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Introduction: No standard protocol based on a multidisciplinary framework
currently exists for the evaluation, follow-up and interpretation of Cochlear
Implant (Cl) outcomes in clinical routine. Therefore, this study aimed to develop
and clinically implement a multidimensional Cochlear Implant (Cl) outcome
assessment protocol for adult Cl users based on the International Classification
of Functioning, Disability and Health (ICF).

Methods: An international multidisciplinary core group of Cl experts selected
the most relevant ICF categories and codes for adult Cl users out of the
existing ICF core set for hearing loss. A well-known, commonly used instrument
or method was identified and assigned to each ICF category along with
quantified ICF qualifiers. These qualifiers facilitate the interpretation of CI
outcomes by categorizing the outcome on a rating scale between 0 and 4,
based on the severity of participants’ impairment/restriction/limitation/barrier.
The ICF-based CI outcome assessment protocol was applied in clinical
routine in a prospective longitudinal multicenter study assessing a consecutive
sample of 72 adult Cl candidates before and 6 months after implantation.
For each relevant ICF category, the participants’ improvement, stability or
deterioration was specified in a descriptive approach using ICF qualifiers.
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Results: Participants either showed improved or stable ICF qualifiers after cochlear
implantation across all ICF domains (e.g., Body Functions and Structures, Activities,
and Participation and Environmental factors). The ICF qualifiers for environmental
sound tolerance (n = 30 [45%]) and vestibular functions (n = 21 [33%]) deteriorated
most frequently after implantation. ICF qualifiers for falling (n = 53 [83%])
and dizziness (n = 40 [62%]) remained stable in most participants. Auditory
perception-related and communication-related categories generally improved in
most participants after cochlear implantation, with 46 to 73% (n = 34 to n = 48) of
Cl users perceiving an improvement postoperatively.

Conclusion: This study is the first to propose and apply a ready-to-use ClI
outcome assessment protocol based on the ICF model, which provides a common
language and comprehensive assessment protocol for the description and
measurement of Cl outcomes worldwide. Its straightforward outcome description
and rating enables Cl outcome interpretation by non-experts, enhancing
multidisciplinary communication and knowledge on individual healthcare needs

in Cl users.
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ICF, cochlear implantation, outcome assessment, cochlear implant outcomes, ICF

qualifiers

1. Introduction

Hearing loss is a major global public health issue. The World
Health Organization (WHO) estimated that 1.56 billion people
worldwide currently have hearing loss, representing approximately
20 percent of the world population (World Health Organization,
2021). In 2019, the Global Burden of Disease study ranked hearing
loss as the third most common cause of global years lived with
disability, only standing behind low back pain and migraine (Global
Burden of Disease, 2021). Hearing loss is the leading cause for
global years lived with disability among individuals older than 70
years, affecting quality of life, social participation, mental health,
communication, and cognition (Ciorba et al., 2012; Lin et al., 2013;
Cosh et al., 2019; Global Burden of Disease, 2021; Tordrup et al,,
2022). Therefore, the WHO proposed a comprehensive package
of evidence-based key interventions for hearing loss, including
cochlear implantation, to partially restore the sensation of hearing
in individuals with severe-to-profound hearing loss (World Health
Organization, 2021).

Auditory rehabilitation in cochlear implant (CI) users is
a complex multidimensional process involving audio processor
fittings, speech therapy sessions, psychological counseling, etc. that
goes beyond addressing sensory impairment alone (Boothroyd,
2007; British Society of Audiology, 2012; Grenness et al., 2014).
Results from psychophysical measures, such as pure tone and
speech audiometry, cannot accurately predict CI users’ quality of
life nor the effect of the implant on their societal participation
and daily life activities (Helvik et al., 2006; Hannula et al., 2011;
Gopinath et al., 2012; Hornsby and Kipp, 2016). Hence, a patient-
centered multidisciplinary approach to identifying individual
health care needs is required in the rehabilitation process of
CI users (Boothroyd, 1968; British Society of Audiology, 2012;
Grenness et al., 2014; Meyer et al., 2016). No standard protocol
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currently exists for the evaluation and follow-up of CI outcomes in
clinical routine and there is lack of consensus on which outcome
measures and methods are the most appropriate to use (Meyer
et al., 2016; Vila et al.,, 2016; Schaefer et al.,, 2017; McRackan
et al,, 2018a,b, 2019; Andries et al., 2020). Most CI outcome
measures also require specific background knowledge in their
interpretation, which complicates multidisciplinary collaboration
and communication in the rehabilitation process. The International
Classification of Functioning, Disability and Health (ICF) model
could be a valuable tool to overcome these challenges.

The ICF model is a biopsychosocial framework endorsed by
the WHO in 2001 as the international standard for measuring
and describing health and disability (World Health Organization,
2001). It provides a common language to define different
perspectives of health (biological, psychological, and social)
on an individual level, focusing on consequences of health
conditions rather than the cause. Its universal language enhances
inter-and multidisciplinary communication in both clinical and
research settings and enables the comparison of health states
across countries and disciplines. The parts and components
of the ICF model are depicted in Figure I. The negative
consequences of a health condition are described using the
following terms: impairment (e.g., hearing loss) for Body Functions
and Structures, activity limitations (e.g., communication issues) for
Activities, participation restrictions (e.g., difficulties engaging in
community social life) for Participation and environmental
barriers (e.g., aversiveness to sounds) for Environmental
factors. The ICF parts and its components include nearly
1,400 coded categories serving as units of classification to define
individuals’ health and health-related states. To specify the
extent or magnitude of functioning or disability in a category,
a number or “qualifier” can be added, ranging from “0 NO
Impairments/Limitations/Restrictions/Barriers” to “4 COMPLETE
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Health condition
(disorder or disease)
PART 1: Functioning and disability
PART 2: Contextual factors
FIGURE 1
Parts and components of the ICF and their interactions adapted from World Health Organization (2001).

TABLE 1 General qualifier categorization of the ICF model.

0 NO Impairments/Limitations/Restrictions/Barriers

1 MILD Impairments/Limitations/Restrictions/Barriers

2 MODERATE Impairments/Limitations/Restrictions/Barriers

3 SEVERE Impairments/Limitations/Restrictions/Barriers

4 COMPLETE Impairments/Limitations/Restrictions/Barriers

Impairments/Limitations/Restrictions/Barriers”. The ICF model
suggests a qualifier categorization as shown in Table 1. Applying
the entire ICF model to each individual patient in clinical routine
would be challenging and time consuming due to the elaborate
amount of ICF categories. Therefore, ICF core-sets have been
developed comprising only the most relevant categories for
particular health conditions (World Health Organization, 2001).
Danermark et al. (2013), Granberg et al. (2014a,b,c,d), and
Granberg (2015) developed the ICF core set for hearing loss in
2010, but no patient-centered CI outcome assessment protocol
based on the ICF currently exists. Hence, in the first part of
the study we aimed to define a CI outcome assessment protocol,
based on the ICF core set for hearing loss. This protocol should
include all relevant ICF categories to describe the impact of
cochlear implantation on different aspects of health. The selected
ICF categories for cochlear implantation itself would only provide
an overview of which domains of functioning that should be
measured and do not include measurement tools. Therefore, we
assigned a valid assessment tool to each ICF category relevant to
cochlear implantation and aligned all methods across the different
centers cooperating in this study. In addition, ICF qualifiers were
developed based on the distribution of the applied test outcomes
and overworked by clinical experts involved in this study. In
the second part of the study, the newly developed ICF-based
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assessment protocol was applied in clinical practice by using it to
assess adult CI users before and 6 months after implantation in all
participating centers. Participants were categorized into one of five
ICF qualifiers based on the severity of their impairment, restriction,
limitation or barrier to improve quality standards, and to develop
holistic clinical strategies in the rehabilitation process of CI users.

2. Materials and methods

Part 1: Defining a CI outcome assessment protocol based on
the ICF.

An international multidisciplinary core group of ten experts in
the field of cochlear implantation, including several experienced
healthcare (e.g.
audiology, engineering, pharmacy, psychology, statistics, and

professionals with different backgrounds
speech-language pathology) from different countries (Australia,
Austria, Belgium, Germany, Poland, and Spain), reviewed the
ICF core set for hearing loss during four pre-study workshops
to develop an ICF-based outcome assessment protocol for
cochlear implantation. All participating centers are members of
the HEARRING group, an international organization including
30 expert clinics dealing with all aspects of hearing restoration
with implantable devices. The experts’ opinions were collected in
structured brainstorming sessions, with each expert contributing
opinions and suggestions that were discussed until a unanimous
consensus was reached among all experts in the core group.

As a primary step, the most relevant ICF categories and
codes for CI users were selected out of the existing core set
for hearing loss. During the selection process, the guidelines
of Selb et al. (2015) on ICF core set modification and
application in specific settings, and previous literature and
clinical experience on the possible effects of a CI on different
aspects of health were taken into account. In a second step,
the appropriate assessment tools that could be assigned to the
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TABLE 2 Overview of the Environmental factors ICF codes and categories included in the ICF-based outcome assessment protocol and their assigned

tests and test results per qualifier.

Environmental factors

ICF category Test Qualifier Test result
€250 Sound: A phenomenon that is or may be heard, such as banging, APHARB (Aversiveness 0 No barrier 0-15%
ringing, thumping, singing, whistling, yelling, or buzzing, in any subscore)
volume, timbre or tone, and that may provide useful or distracting 1 MILD barrier >15-30%
information about the world.
2 MODERATE barrier >30-50%
3 SEVERE barrier >50-70%
4 COMPLETE barrier >70-100%
el25 Products and technology for communication: Equipment, products APSQ (total score) 0 No barriers >8-10
and technologies used by people in activities of sending and receiving
information, including those adapted or specially designed, located in, 1 MILD barrier >6-8
on or near the person using them.
2 MODERATE barrier >4-6
3 SEVERE barrier >2-4
4 COMPLETE barrier 0-2

selected ICF categories and codes were considered. A well-
known, commonly used and validated instrument or method,
available in all languages of the participating centers and with a
limited administration time, was identified and assigned to each
ICF category according to the standardized ICF linking rules
(Cieza et al,, 2019). In total, the administration time of the ICF
outcome assessment protocol is approximately one h (30 min
psychophysical measures, 30 min questionnaires). Questionnaires
can be sent to participants by mail or e-mail, reducing
administration time at the clinic because only the psychophysical
measures would have to be performed at the clinic. Therefore,
the administration time at the clinic can be limited to 30 min
in total.

The quantifications for the selected questionnaires, pure tone
audiometry and speech audiometry were developed based on
the ICF qualifier categorization suggested by the WHO and on
the clinical experience of the involved experts in this study.
These ICF qualifiers facilitate the interpretation of CI outcomes
because they categorize the outcome on a scale between 0
and 4, eliminating the need for background knowledge on the
scoring of the various outcome measures for interpretation. For
the speech materials and assessment methods, descriptive results
such as the mean, the median and the percentiles were used
as an additional approach to obtain comparable quantification
results for the different language versions. Test methods and
ICF qualifiers for speech perception testing were aligned across
the different centers based on the normative data for these
tests in each language. As different localization set-ups are
used in the clinics for objective localization testing, the ICF
qualifier quantification was calculated separately per particular
localization set-up based on norm level and chance level using the
HEARRING_LOC_ICF scale (Mertens et al., 2022). The formula
for this calculation is reported in Mertens et al. (2022). The selected
ICF categories and codes per ICF component, their assigned
test or method and the associated ICF qualifiers are presented
in Tables 2-6.
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Part 2: Implementing the ICF-based assessment tool in
clinical practice.

2.1. Ethics

The study was carried out in conformity with the
recommendations of the local ethics committees and
competing authorities (Antwerp 20/27/357; Madrid PI-

4359; Perth RGS0000004350; Warsaw KB/3/2021; Wiirzburg
199/20). All participants gave their written informed consent
in accordance with the Declaration of Helsinki prior to
participation. All patient data was anonymized prior to the
respective analysis.

2.2. Design

This
study was conducted over a 2-year period (August 2020-

prospective observational longitudinal multicenter

August 2022) in five participating centers: La Paz University
Hospital (Madrid, Spain), the Antwerp University Hospital
(Antwerp, Belgium), the Fiona Stanley Fremantle Hospital
(Perth, Australia), the of Wiirzburg
(Wirzburg, Germany), and the World Hearing Center (Warsaw,

Group University
Poland). The study protocol was retrospectively registered
at Clinical Trials (Clinicaltrials.gov) on November 2, 2020
(identifier: NCT04611555).

2.3. Participants

A consecutive sample of CI candidates with unilateral or
bilateral post-lingual severe-to-profound hearing loss aged >18
years who were qualified and scheduled for cochlear implantation
according to the candidate selection criteria of their local

frontiersin.org
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TABLE 3 Overview of the Body Functions and Structures ICF codes and categories included in the ICF-based outcome assessment protocol and their
assigned tests and test results per qualifier, part 1.

Body Functions and Structures (1/2)

ICF category Test Qualifier Test result
b2400 Associated sensations: tinnitus Ringing in ears or tinnitus WORQ q7 0 No impairment 0-2
Sensation of low-pitched rushing, hissing, or ringing in Overall, in the past week, to what
the ear. extent did you have problems 1 MILD impairment 3-4
with... tinnitus?
2 MODERATE impairment 5-6
3 SEVERE impairment 7-8
4 COMPLETE impairment 9-10
b2401 Associated sensations: dizziness Sensation of motion WORQ g5, q8 0 No impairment 0-2
involving either oneself or one’s environment, sensation of Overall, in the past week, to what
rotating, swaying, or tilting. ex.tent did you have problems | MILD impairment 34
with...
dizziness? (q5) vertigo? (q8) 2 MODERATE impairment 5-6
3 SEVERE impairment 7-8
4 COMPLETE impairment 9-10
b2402 Sensation of falling: Sensation of losing one’s grip WORQ q6 0 No impairment 0-2
and falling Overall in the past week, to what
extent did you have problems 1 MILD impairment 3-4
with.... falling?
2 MODERATE impairment 5-6
3 SEVERE impairment 7-8
4 COMPLETE impairment 9-10
b235 Vestibular functions: Sensory functions of the inner ear WORQ q4 0 No impairment 0-2
related to position, balance, and movement Overall in the past week, to what
extent did you have problems
with.... keeping your balance 1 MILD impairment 3-4
hile maintaini L
while maintaining a position or 2 MODERATE impairment i
during movement?
3 SEVERE impairment 7-8
4 COMPLETE impairment 9-10
b130 Energy and drive functions: Mental functions that produce WORQ q1 0 No impairment 0-2
vigor and stamina. Overall, in the past week, to what
extent did you have problems 1 MILD impairment 3.4
with.... not feeling rested and
refreshed during the day? 2 MODERATE impairment 5-6
3 SEVERE impairment 7-8
4 COMPLETE impairment 9-10
b152 Emotional functions: Specific mental functions related to WORQ q2-3 0 No impairment 0-2
the feeling and affective components of the processes of the Overall, in the past week, to what
mind extent did you have problems
with.... your usual daily activities 1 MILD impairment 3-4
because you felt sad or
depressed? 2 MODERATE impairment 5-6
...your usual daily aC-t1V1tleS 3 SEVERE impairment 7.8
because you felt worried or
anxious? 4 COMPLETE impairment 9-10

implanting center were enrolled in this study. All possible
CI fitting types were included (e.g., bimodal, unilateral CI,
bilateral CI, single-sided deafness, electroacoustic). Participants
were assessed 1 month before implantation and 6 months
post activation of the audio processor. They had to be fluent
in the language of the implanting center and receive their
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in particular.

05

first CI. The audio processor was activated approximately 4
weeks postoperatively and its settings were optimized during
regular clinical programming sessions. Participants were excluded
in case of reimplantation of the CI, presence of contra-
indications for surgery in general and cochlear implantation
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TABLE 4 Overview of the Body Functions and Structures ICF codes and categories included in the ICF-based outcome assessment protocol and their assigned tests and test results per qualifier, part 2.

Body Functions and Structures (2/2)

ICF category Qualifier Test result
b2300 Sound Detection: Best-aided Pure Tone 0 No impairment <25dB
Sensory functions Audiometry
relating to sensing the (pre- and post CI) 1 MILD 26 dB—40 dB
presence of sounds. impairment
2 MODERATE 41 dB—60 dB
impairment
3 SEVERE 61 dB—80 dB
impairment
4 COMPLETE >81dB
impairment
b2302 Localization of sound SSQ12 spatial sub score 0 No impairment >8-10
source: Sensory (score range 0-10: the
functions relating to higher the score the 1 MILD >6-8
determining the location better the spatial impairment
of the source of sound. perception) 2 MODERATE 46
impairment
3 SEVERE >2-4
impairment
4 COMPLETE 0-2
impairment
b2302 Localization of sound Localization test: Belgium Germany Australia Spain Poland
source: Sensory Localization error
functions relating to 0 No impairment 0,00-3,21 0,00-5,63 N/A N/A 0,00-10,00
determining the location 1 MILD 3,21-25,00 5,63-25,98 N/A N/A 10,00-23,9
of the source of sound. X K
impairment
2 MODERATE 25,00-46,78 25,98-46,32 N/A N/A 23,9-37,7
impairment
3 SEVERE 46,78-65,57 46,32-66,67 N/A N/A 37,7-51,5
impairment
4 COMPLETE >65,57 >66,67 N/A N/A >51,5
impairment
b2304 Speech discrimination: Mono-syllable test in Flemish German English Spanish Polish
Sensory functions quiet
relating to determining
spoken language and NVA 65 dB SPL Freiburger Einsilber 65 CNC words 65 dB SPL Bisilabos Adultos 65 dB Pruszewicz 65 dB SPL
distinguishing it from dB SPL SPL
th ds.
ofhersounds 0 No impairment >80-100% >70-100% >80-100% >90-100% >80-100%
1 MILD >65-80% >55-70% >60-80% >70-90% >65-80%
impairment

(Continued)
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TABLE 4 (Continued)

Body Functions and Structures (2/2)

Code ICF category Test Quialifier Test result

2 MODERATE >55-65% >35-55% >40-60% >50-70% >45-65%

impairment

3 SEVERE >30-55% >15-35% >20-40% >30-50% >20-45%

impairment

4 COMPLETE 0-30% 0-15% 0-20% 0-30% 0-20%

impairment

Sentences in noise LIST OLSA BKB-SIN Spanish CID Polish AS in noise
S adaptive S65dB SPL S 65dB SPL S65dB SPL S 65dB SPL

N 65 dB SPL N adaptive N adaptive N 55 dB SPL N 55dB SPL

0 No impairment <-7.4dB <-1dB <-1dB >90-100% <-1dB

1 MILD >-7.4-2 dB >-1-0dB >-1-0dB >70-90% >-1-0dB

impairment

2 MODERATE >2-12dB >0-2dB >0-2dB >50-70% >0-2dB

impairment

3 SEVERE >12-20 dB >2-5dB >2-5dB >30-50% >2-5dB

impairment

4 COMPLETE >20dB >5dB >5dB 0-30% >5dB

impairment
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TABLE 5 Overview of the activities and participation ICF codes and categories included in the ICF-based outcome assessment protocol and their
assigned tests and test results per qualifier, part 1.

Activities and participation (1/2)

Frontiersin Audiology and Otology

08

ICF category Test Qualifier Test result
d11s Listening: Using the sense of hearing intentionally to HISQUI19 Total Score 0 No limitation >110-133
experience auditory stimuli, such as listening to a radio, the
human voice, to music, a lecture, or to a story told .
1 MILD limitation >90-<110
2 MODERATE limitation >60-<90
3 SEVERE limitation >30-<60
4 COMPLETE limitation <30
d230 Carrying out daily routine Carrying out simple or complex WORQ q9 0 No limitation 0-2
and coordinated actions in order to plan, manage and Overall, in the past week, to
complete the requirements of day-to-day procedures or what extent did you have
duties, such as budgeting time and making plans for separate | problems with.... carrying out 1 MILD limitation 3-4
activities throughout the day. yot'lr.d'aily routine or day to day 2 MODERATE limitation 56
activities?
3 SEVERE limitation 7-8
4 COMPLETE limitation 9-10
d240 Stress: Carrying out simple or complex and coordinated WORQ q10 0 No limitation 0-2
actions to manage and control the psychological demands Overall, in the past week, to
required to carry out tasks demanding significant what extent did you have 1 MILD limitation 3.4
responsibilities and involving stress, distraction, or crises. problems with.... handling
stress, crises, or conflict? 2 MODERATE limitation 5-6
3 SEVERE limitation 7-8
4 COMPLETE limitation 9-10
d31o Communicating with-receiving-spoken messages: APHAB (total score) 0 No limitation 0-4%
Comprehending literal and implied meanings of messages in
spoken language, such as understanding that a statement 1 MILD limitation 5-20%
asserts a fact or is an idiomatic expression, such as
responding and comprehending spoken messages 2 MODERATE limitation 21-40%
3 SEVERE limitation 41-80%
4 COMPLETE limitation 81-100%
d350 Conversation: Starting, sustaining, and ending an WORQ ql11 0 No limitation 0-2
interchange of thoughts and ideas, carried out by means of Overall, in the past week, to
spoken, written, sign or other forms of language, with one or | what extent did you have 1 MILD limitation 3.4
more persons one knows or who are strangers, in formal or problems with.... starting and
casual settings maintaining a conversation? 2 MODERATE limitation 5-6
3 SEVERE limitation 7-8
4 COMPLETE limitation 9-10
d360 Communication device and techniques: Using devices, WORQ q12 0 No limitation 0-2
techniques, and other means for the purposes of Overall, in the past week, to
communicating, such as calling a friend on the telephone what extent did you have
problems with.... using 1 MILD limitation 3-4
communication devices such as
using a telephone, 2 MODERATE limitation 5-6
tel ication devices, and
elecommunication devices, an 3 SEVERE limitation -
computers?
4 COMPLETE limitation 9-10
d760 Family relationships: Creating and maintaining kinship WORQ ql14 0 No restrictions 0-2
relationships, such as with members of the nuclear family, Overall, in the past week, to
extended ‘famil?r, foster anc.l adopted f‘amﬂy- and what extent.did you haffe ‘ 1 MILD restriction 3.4
step-relationships, more distant relationships. problems with..... relationships
within your family? 2 MODERATE restriction 5-6
3 SEVERE restriction 7-8
4 COMPLETE restriction 9-10
(Continued)
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TABLE 5 (Continued)

Activities and participation (1/2)

ICF category Test Qualifier Test result

do1o Community life Engaging in aspects of community social WORQ q13 0 No restrictions 0-2

life, such as engaging in charitable organizations, service
clubs or professional social organizations.

Overall, in the past week, to
what extent did you have
problems with..... activities in

your community life?

1 MILD restriction 3-4
2 MODERATE restriction 5-6
3 SEVERE restriction 7-8
4 COMPLETE restriction 9-10

TABLE 6 Overview of the activities and participation ICF codes and categories included in the ICF-based outcome assessment protocol and their
assigned tests and test results per qualifier, part 2.

Activities and participation (2/2)

ICF category

Test

Quialifier

Test result

work, as an occupation, trade, profession, or other form
of employment, for payment, as an employee, full or
part time, or self-employed, such as seeking

Which best describes your
current work status, or if
currently not working your

Employed
Self-employed
Non-paid work such as volunteer

ds20 School education: Gaining admission to school, WORQ pl ql Personal factor (no qualifier) Answer:
education; engaging in all school-related What is the highest level of No formal schooling tick which one
responsibilities and privileges; learning the course education that you have Less than primary school
material, subjects, and other curriculum requirements completed? Primary school
in a primary or secondary education program, Secondary school
including attending school regularly; working High school
cooperatively with other students, taking direction College/university
from teachers, organizing, studying and completing Post-graduate degree
assigned tasks and projects, and advancing to other
stages of education.
dss0 Remunerative employment: Engaging in all aspects of WORQ p1 q2-3 Personal factor (no qualifier) Answer:

tick which one

employment and getting a job, doing the required tasks last work status? Student or in training
of the job, attending work on time as required, Homemaker
supervising other workers or being supervised, and Retired
performing required tasks alone or in groups. Not applicable
Which of the following a) If currently working, are you...
describes your current work Full time
status best? Part time
On modified or light duty

b) Or, if currently not working,
are you...

Not working due to ongoing
vocational rehabilitation

Not working due to other reasons:
Please specify

2.4. Cl outcome assessment

2.4.1. Questionnaires

Based on the consensus achieved among our expert group
during our pre-study workshops, five questionnaires were
identified, namely: the Work Rehabilitation Questionnaire
(WORQ), the Abbreviated Profile of Hearing Aid Benefit
(APHAB), the Audio Processor Satisfaction Questionnaire (APSQ),
the Speech, Spatial, and Qualities of Hearing Questionnaire with
12 items (SSQ12), and the Hearing Implant Sound Quality Index
19 (HISQUI19). All of these questionnaires are available in Dutch,
English, German, Polish, and Spanish and were completed by each
participant. Participants completed the questionnaires at a routine

Frontiersin Audiology and Otology

visit to the clinic, via e-mail or via mail. Detailed information can
be found in the Supplementary material.

2.4.1.1. The work rehabilitation questionnaire

The 59-item WORQ (Finger et al., 2014; Vermeulen et al,
2019) is a questionnaire based on the ICF core set for vocational
rehabilitation, assessing work related functioning. The original
WORQ has been revised to match the core needs of the ICF
categories and codes for CI users (Andries et al., 2022). The revised
version includes two parts addressing demographics and relevant
background information (Part 1) and work functioning (Part 2).
Each item in the WORQ represents an ICF category. Part 1 consists
of 4 items and part 2 includes 14 items. In part 2, participants have
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TABLE 7 APHAB response alternatives, subscales, scoring interpretation
and total score calculation.

Total
score
calculation

Subscales

Response

Scoring

alternatives interpretation

A: Always (99%) Ease of Higher scores Mean of the
B: Almost Always communication | suggest less hearing | scores for all
(87%) disability the items in
C: Generally (75%) these three
D: Half-the-time Reverberation subscales (not
(50%) including
E: Occasionally Background aversiveness)
(25%) noise
. 0

F: Seldom (129%) Aversiveness Lower scores
G: Never (1%) .

suggest less hearing

disability

to rate to what extent they had problems with a certain activity
or task in the last week using a numerical scale ranging from 0
(no problem) to 10 (complete problem). The WORQ takes <5 min
to complete.

2.4.1.2. The abbreviated profile of hearing aid benefit

The APHAB (Cox and Alexander, 1995) is a 24-item
questionnaire derived from the original 66-item Profile of
Hearing Aid Benefit. The self-assessment instrument evaluates
consequences of hearing impairment for functioning in real-
life situations with and without hearing aids. Participants must
rate how often a given statement is true in their daily life.
More detailed information on response alternatives, subscales,
etc can be found in Table 7. Participants were instructed to
complete the APHAB with their current hearing situation in
mind (e.g., preoperatively with hearing aid(s) if aided and after
implantation with the combination of a hearing aid and a CI
or with CI only). The APHAB typically requires 10 min or less
to complete.

2.4.1.3. The audio processor satisfaction questionnaire
The APSQ (Billinger-Finke et al., 2020) is a questionnaire which
is designed to assess the handling of hearing devices, taking 5 min to
complete. It assesses the wearing comfort, sound quality, and other
device-specific factors related to the audio processor with 15 items
on a VAS scale from 0 (does not agree at all) to 10 (fully agrees).
Participants had to complete the APSQ 6 months post activation.

2.4.1.4. The speech, spatial, and qualities of hearing
questionnaire with 12 items

The SSQ12 (Noble et al, 2013) is designed to measure self-
reported auditory disability across a wide variety of domains,
reflecting the reality of hearing in the everyday world. It takes
approximately 5min to complete. It covers hearing speech in
a variety of competing contexts; the directional, distance, and
movement components of spatial hearing; segregation of sounds
and attending to simultaneous speech streams; ease of listening;
the naturalness, clarity, and identifiability of different speakers;
different musical pieces and instruments; and different everyday
sounds. The SSQ12 consists of 12 questions divided across three
subscales (Speech, Spatial and Qualities of Hearing) that subjects
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score on a scale from 0 (not at all) to 10 (perfectly). The total score
is the mean of all items, subscale scores are the mean of all items in
that subscale.

2.4.1.5. The hearing implant sound quality index 19

The HISQUI g is a self-administered questionnaire to quantify
the individual perceived sound quality of hearing implanted
patients in daily life (Amann and Anderson, 2014). The
questionnaire consists of 19 seven-level Likert items ranging from
“always (99%)” to “never (1%)”, taking approximately 10 min to
complete. Added percentage values support the answering. The
total score is the sum of all items and ranges from 19 to 133 points.

2.4.2. Audiological examinations
2.4.2.1. Pure tone audiometry

Pure tone audiometry was performed according to current
clinical standards (ISO 8253-1, 2010) by an experienced Good
Clinical Practice certificated audiologist. Pre- and post-operatively,
best-aided pure tone audiometry was measured at 500, 1,000,
2,000, 4,000, and 8,000 Hz using warble tones in sound field in
a sound treated booth. The loudspeaker was placed in front of
the participant (0 degrees) at ear level at 1-meter distance. The
best-aided pure tone average (PTA4) was calculated by averaging
participants’ hearing thresholds at 500, 1,000, 2,000, and 4,000 Hz
in best-aided condition.

2.4.2.2. Speech recognition

Speech recognition was evaluated in quiet, using disyllables
in Spanish and monosyllables in the other languages, and in
noise, using sentences. These tests were performed pre- and
postoperatively in best-aided condition according to current
clinical standards (ISO 8253-1, 2010). Participants sat in front
of the loudspeaker (0 degrees), positioned at ear level, at a one-
meter distance. They were instructed to repeat the speech stimuli
they heard. Speech materials and assessment methods were aligned
across the different centers cooperating in this study to obtain
comparable results. Detailed information about the used speech
tests per center can be found in the Supplementary material.

2.4.2.3. Sound localization testing

Each center used its own localization set-up, all meeting the
localization testing standards published by Van de Heyning et al.
(2017). Norm values were based on the current set-up in each
participating center. Two centers did not have an appropriate set-
up at the start of this study and therefore only used the SSQ12
spatial subscale.

2.4.3. Subject demographics

Subject demographics were retrieved from the participants’
medical file or by asking them if the information is not
available. The following information was retrieved: age, sex, ear
to be implanted, etiology, date, type and onset of hearing loss,
preoperative hearing aid use, previous ear surgery and otological
condition. The 11th revision of the International Statistical
Classification of Diseases and Related Health Problems (ICD-
11) classification was used to code subjects’ hearing loss etiology
(WHO, 2018).
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2.5. Statistics

Firstly, audiometry results and questionnaire total scores
(APSQ, HISQUI19), (APHAB aversiveness
subscale; SSQ12 spatial subscore) or single questions (WORQ)

subscale scores
were assigned according to the quantified ICF qualifiers as
suggested in Part 1 of the methods section. In a second step,
IBM SPSS Statistics 24 (IBM, Armonik, New York) was used to
calculate the percentage values of the ICF qualifiers for the ICF
categories before and 6 months after implantation. Thus, for
each ICF category the improvement, stability or deterioriation
could be specified in a descriptive approach. Absolute and relative
frequencies were used to describe patient characteristics (e.g., age,
sex, etiology). Localization test results and their assigned qualifiers
were calculated using the HEARRING_LOC_ICEF scale.

3. Results

In total, 72 CI candidates were enrolled in this study. More
details of their characteristics are presented in Table 8.

Overall, the participants in our study either showed improved
or stable ICF qualifiers after cochlear implantation. Participants
most commonly showed ICF qualifier improvement for sound

detection, with n
ICF qualifiers 6 m postoperatively compared to preoperatively.

= 48 participants (73%) showing improved
Most participants also demonstrated ICF qualifier improvement
for speech discrimination (speech in quiet) (n = 48 [69%]); self-
reported localization (n = 40 [59%]); and communicating with—
receiving—spoken messages (n = 34 [52%]) after implantation.
The ICF qualifiers for sound (APHAB aversiveness) (n = 30
[45%]) and vestibular functions (n = 21 [33%]) deteriorated
most frequently among the participants after implantation. ICF
qualifiers for falling (n = 53 [83%]); dizziness (n = 40 [62%]);
emotional functions (n = 39 [62%]); and family relationships (n
= 39 [62%]) remained stable in most participants preoperatively
compared to postoperatively. If there was any change in
ICF qualifiers, the majority generally changed from mild to
no impairments/limitations/restrictions/barriers or from severe
to moderate impairments/limitations/restrictions/barriers. More
details on the change in ICF qualifiers over time can be found in
Table 9.

The ICF qualifiers per ICF category preoperatively and
postoperatively are presented in Figures 2, 3. For “Body Functions
and Structures”, most participants reported a complete impairment
preoperatively for speech discrimination in noise (n = 37 [54%]),
followed by self-reported localization (1 = 32 [47%]) (measured
by SSQ12). Postoperatively, both categories still frequently pose
a complete impairment for the participants, but the frequency
decreased to n = 25 (37%) and n = 12 (18%), respectively. Most of
the participants perceived no impairment preoperatively for falling
(n =59 [92%]), emotional functions (n = 46 [73%]), and dizziness
(n = 45 [70%]). Postoperatively, falling remained the category for
which most participants perceived no impairment (n = 54 [84%]),
followed by dizziness (n = 44 [69%]), and tinnitus (n = 44 [69%])
in the “Body Functions and Structures” domain.

In the “Activities and Participation” domain, most participants
reported a complete limitation preoperatively for communication
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TABLE 8 Overview of the participants’ characteristics.

72

‘ 60 (15)

Gender

Female

53%

Male

47%

Hearing loss duration (y): mean (SD)

23 (15)

Ear implanted

Right

53%

Left

47%

Etiology

Unilateral

Unknown (AB52)

58%

Sudden idiopathic hearing loss (AB55)

5%

Otosclerosis (AB33XK9K and AB33XK9G)

2%

No hearing loss (contralateral ear)

3%

Mumps (ID80)

2%

Measles (IF03)

2%

Hereditary (AB56)

3%

Genetic Specified syndromic genetic deafness
(LDH2H.Y)

3%

Disorders of acoustic nerve (AB72)

2%

Degenerative or vascular disorders of ear (AB71)

1%

Auditory synaptopathy or neuropathy (AB57)

2%

Age related hearing loss/presbycusis (AB54XK9K
and AB54XK9G)

4%

Bilateral

Trauma head (NAOZ Injuries to the head,
unspecified injuries of ear)

4%

Otosclerosis Stapes (AB33 XA3W A4 Stapes)

3%

Otosclerosis Bilateral (AB33XK9J)

2%

Noise induced Hearing Loss (AB37XK9J)

2%

Age related hearing loss/presbycusis (AB54XK9])

3%

Previous ear surgery

No

89%

Stapedectomy

2%

Vibrant sound bridge

2%

Stapedotomy

2%

Cholesteatoma removal

1%

Middle ear surgery

1%

Grommets

2%

Missing

1%

Implant type

Synchrony 2

41%

Synchrony

40%

(Continued)
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TABLE 8 (Continued)

72

10%

Number

Synchrony 2 PIN

Sonata 2 4%

Concerto 2 4%

Synchrony PIN 1%

Electrode type

Flex 28 76%

Standard 8%

Flex 24 7%

Other 4%

FlexSoft 3%

Flex 26 1%

Flex 20 1%

Audio processor type (ipsilateral)

SONNET 2 60%

RONDO 3 28%

RONDO 2 7%

SONNET 2 EAS 4%

SONNET 1%

devices and techniques (n 15 [24%]) and communicating
with receiving—spoken messages (n = 14 [21%]). Postoperatively,
many participants showed improvement for communicating with
receiving—spoken messages (n = 34 [52%]), leading to only n =
2 of the CI users (3%) perceiving a complete limitation for this
category after implantation. Many participants also perceived an
improvement regarding communication devices and techniques
(n = 20 [32%]), but it remained the category for which most
participants experienced a complete limitation (n = 8 [13%])
after implantation in the “Activities and Participation” domain.
No limitation or restriction was most frequently perceived for
carrying out daily routine (n = 42 [66%] preop vs. n = 46 [72%]
postop), family relationships (1 = 38 [60%)] preop vs. n = 49 [78%]
postop), and stress (n = 37 [58%] preop vs. n = 43 [67%] postop),
preoperatively as well as postoperatively. Overall, the ICF categories
listening, and communicating with- receiving—spoken messages
showed the least number of participants perceiving no limitation (n
= 0 [0%]), both preoperatively and postoperatively. Most CI users
finished secondary school (n = 39 [54%]) or college/university (n =
25 [35%]), were retired (n = 30 [42%]) or employed (n = 26 [36%]),
and were working full-time (n = 20 [28%]) or not working due to
other reasons such as retirement (n = 16 [22%]). More details are
presented in Figure 4.

4. Discussion

This longitudinal prospective multicenter cohort study aimed
(1) to define a CI outcome assessment protocol based on the ICF
model, (2) apply it in clinical routine by using it to assess adult CI
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users before and 6 months after implantation in all participating
centers. The need and relevance for applying the ICF model to
audiological rehabilitation has been reported in several studies but,
to our knowledge, measures have only been suggested for the ICF
core set for hearing loss with no assigned qualifiers and there is
no protocol yet for the application in clinical routine (Boothroyd,
2007; Danermark et al., 2013; Granberg et al., 2014a,b,c,d; Meyer
et al., 2016; Psarros and Love, 2016; Van Leeuwen et al., 2017;
Glade et al.,, 2020; Lorens et al., 2020). Our study is the first to
propose and apply a ready-to-use CI outcome assessment protocol
based on the ICF model. A post-study forum was organized to
discuss clinical applications, which showed that the protocol was
positively received in all participating centers and the involved
healthcare professionals. Particularly its comprehensive patient-
centered approach, common language in outcome reporting and
short administration time was appreciated. Our study shows that
CI outcomes can be described similarly across the globe, facilitating
national and international comparisons at the individual level as
well as at group level. By adding ICF qualifiers to the ICF codes
and categories, the outcomes can be interpreted by individuals
with no or limited knowledge of the outcome measures and their
scores (e.g., healthcare professionals without ENT-background,
stakeholders, and policy makers), enhancing multidisciplinary
communication and increasing the focus and knowledge on
individual healthcare needs in CI users. The ICF-based CI outcome
assessment protocol enables a comprehensive assessment of the
most relevant CI outcomes in multiple domains, using a new
standardized combination of well-known and commonly used
measures in the field of cochlear implantation.

Global calculations of the prevalence of health conditions are
based on classification systems such as the ICD-11, which was
used in our study to code hearing loss etiology (World Health
Organization, 2018). Applying a classification system such as the
ICF model would enable prevalence calculations of the functional
aspects of these health conditions. Hence, using the ICF-based
CI outcome assessment protocol would allow for a standardized
prevalence calculation of the effects of cochlear implantation in
adults using the general ICD-11 code for presence of otological or
audiological implants (QB51.3). Linking the ICD-11 coded hearing
loss etiology to its functional consequences coded in the ICF
protocol would enable the prevalence calculation of the functional
and disabling aspects of different hearing loss etiologies in CI users
instead of only calculating the prevalence of these etiologies without
considering their impact (Granberg et al., 2014d). Nevertheless, the
hearing loss etiology of most of the CI users in our study (59%) was
“unknown”, which could partly be due to e.g., unknown genetic
contributions, late-onset cytomegalovirus infections. Therefore,
linking these two classification systems based on hearing loss
etiology was not reliable in our study and future research should
focus more closely on a method for (early) identification of post-
lingual severe-to-profound hearing loss etiology in clinical routine.

The CI outcome results showed that auditory perception-
related and communication-related categories generally improved
the most after cochlear implantation, which is in line with previous
studies showing large positive effects of cochlear implantation on
these domains (Carlson, 2020; Kay-Rivest et al., 2022; Rasmussen
et al., 2022). The mono- or disyllable words test demonstrated
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. 0 NO impairment . 1 MILD impairment . 2 MODERATE impairment . 3 SEVERE impairment . 4 COMPLETE impairment

b130 Energy and drive functions
(WORQq1) (n = 64)

Preop

b2304 Speech discrimination
(SPIQ) (n = 70)

b2300 Sound detection (PTA4)
Best-aided pure tone audiometry (n = 66)

Preop 6M postop Preop

b2401 Associated sensations: dizziness b2401 Associated sensations: dizziness
(WORQ g5) (n = 64)

(WORQ g8: vertigo) (n = 62)

b1 MENTAL FUNCTIONS

b152 Emotional functions
(WORQ g2: sad or depressed) (n = 63)

b2 SENSORY FUNCTIONS AND PAIN
b2304 Speech discrimination (SPIN)

b2302 Localization of sound source
(localization test) (n = 27)

6M postop Preop

b152 Emotional functions
(WORQ g3: worried or anxious) (n = 63)

6M postop Preop 6M postop Preop 6M postop
33 (52%) 31 (48%)
43 (68%) 41 (65%) 46 (73%) 42 (67%)
11 (17%) 13 (20%)
11 (17% oo e 4(6%) 10 (16%)
. el 6 (10%) 9 (14%) 5 (8%) 4(6%)
ol sy 6 (10%) 3(5%) 5 (8%) a(6%)
3(5%) 3 (5%) 2(3%) 3 (5%) 3(5%) 3%

b235 Vestibular functions (WORQ g4)

(n=68) (n=63)
Preop 6M postop Preop 6M postop Preop 6M postop
8 (11%) 3 (4%) 8 (12%)
4(6%)
10 (14%) 25 (36%)
14 (21%) 14 (21%) 40 (63%) 35 (56%)
9(13%)
6:23%) 10 (15%) 15 (22%)
14 (20%) 8 (13%)
11(16%) 6 (9%) 10 (16%) 21154
29 (41%) 37609 e
11 (16%) 25 (37%) 5 (8%) 8 (13%)
7 (10%) 4 (6%) 5 (8%)

b2302 Localization of sound source

Preop 6M postop ~ Preop 6M postop Preop 6M postop

4(6%) 5 (8%) A 1(4%) 1(1%) 3 (4%)

7(11%) 5 (19%) 11 (16%) 17 (25%)
39 (59%) 11 (41%) 5(7%)

29 (44%

@l 13 (48%) 19 (28%) 21 (31%)

8 (12%) 8 (30%)

19 (29%) 3(11%) 15 (22%)
32 (47%)

18 (27%) 1(2%) 4(15%) 5 (19%) 12 (18%)

2(3%)

b2402 Sensation of falling
(WORQ g6) (n = 64)
6M postop Preop

35 (55%)
44 (69%) 42 (68%) 41 (66%) 54.(84%) 44 (69%)
59 (92%)
4(6%)

5 (8%) 75 7(11%) 7 (11%) 4(6%) 2(3%)

5 (8%) 6 (9%) 7 (11%) 7(11%)  1(2%) 5 :8%; 9 (14%) 7 (11%)
2(3%) 1(2% 5 (8%

7 (11%) 4(6%)  4(6%) 2B3%) 1 (ou) 2(3%) 12 (19%) o

2(3%) 3(5%)  2(3%) 5(8%)  1(2%) 2 (3%) 6(9%)

(s5Q12) (n = 68)

b2400 Associated sensations: tinnitus
(WORQ q7) (n = 64)
6M postop

FIGURE 2

Overview of the change in ICF qualifiers preoperatively compared to postoperatively per ICF code and category for Body Functions and Structures
(b). Numbers are presented as n (%); WORQ, work rehabilitation questionnaire; SPIQ, speech in quiet; SPIN, speech in noise; PTA4, pure tone average;
SSQ12, speech spatial and qualities of hearing scale with 12 questions.
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. 0 NO limitation/restriction/barrier

. 1 MILD limitation/restriction/barrier . 2 MODERATE limitation/restriction/barrier

- 3 SEVERE limitation/restriction/barrier . 4 COMPLETE limitation/restriction/barrier

1 LEARNING AND APPLYING KNOWLEDGE

d115 Listening (HISQUI19 total score)

Preop (n=66)

2 (3%)
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FIGURE 3

Overview of the change in ICF qualifiers preoperatively compared to postoperatively per ICF code and category for Activities and Participation (b) and
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more improvement after cochlear implantation compared to the
sentences in noise test for speech discrimination. This could be
attributed to the higher level of complexity of the sentences
in noise test, including background noise and the combination
of multiple words in a sentence, compared to the mono- or
disyllable words test including isolated words in quiet (Pichora-
Fuller et al., 2016). Having a conversation was also found to be
easier after cochlear implantation by most of the participants. The
WORQ question assigned to this ICF category was worded as:
“to what extent did you have problems last week with starting
and maintaining a conversation”, not explicitly mentioning oral
conversations so participants may also have considered written
or typed conversations when completing this question. CI users
frequently reported difficulties with using communication devices
and techniques such as computers or smartphones before and
after cochlear implantation. This could partly be due to the
fact that CI users generally continue to have difficulties with
communicating over the phone after implantation, caused by a
reduced signal transmission bandwidth, lack of contextual cues
and lip-reading and potentially unfamiliar topics and speakers
(Anderson et al., 2006; Castro et al., 2008). Along with the more
advancing technology of both CIs and general communication
devices, these issues might diminish in the future. In addition,
our study sample consisted of mainly older participants (mean age
61 years, median 63 years) who tend to have more issues with
using technical devices compared to younger adults given that they
generally struggle with for example compressed keys, hierarchical
menus and mild vision impairments (Arning and Ziefle, 2007;
Zhou etal,, 2014). Listening and communicating with and receiving
spoken messages was still difficult after receiving a CI for most of
our participants, but these categories also showed improvement for
approximately half of them. These results highlight that a CI does
not completely restore hearing function but does generally improve
overall communication and auditory perception. We also should
bear in mind the short 6 months follow-up time; therefore further
improvement can be anticipated. Stability in the results for these
domains could be due to ceiling effects, because in certain fitting
types (e.g., EAS or SSD) individuals either have low frequency
residual hearing or a normal-hearing contralateral ear which might
limit the effects of a CI on auditory perception (Adunka et al., 2010;
Hoth et al., 2016; Doge et al., 2017). Therefore, in a next study
we will investigate the influence of best-aided fitting type on the
variables included in the ICF-based CI outcome protocol.

ICF categories related to vestibular function mostly remained
stable, but generally showed more decrease than improvement in
our sample of CI users. Vestibular loss is a possible complication
of CI surgery and there is a significant association between severe-
to-profound hearing loss and vestibular loss, which might explain
the changes in qualifiers indicating deterioration for part of the
CI users (Sun et al., 2014; Batuecas-Caletrio et al., 2015; Meli
et al.,, 2016; Ibrahim et al., 2017; Agrawal et al., 2018). Balance
issues also increase with age and therefore our population may
have skewed the results. In addition, cochlear implantation partially
restores hearing function but is not a treatment for vestibular
disorders. Therefore, the follow-up of vestibular function in CI
users is important to monitor and, where possible, to treat
vestibular problems and CI candidates should be informed about
the potential effect of CI surgery on the vestibular system. No
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objective vestibular measures such as electronystagmography were
included in our ICF-based protocol, but if patients report vestibular
problems it is recommended to do additional objective vestibular
assessments. Next to vestibular loss, tinnitus is also a known
complication of CI surgery (Amoodi et al, 2011; Arts et al,
2012, 2015a,b). However, most CI users’ tinnitus perception either
remained stable or improved after implantation in our study, which
is more in line with studies indicating that tinnitus perception
might improve after cochlear implantation (Kim et al., 2013, 20165
Blasco and Redleaf, 2014; Holder et al,, 2017). Still, approximately
25% of the CI users in our sample experienced troublesome
tinnitus after implantation, which concurs with previous literature
(Baguley, 2010; Andries et al., 2022). Self-reported localization was
one of the most improving categories after implantation, while
objective localization remained stable in most of the CI users.
This could be attributed to the fact that most CI users in our
sample were bilaterally severely-to-profoundly hearing impaired
but had a unilateral CI or bimodal fitting. A CI improves auditory
perception and might therefore give the impression of enhanced
localization skills, as after CI the sounds to be localized are (better)
perceived but, particularly in unilateral CI fitting, sounds are
only perceived in one ear making objective localization difficult
(Buhagiar et al., 2004; Kerber and Seeber, 2012). In the SSD
group, consisting of participants with normal hearing in one ear
and a CI in the other ear, we would expect an improvement
of localization skills as they are able to receive binaural acoustic
information postoperatively.

The ICF category “Sound” in Environmental factors, measured
by APHAB aversiveness, worsened in most CI users, indicating
that they have a greater negative reaction to environmental sounds
after implantation. This finding corroborates with those of Cox
and Alexander (1995), Palmer et al. (2006), and Johnson et al.
(2010) demonstrating that aversion to sounds increases with
amplification as it is influenced by the audibility of noise (Cox
and Alexander, 1995; Palmer et al., 2006; Johnson et al., 2010).
These results seem to suggest that aversiveness to sounds is
a negative by-product of amplification. However, Palmer et al.
(2006) showed that appropriate amplification returns a normal
perception of aversive sounds when compared to the performance
of normal hearing individuals on aversiveness measures (Palmer
et al., 2006). Hence, CI candidates should be counseled that
increased auditory perception after implantation leads to a more
normalized perception of annoying environmental sounds, which
might require an adjustment period. Products and technology for
communication generally posed little barriers for the CI users,
indicating that most of them can handle the implant and are
satisfied with it. This category was not assessed before implantation
as a lot of CI candidates did not wear hearing aids before
implantation and because the APSQ is a questionnaire specifically
developed for hearing implant users which makes some questions
less applicable for conventional hearing aid users (Billinger-Finke
et al., 2020).

Personal factors such as school education and remunerative
employment remained stable after implantation, as expected, given
the short 6 months follow-up time in our study. Nevertheless,
the ICF can be used continuously to follow up these factors to
ensure (re)integration in school education and/or professional life
if desired after implantation. Question 3 of Part 1 of the revised
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WORQ for CI users was revisited as mentioned in Andries et al.
(2022) because of the large number of missing values for this
question (Andries et al., 2022). These missing values could partly
be due to question 3 including two parts: part one “currently
working”, and part two “currently not working due to”. Participants
only have to fill in the part that is most applicable to them,
which could have been confusing for the participants causing them
to skip the question entirely. Additionally, no explicit response
alternative is provided for retired participants for this question.
The following response alternative must be ticked and completed
if retired: “Not working due to other reasons. Please specify:...”,
which could have been unclear for some participants. Therefore,
the response alternative “retirement” will be added to the final
version of the revised WORQ for CI users. Mental functions already
posed limited problems preoperatively in most of the CI users and
generally remained stable postoperatively, confirming the results
of previous studies on these topics (Claes et al., 2018; Ketterer
et al., 2018; Mertens et al., 2020; Calvino et al., 2022). General tasks
and demands, community life and family relationships generally
improved or remained stable after implantation in most of the
CI users. The improvement in communication abilities of the CI
users could partly explain these improvements and several studies
demonstrated a positive effect of cochlear implantation on the daily
lives of both CI users and their relatives (Mo et al., 2005; Ng et al.,
2016).

The Nijmegen Cochlear Implant Questionnaire (NCIQ), a
commonly used, well-known CI-specific quality of life assessment
tool, was not included in our ICF-based CI outcome assessment
tool because of its length (60 questions) and because other
measures were a better fit for measuring the ICF categories relevant
for CI users (Hinderink et al., 2000). In addition, the recently
developed Cochlear Implant Quality of Life questionnaire could
not be included in the protocol because it is not available nor
translated in all languages of the participating centers. Multiple
studies proved the benefits of cochlear implantation in severely-
to-profoundly hearing-impaired individuals on multiple domains,
but a CI is generally unable to address all disabling aspects of
severe-to-profound hearing loss (Berrettini et al., 2011; McRackan
et al., 2018b; Boisvert et al., 2020; Carlyon and Goehring, 2021).
This underlines the importance of implementing the ICF-based
CI outcome protocol in the rehabilitation process of CI users
as it would allow for the identification of individual healthcare
needs of CI users across multiple domains, using a patient-centered
approach. The ICF model is a universal classification system aiming
to describe functioning and disability in a standardized way using
codes, categories and qualifiers (World Health Organization, 2001).
The ICF model itself is not a measurement instrument and is
therefore not meant for statistical test comparisons. Hence, we used
descriptive statistics in this study to describe the overall change and
improvement of the participants across the ICF categories relevant
for cochlear implantation. In another paper we will statistically
compare the raw data of the used measurement instruments in this
study. Furthermore, the influence of participants’ characteristics
(e.g., duration of deafness, etiology) and fitting type (e.g., EAS,
bilateral CI) on the CI outcomes will also be studied. Since the
ICF Core set for hearing loss was already developed according to
the guidelines of Selb et al. (2015) and since cochlear implantation
can be considered as a subdomain of hearing loss management,
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we modified the ICF Core set for hearing loss to create the
ICF-based CI outcome assessment protocol and applied it in
adult CI candidates (Selb et al., 2015). In future research, it
would be interesting to assign measurement tools appropriate for
pediatric CI users to the ICF core set for hearing loss to be able
to implement it in their rehabilitation process. Additionally, a
comparative analysis between participants with and without prior
hearing surgical interventions would have been valuable. Since
participants who had prior hearing surgical interventions might
have different expectations and psychosocial experiences compared
to those without any such history, it might affect CI outcomes,
particularly in terms of aversiveness results. However, in our study
we only have a small sample size (n = 8) of participants who had
previous hearing restoration surgeries compared to participants
without previous surgeries (n = 64). Comparing these groups could
therefore lead to unreliable conclusions, which is why we did not
add it in our study. Nevertheless, it would be interesting to explore
this in future studies.

5. Conclusion

The selected ICF categories for cochlear implantation and
their assigned measurement tools provide a common language
and comprehensive assessment protocol for the description and
measurement of CI outcomes worldwide, facilitating national
and international comparisons on group and individual level in
both research and clinical settings. The straightforward outcome
description and rating of the ICF-based CI outcome assessment
protocol enables CI outcome interpretation by non-experts, which
enhances multidisciplinary communication and knowledge on
individual healthcare needs in CI users. It can and should be
adopted in the rehabilitation process of CI users to allow for a
patient-centered approach, addressing a unique combination of not
only Body Functions and Structure impairments but also relevant
activity limitations, participation restrictions and environmental
barriers, which would ultimately benefit CI outcomes.
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