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IMPORTANCE Cochlear implants are a treatment option for individuals with severe, profound, Commentary
or moderate sloping to profound bilateral sensorineural hearing loss (SNHL) who receive little Author Audio Interview

or no benefit from hearing aids; however, cochlear implantation in adults is still not routine. .
Related articles

OBJECTIVE To develop consensus statements regarding the use of unilateral cochlear

Supplemental content
implants in adults with severe, profound, or moderate sloping to profound bilateral SNHL. PP

DESIGN, SETTING, AND PARTICIPANTS This study was a modified Delphi consensus process
that was informed by a systematic review of the literature and clinical expertise. Searches
were conducted in the following databases: (1) MEDLINE In-Process & Other Non-Indexed
Citations and Ovid MEDLINE, (2) Embase, and (3) the Cochrane Library. Consensus
statements on cochlear implantation were developed using the evidence identified. This
consensus process was relevant for the use of unilateral cochlear implantation in adults with
severe, profound, or moderate sloping to profound bilateral SNHL. The literature searches
were conducted on July 18, 2018, and the 3-step Delphi consensus method took place over
the subsequent 9-month period up to March 30, 2019.

MAIN OUTCOMES AND MEASURES A Delphi consensus panel of 30 international specialists
voted on consensus statements about cochlear implantation, informed by an SR of the
literature and clinical expertise. This vote resulted in 20 evidence-based consensus
statements that are in line with clinical experience. A modified 3-step Delphi consensus
method was used to vote on and refine the consensus statements. This method consisted of
2 rounds of email questionnaires and a face-to-face meeting of panel members at the final
round. All consensus statements were reviewed, discussed, and finalized at the face-to-face
meeting.

RESULTS In total, 6492 articles were identified in the searches of the electronic databases.
After removal of duplicate articles, 74 articles fulfilled all of the inclusion criteria and were
used to create the 20 evidence-based consensus statements. These 20 consensus
statements on the use of unilateral cochlear implantation in adults with SNHL were relevant
to the following 7 key areas of interest: level of awareness of cochlear implantation
(1consensus statement); best practice clinical pathway from diagnosis to surgery (3
consensus statements); best practice guidelines for surgery (2 consensus statements); clinical
effectiveness of cochlear implantation (4 consensus statements); factors associated with
postimplantation outcomes (4 consensus statements); association between hearing loss and
depression, cognition, and dementia (5 consensus statements); and cost implications of
cochlear implantation (1 consensus statement).

CONCLUSIONS AND RELEVANCE These consensus statements represent the first step toward Author Affiliations: Author
the development of international guidelines on best practices for cochlear implantation in affiliations are listed at the end of this
adults with SNHL. Further research to develop consensus statements for unilateral cochlear article.
implantation in children, bilateral cochlear implantation, combined electric-acoustic Corresponding Author: Craig A.
. . . . . . . 8 Buchman, MD, Department of

stimulation, unilateral cochlear implantation for single-sided deafness, and asymmetrical

X . . o o . . . Otolaryngology-Head and Neck
hearing loss in children and adults may be beneficial for optimizing hearing and quality of life Surgery, Washington University
for these patients. School of Medicine in St Louis, 660 S

Euclid Ave, Campus Box 8115,

JAMA Otolaryngol Head Neck Surg. doi:10.1001/jamaoto.2020.0998 St Louis, MO 63110 (buchmanc@
Published online August 27, 2020. wustl.edu).

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Weill Cornell Medical Library User on 08/28/2020


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoto.2020.0998?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2020.0998
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoto.2020.2287?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2020.0998
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoto.2020.2285?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2020.0998
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoto.2020.2285?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2020.0998
https://jamanetwork.com/learning/audio-player/10.1001/jamaoto.2020.2825?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2020.0998
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoto.2020.2286?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2020.0998
https://jamanetwork.com/journals/oto/fullarticle/10.1001/jamaoto.2020.0998?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2020.0998
mailto:buchmanc@wustl.edu
mailto:buchmanc@wustl.edu

E2

Clinical Review & Education Review

earing loss is one of the leading causes of disability

worldwide, occurring in 466 million people (6% of the

total population).” Hearing loss substantially alters peo-
ple’s lives, resulting in (but not limited to) communication
difficulties,? social isolation,® depression,* falls,” and increased
health care use.®

Sensorineural hearing loss (SNHL) is associated with dysfunc-
tion of the cochlea, auditory nerve, or central auditory pathways. In
many cases, SNHL in adults is attributed to presbycusis,” and its
cause can be genetic or environmental.'® The estimated preva-
lence of SNHL in adults ranges from 0.07% to 5.2% across differ-
ent countries and increases with age."®

Cochlearimplants are the most successful neuroprosthesis used
across health care. They can provide benefit toindividuals with se-
vere, profound, or moderate sloping to profound bilateral SNHL who
receive little or no benefit from hearing aids'™ by directly stimulat-
ing the auditory nerve, bypassing injured hair cells of the cochlea,
and providing salient coded information for better speech
perception.'®

International guidelines on adult cochlear implantation candi-
dacy are limited, and country-specific guidelines vary and are asso-
ciated with disparate levels of access and systemic underuse across
the world.”7'° Barriers to access include low awareness and under-
standing of the benefits associated with cochlear implantationinin-
dividuals with SNHL, little knowledge of the surgical candidacy cri-
teria among health care professionals, and a lack of defined care
pathways.202'

An international group of clinical experts in the fields of otol-
ogy. audiology, and hearing science who have extensive clinical and
scientific experience of cochlear implantation were brought to-
gether to form a Delphi consensus panel. The aim of the group was
to use a modified Delphi method to develop a series of consensus
statements regarding the use of unilateral cochlearimplants to treat
severe, profound, or moderate sloping to profound bilateral SNHL.
The objectives of our article are to describe the findings of this in-
ternational Delphi consensus study on cochlearimplant use in adults
and to present the resulting consensus statements agreed on by the
Delphi consensus panel.

Methods

Overview

This study involved a modified Delphi consensus process that was
informed by a systematic review (SR) of the literature and clinical
expertise. We carried out a 3-step Delphi consensus method, which
was modified toinclude 2 rounds of email questionnaires and a face-
to-face meeting of panel members at round 3 (eFigure 3 in the
Supplement), which took place over a 9-month period from July 18,
2018, to March 30, 2019. The Delphi consensus panel consisted of
30 international specialists who voted on consensus statements
about cochlear implantation.

The face-to-face meeting allowed for discussion of the consen-
sus statements and subsequent consensus statement refinement,
as needed. The process was also modified to include an SR of evi-
dence relevant to adults with severe, profound, or moderate slop-
ing to profound bilateral SNHL to support consensus statement de-
velopment.
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Key Points

Question How can we improve awareness about the potential
advantages of cochlear implants in adults with severe, profound,
or moderate sloping to profound bilateral sensorineural hearing
loss?

Findings A Delphi consensus panel of 30 international specialists
voted on statements about cochlear implant use, informed by a
systematic review of the literature and clinical expertise. This vote
resulted in 20 evidence-based consensus statements that are in
line with clinical experience.

Meaning The consensus statements provide recommendations
on the use of unilateral cochlear implants in adults with severe,
profound, or moderate sloping to profound bilateral sensorineural
hearing loss; they could inform the development of clinical
practice guidelines, which could increase access to cochlear
implantation worldwide and improve hearing and quality of life in
eligible adults.

Delphi Consensus Panel, Chair, and Steering Committee

The Delphi consensus panel comprised clinical experts in cochlear
implantation from the fields of otology, audiology, and hearing sci-
ence, who contributed to the development of the consensus state-
ments (eMethods in the Supplement). Four clinical experts (1 audi-
ologist [R.H.G.]and 3 otolaryngologists [D.S.H., T.L.,and G.0.]) were
identified by the chair (C.A.B.) to form the steering committee of the
Delphi consensus panel.

The steering committee was responsible for identifying candi-
dates to complete the Delphi consensus panel, who were represen-
tative of different geographic regions and practice types (5 audiolo-
gists[A.B., M.H., J.L., HT., and T.Z.] and 21 otolaryngologists [O.A.,
R.J.B.,M.LC., PD.,C.L.D., HW.F,, B.J.G., RK.G., M.RH., EK, MK.,
E.AMM., JTR.,S.RS. . HS.,PHS, MS.,PHV,CV.,HW., and TY.])
and were selected to achieve a mix of male and female Delphi con-
sensus panel members. The steering committee was also respon-
sible for designing and finalizing the Delphi consensus protocol and
approving the SR areas of interest.

Allmembers of the steering committee and the Delphi consen-
sus panel (except the chair) were able to vote in the consensus pro-
cess. Voting on the draft consensus statements took place over 3
rounds (eFigure 1and eMethods in the Supplement).

SR of the Literature

Search Strategy

An SR was performed to identify studies relevant to at least 1 of 6
key areas of interest. These areas included (1) level of awareness of
cochlear implantation, (2) best practice clinical pathway from diag-
nosis to surgery, (3) best practice guidelines for surgery, (4) best prac-
tice guidelines for rehabilitation, (5) factors that change cochlear im-
plant performance and outcomes, and (6) cost implications of
cochlear implantation.

The literature searches (eTable 1in the Supplement) were con-
ducted on July 18, 2018, in 3 electronic databases. These data-
bases included (1) MEDLINE In-Process & Other Non-Indexed Cita-
tions and Ovid MEDLINE (1946 to present); (2) Embase (1974 to
present); and (3) Cochrane Library, comprising Cochrane Database
of Systematic Reviews (CDSR), Database of Abstracts of Reviews of
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Effects (DARE), Cochrane Central Register of Controlled Trials (CEN-
TRAL), National Health Service Economic Evaluation Database (NHS
EED), the Health Technology Assessment (HTA) database, and the
American College of Physicians (ACP) journal club. Consensus state-
ments on cochlear implantation were developed using the evi-
dence identified.

The SR protocol is registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO).?? It is fully adher-
ent to the 2009 Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guideline.

Eligibility Criteria, Data Extraction, and Consensus Statement
Development
The title and abstract of the identified publications were screened
manually against prespecified eligibility criteria (eTable 2 inthe Supple-
ment). The literature searches were limited to human studies published
in English and conducted in Australia, Canada, China, Europe, India, Ja-
pan, the United Kingdom, and the United States. Systematic reviews
of observational studies, prospective and retrospective studies, and
cross-sectional and longitudinal studies were included. Full-text ver-
sions of all publications meeting the eligibility criteria atinitial screen-
ing were reviewed to confirm eligibility. Key exclusions included stud-
ies with the following characteristics: studies with sample sizes smaller
than 20; case studies, case series, and narrative reviews; studies pub-
lished before 2005 (so that only studies on new-generation technol-
ogy were included); studies limited to pediatric populations; studies
of hearing preservation; and studies on bilateral cochlear implantation,
electroacoustic stimulation or hybrid hearing, and single-sided deaf-
ness with tinnitus suppression.

Datarelevant tothe 6 key areas of interest were extracted manu-
ally from the included studies. Consensus statements were drafted
based on the findings.

Quality Assessment of the Evidence

Quality assessment (QA) was conducted on all included studies at
the full-text review stage using a modification of the method de-
scribed by Eubank et al.?* This method has previously been usedin
a Delphi consensus study?® and includes assessment criteria for a
wide range of study types. The literature was rated on the basis of
study design. Each study was assigned a numerical score from 1to
5, with 1being the highest-quality evidence and 5 being the lowest-
quality evidence (eTable 3 in the Supplement).

The method by Eubank et al?® was adapted to include survey-
based studies, which were ranked as level 5 because they generate
databases on expert opinion. The method was also modified to in-
clude economic-based studies and to differentiate between retro-
spective prognostic studies (level 2) and retrospective therapeutic
studies (level 3), as described by Wright et al.>* The QA rating for
the evidence supporting each consensus statement was made avail-
able to the Delphi consensus panel at each voting stage.

. |
Results

All voting members of the Delphi consensus panel participated in
at least one round of voting. Details are given in the eResults in the
Supplement. In total, 6492 articles were identified in the searches
of the electronic databases (eFigure 1in the Supplement). After re-
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moval of duplicates, 74 articles fulfilled all of the inclusion criteria
and were used to create the 20 evidence-based consensus state-
ments. Some of these articles were relevant to more than 1 cat-
egory (eTable 4 in the Supplement).

The 74 articles selected for inclusion underwent QA (eTable 3
in the Supplement). Four studies were categorized as level 1 (high-
est quality), 29 studies as level 2, 32 studies as level 3, 7 studies as
level 4, and 2 studies as level 5 (lowest quality). All references are
outlined in the Supplement.

Intotal, 21consensus statements were developed based on the
evidence identified in the SR and were included in the Delphi vot-
ing rounds (eFigure 2 and eTable 5 in the Supplement). After 3 vot-
ing rounds, 20 consensus statements were agreed on and en-
dorsed by the Delphi consensus panel (Table).

The evidence identified as being associated with the SR catego-
ries best practice guidelines for rehabilitation and factors that affect
cochlear implant performance and outcomes was used to develop
consensus statements associated with 3 key area subtopics. These
included (1) clinical effectiveness of cochlearimplants, (2) factors as-
sociated with postimplantation outcomes, and (3) association be-
tween hearingloss and depression, cognition, and dementia. There-
fore, the 20 consensus statements on the use of unilateral cochlear
implants in adults with SNHL were relevant to the following 7 key
areas of interest: level of awareness of cochlear implantation (1con-
sensus statement); best practice clinical pathway from diagnosis to
surgery (3 consensus statements); best practice guidelines for sur-
gery (2 consensus statements); clinical effectiveness of cochlear im-
plantation (4 consensus statements); factors associated with post-
implantation outcomes (4 consensus statements); association
between hearing loss and depression, cognition, and dementia (5
consensus statements); and cost implications of cochlear implan-
tation (1 consensus statement).

Level of Awareness of Cochlear Implantation

Statement 1: Awareness of cochlear implantation among pri-
mary and hearing health care clinicians isinadequate, leading to
underidentification of eligible candidates. Clearer referral and
cochlear implantation candidacy pathways would help in-
crease access to cochlear implants.

As expected, the SR identified few published articles address-
ing awareness of cochlear implantation. To develop this consensus
statement, the Delphi consensus panel supplemented the dataiden-
tified in the SR with their understanding and experience of aware-
ness of cochlear implantation among health care clinicians.

According to evidence found in the SR, the duration of hearing
loss before anindividual receives a cochlearimplant has beenincreas-
ing over time; this practice is thought to be primarily associated with
a low general awareness of cochlear implantation and little knowl-
edge about candidacy criteria for the procedure.?> Cohen et al?® re-
ported that a large proportion of primary care physicians do not rou-
tinely screen for hearing loss in adults, and only one-quarter of
physicians had referred patients for implant evaluation, which most
commonly were attributed to uncertainties about where to refer and
identification of patients who were potential candidates.

Best Practice Clinical Pathway From Diagnosis to Surgery
Statement 2: Detection of hearing loss in adults is important;
pure-tone audiometry screening methods are considered the
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Table. Results for Each Consensus Statement in Voting Rounds 1, 2, and 3

Consensus statement?®

Voting round 1

Voting round 2

Voting round 3

Statement 1: Awareness of cochlear implantation among primary
and hearing health care clinicians is inadequate, leading to
underidentification of eligible candidates. Clearer referral and
cochlear implantation candidacy pathways would help increase
access to cochlear implants.

Statement 2: Detection of hearing loss in adults is important;
pure-tone audiometry screening methods are considered the
most effective. The addition of a questionnaire or interview to
the screening can improve the detection of SNHL.

Statement 3: Preferred aided speech recognition tests for
cochlear implant candidacy in adults include monosyllabic word
tests and sentence tests conducted in quiet and noise. Further
standardization of speech recognition tests is needed to facilitate
comparison of outcomes across studies and countries.

Statement 4: Age alone should not be a limiting factor to
cochlear implant candidacy because positive speech recognition
and QOL outcomes are experienced by older adults as well as
younger adults.

Statement 5: Both curved (perimodiolar) and straight electrodes
are clinically effective for cochlear implantation, with a low rate
of complications.

Statement 6: When possible, hearing preservation surgery can be
beneficial in individuals with substantial residual hearing.

Statement 7: Cochlear implants significantly improve speech
recognition in both quiet and moderate noise in adults with
severe, profound, or moderate sloping to profound bilateral
SNHL; these gains in speech recognition are likely to remain
stable over time.

Statement 8: Both word and sentence recognition tests should be
used to evaluate speech recognition performance after cochlear
implantation.

Statement 9: Cochlear implants significantly improve overall and
hearing-specific QOL in adults with severe, profound, or
moderate sloping to profound bilateral SNHL.

Statement 10: Adults who are eligible for cochlear implants
should receive the implant as soon as possible to maximize
postimplantation speech recognition.

Statement 11: Where appropriate, individuals should use hearing
aids with their cochlear implant to achieve bilateral benefits and
the best possible speech recognition and QOL outcomes.

Statement 12: Many factors impact cochlear implantation
outcomes; further research is needed to understand the
magnitude of the effects.

Statement 13: Long durations of unaided hearing loss do not rule
out potential benefit of cochlear implants: individuals who
receive an implant in an ear that was previously unaided for more
than 15 y have been shown to experience improvements in
speech recognition.

Statement 14: Adults who have undergone cochlear implantation
should receive programming sessions, as needed, to optimize
outcomes.

Consensus statement
reached 275% agreement
(95.5%), with feedback
for rewording

Consensus statement
reached 275% agreement
(86.4%), with feedback
for rewording

Consensus statement
reached 275% agreement
(81.8%), with feedback
for rewording

Consensus statement
reached 275% agreement
(100%), with feedback for
rewording

Consensus statement
reached 275% agreement
(95.5%), with no feedback
for rewording

Consensus statement
reached 275% agreement
(86.4%), with feedback
for rewording

Consensus statement
reached 275% agreement
(95.5%), with feedback
for rewording

Consensus statement
reached 275% agreement
(90.9%), with feedback
for rewording

Consensus statement
reached 275% agreement
(95.5%), with feedback
for rewording

Consensus statement
reached 275% agreement
(100%), with feedback for
rewording

Consensus statement
reached 275% agreement
(100%), with feedback for
rewording

Consensus statement
reached 275% agreement
(77.3%), with feedback
for rewording

Consensus statement
reached 275% agreement
(81.8%), with feedback
for rewording

Consensus statement
reached <75% agreement
(36.4%) and was revised
based on feedback

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

Consensus statement
reached 275% agreement
(77.8%), with feedback
for rewording

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by all of the
Delphi consensus panel (100%)

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by the
majority of the Delphi consensus
panel (87.5%)

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by all of the
Delphi consensus panel (100%)

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by the
majority of the Delphi consensus
panel (95.8%)

NI

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by all of the
Delphi consensus panel (100%)

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by all of the
Delphi consensus panel (100%)

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by all of the
Delphi consensus panel (100%)

NI

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by all of the
Delphi consensus panel (100%)

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by all of the
Delphi consensus panel (100%)

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by the
majority of the Delphi consensus
panel (95.8%)

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by all of the
Delphi consensus panel (100%)

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by all of the
Delphi consensus panel (100%)

most effective. The addition of a questionnaire or interview to

the screening can improve the detection of SNHL.

(continued)

Methods for hearing loss detection in adults are heteroge-

neous, are based on region-level and country-level practices, and may
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Table. Results for Each Consensus Statement in Voting Rounds 1, 2, and 3 (continued)

Consensus statement®

Voting round 1

Voting round 2

Voting round 3

Statement 15: Adults with hearing loss can be substantially
affected by social isolation, loneliness, and depression; evidence
suggests that treatment with cochlear implants can lead to
improvement in these aspects of well-being and mental health.
Longitudinal studies are needed to obtain further knowledge in
this area.

Statement 16: There is an association between age-related
hearing loss and cognitive or memory impairment.

Statement 17: Further research is required to confirm the nature
of cognitive impairment in individuals with hearing loss and its
potential reversibility with treatment.

Statement 18: The use of cochlear implants may improve
cognition in older adults with bilateral severe to profound SNHL.

Statement 19: Hearing loss is not a symptom of dementia;
however, treatment of hearing loss may reduce the risk of
dementia.

Statement 20: Unilateral cochlear implantation in adults is
cost-effective compared with no implant or no intervention at all
and is associated with increased employment and income.

Statement 21: Some evidence suggests that the risk of social
isolation and depression is higher in women with hearing loss
than in men with hearing loss; while this should not affect

Consensus statement
reached 275% agreement
(95.5%), with feedback
for rewording

Consensus statement
reached 275% agreement
(77.3%), with feedback
for rewording

Consensus statement
reached 275% agreement
(100%), with no feedback
for rewording

Consensus statement
reached 275% agreement
(100%), with no feedback
for rewording

Consensus statement
reached 275% agreement
(77.3%), with feedback
for rewording

Consensus statement
reached 275% agreement
(95.5%), with no feedback
for rewording

Consensus statement
reached <75% agreement
(59.1%) and was revised

NI

NI

NI

NI

NI

NI

Consensus statement
reached <75% agreement
(70.4%) and was revised

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by the
majority of the Delphi consensus
panel (95.8%)

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by all of the
Delphi consensus panel (100%)

NI

NI

The consensus statement was
reworded after Delphi consensus
panel discussion, and the revised
wording was voted for by all of the
Delphi consensus panel (100%)

NI

Consensus statement reached <75%
agreement (16.7%) and was not
endorsed by the Delphi consensus

referral decisions, it should be taken into account when offering
counseling to cochlear implantation candidates.®

based on feedback

based on feedback panel

Abbreviations: NI, not included in the voting round; QOL, quality of life;
SNHL, sensorineural hearing loss.

2 Consensus statement wording included in the Table is the final endorsed

version of the consensus statement.

b Statement 21did not reach the agreement threshold at voting round 3 and was
not endorsed by the Delphi consensus panel.

be applied to the general population or only to high-risk groups. The
evidence identified as part of the SR suggested that screening for
hearingloss in adults is important for identification of potential can-
didates for cochlear implantation?’ and cost-effective.?® However,
some of these data only apply to occupational screeningin individu-
als who are at high risk of hearing loss owing to high noise levels in
the workplace.?” The Delphi consensus panel noted that itis impor-
tant toidentify adults with hearing loss who could benefit from coch-
lear implantation even in those regions without routine hearing
screening and that the addition of questionnaires may be benefi-
cial.

Statement 3: Preferred aided speech recognition tests for
cochlearimplant candidacy in adults include monosyllabic word
tests and sentence tests conducted in quiet and noise. Further
standardization of speech recognition tests is needed to facili-
tate comparison of outcomes across studies and countries.

The evidence identified in the SR highlighted inconsistencies in
the word and sentence recognition tests used to assess cochlear im-
plantation candidacy between regions, countries, and clinics.?%3°
The most commonly used assessments were reported to be the Con-
sonant-Vowel Nucleus-Consonant (CNC) word test,' the AzBio sen-
tence test,3? and the Hearing in Noise Test.33 Less commonly used
tests were reported to include the Bamford-Kowal-Bench Speech-
in-Noise Test>*¢ and the City University of New York sentences.?®

Each test has a place in identifying adult cochlear implantation
candidates; however, the Delphi consensus panel noted that stan-
dardized speech recognition tests (word and sentence) using 60-dB

jamaotolaryngology.com

sound pressure level presentation and recorded speech would im-
prove consistency in the assessment of cochlear implantation can-
didacy. It should also be noted that scoring below the threshold on
a speech recognition test does not necessarily mean that the indi-
vidual would benefit from a cochlear implant as discussed in state-
ments 4 and 12. It is important that aided speech recognition tests
using appropriately verified hearing aids are completed by adults who
are not receiving adequate benefit to identify those who may be can-
didates for cochlear implantation.

Statement 4: Age alone should not be a limiting factor to
cochlear implant candidacy because positive speech recogni-
tion and quality-of-life (QOL) outcomes are experienced by older
adults as well as younger adults.

Four studies®-#C reported that there are improvements in hear-
ing performance and QOL observed in older age groups (>65 years,
>70 years, and =75 years) after implantation compared with be-
fore implantation, and the performance of older and younger indi-
viduals was comparable over 12 months of cochlear implant use. Fur-
thermore, 3 studies>”3%*' reported recommendations that age must
not be a limiting factor in assessing cochlear implantation candi-
dacy.

Seven studies reported that age was associated with
speech recognition or QOL outcomes after cochlear implantation,
with younger individuals experiencing better outcomes than older
individuals. However, this finding does not negate the justification
for cochlear implantation in older adults because positive out-
comes have been reported in these individuals as well, particularly

37-40,42-44
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over long follow-up periods.3”-3° The Delphi consensus panel noted
that although older age alone must not be a limiting factor to coch-
lear implantation candidacy, other comorbidities commonly asso-
ciated with older age, such as dementia, should be taken into con-
sideration.

Best Practice Guidelines for Surgery

Statement 5: Both curved (perimodiolar) and straight elec-
trodes are clinically effective for cochlear implantation, with a
low rate of complications.

Ten studies384245-52 were identified in the SR that were rel-
evant to this consensus statement. One of these studies*® re-
ported no difference in speech recognition in those receiving straight
electrodes compared with those receiving curved electrodes. Four
studies*>*8>152 reported that in adults with residual hearing be-
fore cochlear implantation, hearing preservation was variably
achieved with both straight and perimodiolar electrodes. Both curved
and straight electrodes are commonly used for cochlear implanta-
tion, and selection of the electrode should be made on an indi-
vidual basis by the surgeon.

Statement 6: When possible, hearing preservation surgery
can be beneficial in individuals with substantial residual
hearing.

For the best possible postoperative outcomes, it is important
that hearing preservation is considered as a goal in those with pre-
operative residual hearing. Residual hearing isimportant in individu-
als receiving animplant for postoperative use of combined electric-
acoustic hearing. Although this practice involves the use of unilateral
cochlearimplants, the data identified in this SR were specifically as-
sociated with hearing preservation in adults with severe, pro-
found, or moderate sloping to profound bilateral SNHL receiving uni-
lateral implants alone.

Five studies*>#8513 were identified in the SR that examined
hearing preservation after standard cochlear implanation surgery;
preservation of low-frequency residual hearing was observed in 22%
to 7% of individuals during a follow-up of 4 to 33 months after sur-
gery. Differences in reporting methods in addition to variable length
of follow-up may account for some of the wide variation in out-
comes.

Clinical Effectiveness of Cochlear Implants

Statement 7: Cochlearimplants significantly improve speechrec-
ognition in both quiet and moderate noise in adults with se-
vere, profound, or moderate sloping to profound bilateral SNHL;
these gainsinspeechrecognition arelikely to remain stable over
time.

Eighteenstudies reportedincreasesin speech
recognition scores after cochlear implantation compared with be-
foreimplantation in quiet or noise or in conditions that were not stated.
Six of these studies®®44>262:63 demonstrated increases in speech rec-
ognition scores after cochlear implantation compared with before im-
plantation in noise. One study** showed that improvementsin speech
recognition observed in the first 24 months after surgery were main-
tained when assessed at 120 months, with no change or deteriora-
tion. Evidence from the literature and real-world experience re-
ported by the Delphi consensus panel corroborated the evidence from
these studies, suggesting that improvements in speech recognition
scores are likely to be maintained over time.

30,38,4041,44,49,52-63
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Statement 8: Both word and sentence recognition tests
should be used to evaluate speech recognition performance
after cochlear implantation.

The SR identified 2 studies>°-8 that reported mixed results on
the use of word and sentence recognition tests. One study>° dem-
onstrated that sentence scores reached a ceiling effect after 3
months, but word scores continued to improve over longitudinal as-
sessments, which suggests that word scores may be more suitable
for measuring long-term performance. However, Chen et al*® found
improvement in AzBio sentence test scores at 1 month after coch-
lear implantation and further improvement over 24 months, indi-
cating that this test could be useful for measuring speech recogni-
tion performance. No other studies were identified that made
recommendations for or compared the usefulness of word vs sen-
tence tests.

The Delphi consensus panel believed that both word and sen-
tence recognition tests could be used when evaluating speech rec-
ognition performance after cochlear implantation. There are re-
gional differencesin which test is used and different advantages and
disadvantages of each test. For example, word recognition tests are
less likely to reach ceiling effects than sentence recognition tests
when used in quiet conditions, and cognition can have greater im-
plications for sentence recognition performance than for word rec-
ognition performance when used in noise conditions. Therefore,
1test is not consistently recommended over another.

Statement 9: Cochlear implants significantly improve over-
all and hearing-specific QOL in adults with severe, profound, or
moderate sloping to profound bilateral SNHL.

The SRidentified 14 studies>0-#0414449.55.56.59.6162.64-67 th t re-
ported improvements in overall QOL after cochlear implantation
compared with before implantation. Six of these
studies30->>:56:59:62.67 demonstrated improvements in hearing-
specific QOL after cochlear implantation compared with before im-
plantation. Five of these studies®>->6°96267 ysed the Nijmegen
Cochlear Implant Questionnaire, which was the only published ques-
tionnaire specifically designed for measuring QOL associated with
cochlearimplantation at the time of the SR. Other general QOL ques-
tionnaires that were used included the Health Utilities Index Mark
2,56 the Health Utilities Index Mark 3,3° the 36-Item Short Form
Health Survey,®” and the World Health Organization Quality of Life
Questionnaire in Older Adults.®?

Statement 10: Adults who are eligible for cochlearimplants
should receive theimplant as soon as possible to maximize post-
implantation speech recognition.

Seven studies®”#942-44 demonstrated an association be-
tween age at implantation and speech recognition scores after im-
plantation, with younger individuals scoring higher than older indi-
viduals. Three studies*®44*® showed that the duration of hearing
loss before cochlear implantation is associated with postimplanta-
tion speech recognition scores, with individuals who had a shorter
duration of hearing loss before cochlear implantation scoring higher
than those who had a longer duration of hearing loss. However, 2
studies*>>” did not find any association between age and postim-
plantation speech recognition. Furthermore, 3 studies*>#34° found
no association between the duration of hearing loss before coch-
lear implantation and speech recognition scores.

In the Delphi consensus panel's experience, individuals who are
candidates for cochlear implantation should undergo the proce-
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dure as soon as possible to maximize benefit. However, as high-
lighted in Statement 4, individuals of any age may benefit from a
cochlear implant.

Factors Associated With Postimplantation Outcomes
Statement 11: Where appropriate, individuals should use hear-
ing aids with their cochlear implant to achieve bilateral ben-
efits and the best possible speech recognition and QOL
outcomes.

Some adult cochlearimplant users may receive additional ben-
efit when using a hearing aid in the contralateral ear (bimodal lis-
tening), provided that they have sufficient residual hearing. This ben-
efit is supported by Farinetti et al,®® who demonstrated that the
scores achieved insome QOL domains are higher when using a hear-
ing aid plus cochlear implant vs using an implant alone. This finding
is also supported by 2 studies>° that showed higher speech rec-
ognition scores when using a hearing aid plus a cochlear implant vs
using an implant alone for the following tests: the Freiburg mono-
syllabic word test in quiet; the Hochmai-Desoyer, Schulz, Moset
sentence test in quiet and noise; the Hochmai-Desoyer, Schulz,
Moset sentence test with competing speech; and the AzBio sen-
tence test in noise. Sladen et al*° found that for the CNC word test,
speech recognition was also higher in the bimodal condition than
in the unilateral condition at 6 months but not at 12 months after
implantation.

Statement 12: Many factors impact cochlear implantation
outcomes; further research is needed to understand the mag-
nitude of the effects.

Several factors have been found to change cochlear implanta-
tion outcomes. Some of the most commonly studied factors shown
to be associated with high speech recognition scores after implan-
tation include young age at at the time of the procedure, 37-4042-44
short duration of hearing loss, 38444 higher educational level,*°->®
and high preimplantation speech recognition scores.*®

However, some studies failed to associate age*®>” and the du-
ration of hearing loss**>*3#° with postimplantation speech recog-
nition. Factors found to be associated with good postimplantation
QOL include greater preimplantation QOL®® and better preimplan-
tation speech recognition.”®

Although these factors have been shown to change cochlearim-
plantation outcomes, it is challenging to identify the magnitude of
the associations owing to different study designs and confounding
factors. In addition, factors associated with these outcomes should
not be used to identify surgical candidates but may be used to fa-
cilitate counseling and supplementary auditory therapy in somecir-
cumstances. Specific criteria to identify cochlear implantation out-
comes are given in Statement 2 and Statement 3.

Statement 13: Long durations of unaided hearing loss do not
rule out potential benefit of cochlear implants: individuals who
receive animplantin an ear that was previously unaided for more
than 15 years have been shown to experience improvements in
speech recognition.

Individuals with long durations of unaided hearing loss may still
benefit from cochlear implantation. This finding is demonstrated by
2 studies*">* showing that speech recognition scores were not dif-
ferent between individuals who received a cochlear implant in their
previously sound-deprived ear and those who received one in their
previously aided ear.

jamaotolaryngology.com
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Statement 14: Adults who have undergone cochlearimplan-
tation should receive programming sessions, as needed, to
optimize outcomes.

Following cochlear implant activation after surgery, the recipi-
ent should receive implant programming and rehabilitation ses-
sions to optimize performance. However, there are no clear and con-
sistent guidelines on the precise nature, frequency, and number of
programming and rehabilitation sessions that should be provided,
and substantial evidence gaps in the literature on best practice for
rehabilitation after cochlear implantation were identified in the SR.

Four studies’®”> suggested that frequent fitting and program-
ming sessions immediately after implantation are needed to en-
sure stabilization of threshold levels and upper stimulation levels,
but fewer sessions are required over time because minimal changes
in mean lower and upper stimulation levels are expected from 6
months onward.”®”' The recommendation of the Delphi consen-
sus panel is that programming and rehabilitation programs should
be tailored to the individual rather than follow a strict schedule.

Association Between Hearing Loss and Depression,
Cognition, and Dementia

Statement 15: Adults with hearing loss can be substantially af-
fected by social isolation, loneliness, and depression; evidence
suggests that treatment with cochlear implants can lead to im-
provement in these aspects of well-being and mental health. Lon-
gitudinal studies are needed to obtain further knowledge in this
area.

Hearing loss can lead to social isolation, which can alter QOL,
as demonstrated in a number of studies®*>>°9667478 {dentified in
the SR. Increased depression, anxiety, stress, social isolation, and
loneliness in older adults with hearing loss compared with individu-
als with normal hearing have been reported,>*7477¢ and depres-
sion has been identified as a risk factor for hearing loss.””

Cochlearimplants have been shown to reduce symptoms of de-
pression in 2 studies,”>>° but 1 study®® found no improvement in
depression after cochlearimplantation. Greater loneliness scoresin
cochlearimplant users with severe hearing loss vs hearing aid users
with mild hearing loss have also been demonstrated, although it
should be noted that loneliness scores are likely to be associated with
the degree of hearing loss rather than the treatment method.”®

The studies>#>>->966.7478 {dentified on this topic in the SR had
follow-up periods ranging from 6 months to up to 16 years. There-
fore, further longitudinal studies would be beneficial to under-
stand the full association of cochlear implantation with well-being
and mental health over a long period.

Statement 16: There is an association between age-related
hearing loss and cognitive or memory impairment.

An association between age-related hearing loss and cognitive
or memory impairment has been widely observed, with 11
studies®27479-87 identified in the SR demonstrating this associa-
tion. Individuals with hearing loss are more likely to have cognitive
impairment than those with no hearing loss,”>#2%¢ and the mor-
bidity of hearing loss is increased in individuals with cognitive
impairment.”>-80-84

An association between performance on neurocognitive tests
and the degree of hearing loss in individuals with cognitive impair-
ment has been demonstrated, with individuals with severe hearing
loss performing worse than those with mild hearing loss.8"®° The
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Dichotic Sentence Identification auditory test has also been shown
to differentiate between individuals with memory impairment and
those without memory impairment with 83% accuracy.”

Statement 17: Further research is required to confirm the na-
ture of cognitiveimpairment inindividuals with hearing loss and
its potential reversibility with treatment.

Only 4 studies’*788788 were identified that examined the na-
ture of the cognitive impairment that occurs in individuals with hear-
ingloss. Therefore, further research is needed to understand the pre-
cise nature and causality of the association and the potential for
cochlear implantation to prevent or reverse cognitive impairment.

Impairmentin several cognitive domains in individuals with hear-
ing loss has been demonstrated,”##8 and 1study®’ reported disrup-
tions to spontaneous neural activity in several regions of the brain that
are associated with cognition and speech or language processinginin-
dividuals with presbycusis compared with individuals with normal hear-
ing. Adecreasein cognitive function has also been demonstratedin the
executive function, verbal fluency and processing, and psychomotor
speed domains in cochlearimplant users with severe or profound hear-
ing loss compared with hearing aid users with mild hearing loss.”®

Statement 18: The use of cochlearimplants may improve cog-
nition in older adults with bilateral severe to profound SNHL.

Vélter et al®2 demonstrated improvements in neurocognitive
abilitiesin older adults at 6 months and 12 months after cochlear im-
plantation compared with before implantation. Because that ar-
ticle was the only relevant study identified in the SR, the evidence
regarding the association of cochlear implantation with cognitionis
limited, and this dearth is a key evidence gap that should be ad-
dressed with further research.

Statement 19: Hearingloss is not asymptom of dementia; how-
ever, treatment of hearing loss may reduce the risk of dementia.

The evidence identified in the SR demonstrated no association
between language skills and hearing loss in individuals with
dementia.®> No association was found between hearing thresholds
and Alzheimer disease in another study,®* although Alzheimer dis-
ease was found to be associated with central auditory processing
disorder.®* Furthermore, the incidence of dementia was found to be
higher in individuals with age-related hearing loss than in those with
normal hearing.8° Combined with the Statement 18 evidence, which
suggests that the use of cochlearimplants may improve cognition, the
treatment of hearing loss could reduce the risk of developing demen-
tia, although further research is required to confirm this hypothesis.

Cost Implications of Cochlear Implants

Statement 20: Unilateral cochlearimplantationin adults is cost-
effective compared with noimplant or nointerventionatalland
is associated with increased employment and income.

One study®° reported that, based on the common willingness-
to-pay threshold of £30 000 (US $38 371) per quality-adjusted life-
year (QALY), unilateral cochlear implants are cost-effective. Two
studies®®° provided the incremental cost-effectiveness ratios for
unilateral implants vs no implant or no intervention, which ranged
from £11440 (US $27 250 at 2017 prices) to £17 625 (US $41983 at
2017 prices) per QALY in the United Kingdom health care system®°
and from €17100 (US $25 190 at 2017 prices) to €22 500 (US $33 144
at 2017 prices) per QALY in a Dutch study.>® Another study®' dem-
onstrated both an increase in employment rate and an increase in
median income after unilateral cochlear implantation in adults.
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The Delphi consensus panel noted that the degree of cost-
effectiveness will vary depending on the country, the degree of hear-
ing loss, and the age of the individual. Further research is required
to demonstrate the cost-effectiveness and economic benefits of
cochlear implantation for individuals with hearing loss.

|
Discussion

Thereis an urgent need to address the lack of consistent guidelines
for and awareness of the benefit of unilateral cochlear implanta-
tion for the treatment of bilateral SNHL in adults to increase pa-
tient access to treatment and aftercare and improve QOL among
adults with hearing loss. To our knowledge, this is the first interna-
tional Delphi consensus study to be published on unilateral coch-
lear implantation for hearing loss.

Twenty consensus statements were developed and endorsed
by the Delphi consensus panel. These consensus statements exam-
ine best practice in diagnosis, surgery, and aftercare; clinical effec-
tiveness of cochlear implantation; and the association between
hearing loss and mental health. They mark the first step in raising
awareness of the benefits of cochlear implantation in adults and in
improving how potential candidates are identified and treated.

Several evidence gaps were identified, including factors that
change cochlear implantation outcomes. Although various factors
have been recognized, the magnitude of association of these factors
isunclear given different study designs and confounding factors. Other
factors associated with the technical aspects of cochlear implants®2
and several factors in combination may also alter outcomes.®>°* Ad-
ditional large, longitudinal studies using consistent and comparable
methods are needed to validate these findings and identify addi-
tional factors that can change outcomes. Additional prospective stud-
ies would also be beneficial to demonstrate the cost-effectiveness of
cochlearimplantation and the long-term benefits on a societal and eco-
nomic level for individuals with hearing loss.

Another evidence gap identified in this study is our understand-
ing of the association between hearing loss and cognition and de-
mentia. The Lancet Commission on the topic of dementia reported
that hearing loss is the single largest modifiable risk factor for de-
mentia in midlife (45-65 years).%> Our consensus study highlights
the need for longitudinal studies to better understand the precise
nature and causality of this factor, the association of hearing loss with
the rate of cognitive decline, and the potential for treatment of hear-
ing loss with cochlear implantation to reduce the risk of cognitive
impairment and dementia.

Strengths and Limitations
A strength of this study is that the consensus statements were de-
veloped based on both the evidence identified in a robust SR and
the expert opinion of amultidisciplinary Delphi consensus panel with
experience in cochlearimplantation. This dual approachisin line with
the American Academy of Otolaryngology-Head and Neck Surgery
Foundation methods for the development of clinical consensus
statements,®® resulting in evidence-based consensus statements
that are in line with clinical experience.

A limitation of the study is the minimal representation of the
Middle East and Africa on the Delphi consensus panel. Specific ex-
pert experience in these regions was thus not considered in the
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development of the consensus statements, and further researchin

this area would be beneficial.

Review Clinical Review & Education

for the treatment of severe, profound, or moderate

sloping to profound bilateral SNHL in adults. Further research
to develop consensus statements for unilateral cochlear implants
in children, bilateral cochlear implantation, combined

Conclusions

The scope of this study was to develop consensus statements
associated with the use of unilateral cochlear implantation
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