Volume 2 Otoprotection, Regeneration, and Telemedicine

Advances in Audiology
and Hearing Science

Stavros Hatzopoulos, Editor
Andrea Ciorba and Mark Krumm, Associate Editors

APPLE
AAP e CRC press
Taylor & Francis Group




ADVANCES IN AUDIOLOGY
AND HEARING SCIENCE

VOLUME 2

Otoprotection, Regeneration, and Telemedicine

Stavros Hatzopoulos, PhD
Editor

Andrea Ciorba, MD, PhD
Mark Krumm, PhD

Associate Editors

AP

PRESS

ACADEMIC




Apple Academic Press Inc. Apple Academic Press Inc.

4164 Lakeshore Road 1265 Goldenrod Circle NE
Burlington ON L7L 1A4 Palm Bay, Florida 32905
Canada USA

© 2021 by Apple Academic Press, Inc.
Exclusive worldwide distribution by CRC Press, a member of Taylor & Francis Group
No claim to original U.S. Government works

Advances in Audiology and Hearing Science, Volume 2: Otoprotection, Regeneration, and Telemedicine
International Standard Book Number-13: 978-1-77188-829-5 (Hardcover)
International Standard Book Number-13: 978-0-42929-262-0 (eBook)

Advances in Audiology and Hearing Science, Two Volumes set

International Standard Book Number-13: 978-1-77188-827-1 (Hardcover)
International Standard Book Number-13: 978-0-42929-266-8 (eBook)

All rights reserved. No part of this work may be reprinted or reproduced or utilized in any form or by any electric, mechani-
cal or other means, now known or hereafter invented, including photocopying and recording, or in any information storage
or retrieval system, without permission in writing from the publisher or its distributor, except in the case of brief excerpts or
quotations for use in reviews or critical articles.

This book contains information obtained from authentic and highly regarded sources. Reprinted material is quoted with
permission and sources are indicated. Copyright for individual articles remains with the authors as indicated. A wide variety
of references are listed. Reasonable efforts have been made to publish reliable data and information, but the authors, editors,
and the publisher cannot assume responsibility for the validity of all materials or the consequences of their use. The authors,
editors, and the publisher have attempted to trace the copyright holders of all material reproduced in this publication and
apologize to copyright holders if permission to publish in this form has not been obtained. If any copyright material has not
been acknowledged, please write and let us know so we may rectify in any future reprint.

Trademark Notice: Registered trademark of products or corporate names are used only for explanation and identification
without intent to infringe.

Library and Archives Canada Cataloguing in Publication

Title: Advances in audiology and hearing science / edited by Stavros Hatzopoulos, PhD ; editor,
Andrea Ciorba, MD, PhD, Mark Krumm, PhD, associate editor.

Names: Hatzopoulos, Stavros, editor. | Ciorba, Andrea, editor. | Krumm, Mark, editor.

Description: Includes bibliographical references and indexes. | Contents: Volume 2. Otoprotection,
regeneration, and telemedicine.

Identifiers: Canadiana (print) 20190191961 | Canadiana (ebook) 20190192011 | ISBN 9781771888271
(set ; hardcover) | ISBN 9781771888295 (v. 2 ; hardcover) | ISBN 9780429292668 (set ; eBook) |
ISBN 9780429292620 (v. 2 ; eBook)

Subjects: LCSH: Audiology. | LCSH: Hearing. | LCSH: Hearing disorders.
Classification: LCC RF290 .A38 2020 | DDC 617.8—dc23

Library of Congress Cataloging-in-Publication Data

CIP data on file with US Library of Congress

Apple Academic Press also publishes its books in a variety of electronic formats. Some content that appears in print may
not be available in electronic format. For information about Apple Academic Press products, visit our website at www.
appleacademicpress.com and the CRC Press website at www.crcpress.com



How to Access the Multimedia Content of
the Book Deposited in the OAE Portal

The various multimedia elements from the Volume 1 and 2 chapters have been
deposited in a dedicated section of the Otoacoustic Emissions Portal. The
Portal offers a free access of all its contents to all interested users (students
and professionals).

The Portal can be accessed at this address: http://www.otoemissions.org
and the contents of the book can be accessed at: http://www.otoemissions.
org/index.php/en/book-advances-in-audiology.

Figures 1 and 2 show the relative entry pages and the dedicated web page
for the “Advances book™ so that readers can verify that they have followed
the proper links.

Editors Note: Due to copyright issues the content of YouTube links, has
not been transferred to the OAE Portal yet, and the links mentioned in the
book point to the original material.
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CHAPTER 1

Assessment of Early Auditory
Development in Children After Cochlear
Implantation

ARTUR LORENS?, ANITA OBRYCKAY, and HENRYK SKARZYNSKI?

IDepartment of Auditory Implant and Perception, World Hearing Center,
Institute of Physiology and Pathology of Hearing, Warsaw, Poland

2World Hearing Center, Institute of Physiology and Pathology of Hearing,
Kajetany, Poland

“Corresponding author. E-mail: a.obrycka@ifps.org.pl

ABSTRACT

This chapter presents information on cochlear implants (CIs) and their use
in the treatment of childhood hearing loss. Specifically, normal auditory
development in children is discussed which is critical for clinicians to
understand. A rationale is provided for CIs as a means to promote the
auditory development of children with profound hearing loss. In addition,
the theoretical foundations of methods for assessing auditory development
using questionnaires are provided, as well as their clinical application.
The role of questionnaires is important to assure valid and effective CI
fitting and early intervention programs. Finally, data on CIs suggest that
early implantation with young children at 12 months of age is efficacious.
Consequently, delaying this process even a short period of time, may lead to
unfavorable and unnecessary outcomes.

1.1 INTRODUCTION

Hearing plays an important role in a child’s development. Hair cells in the
inner ear transform acoustic energy into neuronal impulses, a transformation
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which is essential in generating auditory sensation. Damage to these cells
can disrupt inner ear function creating sensorineural hearing loss. Depending
on the extent and type of damage, an individual’s hearing loss (and therefore
impairment) may be more or less severe. In most cases, hair cell damage is
irreversible. Consequently, there is no effective medical “cure” for hearing
impairment. The only available medical intervention is rehabilitation using
a hearing prosthesis such as a hearing aid (HA) or cochlear implant (CI).
Hearing aids are typically used in cases of mild to severe hearing loss;
cochlear implants are usually reserved for cases of profound hearing loss or
total or partial deafness.

1.2 AUDITORY DEVELOPMENT

1.2.1 NEUROPHYSIOLOGICAL FUNDAMENTS OF AUDITORY
DEVELOPMENT

To understand auditory rehabilitation with a CI, one needs to appreciate how
the auditory system develops and what happens to its neural structures when
they are stimulated. A rapid growth in neural structures is first seen at the
embryonic stage of development. The process is regulated by the expression
of genes, but the final stages of development take place in the period after they
have already begun to perform their basic function: the perception of sound
(Werner et al., 2012). The synchronous activity of neurons in these structures
and in the adjoining afferent system stimulates further development. At the
same time, lack of appropriate activity leads to weakening or even loss of
synaptic connections. These processes happen simultaneously, with the end
result being that the most effective connections are the ones that develop.

The process of intensive reorganization of neural structures during devel-
opment is called developmental neuroplasticity, and the period of particular
susceptibility to change is called the critical period (Cramer et al., 2017).
During the critical period, even stimuli acting for only a short period of
time may have a significant impact on the final organization of a neural unit.
Altered perceptional sensitivities, such as caused by hearing loss, can lead
to a permanent impairment of components of the central auditory pathway
and how it is organized. Sometimes, however, functional perception can be
restored, at least partially, if auditory training is provided (e.g., early inter-
vention programs for children with hearing impairments).

Knowledge of the neuroplasticity of cortical auditory centers has been
obtained using electrophysiological studies that concentrate on the latencies
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of cortical auditory evoked potentials (CAEPs). The latency of the first posi-
tive peak (P1) in a CAEP waveform is considered to be a biomarker of the
maturity of the auditory cortex (Sharma and Dorman, 2006; Sharma et al.,
2007). The latency of P1 is the sum of all the synaptic delays in the peripheral
and central segments of the auditory pathway, and since it depends on the
age it can, therefore, serve as a measure of auditory pathway maturity (Katz,
1994; Eggermont et al., 1997). Studies of CAEPs conducted on people with
normal hearing (NH) permit the range of P1 latencies to be determined for
each age group. For example, the P1 latency in a newborn is about 300 ms
but, with rapid development, by 2-3 years of age the P1 latency is about
125 ms. By adulthood, the P1 latency has shortened to about 60 ms (Sharma
et al., 2002).

1.2.2 A MODEL OF AUDITORY DEVELOPMENT

The Aslin and Smith (1988) general model of perception describes three
successive stages of auditory development sensory primitives (Level I), which
characterizes basic sensory perception; perceptual representations (Level II),
which represents complex coding at higher neural levels; and higher-order
representations (Level III), which involves cognitive processing. Carney
(1996) has used the Aslin and Smith model to divide auditory perceptual
development into three corresponding levels, the level of sound detection
resulting in sound awareness (Level I), the level of discrimination that allows
sounds to be differentiated (Level II), and the level of identification in which
sounds are recognized and interpreted (Level III) (Eisenberg et al., 2007).

1.2.3 AUDITORY DEVELOPMENT IN A TYPICALLY DEVELOPING
CHILD WITH NORMAL HEARING

From the moment a child is born, its auditory system is ready to react and
process acoustic stimuli (Eisenberg, 1976; Aslin et al., 1983). However,
even though the auditory system is capable of performing satisfactorily, it
is still refining its capabilities, a process that lasts for the next dozen years
or more. As mentioned in the previous section, the three main stages of
auditory perception are detection, discrimination, and identification (Carney,
1996; Aslin and Smith, 1988). Each stage of development sees a refinement
in these auditory perceptions and their progression can be monitored in
children by recognizing certain auditory reactions. At an embryonic age, and
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in newborns, there are already general and nonspecific reactions to sounds. A
sound might cause slight changes in behavior (closing of the eyes, an increase
in heart rate). Northern and Downs (1991) have published an overview of the
behavioral responses of infants, of which the most important are:

1. Reflexive behaviors: fright, general body movement (large motor),
pupil dilation, blinking of eyes, spontaneous face movements, the
closing of eyes (auditory reflex, reproducibly evoked from about
24-25 weeks gestational age).

2. Orienting behaviors: turning of the head, widening eyes, raising
eyebrows, expressing surprise, sudden cessation of vocalization.

3. Attention behaviors: Stopping an activity, increased ability to act,
holding the breath or change of breathing rhythm, sudden crying,
sudden stopping of crying or vocalization, widening the eyes, smile
or other changes of facial expression.

In the first 2 years of a child’s life, its auditory reactions change. They
may react to sounds of progressively less intensity, may show a wider diver-
sity of reactions, or may show more pertinence and repeatability of reac-
tions to specific acoustic stimuli. In the first months of life (up to about 4
months) an infant may take fright (Moro reflex) or awaken in reaction to a
sudden, loud sound. Children aged between 4 and 7 months turn their heads
toward a sound source outside their field of vision; by 9 months they can
localize a sound coming from the side, and by 13 months localize a sound
coming from behind. Between 13 and 24 months of life, a child reacts to
speech from another room, coming or responding when called (Northern
and Downs, 1991).

1.3 COCHLEAR IMPLANTS

Cochlear implants replace the process of transforming sound into neuronal
impulses by electrically stimulating the surviving nerve fibers in effect
bypassing the defective hair cells (Wilson et al., 1991). Cochlear implant
systems consist of an internal and external part. The internal part is the
implant, which comprises a receiver and an electrical stimulator in one
unit which feeds into a serial electrode array. The external part is a digital
multichannel speech processor (Hochmair et al., 2006). Medically, receiving
a cochlear implant involves two basic steps. First is the surgical side, where
the implant capsule is placed within a niche made in the temporal bone
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and covered with a skin flap, after which the electrode array is carefully
threaded into the inner ear (cochlea). The second step involves postoperative
rehabilitation, which aims to help the new cochlear implant user better learn
to hear with his/her implant (Niparko, 2009).

CIs may be offered to children who have little potential for understanding
speech using an HA—-recognizing that HAs, even when well-fitted, have
practical limits (although the definition of “limited benefits” has changed
many times over the last 20 years). Originally, only children who had very
little residual hearing:and who showed no apparent awareness of sound
using an HA were considered candidates for a CI. At that time, candi-
dacy was based on the relationship between the degree of residual hearing
and the benefit conferred by the use of an HA. Specifically, children with
sensorineural hearing loss were classified on a scale from ‘good’ to ‘poor’
depending on the pure tone average (PTA) of their hearing as a means to
predict HA benefit. The scale runs from bronze (for PTA, >110 dB), to silver
(for 110 > PTA > 100 dB), and gold (for 100 > PTA > 90 dB) (Miyamoto
et al., 1995). Gradually, the criteria for implantation have been expanded
to include children with better residual hearing, and now include silver and
gold HA users. This change in qualifying criteria has been justified by the
finding that implanted children in all three classes perform better than their
peers who have comparable hearing losses and use HAs. More recently, a
platinum HA user group has been defined for PTA between 60 and 90 dB
(Eisenberg et al., 1998). It has also been shown that hearing in implanted
children in the platinum group is better than those with an HA.

As described above, cochlear implantation has been shown to provide
clinically significant gains in a child’s auditory development. Moreover,
prelingually deaf children who benefit most from a CI are those who have
received their implants before 2 years of age (Kral and O'Donoghue, 2010).
One of the most gratifying outcomes of cochlear implantation is the restora-
tion of a child’s ability to understand speech. Technological advances, early
diagnosis and implantation, and relaxation of audiological criteria to permit
implantation of Cls in children with residual hearing have all improved
spoken language outcomes of children with Cls (Skarzynski et al., 2007,
Niparko et al., 2010).

Children who receive Cls at a very young age develop age-appropriate
spoken language faster than those who receive implants later (Kral and
O'Donoghue, 2010; Niparko et al., 2010; Waltzman et al., 1997; Holt and
Svirsky, 2008; Dettman et al., 2007). There is ample evidence in the liter-
ature of a reciprocal relationship between the development of language
skills and social competence (Gallagher, 1993; Windsor, 1995; Redmond
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and Rice, 1998; McCabe and Meller, 2004). As short-term gains in audi-
tory development translate into medium-term gains in social independence
and quality of life (presumably through the communication competency
achieved with a CI), there is a need for appropriate assessment instru-
ments, questionnaires, tests, and scales, to monitor the very early audi-
tory development in children with CIs (Fink et al., 2007). These tools
are often divided into three categories: questionnaires, closed-set audi-
tory assessment tests, and open-set auditory assessment tests. In the next
section, special focus is placed on recent progress in auditory development
questionnaires.

1.4 AUDITORY DEVELOPMENT QUESTIONNAIRES

To ensure that assessment tools provide high-quality data and that the
scores allow quality decisions and inferences to be made, the tools must
be prepared according to guidelines and standards for measurement
instruments in education, psychology, and health (American Educational
Research Association et al., 2014; International Test Commission, 2000).
When constructing an instrument, the key stages include: defining the
research problem; preparing a set of test items related to the intended
construct (based on relevant theoretical background), specifying the
response format, and standardizing, validating, and normalizing the test
(Osterlind, 2001; Foddy, 1993). The most fundamental consideration in
developing and evaluating a test is its validity.

1.4.1 VALIDATION

Since about the 1940s, there has been an ongoing debate on the theory and
practice of how to establish validity. The current broad consensus about what
validity entails is that (1) it embodies inferences and interpretations about the
use of a test, (2) it is not a characteristic of the test or questionnaire itself, (3)
it is a unitary concept, and (4) it is an evaluative judgment. The last edition
of Standards for Educational and Psychological Testing [issued in 2014 by
the American Educational Research Association (AERA), the American
Psychological Association (APA), and the National Council of Measurement
in Education (NCME)] states “validity refers to the degree to which evidence
and theory support the interpretations of test scores for proposed uses of
tests” (p 11). The current understanding of validity refers to all concepts and
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practices in the educational, psychological, and health fields that can provide
evidence for or against the intended interpretation of a test, scale, or question-
naire score (American Educational Research Association et al., 2014).

An additional requirement for a high-quality instrument for assessing
early auditory development is a global-wide scope for documenting the
benefits of early implantation and providing the information required for
health policy decision-making (National Institute for Health and Clin-
ical Excellence, 2004). Such an international perspective requires that a
test can be adapted for use in different languages and cultures, and this
means more than a simple matter of translation. Fortunately, there is a
broad consensus among the professional community interested in cross-
lingual and cultural research about the methods, procedures, and statis-
tical techniques necessary for adapting tests and questionnaires (Van de
Vijver et al., 2003; Hambleton et al., 2005). For example, the Guidelines
for Adapting Tests proposed by the International Test Commission (ITC)
is a common reference for best practice in the field (International Test
Commission, 2010). The ITC Guidelines sets out the general framework
within which a questionnaire should be adapted. Here, “adaptation” is a
broad scientific term that includes two main phases: translation, and evalu-
ation of the adapted test or questionnaire. According to state-of-the-art
practice, translation should take into account linguistic and cultural differ-
ences among the population for whom the adapted version of the test or
instrument is intended, provide evidence that the item content is familiar to
the intended population, and evidence of the equivalence of both versions
(International Test Commission, 2010). To meet those guidelines, trans-
lation is commonly executed in accordance with some of the linguistic
designs available in the literature (Harkness, 2003). “Evaluation” essen-
tially means gathering evidence of the validity of the translated version of
the test or questionnaire. Here, attention needs to be paid to the quality of
the evidence gathered for validity, taking into account the intended purpose
of the questionnaire or scale and the particular population targeted.

In addition to having core characteristics, development against a theoret-
ical background, sufficient evidence of validity, and availability in multiple
languages, high-quality outcome measures should be easy to administer,
score, and interpret (Andresen, 2000). In the case of assessing early auditory
development, it is extremely important to compare the results obtained after
cochlear implantation with normative values to confirm the effectiveness of
the intervention.
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1.4.2 AUDITORY DEVELOPMENT QUESTIONNAIRES

Several instruments have so far been used to assess the auditory development
of very young CI children: Infant-Toddler Meaningful Auditory Integration
Scale (IT-MAIS) (Zimmerman-Phillips et al., 1997), Auditory Skills Check-
list ASC (Auditory Skills Checklist) (Meinzen-Derr et al., 2007), Parent’s
Evaluation of Aural/Oral Performance of Children (PEACH) (Ching and
Hill, 2007), Functional Auditory Performance Indicators (FAPI) (Stredler-
Brown and Johnson, 2001), and LittlIEARS Auditory Questionnaire (LEAQ)
(Weichbold et al., 2005). However, the published evidence needed to support
inferences on auditory development of CI children is scant and not sufficient
to assemble an argument for validity based on multiple sources.

IT-MALIS consists of 10 questions designed to interview parents about the
frequency with which the target auditory behavior is exhibited in everyday
situations (Zimmerman-Phillips et al., 1997). Parents do not fill in the ques-
tionnaires by themselves, they are interviewed and their answers interpreted
by an interviewer and the total score finally counted. Weichbold et al. (2004)
reported on some limitations in their validation study. Poor reliability of the
questions designed for the youngest children was found, as well as an effect
of how the test was administered. Nevertheless, IT-MAIS has often been
used in research as an outcome measure in very young CI children.

The ASC questionnaire was developed to track the progress of functional
auditory skills in very young children with sensorineural hearing loss. It is
aimed at children who received Cls before 36 months (Meinzen-Derr et al.,
2007). The test combines information from parents and the examiner’s own
observations to gauge the evolution of auditory skills in children with hearing
impairment. With ASC it is only possible to monitor the relative progress
of rehabilitation and there is no comparison with the auditory development
of normal-hearing children. Nevertheless, the authors have reported good
reliability and have correlated ASC results with those of IT-MAIS. However,
the evidence presented is insufficient to confirm the validity of ASC.

The PEACH Diary was aimed at evaluating the effectiveness of ampli-
fication in infants and children with hearing impairment by systematically
using parents’ observations (Ching and Hill, 2007). Parents are asked to
make observations of their children according to the questions included in
the tool. They are asked to write down as many examples of the particular
behaviors of the child as they can, which are then rated by an audiologist
using a graded scale. Use of the questionnaire requires specialized training
in order to properly interpret the parents’ observations and assign appro-
priate scores. The PEACH Diary results can be compared with age-related
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normative values. The PEACH questionnaire is also available in a Rating
Scale format. The results of a study conducted by Bagatto and Scollie (2013)
indicated close agreement of the normative curve of the PEACH Rating
Scale to existing normative data collected with the PEACH Diary. A vali-
dation study of the PEACH scale by Ching and Hill revealed that 11 out of
14 items showed high discriminatory power, based on corrected item—total
correlations and a high level of consistency for those items (a Cronbach
alpha of 0.88). According to the authors, reliability of the scale should be
regarded as preliminary, and additional studies, particularly over longer time
intervals, are needed. Further studies are also needed to examine the validity
of the functional performance scores provided by the PEACH scale, and its
sensitivity to differences in amplification strategies (Ching and Hill, 2007).

FAPI assesses the functional auditory skills of children with hearing
the loss in seven categories: awareness and meaning of sounds, auditory
feedback and integration, localizing a sound source, auditory discrimina-
tion, auditory comprehension, short-term auditory memory, and linguistic
auditory processing (Stredler-Brown and Johnson, 2001). The authors did
not provide information on questionnaire validity. However, Ferreira et al.
(2011) attempted to adapt the questionnaire for use in Brazilian hearing
impaired children and pointed out some limitations of the instrument.
According to the authors, it is not possible to complete the questionnaire in
a single session due to its length and complexity. Moreover, the application
mode is not standardized for the stated test conditions (Ferreira et al., 2011).

LEAQ evaluates auditory development in infants up to 2 years of age
(Weichbold et al., 2005). It is easy to complete, calculate, and interpret the
results and takes only around 10 min for a parent to complete the question-
naire. It is possible to compare the results with age-dependent normative
values, a step which is crucial for assessing the effectiveness of cochlear
implantation in children during this critical period of auditory development.
LEAQ has been validated for use in normal-hearing children, both in the
original German (Weichbold et al., 2005) and in many other languages. It
has shown sensitivity and reliability for assessing auditory development in
normal-hearing children under 24 months of age and there is a high correla-
tion of scores with age (Obrycka et al., 2009; Coninx et al., 2009; Bagatto
et al., 2011; Geal-Dor et al., 2011; Wanga et al., 2013; Garcia Negro et al.,
2016). Moreover, it has been especially validated in a group of cochlear
implanted children. A study by Obrycka et al. (2017) provides support for
the validity of the LEAQ to monitor early auditory development in infants
and toddlers receiving Cls.
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Ofall the tools presented above, LEAQ has the largest amount of evidence
for its validity, the largest number of validated language versions, and has all
the features necessary for a high-quality diagnostic tool (Table 1.1).

The LEAQ consists of 35 questions supplemented by examples that can
be answered “yes” or “no.” The theoretical construct which LEAQ intends
to capture and quantify is “auditory development.” The questions reflect the
most important milestones in preverbal auditory development and are based
on empirical and theoretical knowledge of early auditory development. The
questions are graded in difficulty so as to reflect the four categories of auditory
development: detection, discrimination, identification, and comprehension.
Questions 1-16 mostly cover detection and discrimination, mainly covering
the child’s responses to human voices, music, environmental sounds, or toys
producing sounds. Questions 10, 12, 17-21, and 25-30 reflect the ability
of a child to identify sounds, for example, their own name, linking names
with objects, and recognizing the emotional content of a statement. Ques-
tions 22-24 and 31-35 mostly relate to comprehension, which is revealed by
understanding spoken commands.

The total score (sum of all “yes” answers to the questions) is compared
with age-related expected and minimal values established for children with
normal hearing (NH). Validation studies performed so far have shown that
over 80% of the variability in LEAQ scores is explained by the chronolog-
ical age of NH children, showing that auditory development is age-depen-
dent (Coninx et al., 2009; Obrycka et al., 2009).

LEAQ is available in over 20 languages, which enables multicenter
studies to be conducted in clinics around the world and the results pooled
and compared for meta-analysis. A study by Coninx et al. validated the
questionnaire in 15 languages, demonstrating the adequacy of LEAQ’s
psychometric properties. Pearson correlation coefficients between
German expected values and those for other languages was very high
(0.988-1.000), showing that LEAQ is language-independent and can be
used in multicenter studies. Later studies have confirmed the findings of
Coninx et al. (Obrycka et al., 2009; Bagatto et al., 2011; Geal-Dor et al.,
2011; Wanga et al., 2013; Garcia Negro et al., 2016). The age-related
expected values for normal hearing children for 20 languages are shown
in Figure 1.1.

As mentioned, the interpretation of LEAQ total score is based on age-
related curves of auditory development obtained from normal-hearing chil-
dren at ages below 24 months. The curves in Figure 1.1 reflect mean LEAQ
total scores. Minimum values are taken to be the lower band of the 95%
confidence interval, so the probability of a result occurring below this curve
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in normal-hearing children is less than 5%. An LEAQ total score above the
minimum value line indicates normal auditory development.

LEAQ Total Score [points]

35

30

25

20

15

= = = German - original

Adaptations:
~——— Bulgarian
——— Belgian
Slovakian
——US English
————Romanian
—— French
— Serbian

Finnish

———Slovenian
——Russian
———Mandarin
——— Spanish (for US})
—— Swiss

Polish

——— Greek
Hebrew

Arabic

Canadian

Spanish

FIGURE 1.1 Age-related expected values on the LEAQ for normal hearing children for 20

languages.

1.4.3 CLINICAL APPLICATION OF LEAQ

Several papers have been published recently on using LEAQ as a tool for
assessing auditory development in children with cochlear implants. In
general these works compared the performance of CI children with the age-
related auditory development of NH children and they showed an increase
in LEAQ total score as the duration of CI use rose (May-Mederake et al.,
2010; Geal-Dor et al., 2011; Kosaner et al., 2013). A study performed by
Obrycka et al. (2014) on a group of 122 children diagnosed with bilateral
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sensorineural hearing loss and implanted before 24 months of age (range,
7.9-23.5 months), showed poor auditory development before the CI in 86%
of children, whereas after 5 months of CI use they achieved auditory devel-
opment adequate to their age in 72% of cases (Fig. 1.2).

LEAQ total score [polnts] LEAQ total score [peints)
3

expected s Wiee - é % expected
o oos value

minimum
value

. . mn s oo we © 7
012345678 9101112131815161718192021222324 01234567 8710112139435 16 179819202 72 2924
metrical age [months] metricat age (montts]

() (b)

FIGURE 1.2 (a) Individual LEAQ total scores achieved by children before cochlear
implantation; (b) individual LEAQ total scores achieved by children after 5 months of CI use.
Solid line, expected value; dotted line, minimum value.

Source: Adapted from Obrycka et al. (2014a).

LEAQ has also been used for long-term observation of 44 children
implanted before the age of 12 months (range, 7.9-11.9). The group reached
normal levels of auditory development after 10 months of CI use (Obrycka
et al., 2014). Figure 1.3 shows that the rate of auditory development in CI
children (data points) is, in fact, higher than in NH children (solid line).

The expected values obtained for NH children can also be used to calcu-
late the delay in auditory development. The aim of early intervention with
a CI is to provide implanted children with the possibility of reaching, as
fast as possible, the same level of auditory development as NH children.
Monitoring the delay in auditory development is important in assessing the
effectiveness of Cls in very young children. The principle of calculating the
delay of auditory development with the LEAQ questionnaire is illustrated in
Figure 1.4 and in the animation (animation showing methodology for calcu-
lating the delay in auditory development).

Another way of assessing CI effectiveness is to use the patient, inter-
vention, comparator, outcome (PICO) method (Obrycka et al., 2014).
To measure CI effectiveness, these researchers compared a group of 32
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children (P) who at the time of activation of their CI system (I) were not
older than 12 months with another group of 19 hearing aid users (C). To
make a fair comparison, children were provided with hearing aids or CI at
about the same age. Matching was also done for the age at testing and the
level of hearing the loss in both groups. Children from both groups were
evaluated with LEAQ 10 months after the first fitting of the device. The
LEAQ total score was used to calculate the delay in auditory development
(O). The mean delay in auditory development in the group of hearing aid
users was 14.3 months greater than in the group of children with Cis, as
shown in Figure 1.5. More than 80% of CI children had an auditory devel-
opment delay of less than 4 months. In comparison, the delay in auditory
development was greater than 12 months in almost 70% of children fitted
with hearing aids (Obrycka et al., 2014).

LEAQ total score [paints]
35 S i SR S S S .

18 20 22 24

metrical age [months)

FIGURE 1.3 Individual LEAQ total scores achieved by 44 children implanted under the
age of 1 year over 1 year of observation. The results for each child are plotted with a different
symbol. Solid line, expected value for NH children; dotted line, minimum value for NH
children.

Source: Adapted from Obrycka et al. (2014a).
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LEAQ total score
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-
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[months] 24 22 20 18 16 14 12 10 8 6 4 2 0 4 for NH children
o y e .
hearing age - 4 6 8 10 12 14 16 18 20 22 24
v
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24
hearing age [months]

FIGURE 1.4 Methodology for calculating the delay in auditory development based on
a hypothetical result from LEAQ. It is assumed here that the child with a hearing loss is
18-months old and their LEAQ score is 10 points (marked A on the graph). The same mean
LEAQ total score of 10 points is expected from a normal hearing child of 4 months of the age
(B on the graph). For normal-hearing children, hearing age is equal to metrical age (C on the
graph); however, for hearing-impaired children, hearing age differs from metrical age. The
example shows that the hearing age of the hearing-impaired child is only 4 months (D on the
graph) and corresponds to the hearing age of a child with normal hearing who has the same
LEAQ total score. The aim of a CI is to compensate for the impairment, that is to provide
equal hearing age and metrical age in a child with hearing loss (E on the graph). The difference
between the level of full compensation (E) and the current stage in auditory development of
the hearing-impaired child (D) is the delay in that child’s auditory development. The delay is
a quantitative measure of CI effectiveness.

Source: Adapted from Obrycka et al. (2014b).

Clinical applications of the LEAQ described above revealed great vari-
ability in auditory performance in CI children. Some children do extremely
well with their CIs while others derive only minimal benefit (Fig. 1.2b).
Understanding the reasons for the variability in outcomes is one of the most
important and challenging research problems in the field today. The available
evidence suggests that, in prelingually deaf children, age at implantation is
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strongly associated with outcome measures (Fryauf-Bertschy et al., 1997,
Osberger, et al., 1991; Staller et al., 1991; Waltzman et al., 1994; Waltzman
etal., 1997). Children who receive an implant at a young age do much better
on a whole range of outcome measures than children who are implanted at
older ages. Second, early sensory experience with an HA before implanta-
tion also tends to improve the performance of a CI. That is, the amount of
residual hearing before a CI accounts for an appreciable fraction of the vari-
ability. Together, young age and residual hearing provide significantly better
outcomes, as already discussed in the section on Cls.

delay [months]

20

1.7
0

® Mean delay of auditory development in C children = Mean delay of auditory development in HA users

FIGURE 1.5 Mean delay (with standard deviation) of auditory development in a group of
cochlear implanted children and a group of comparable hearing aid users.

Source: Adapted from Obrycka et al. (2014b).

However, all previous studies on age at implantation, level of residual
hearing, and outcomes have usually been done after a long period of
observation, usually in children older than 5 years. Recently, Obrycka et al.
(2017) provided support for the validity and reliability of LEAQ to monitor
auditory development in very young children with Cls. By applying LEAQ
in children younger than 2 years, the authors demonstrated that there were
significantly different outcomes between groups of children depending on
age at cochlear implantation, duration of HA use before implantation, and
the audibility provided by HAs prior to implantation. These results again
indicate that children implanted very early (before 12 months of age)
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develop better than children implanted later (after 12 months of age) and that
children who had auditory experience with their HAs before implantation do
better than children who did not have such experience.

1.5 CONCLUSIONS

Cochlear implants can provide effective auditory stimulation and enable
early auditory development of children with profound hearing loss. Chil-
dren implanted very early (up to 12 months) develop faster than children
implanted between 12 and 24 months of age. Similarly, children with
residual hearing before implantation do better than children who did not
have the benefits of an HA.

Questionnaires are effective tools for the assessment of early auditory
development. A questionnaire can provide a comprehensive assessment of
all levels of auditory development: The child’s ability to detect, discrimi-
nate, and identify sounds. This assessment can be done repeatedly during the
first years of hearing rehabilitation.

The LEAQ has demonstrated good normative properties in more than
20 languages and has been validated for the CI pediatric population. LEAQ
allows auditory development to be assessed with reference to normal hearing
children. LEAQ can be considered a state-of-the-art tool for assessing early
auditory development.

MULTIMEDIA ELEMENTS

Readers can access a PowerPoint presentation file showing a method-
ology for calculating the delay in auditory development. Use arrows keys
or the mouse to see the development of the presentation. The material can
be accessed using following link: http://www.otoemissions.org/index.php/
en/?option=com_content&view=article&id=289.

QUESTIONS

1. Name the three levels of auditory development and link them to a model
of general perceptual development.

2. What are the behavioral responses to sounds in infants?
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3. What is the concept behind a cochlear implant and describe elements of
a cochlear implant system?

4. Who is the best pediatric candidate for cochlear implantation?
5. Describe the characteristics of a good questionnaire.

6. What are the advantages of the LittlIEARS Auditory Questionnaire
(LEAQ)?
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