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Abstract

Within Early Hearing Detection and Intervention (EHDI)
programs, timely and accurate hearing assessment
establishes the groundwork for early and optimal
intervention for infants with permanent hearing loss. Many
families choose personal hearing aids as part of a
comprehensive intervention program for their child with
hearing loss. Audiologists who provide hearing aids to the
pediatric population have a responsibility to provide safe,
accurate, and suitable hearing aids to their patients. The
appropriateness of the hearing aid fitting is a critical
component to achieving successful outcomes for children
with hearing loss.

A Sonova brand

This paper describes current, evidence-based strategies for
the fitting of hearing aids to the pediatric population. Recent
guidelines and protocols will be reviewed with a goal to
highlight relevant clinical procedures. The importance of
measuring the real-ear-to-coupler difference (RECD) and
how it is applied in the pediatric hearing aid fitting process
will be examined. Simulated (coupler-based) real-ear
verification will also be described to support the evaluation
of hearing aid performance in relation to individualized
prescriptive targets. These components provide a solid
foundation for optimal communication development
opportunities for infants and young children who wear
hearing aids.
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Introduction

For decades, infants and young children have had access to
early hearing aid fittings from skilled and knowledgeable
pediatric audiologists. Evidence-based guidelines and
protocols applied with modern technologies within hearing
aids and hearing aid test systems allow clinicians to provide
optimal and safe speech access to pre-lingually hearing
impaired infants and children with confidence. Throughout
the pediatric hearing aid fitting process, key elements are
considered and re-considered as the infant develops and
hearing loss management needs change. The importance of
verifying the electroacoustic performance of hearing aids for
the pediatric population cannot be overstated. Because we
cannot rely on infants to participate in the verification
process and their development of speech and language skills
depends on the appropriateness of the sounds delivered
through the hearing aids, audiologists must apply evidence-
based procedures to manage infants with hearing loss. We
are fortunate to have the contributions of researchers,
clinicians, and industry to provide high-quality research and
technology to support the work that we do with infants and
young children with hearing loss. The application of these
strategies ensures that the initial hearing aid fitting is done
systematically and effectively. The impact of the hearing aid
fitting can then be evaluated using outcome measures to
determine the overall progress of the infant.

The availability of evidence-based pediatric hearing aid
fitting guidelines and protocols facilitates large-scale
outcomes studies of infants and children who wear hearing
aids (e.g., Dillon, Cowan & Ching, 2013; Tomblin, Oleson,
Ambrose, Walker & Moeller, 2014) as well as clinic or
patient-based outcomes to monitor progress with hearing
aids (e.g., Bagatto et al., 2011; 2016). Additionally, as new
hearing aid technologies are constantly emerging, establishing
a good base hearing aid fitting, without the additional
technologies activated, guides the decision about whether
additional technologies are necessary. If activated and
verified systematically, outcomes can be further evaluated.
Therefore, this paper addresses the key elements to
establishing a sound foundation through electroacoustic
verification.

Provision of hearing aids

Within the pediatric hearing aid fitting process, information
is gathered from the infant, caregivers, and/or hearing aids at
each stage. During this process, the stages are revisited over
time and the evolution of the child's physical, communication,
and social development are considered. The stages of the
pediatric hearing aid fitting process are:
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1) Assessment: Gather hearing thresholds through
electrophysiological measures (dB nHL or dB eHL) or
behavioral measures (dB HL) and measure the ear canal
acoustics (RECD). Both items are required to provide a
thorough description of the infant's hearing levels (dB
SPL) for use in the next steps of the process.

2) Prescription and Selection: Apply an evidence-based
prescriptive formula. Most pediatric audiologists apply the
DSL Method (v5.0; Moodie et al., 2016b; Scollie et al.,
2005); however, NAL-NL2 is also available for this
purpose (Keidser, Dillon, Carter & Q'Brien, 2012). DSL
prescriptive targets are calculated from the dB SPL
thresholds generated in the assessment stage. This approach
accurately defines the levels of sound that are needed for
the infant or young child with hearing loss to access the
speech signal effectively and safely. It also supports
suitable selection of hearing aids that will be capable of
achieving the prescribed targets, which is often reported
by clinicians (Jones & Feilner, 2014; Moodie et al., 2016b).

3) Verification: Ensure that the output levels of the hearing
aids for a variety of speech levels and maximum signals
approximate the DSL v5.0 prescriptive targets using
electroacoustic measurements compatible with the
pediatric population.

4) Evaluation/Validation: Also known as outcome
measurement, assess the impact of the verified hearing
aids for the infant with hearing loss. Questionnaires
completed by caregivers and/or listening tasks conducted
in the clinic are suitable for this purpose.

This paper will discuss the details included within stage three
of the pediatric hearing aid fitting process: electroacoustic
verification.

Evidence-based electroacoustic verification

The availability of systematic, evidence-based guidelines and
protocols for verifying hearing aids for children is substantial
(e.g., American Academy of Audiology [AAA], 2013; Ontario
Infant Hearing Program [OIHP], 2014). With good agreement
among main elements of these guidelines and protocols, even
across jurisdictions and clinical contexts, electroacoustic
verification is documented as the main strategy for the
verification of hearing aid performance for children (AAA,
2013; Bagatto, Scollie, Hyde, Seewald, 2010; Bagatto et al.,
2016; King et al., 2010; OIHP, 2014). Recently, the American
Academy of Audiology updated their guideline for the
provision of hearing aids to children (AAA, 2013). In addition
to addressing each stage of the hearing aid fitting process
described above, it provides further detail to support the
evolution of hearing aid technology, clinical practice, and
outcomes of children with hearing loss. For example, in the
verification stage, probe microphone measures using speech



signals are recommended for the base fitting as well as after
each additional hearing aid feature is activated. The AAA
Guideline also recommends using validation measures
routinely for each child fitted with a hearing aid to determine
if hearing loss management goals are met or if an additional
hearing aid feature is providing benefit or detriment (AAA,
2013). The document suggests particular outcome
measurement tools that would be suitable for a child based
on their developmental age.

In addition to a guideline, which provides recommendations
based on different levels of evidence, a protocol operationalizes
the recommendations from within guidelines, also by
applying the best available evidence. An example is the
Ontario Infant Hearing Program's (IHP) Protocol for the
Provision of Amplification (OIHP, 2014; Bagatto et al., 2016).
The current iteration of this protocol includes new procedures
to support the application and verification of noise
management and frequency lowering technologies, as well as
clinical decision support for managing infants and young
children who have been identified with mild bilateral hearing
loss (MBHL) or unilateral hearing loss (UHL) within the
Ontario IHP. Updates to evidence are intended to support
current clinical practice both within and outside the Ontario
IHP. The IHP Protocol aligns with the AAA Guideline due to
the robustness and current applicability of the research from
which it was based. Evidence continues to be accrued and
will be applied in future versions of both documents.

The relevance of establishing a sound foundation through
early amplification is highlighted in the results of a large
scale study, Outcomes of Children with Hearing Loss (OCHL),
conducted in the United States (Moeller & Tomblin, 2015).
The main predictors of positive outcomes of children who
wear hearing aids are: 1) the quality and quantity of linguistic
input a child receives (Ambrose, Walker, Unflat-Berry, Oleson
& Moeller, 2015); 2) the consistency with which a child
wears his/her hearing aids (at least 10 hours per day; Walker
et al., 2015a; 2015b); and 3) the amount of speech audibility
provided from the hearing aids (McCreery et al., 2015b). The
quality of the hearing aid fitting, as indexed by speech access
and comfort level, is vital to supporting good outcomes for
the children who wear the hearing aids. Without appropriate
audibility provided from the hearing aids, the amount of daily
hearing aid use or access to good quality linguistic input is
not supported. Therefore, the significance of using an
evidence-based, systematic protocol for verifying hearing
aids for infants and young children cannot be overstated.

Supporting appropriate audibility in pediatric hearing aid
fitting

Infants born with permanent hearing loss require support
from hearing aids within the first six months of life if they

are to acquire spoken language skills on par with their
normal hearing peers (Joint Committee on Infant Hearing,
2007). To do this effectively, hearing levels as well as small
ears with changing ear canal acoustics must be accounted
for throughout the hearing aid fitting process. As children
depend on caregivers to sustain the early years of hearing aid
use (e.g., changing batteries, putting the hearing aids on), it
is the pediatric audiologist's role to ensure the electroacoustic
performance of the hearing aids is optimal.

In the assessment stage, a smooth transition from
electrophysiologic hearing assessment (frequency-specific
auditory brainstem response [ABR] to air- and bone- conducted
stimuli) to early hearing aid fitting is necessary so that
intervention is not delayed. To ensure accuracy in the
calculation of prescriptive targets, a correction is applied to
dB nHL thresholds to predict behavioral thresholds (dB eHL)
for generating DSL prescriptive targets (Bagatto et al., 2005;
McCreery et al., 2015a). The corrections are based on
equipment type and ABR collection parameters. Also in this
stage, the real-ear-to-coupler difference (RECD) is obtained
to measure the individual ear canal acoustics that are applied
within two stages of this process. The RECD values are first
used to convert dB HL thresholds to dB SPL (Scollie, Seewald,
Cornelisse & Jenstad, 1998). The SPL values are then used to
calculate the DSL prescriptive targets. Pediatric hearing aid
fitting guidelines and protocols support verification of
hearing aid performance with the hearing aid test system's
coupler placed in the test box. The RECD values are used a
second time to allow for accurate electroacoustic verification
of hearing aids in a controlled test box environment, which is
more compatible with the pediatric population and suitable
when the fitting applies little or no venting (Seewald, Moodie,
Sinclair, Scollie, 1999; see Figure 1). Using the child's personal
earmolds for both audiometry and the RECD measurement
accounts for the earmold acoustics in the fitting process
(Moodie et al, 2016a).

Measure RECD
with Earmold

RECD values
are used to:

Convert HL to
SPL Thresholds

SPL
Thresholds
are used to:

Calculate DSL
Prescriptive
Targets

RECD values
are used to:

Simulate real-
ear verification
of hearing aids

Figure 1: Application of RECD values in the pediatric hearing aid fitting process.
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If the child is cooperative and the clinical environment is
appropriately quiet to execute on-ear verification accurately,
the measured RECD is still required for the HL to SPL
conversion and subsequent prescriptive target calculation. If
on-ear verification is conducted with the child instead of
coupler or test box verification, then the RECD values will not
be used a second time for the on-ear verification stage of the
fitting process. For either verification strategy (on-ear or
coupler), the SPL threshold values allow for a true depiction
of the child's hearing levels and subsequent target generation
that is plotted along with hearing aid output measurements
on an SPL-o-gram. The SPL-o-gram provides the visual basis
with which we assess the performance of hearing aids for our
patients, in dB SPL at the ear canal (Gagné, Seewald, Zelisko
& Hudson, 1991; Munro & Hatton, 2000; Munro & Davis,
2003; Revit, 1997; Scollie et al., 1998).

Considerations for RECD measurement

In a recent paper from Moodie and colleagues (2016a),
RECDs were measured in 36 children with their own earmolds
(average tubing length = 36 mm) and standard foam eartips
(tubing length = 25 mm). As described elsewhere (Bagatto,
2001), RECDs measured with personal earmolds with tubing
longer than a standard foam eartip will demonstrate reduced
values in the high frequency region (see Figure 2). This
natural acoustic consequence of increased tubing length in
the earmold must be considered in the hearing aid fitting
process. This can be accomplished by using the earmold as
the coupling type to the child's ear for both audiometry and
the RECD. The same set of earmold RECD values will then be
used to convert HL to SPL and predict the real-ear hearing
aid response in the coupler.

20
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Figure 2: RECD values using standard foam eartips (dashed line) compared to
unvented personal earmolds (solid line). Adapted from Moodie et al., 2016a.

Current protocols indicate that subsequent behavioral
hearing assessments (visual reinforcement audiometry,
conditioned play audiometry) be conducted with the child's
personal earmolds connected to the insert earphone
transducers (AAA, 2013; OIHP, 2014: Moodie et al., 2016a).
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Audiometry with earmolds is vital in this process because it
supports:

1) better acceptance of the coupling to the ear by the child
compared to a standard foam eartip;

2) more accurate hearing aid fitting by capturing earmold
tubing properties in audiometry for conversion to SPL by
an earmold RECD measurement; and

3) cost effectiveness because foam eartips are used less.

For some clinical scenarios, the earmold might not be
available or appropriate for audiometry and a foam eartip is
used. This is followed by an earmold RECD measurement, as
per recommended guidelines (e.g., AAA, 2013; OIHP, 2014;
Moodie et al., 2016a). In some cases, this mismatch is
addressed in hearing aid test systems by implementing DSL
v5.0 age-dependent RECD predictions for foam tip or earmold
coupling (Bagatto, Scollie, Seewald, Moodie, & Hoover, 2002)
at the appropriate stage (assessment or verification). Some
test systems have implemented the ANSI RECD standard
(ANSI S3.46, 2013) that manages the mismatch by offering a
predicted earmold RECD based on the child's measured foam
eartip RECD. Preliminary data suggest this conversion to be
suitable within the fitting process (Moodie et al., 2016a).

As previously stated, the ideal pediatric hearing aid fitting
protocol is historical and relies on matching the coupling
type to the ear for audiometry and the RECD to achieve
ultimate accuracy within the process. A matched protocol
includes:

1) audiometry with insert earphones connected to personal
earmolds;

2) measurement of the RECD with personal earmold; and

3) verification of behind-the-ear hearing aid(s) in the HA-2
coupler.

For clinical scenarios where coupling mis-matches occur, the
protocol includes:

1) audiometry with insert earphones coupled to standard
foam eartips;

2) measurement of the RECD with personal earmold; and

3) verification behind-the-ear hearing aid(s) in the HA-2
coupler.

To support these different clinical protocols, some hearing aid
test systems allow you to label the coupling type (earmold or
foam eartip) and coupler type (HA-1 or HA-2) and will
provide the necessary conversions to comply with the ANSI
standard and support clinical practice (Moodie et al., 2016a).
The ANSI standard references the coupler-based fitting to the



HA-1 coupler instead of the HA-2 coupler (see ANSI ref for
more information). Because coupling a soft pediatric earmold
to an HA-1 coupler is not stable or hygienic, standard
conversions between HA-1 and HA-2 couplers are
automatically applied within the hearing aid test system. As
such, clinical practice for coupling the hearing aid directly to
the HA-2 coupler (without the earmold attached) for
verification remains common practice. To satisfy the ANSI
standard, the HA-1 RECD is constructed and reported in the
hearing aid test system even though it was not measured
that way. This is because the goal is to comply with the ANSI
standard but also support a wide range of clinical practice.
For further details, please refer to an online course provided
by Scollie (2015).

Coupler-based electroacoustic verification

Best practice indicates that the key components of verifying
hearing aids for children are: 1) audibility of the long-term
levels of average conversational speech; and 2) limiting the
maximum output of loud sounds to the hearing aids, across a
broad frequency range of hearing. This can only be
accomplished through presenting calibrated stimuli to the
hearing aids and measuring the output of the devices
compared to the prescribed targets in dB SPL. Meaningful
SPL-o0-gram displays allow clinicians to compare the output
of the hearing aids to the child's thresholds (in dB SPL) and
upper limits of comfort. In addition, for infants we see
through Early Hearing Detection and Intervention (EHDI)
programs, there should not be a requirement to sit up or
respond behaviorally in order for hearing aid verification to
be accomplished. Electrophysiological measures of hearing
threshold estimation are used in early infancy because we
cannot rely on this population to provide reliable behavioral
information until approximately six months developmental
age. Electroacoustic verification of the performance of the
hearing aids is the only strategy in which optimal hearing aid
fitting can be accomplished.

Behavioral strategies (e.g., functional gain, aided audiograms)
for measuring hearing aid function are not suitable for
assuring the devices are meeting the prescribed targets for
gain and maximum output. They might be useful for
evaluating the impact of the hearing aids in mitigating the
hearing loss, but this occurs as part of the validation stage of
the hearing aid fitting process. Aided behavioral strategies
are not efficient, reliable, or valid for verifying hearing aid
performance in children being provided with modern hearing
aids. Aided audiograms do not provide the necessary
verification information about how the hearing aid processes
speech at various levels or the levels at which the hearing
aids' output is limited. In addition, the stimuli necessary for
the verification of modern hearing aids cannot be examined

appropriately in a sound booth condition. Complex speech at
various levels as well as high level narrow band stimuli must
be compared to prescribed targets across a broad frequency
range to achieve the goals of speech audibility and comfort
for loud sounds. These goals are best achieved using
simulated real-ear measurements in a controlled test box
environment, without having to rely on the behavior or
comfort level of the infant. Current outcomes research
indicates that the quality of the hearing aid fitting is critical,
in addition to an early fitting (McCreery, Bentler & Roush,
2013; Bagatto et al., 2011; 2016; Stiles, Bentler & McGregor,
2012). We have the technology and protocols to accomplish
both for the children with whom we work.

Coupler-based hearing aid measures applying measured RECD
values allow accurate and reliable predication of real-ear
hearing aid performance across frequencies and ages.
Electroacoustic verification reduces the time and cooperation
needed from the child; one RECD measurement is all that is
required following the audiometric assessment. Initial fitting
within hearing aid software is a useful starting place, but
only provides a simulation of what the hearing aid is doing. It
is the responsibility of the audiologist to measure the output
of sound to a variety of inputs and adjust according to
evidence-based prescriptive targets (e.g., DSL, NAL). Using
speech-like signals for soft (55 dB), average (65 dB), and loud
(75 dB) levels as well as maximum power output (MPO;
narrowband at 90 or 100 dB) satisfy the goals for hearing aid
verification using the real-ear aided response (REAR). Fine-
tuning the device while comparing to targets in an SPL-
ogram format is best for interpretation.

Other analyses include the speech intelligibility index (SII;
ANSI S3.5 1997 [R2012]) that describes the audibility
provided by the hearing aid based on the listener's hearing
levels. The SII values are provided based on importance-
weighted speech at different levels and are automatically
calculated in many hearing aid test systems. For clinical
interpretation, normative values are available for DSL Child
Targets to assess the overall suitability of the hearing aid
fitting following electroacoustic verification (Bagatto et al.,
2011; Moodie et al., in press) and are an integral part of an
outcome measurement protocol known as the University of
Western Ontario Pediatric Monitoring Protocol (Bagatto et al.,
2011; 2016).

For additional technologies that might be activated within
the hearing aid, specific protocols are available for noise
management and frequency lowering (Scollie et al., 2016a;
2016b). Current guidelines and protocols support the
consideration of these technologies on a case-by-case basis
(AAA, 2013; OIHP, 2014: Scollie et al., 2016a: 2016b). The
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current Ontario IHP protocol offers candidacy factors for each
type of technology and, if activated, specific protocols for
verifying the characteristics and impact of the technology on
the audibility of speech (Scollie et al., 2016a; 2016b). These
additional protocols are applied following the electroacoustic
verification described here for the base hearing aid fitting.
When the hearing aid performance is optimal, the audiologist
applies suitable outcome measures to determine the
effectiveness of the technology. Examples of appropriate
tools include Ling 6-HL (Scollie et al., 2012), UWO Plurals
(Glista & Scollie, 2012), LittlEARS Auditory Questionnaire
(Tsiakpini et al., 2004), and Parents' Evaluation of Aural/Oral
Performance of Children (PEACH; Ching &t Hill, 2007).

Conclusion

Fitting hearing aids to children requires the application of
evidence-based, systematic procedures that are suitable for
the capabilities of infants and children. The unique
characteristics of this population require careful
consideration of small and changing ear canals, the impact of
the hearing loss on the developing brain, and the reliance on
caregivers to apply the hearing aids routinely. The internal
workings of the hearing aid must be such that access to
speech is optimal and safe. This can be accomplished by
pediatric audiologists executing the protocols and technology
available to support electroacoustic verification of hearing
aid performance. Key elements of the process discussed here
include:

e  RECD values are used to convert HL to SPL and allow for
coupler-based verification.

e  Both audiometry and RECD measures using the child's
personal earmold are used to achieve the best accuracy
in the fitting process.

e Hearing aid performance in infants and children is
assessed using electroacoustic verification (simulated
real-ear aided responses is a valid and reliable way).

e Additional hearing aid technologies are considered on a
case-by-case basis, using careful reasoning and analysis
of the technology.

e If additional technologies are activated within the
hearing aids, characteristics, the impact on speech
audibility, and benefit (or detriment) to the child are
verified.

It is the responsibility of pediatric audiologists to ensure
appropriate and optimal speech audibility is achieved within
the hearing aids provided to the infants and young children
with whom they work. The implications for development are
simply too important.
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