected ear alone (HA if appropriate

TABLE 1. Recommended lists by age and ability

Age Word Recognition  Sentence Recognition
2-3 years ESP None

3-5 years MLNT/LNT BKB-SIN*

5-6 years CNC words Baby Bio BKB-SIN

6 years and older CNC words Baby Bio; BKB-SIN;

AZBio Sentencest

©<25% administer an easier test.

©25-79% repeat at follow-up.

*>80% at 2 visits move to next level of words and/or sentencest

*The BKB-SIN is generally not recommended until age 5 years, but has been used in
children with SSD + Cl who are as young as 3.5-years old (Park et al. 2021a).

1tMany sentences on the standard AZBio are not appropriate for children and should be
used with caution.

1If child struggles in more difficult condition, return to easier condition to show consistent
performance from last visit (i.e., repeat LNT after CNC words).

Cl, cochlear implants; SSD, single-sided deafness.

Adapted from the Pediatric Minimum Speech Test Battery (PMSTB; Uhler et al. 2017).

preoperatively and CI postactivation), and bilaterally. The same
word recognition test should be used for all three conditions.
This allows scores from the bilateral condition to be compared
to the normal-hearing ear alone to check for potential binaural
interference from the HA/CI. In a candidacy evaluation, this
comparison highlights the difference between what the child
is capable of perceiving with the normal-hearing ear and what
they can perceive in the impaired ear.

For preoperative aided or earphone word recognition testing,
the better hearing ear must be masked to isolate the aided ear
and avoid crossover. Speech-shaped noise presented via insert
earphone at 40 dB HL is recommended (Martin et al. 1998).
This test configuration is the only currently available way to iso-
late an acoustically amplified ear and prevent crossover. Further
research is necessary to find the most valid and reliable methods
of isolated word recognition testing for acoustically amplified
speech in this unique group.

Postactivation word recognition should be tested at regular
intervals as per recommended clinical guidelines for CI care
(Academy Task Force on Guidelines for Cochlear Implants
2019). Testing speech recognition in the sound field while isolat-
ing the CI is challenging for children with SSD + CI. Although
adult studies have found success using masking to isolate the CI
ear (Bernstein et al. 2017; Buss et al. 2018), children are more
sensitive to masking than adults (Johnstone & Litovsky 2006;
Corbin et al. 2016; Leibold & Buss 2019). As mentioned previ-
ously, masking formulas were created to prevent crossover from
the test ear and have not been adapted for sound field testing con-
tralateral to electric input. Additionally, children with SSD have
been shown to exhibit neural changes that may impact selective
attention and audition (Propst et al. 2010; Tibbetts et al. 2011;
Schmithorst et al. 2014; Zhang et al. 2018; Vanderauwera et al.
2020). These biological differences may make it more difficult
for children with SSD to attend to speech with a contralateral
masker. Practically speaking, it may not be realistic to expect a
child to be comfortable with equipment required for the plug-
and-muff technique for the length of time required to complete
isolated speech recognition, and the attenuation will likely be
insufficient (Galvin et al. 2019). DAI from a sound source to the
speech processor has been shown to be an effective way to isolate
a ClI ear in studies involving teens and adults (Roland et al. 2011;
Friedmann et al. 2016; Sevier et al. 2019), but these devices
are often proprietary and have internal calibration methods to
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control the stimulus level. Deep et al. (2021) successfully used
commercially available DAI equipment with children for isolated
ear speech recognition. These methods bring variability, but the
plug-and-muff and masking methods have biological unpredict-
ability that the DAI method does not. For routine monitoring of
speech recognition in the CI ear alone, the recommendation is to
use DAI at a volume level reported by the user to be comfortable
(Park et al. 2021b).

Spatial Hearing Assessment

For children with asymmetrical hearing loss, real-world hear-
ing difficulties and subsequent benefits of cochlear implantation
are not well-captured via standard audiometric assessment mea-
sures. Although it is important to measure ear-specific benefits
of cochlear implantation, including auditory detection and word
recognition as described above, for children with SSD, it may
be arguably more important to assess binaural hearing skills.
In doing so, the clinician can better estimate performance in
the child’s preoperative everyday listening modality and query
potential binaural advantages gained postactivation through
bilateral stimulation provided by the CI. Both speech-in-noise
(SIN) and localization testing have emerged as key measures to
objectively assess ‘binaural benefit’ of cochlear implantation in
individuals with SSD + CI.

SPEECH-IN-NOISE TESTING

Spatially separated SIN assessment is sensitive to mon-
aural versus binaural hearing and is an excellent measure for
quantifying binaural advantages. Binaural hearing capabilities
have been studied in adult SSD + CI recipients, and research-
ers generally agree that the addition of the CI allows the lis-
tener to benefit from the head shadow effect (Arndt et al. 2015;
Bernstein et al. 2017; Dirks et al. 2019; Sullivan et al. 2020).
Studies have also provided evidence that some adult SSD + CI
recipients have improved speech in noise performance second-
ary to binaural redundancy and binaural squelch (Vermeire &
Van de Heyning 2009; Mertens et al. 2015). Pediatric SSD + CI
patients have shown improvement in SIN tasks as well (Sladen
et al. 2017; Thomas et al. 2017; Zeitler et al. 2019; Benchetrit
et al. 2021; Ehrmann-Mueller et al. 2020; Park et al. 2021a).

Careful consideration must be given to target-masker spatial
configuration during SIN testing. Testing solely with both tar-
get and masker signals co-located at 0-degrees azimuth will not
fully assess the consequences of monaural listening or benefits
of CI use. Separating the target and masker locations allows
the clinician to assess a recipient’s use of interaural difference
cues and can be completed in most 2-loudspeaker clinical audi-
ometry booths as outlined by King and colleagues (King et al.
2021; Selleck et al. 2021).

The authors propose the following three target-to-masker
spatial configurations for SIN testing: (1) target and masker
co-located in front (SN ); (2) target to the front, masker 90°
to the affected ear (SN_); and (3) target to front, masker 90°
to the normal-hearing ear (S N_ ). These configurations are
frequently used in the adult and pediatric studies involving the
effectiveness of CI in SSD (Buechner et al. 2010; Firszt et al.
2012; Friedmann et al. 2016; Buss et al. 2018; Galvin et al.
2019; Deep et al. 2021; Park et al. 2021a). This testing para-
digm and reasoning has been well described by Gartrell et al.
(2014), but in brief, it allows clinicians to estimate effects of

binaural summation, head shadow, binaural squelch, and SRM
in two listening conditions by using three target/masker spatial
conditions as outlined in Table 2. Current evidence suggests that
after 1 year of device use, pediatric SSD + CI recipients may
experience benefit in all three conditions and SRM in both spa-
tially separated conditions (Park et al. 2021a).

It is recommended that the SIN battery can be completed
preoperatively as part of the candidacy testing as well as at reg-
ular postactivation intervals. Very young children may not be
able to participate in SIN testing, although it should be incor-
porated into the test schedule when appropriate along with sub-
jective parental questionnaires. Given the well-known effects of
development on SIN abilities (e.g., Corbin et al. 2016; Griffin
et al. 2019; Leibold & Buss 2019; Corbin et al. 2021), the cli-
nician is encouraged to measure SIN performance with and
without the CI in all three conditions within the same visit. For
example, comparing pre-op-aided SIN performance to perfor-
mance measured with the CI when the child is a year older may
be an invalid comparison since SIN abilities will improve due
to development. Comparing aided to unaided scores obtained
within the same visit will provide evidence of the amount of
overall SIN benefit due to the CI. Once unaided SIN scores sta-
bilize, repeat testing in the unaided condition is no longer as
critical. When a child reaches this plateau will vary depending
on test selection and listening conditions, but likely will occur
in their teenage years, when SIN testing has been shown to yield
adult-like scores (Etymotic Research 2005; Corbin et al. 2016;
Holder et al. 2016; Griffin et al. 2019). SRM likely can be cal-
culated and compared to preoperative values as current research
in this population suggests that SIN scores improve with age but
SRM may not (Park et al. 2021a). The pediatric audiologist may
need to adapt the protocol for the very young listener for whom
listening in six conditions could be fatiguing and ultimately
yield unreliable data. In this scenario, the audiologist should
feel justified in prioritizing the proposed conditions to ensure
reliable data are collected in the most valuable conditions first
for the patient with SSD + CI (see Fig. 1). However, data should
be collected in all six conditions as soon as possible. As this
battery could be fatiguing, spatial hearing measures should be
prioritized in the SSD + CI population.

Two open-set SIN tests are referenced in the PMSTB and
are recommended for testing as noted in Table 1: the BKB-
SIN (Bench et al. 1979; Etymotic Research 2005) and the
Pediatric AZBio Sentence Test (Spahr et al. 2014). The BKB-
SIN consists of 18 list pairs, with list pairs 1 to 8 including

TABLE 2. Calculating Spatial Speech Recognition Scores
using SNR-50 outcomes (paraphrased from Gartrell et al. 2014)

Spatial Measure Calculation Listing Modality (Target/Masker)
Binaural summation NH (S N ) — CI/HA + NH (S N,)

Head shadow NH (S)Ng, ) = CI/HA + NH (SN, ..)
Binaural squelch NH (S,N) — CI/HA + NH (S N)

SRM (N,) CI/HA + NH (S,N) - CI/HA + NH (S N,,)
SRM (Ng,..) CI/HA + NH (S)N)) - CI/HA + NH (S N )

NH = listening with normal-hearing ear alone (device removed).

CI/HA + NH = listening with CI/HA or HA and normal-hearing ear together (device on).
S, = speech signal located at 0° azimuth.

N, = Noise/masking signal located at 0° azimuth.

N¢ona = Noise/masking signal directed toward the normal-hearing ear.

N, = Noise/masking signal directed toward the deaf ear; SRM = spatial release from
masking.
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* NH (SoN¢y)
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Fig. 1. Binaural hearing measures presented as a test hierarchy and prioritized by order of relevance for the pediatric patient with SSD + Cl. Cl, cochlear

implants; SSD, single-sided deafness.

more challenging signal-to-noise ratios (SNRs). Clinicians may
find these list pairs are more appropriate for use with children
with SSD + CI, who may exhibit ceiling effects in some con-
ditions when tested with less challenging lists. It is important
to note that the test result (SNR-50) becomes more reliable as
the examiner administers more lists per condition. This is espe-
cially relevant for young children as the confidence interval is
quite large when administering just 1 or 2 lists per condition
(see Table 5 of the BKB-SIN user manual; Etymotic Research
2005). The Pediatric AzBio Sentence Test, commonly referred
to as the “BabyBio,” has become a frequently used speech per-
ception test for evaluation of CI benefit in children (Spahr et al.
2014). Unlike the BKB-SIN, the entire sentence list is adminis-
tered at a fixed SNR. The PMSTB recommends a +5 dB SNR;
however, the clinician may find a +5 dB SNR to be too favorable
for many children with SSD. Finding an appropriate SNR that
avoids a ceiling or floor effect will take additional time but is a
critical step. Once established, testing in all conditions should
be completed at the same SNR. Confidence intervals should be
consulted to determine if changes in performance are statisti-
cally significant (see Table 1 of Spahr et al. 2014).

Certainly, there are many more speech perception tests that
could be utilized to assess SIN benefit, each having its own
benefits and limitations. Most SIN stimuli recommended in
the PMSTB are sentence-level stimuli. Sentence-level stimuli
may better represent a real-world listening task than a mono-
syllabic word recognition task, but it is important to consider
the potential limitations. First, factors such as working mem-
ory, language, and cognition have the potential to confound
test results (Osman & Sullivan 2014; McCreery et al. 2017;
MacCutcheon et al. 2019). Second, test administration for sen-
tence-level stimuli can often be more time intensive than word-
level stimuli. This is especially relevant for children with SSD
+ CI, who require testing across multiple listening conditions.
Additionally, there are a limited number of lists among com-
mercially available tests and presenting a minimum of six of
them each year throughout childhood carries concerns about list
learning. The Words In Noise (WIN) Test could prove to be an
efficient alternative, although there are just eight commercially

available lists (Wilson et al. 2007a; Wilson & McArdle 2007).
The WIN test carries normative data for children 6 to 12 years
(Wilson et al. 2010). Target stimuli are monosyllable words
from the NU No. 6 (Tillman & Carhart 1966) presented in
multi-talker babble and scored as an SNR-50. The WIN has
been found to be a more sensitive tool for measuring speech
recognition in noise than the BKB-SIN (Wilson et al. 2007b).
The standard AzBio is also an option for older children; how-
ever, the content of some lists may be inappropriate even for
teens. Development of a single efficient, sensitive, and appro-
priate test for children with SSD + CI is needed.

Considerations for the Very Young Child

Because of the lack of commercially available SIN tests for
children younger than 5 years of age (Schafer 2010), clinicians
may need to rely on subjective questionnaires to probe hearing in
noise. Alternative test stimuli created for research purposes may
hold promise such as The Children’s Realistic Index of Speech
Perception (CRISP, Litovsky 2005) and Phrases in Noise Test
(PINT, Schafer et al. 2012), but further work is needed before
routine clinical use can be adopted. There is a great need for
more efficient, reliable, and sensitive SIN tests with plentiful
lists that can be used in the pediatric population with SSD, espe-
cially for the very young child. This should remain an area of
continued investigation in the field.

Localization Testing

With regard to sound localization in children and adults with
SSD + CI, studies have reported that the majority who regu-
larly use their CI have improved localization (Arndt et al. 2015;
Tavora-Vieira & Rajan 2015; Benchetrit et al. 2021; Ehrmann-
Mueller et al. 2020). This was true despite some children with
SSD + CI having longer duration of deafness and older age at
implant. Studies of localization in adults generally agree that
patients with SSD + CI are able to access interaural level dif-
ferences (ILD) to localize sound, but they do not use interaural
timing differences (ITD) for localization (Dorman et al. 2015;
Dirks et al. 2019). Similar studies of the pediatric population



262 PARK ET AL./ EAR & HEARING, VOL. 43, NO. 2, 255-267

are lacking, so the cues that children with SSD + CI use for
localization, especially those with congenital SSD, is not well
understood. Clinical measurement of localization is not gener-
ally feasible due to space and time constraints. Clinicians may
need to rely on subjective questionnaires to estimate localiza-
tion performance.

Subjective Questionnaires

Subjective questionnaires completed by the parent, teacher,
speech-language pathologist, or child can provide valuable
information about current levels of functioning and the poten-
tial impact of SSD. There are questionnaires designed to cap-
ture a child’s auditory skill development, progress with speech
and language, listening behaviors/abilities in quiet versus noise,
spatial hearing, perceived listening effort and fatigue, academ-
ics, and QoL. The Consensus Practice Parameter (Bagatto et al.
2019) and the Phonak Compendium on UHL (Smith & Drexler
2018) outline several options by age and abilities evaluated.
Clinicians should use questionnaires preoperatively as part of
the candidacy evaluation and postactivation to monitor prog-
ress. The questionnaires chosen will be subject to the age and
behaviors targeted.

Auditory Skills Development ¢ Subjective outcome evalu-
ation tools in pediatric audiology are plentiful. Bagatto et al.
(2011) performed a critical review of 12 outcome measures
designed to evaluate auditory-related behaviors in children
birth to 6 years of age who use amplification. Two question-
naires were rated highly in the critical review: LittIEARS
Auditory Questionnaires (Tsiakpini et al. 2004) and the Parents’
Evaluation of Aural/Oral Performance of Children (PEACH)
Rating Scale (Ching & Hill 2007). The LittlEARS may not be
sensitive enough to difficulties reported by parents of children
with SSD as the targeted behaviors are not specific to binaural
hearing. The authors recommend the use of the PEACH Rating
Scale for infants and young children as the items may be more
sensitive to the effects of SSD (Sangen et al. 2019).

Quality of Life « QoL measures have been identified as
important tools for measuring the benefits of cochlear implan-
tation (Lin & Niparko 2006). To assess hearing-related QoL in
the pediatric population, the HEAR-QL (Umansky et al. 2011)
has been found to be a sensitive tool in children with SSD
(Umansky et al. 2011; Griffin et al. 2019). The HEAR-QL-26
is a 26-item questionnaire designed for children aged 7 to 12
years and assesses QoL in three subscales: perceived difficulty
hearing in certain environments/situations (Environments),
impact of hearing loss on social/sports activities (Activities),
and impact of hearing loss on the child’s feelings (Feelings).
The HEAR-QL-28 is a 28-item questionnaire designed for
adolescents aged 13 to 18 years and assesses QoL in four sub-
scales: Family and Friends, Activities, School and Feelings. A
preschool version of the HEAR-QL is still in development.
Hearing in Everyday Listening Environments  The
Speech, Spatial, and Qualities of Hearing (SSQ) questionnaire
(Gatehouse & Noble 2004) provides a means to obtain informa-
tion about how an individual perceives these functions of hear-
ing in their everyday listening environments. The SSQ targets
hearing functions that rely on an intact binaural auditory system
and is an appropriate tool to evaluate the efficacy of interven-
tions for individuals with SSD. The SSQ has been widely used
in adult (Galvin et al. 2019) and pediatric (Hassepass et al. 2012;

Arndt et al. 2015; Beck et al. 2017; Thomas et al. 2017; Ramos
Macias et al. 2019; Rauch et al. 2021) outcome studies of CI for
SSD. Three versions of the SSQ have been adapted specifically
for the pediatric population: SSQ-Parents, SSQ-Child, and SSQ-
Teacher of the Deaf (Galvin & Noble 2013). The literature thus
far has reported improvement in self-perceived benefit among
pediatric SSD + CI patients between the pre and postactiva-
tion test intervals using the SSQ (Arndt et al. 2015; Beck et al.
2017; Thomas et al. 2017; Ramos Macias et al. 2019).
Academic Performance ¢ Academic performance is an
important metric for longitudinal research in this population
as researchers are still learning about the impact of cochlear
implantation on academic performance in children with SSD.
The Screening Instrument for Targeting Educational Risk
(SIFTER; Anderson 1989) is a commonly used tool both in
the clinical and research settings. It has been found to be sen-
sitive in its ability to detect differences between children with
UHL and normal hearing (Dancer et al. 1995; Bess 1998). The
child’s teacher compares how the child with hearing loss per-
forms in the classroom compared to their peers on five domains:
Academics, Attention, Communication, Class Participation,
and School Behavior.

Listening Effort ¢ Children with hearing loss exert dispro-
portionately more effort to hear compared to peers with normal
hearing, and thus are significantly more fatigued (Hornsby et al.
2017). Children with SSD experience listening fatigue similarly
to children with bilateral hearing loss (Bess et al. 2020). The lis-
tening effort pragmatic subscale of the SSQ-Child has been suc-
cessfully used to measure perceived changes in listening effort in
children with SSD + CI (Lopez et al. 2021). At present, research-
ers at Vanderbilt University are developing a new scale to measure
listening-related fatigue in children with hearing loss and address
the paucity of self-report measures for listening effort. Like the
SSQ, there are three versions: a child, a parent, and a teacher scale.
Ranging from 8 to 12 items, the instruments use a 5-point Likert
scale. This scale is in its final stages of development (Bess et al.
2020), with plans to be made freely available to clinicians. This
questionnaire may prove to be a useful instrument to quantify
potentially unmeasured benefits of CI for individuals with SSD.
Localization ¢ The loss of binaural hearing significantly impacts
localization (Humes et al. 1980; Johnstone et al. 2010), but most
clinics are not able to assess this skill. The spatial hearing subtest of
the SSQ has many questions targeting localization. The Auditory
Behavior in Everyday Life (ABEL) from Purdy and colleagues
(2002) also has questions to capture spatial hearing abilities.
Tinnitus ¢ Measuring tinnitus severity has been a routine com-
ponent of SSD + CI test batteries since the earliest studies pub-
lished in 2008 (Van de Heyning et al. 2008). There are currently
no pediatric measures to evaluate subjective tinnitus, despite the
notable prevalence in 40% of children with UHL (Piotrowska
et al. 2015). The Tinnitus Handicap Inventory (THI; Newman
et al. 1996) is a self-report measure originally designed for use
in adults but has been previously used in research studies on
children as young as 8 years old (Smith et al. 2019). The THI
has 25 questions that gauge the patient’s response to their tin-
nitus and thus the extent to which intervention is required. It
has been used in adult outcome studies of SSD + CI (Gartrell
et al. 2014; Dillon et al. 2017). The Tinnitus Functional Index
(TFIL; Meikle et al. 2012), also designed for use in adults but
used with children as young as 8§ years old (Smith et al., 2019),
is a 25-question self-report scale with eight subscales: Intrusive,



PARK ET AL./EAR & HEARING, VOL. 43, NO. 2, 255-267 263

Sense of Control, Cognitive, Sleep, Auditory, Relaxation, QoL,
and Emotional. The greater specificity in answer choices as well
as the targeted subscales could make the TFI a preferred measure
choice over the THI. The TFI has been suggested as the standard
for evaluations of subjective experience of tinnitus in adults with
SSD (Van de Heyning et al. 2016). With both measures, clini-
cians may need to use the questionnaires in an interview format
with simplified language that is developmentally appropriate for
the child. The development of a validated, tinnitus questionnaire
for use specifically in children is greatly needed.

DEVICE PROGRAMMING

Device programming methods are similar to those recom-
mended for children with bilateral hearing loss, with the ulti-
mate goal of using electric stimulation to provide audibility for
the development of speech recognition (Academy Task Force on
Guidelines for Cochlear Implants 2019). As researchers learn
more about how children with SSD use their CIs and how dif-
ferent programming strategies and methods affect outcomes,
these recommendations will likely change. For example, there
is emerging literature suggesting that programming based on
approximate cochlear place frequency may impact outcomes
and acceptance among individuals with SSD + CI (Dillon et al.
2019; Dorman et al. 2019).

There are a few general recommendations to consider when
programming children with SSD + CI. First, children with SSD
have experience with sound from birth and may be more com-
fortable with descriptive terminology surrounding loudness and
pitch perception, especially as they have a typically hearing
ear for comparison. Second, they are sensitive to sound around
them during programming. When setting levels, it is important
to occlude the normal-hearing ear to minimize distractions, and
limit their ability to attend to cues (such as mouse or keyboard
clicks) that may cause false positive responses (Buss et al. 2018).
Electrically evoked stapedial reflex threshold (eSRT) measure-
ments are a very useful tool for setting upper stimulation lev-
els, especially in early days of implant use (Shapiro & Bradham
2012). Third, due to their experience with sound, children with
SSD + CI may be able to tolerate higher stimulation levels at
activation than children with bilateral hearing loss. Hence, they
may not need as many progressive programs to adapt to CI use as
typical pediatric recipients. Finally, it may be helpful to remove
the plug or muff while the microphone is active to ensure equal
loudness between ears. This practice has been advocated in the
pediatric bimodal literature (Davidson et al. 2015), but it is
unclear whether this is helpful for pediatric SSD recipients.

There are considerations for processor settings and stream-
ing. The authors recommend use of an ear level processor as
research has suggested that microphone placement is impor-
tant for spatial hearing (Jones et al. 2016). It is reasonable to
expect that the placement of the microphone on/in the pinna is
more likely to mimic how the typically-hearing ear is collecting
sound than an off-the-ear (OTE) device where the microphone
is positioned at the magnet site. OTE device placement may fur-
ther affect binaural processing by impacting interaural timing
and level cues, particularly if the device is in a more posterior
location. It is also important to enable the device’s streaming
capabilities to support direct connect or wireless streaming to
allow for isolation of the CI for testing and listening therapy.
Research had not yet established a clear understanding of the

role of microphone and input processing strategies, but it is
important to consider as research continues to evolve.

HABILITATION

The amount and type of listening therapy necessary for chil-
dren with SSD + CI has not been assessed directly. However,
auditory-based therapy has historically been a hallmark of pedi-
atric hearing intervention. Greaver et al. describe and recom-
mend auditory therapy in the CI ear alone based on a hierarchy
of auditory skills and a focus on development of binaural inte-
gration with bilateral listening (Greaver et al. 2017). Other pedi-
atric studies mention that similar methods have been employed
with participants (Rauch et al. 2021; Park et al. 2021a), although
most do not mention whether subjects participated in therapy or
not. Given the importance of auditory habilitation in pediatric
Cl users in general, it is prudent to recommend developmentally
appropriate listening therapy for children with SSD + CI. This
therapy should use direct connect techniques to isolate the CI
ear (Dillon et al. 2017; Evans & Dillon 2019) and incorporate
methods to encourage development of binaural skills such as
spatial hearing (Greaver et al. 2017).

SUMMARY OF GUIDELINES FOR ASSESSMENT
AND MANAGEMENT OF COCHLEAR IMPLANTION
IN CHILDREN WITH SINGLE-SIDED DEAFNESS

1. Cochlear implantation to address SSD in an ear with
cochlear nerve deficiency is contraindicated. Accurate
diagnosis of nerve deficiency is important because it is
present in almost half of children with SSD. Therefore,
high resolution 3D MRI of the internal auditory canals is
recommended rather than computer tomography alone.

2. Cochlear implantation should be considered a priority
for children at risk of hearing loss progression in the
better hearing ear. Children with SSD due to bacterial
meningitis should be implanted promptly.

3. Younger age at implantation is expected to be advan-
tageous in children with SSD. Children with longer
lengths of deafness may experience fewer benefits and
should be counseled as such. The impact of age and
length of deafness is not yet fully understood in this
population.

4. A CI evaluation is recommended for children with a
unilateral three frequency pure tone average (3FPTA) of
>60 dB HL and/or an aided SII < 0.65 because these
children are unlikely to receive adequate benefit from
traditional amplification.

5. Trials with re-routing devices are not recommended for
children seeking binaural hearing as these devices are
not able to provide the brain with bilateral input and the
trial could delay a time-sensitive procedure.

6. Counseling for families considering SSD + CI should
include information about developmental disadvan-
tages of SSD such as the inability to develop spatial
hearing in the absence of bilateral input, resultant dif-
ficulty with localizing sound and hearing in noise, and
listening fatigue. Counseling should stress the impor-
tance of neuroplasticity and thus the potential advantage
for a younger age at implantation to improve out-
comes. Counseling should include a discussion of the
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importance of postimplant listening therapy, full-time
use, reasonable expectations, and audiologic follow-up.

7. Candidacy test batteries should include age-appropriate
behavioral assessment and cross-check, spatial hearing
assessment in the child’s everyday listening condition,
and relevant subjective questionnaires. Recorded aided
word recognition testing with contralateral masking fol-
lowing the hierarchy recommended in Table 1 should
be completed preoperatively if the child uses traditional
amplification and/or if required by insurance.

8. Postactivation test batteries completed at regular intervals
should include regular assessment of unaided hearing,
validation of audibility from the CI, isolated single-word
recognition using DAI, spatial hearing assessment with
and without the CI, and relevant subjective questionnaires.

9. Evaluation of audibility in the sound field should be
completed while using a plug-and-muff technique and
screening in the plug-and-muff alone condition (with the
processor off) to evaluate the possibility that thresholds
are reflective of the occluded better hearing ear.

10. Spatial hearing assessments should be prioritized in
children with SSD. This can be accomplished using
SIN testing with three target-to-masker configurations
including speech and masker collocated in front, speech
in front with maker to the affected ear, and speech in
front with masker to the better hearing ear.

11. Device programming considerations include plugging
of the contralateral ear during mapping, use of eSRT,
and considerations for rapid adaptation.

12. Auditory listening therapy based on a hierarchy of audi-
tory skills and development of binaural integration is
strongly recommended.

13. Clinicians who work with children who have SSD + CI
should recognize that this is a rapidly evolving field and
should keep abreast of the literature and current research
outcomes.

CONCLUSION

Cochlear implantation is an effective intervention for chil-
dren with SSD. As implantation becomes more common and
research continues to emerge, clinicians are likely to gain
more insight into best practices for candidacy, evaluation, pro-
gramming, and therapy. This report outlines the current state
of knowledge and provides a framework for clinically feasible
assessment and intervention in children with SSD + CI (see
Table, Supplemental Digital Content 1, http://links.lww.com/
EANDH/A998, which summarizes these recommendations).
It is important that clinicians stay up to date on the rapidly
emerging literature for this population. At present, the pedi-
atric literature is limited to an extent that precludes guideline
development via a systematic review. The guidelines pre-
sented here were developed based on the available literature
and clinician experience. As research in this evolving field
becomes more prevalent, they should be revisited with a sys-
tematic review.
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