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IMPORTANCE Although bone conduction devices (BCDs) have been shown to improve
audiological outcomes of patients with single-sided sensorineural deafness (SSD), their
effects on the patients' quality of life (QOL) are unclear.

OBJECTIVE To investigate the association of BCDs on QOL in patients with SSD.

DATA SOURCES Literature search of databases (Medline, Embase, Cochrane Library, and
ClinicalTrials.gov) from January 1, 1978, to June 24, 2021, was performed.

STUDY SELECTION Prospective interventional studies with 10 or more participants with SSD
(defined as pure tone average >70 dB hearing loss in the worse hearing ear and =30 dB in the
better hearing ear) who underwent unilateral BCD implantation and assessment of QOL
before and after the intervention using a validated tool were eligible for inclusion. Studies on
adults and children were eligible for inclusion. Patients with only conductive, mixed, or
bilateral hearing loss were excluded.

DATA EXTRACTION AND SYNTHESIS Data were extracted by 2 independent reviewers. Study
clinical and demographic characteristics were obtained. Meta-analysis of mean differences in
QOL scores before and after the intervention was performed. Study bias was assessed using
Joanna Briggs Institute risk of bias tool.

MAIN OUTCOMES AND MEASURES The main study outcome was mean change in QOL scores at
6 months after insertion of BCDs. The 3 QOL instruments used in the studies included the
Abbreviated Profile of Hearing Aid Benefit (APHAB), the Health Utilities Index-3 (HUI-3), and
the Speech, Spatial and Qualities of Hearing Scale (55Q). The APHAB and the SSQ are the
hearing-related QOL measures, whereas the HUI-3 is a generic QOL measure.

RESULTS A total of 486 articles were identified, and 11 studies with 203 patients met the
inclusion criteria. Only adult studies met inclusion criteria. Ten of 11 studies were
nonrandomized cohort studies. The BCDs assessed were heterogeneous. There was a
significant statistical and clinically meaningful improvement in the global APHAB scores
(mean change, 15.50; 95% Cl, 12.63-18.36; /> = 0) and the SSQ hearing qualities (mean
change, 119; 95% Cl, 0.46-1.92; I = 78.4%), speech (mean change, 2.03; 95% Cl, 1.68-2.37; I?
= 0), and spatial hearing (mean change, 1.51; 95% Cl, 0.57-2.44; |* = 81.1%) subscales. There
was no significant change detected in the mean HUI-3 scores (mean change, 0.03; 95% Cl,
-0.04 to 0.10; I = 0). The risk of bias was assessed to be low to moderate.

CONCLUSIONS AND RELEVANCE These findings suggest that adult patients who receive BCDs
may experience improvements in hearing-specific QOL measures but not in generic QOL
measures. Prospective QOL studies should be considered in this cohort, particularly for
children with SSD.
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one conduction devices (BCDs) are an established form

of treatment for conductive hearing loss or single-

sided sensorineural deafness (SSD). The BCDs work by
converting sound energy to vibration of the skull bones, which
results in a wave in the basilar membrane of the cochlea simi-
lar to that produced through air conduction of sound.! It is
well known that BCDs improve hearing outcomes in patients
with SSD, via the principle of rerouting sound from the af-
fected side of the head to the contralateral normally hearing
ear.2* To our knowledge, the effects of BCDs on quality of life
(QOL) have been less well evaluated. Studies have explored
individual nonhearing benefits of BCDs in SSD without dem-
onstrating improvement.” In literature reviews evaluating
the association of BCDs with overall QOL in patients with
unilateral and bilateral hearing loss,?® many studies are
underpowered or show only modest benefits (reporting
safety and “satisfaction”), meaning it remains unclear from
these publications whether patients with SSD experience a
meaningful QOL benefit.

Hearing is integral to many aspects of human life and con-
tributes to speech, cognition, communication, work, socializ-
ing, and entertainment. It therefore appears logical that an
improvement in hearing should result in better QOL. Single-
sided sensorineural deafness has been shown to be associated
with decreased QOL compared with general population mean
QOL scores.” Bone conduction devices have previously been
used in patients with SSD with good audiological outcomes?;
therefore, one would assume that improving hearing with
BCDs would result in an improvement in QOL. However, im-
provements in physical health do not universally result in an
improvement in QOL, as prior studies have suggested.® To in-
terrogate this hypothesis further, we conducted a meta-
analysis of prospective interventional studies that included a
QOL measure for patients with SSD treated with a unilateral BCD
implantation.

Methods

Before commencement of this review, we were not aware of a
single tool that was accepted as the universal standard for mea-
surement of QOL in patients with hearing loss. We included
studies of both adult and pediatric populations and reviewed
the results of generic and disease-specific measures of QOL.
Generic measures consisted of tools that can be used for
any population, whereas disease-specific measures have been
validated for patients with a particular disease or condition.®

Search Strategy

A literature search of databases including Medline, Embase,
Cochrane Library, and ClinicalTrials.gov from January 1, 1978,
to June 24, 2021, was performed via the Healthcare Data-
bases Advanced Search tool. The references were screened by
2 independent reviewers (T.H. and K.M.), and any disagree-
ments were adjudicated by a reviewer (S.S.). The full strategy
is provided in the eMethods in the Supplement. The refer-
ence lists of the selected articles were manually reviewed to
locate additional studies. The systematic review and meta-
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Key Points

Question What measures are used to assess quality of life (QOL)
after bone conduction device implantation in patients with
single-sided sensorineural deafness, and how did QOL change in
these patients?

Findings This systematic review and meta-analysis of 11 studies
with 203 adult patients searched studies that assessed QOL and
found hearing-specific QOL assessed with the Abbreviated Profile
of Hearing Aid Benefit (APHAB) and the Speech, Spatial and
Qualities of Hearing Scale (S5Q) and generic QOL with the Health
Utilities Index-3 (HUI-3). Significant improvements were found in
the global APHAB and SSQ but not the HUI-3.

Meaning These findings suggest that the APHAB and the SSQ
may be more sensitive to detecting the changes produced by
hearing interventions compared with the HUI-3.

analysis were conducted in accordance with the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) and Meta-analysis of Observational Studies in
Epidemiology (MOOSE) guidelines. Systematic searches of gray
literature (outside commercial publishing) were assessed using
bibliographic references of our included studies. No additional
gray sources were included.®

Study Eligibility

Prospective interventional studies with 10 or more partici-
pants with SSD who underwent implantation of a unilateral
BCD and preintervention and postintervention assessment of
QOL using a validated tool were eligible for inclusion. Single-
sided sensorineural deafness was defined as pure tone aver-
age of more than 70 dB hearing loss in the worse hearing ear
and 30 dB or less in the better hearing ear.!! Studies on adults
and children were eligible for inclusion. To our knowledge, no
validated QOL measures are specifically designed to measure
QOL after interventions for patients with SSD. Therefore, we
included studies that reported general and hearing-specific
QOL instruments previously validated in patients with hear-
ingloss. Eligible BCDs were considered to be those worn tem-
porarily (eg, soft-band) and intraoral and surgically implant-
able devices (eg, bone-anchored hearing aids).

Exclusion

Patients with mixed, conductive, or bilateral hearing loss were
excluded. Studies that used patient-reported outcome mea-
sures not designed to measure QOL, such as patient satisfac-
tion, were excluded. Studies that failed to report the preinter-
vention and postintervention QOL scores or the change in mean
scores were excluded. Meaningful changes in instrument scores
are discussed in the Results section. Articles published inalan-
guage other than English were excluded. The main study out-
come was the mean change in QOL score after BCD implanta-
tion at 6 months.

Data Extraction

Two authors (T.H. and K.M.) independently extracted the study
data. The following information was collected: name of the first
author, publication year, sample size, country, device type, QOL
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instrument, preintervention and postintervention QOL mean
scores with SD or mean difference, follow-up period (months),
patient population, sex, ethnicity, QOL tool in original lan-
guage (ie, if a translated questionnaire, whether this was a vali-
dated translation of the QOL instrument in the language of the
population being assessed), socioeconomic status (any rec-
ord of deprivation, occupation, poverty, income, family size,
or other measure), educational outcomes (any record of as-
sessment of educational attainments or performance after the
intervention), speech outcomes (any record of formal assess-
ment of speech perception or language assessment after the
intervention), and ethical approval. Where data were not read-
ily available in the report, study authors were contacted via
email and were given 2 weeks to respond. Two of the 9 au-
thors who were contacted responded in the allocated time
frame, and 1 of these authors was able to provide raw data that
were included in our analysis.

Data Synthesis and Meta-analysis
Mean differences and SDs were extracted from individual stud-
ies, and a meta-analysis of the mean change in QOL scores was
performed using the OpenMeta(Analyst) software, version
10.10 (Brown University). Where mean differences were not
reported, a change-from-baseline SD was imputed using pre-
intervention and postintervention means with SDs and a cor-
relation coefficient of 0.59 to calculate mean differences.
This correlation coefficient is based on the experimental
study by Balk et al,'? validating the method of handling miss-
ing mean differences when performing meta-analyses. As per
the Cochrane handbook, experimental analyses were per-
formed with the correlation coefficients of 0.30 and 0.80 to
confirm that no significant differences were found.*®
Separate meta-analyses were performed for individual QOL
measures. Statistical heterogeneity was determined by Free-
man-Tukey transformation and assuming random effects as
described by DerSimonian and Laird.* Random-effects model
meta-analysis was performed if high heterogeneity defined as
I2 <50.0% was found. Alternatively, fixed-effects model meta-
analysis was used.

Assessment of Bias

The risk of bias was assessed using the Joanna Briggs Insti-
tute (JBI) risk of bias tool for quasi-experimental studies.!® The
JBI tool does not state specific scores at which studies should
no longer be included, and we believe that without all but the
most significant concerns, it is appropriate to include all the
studies while accounting for potential risk of bias in those with
lower scores. The assessment of bias was performed indepen-
dently by 2 reviewers (T.H. and E.W.). Any disagreements were
adjudicated by the senior reviewer (S.S.).

. |
Results

Literature Search

Theresults of the search strategy are summarized in the PRISMA
flowchart (Figure 1). A total of 486 articles were identified. Af-
ter the screening of titles and abstracts, 84 articles were re-
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Figure 1. PRISMA Flow Diagram

‘ 806 Records identified through database searching ‘

l

‘ 486 Records after duplicates removed ‘

‘

402 Records excluded

‘ 84 Full-text articles assessed for eligibility ‘

73 Full-text articles excluded, with reasons
41 No preintervention and
postintervention QOL
13 Sample size <10
9 Insufficient data in article
5 Nonvalidated QOL tools
2 Review
2 Other study design
1 Bilateral hearing loss

11 Studies included in qualitative synthesis and
meta-analysis

QOL indicates quality of life.

trieved, and full manuscript review was performed. After ap-
plying inclusion and exclusion criteria, the final 11 studies
were selected to be included in the meta-analysis.'®2¢ Ten
studies!®19:2126 were prospective, nonrandomized, preinter-
vention and postintervention studies. One study was a ran-
domized clinical trial?° that included a treatment arm with
patients undergoing QOL assessment before and after inser-
tion of BCDs.

Study Characteristics

The summary of the 11included studies is provided in the Table.
All studies were performed in adult populations in North
America, Europe, Australia, and Korea. A total of 203 adult pa-
tients underwent preintervention and postintervention QOL
assessments. In 10 studies, 2322 surgically implanted BCDs
were inserted (3 transcutaneous and 6 percutaneous), whereas
in 1 additional study,?* a dental conduction device was used.

Sociodemographic Characteristics of the Studies

Additional sociodemographic and secondary variables were
prospectively chosen for analysis. Six of 9 studies!®18-23.25.26
that document sex differentiate between hearing etiology suf-
ficiently so that we know the sex of those patients with SSD.
None of the studies recorded patient ethnicity. None of the
studies reported background educational or long-term speech
outcomes outside the QOL instruments. Only 4 studies!®-23-25-26
reported using QOL instruments originally produced in the lan-
guage of the patient, but 1 additional study'® described the use
of a validated translation. Only 5 studies!”!°-22> reported ethi-
cal approval measures in the body of the paper.

Risk of Bias

Risk of bias scores using the JBI tool ranged from 5 to 8, with
higher scores indicating lower risk of bias (the highest pos-
sible score is 9). The median score was 6. We interpret this as
amild to moderate risk of bias for the studies included herein.
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Figure 2. Forest Plot of Meta-analyses for Studies Assessing Abbreviated Profile of Hearing Aid Benefit
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Mean change is given for the global score and the 4 subscales. Different marker
sizes indicate the different relative sizes of 95% Cls. Point estimates reflect the
following: A, level of overall disability associated with hearing impairment;

B, unpleasantness/tolerability of environmental sounds; C, communication with
high background noise; D, communication in reverberant rooms (eg, a
classroom); E, communication under favorable conditions.

QOL Instruments

Only 3 QOL instruments were used in the analyzed studies: the
Abbreviated Profile of Hearing Aid Benefit (APHAB),?” the
Health Utilities Index-3 (HUI-3),2® and the Speech, Spatial and
Qualities of Hearing Scale (SSQ).2° In brief, the APHAB is a 24-
item inventory that assesses the amount of difficulty that a per-
son experiences when communicating in a variety of condi-
tions. The APHAB provides a global score as well as subscale
scores for the ease of communication, reverberation, back-
ground noise, and aversiveness domains. The HUI-3 is a health
status measure based on 8 attributes: vision, hearing, speech,
walking, dexterity, emotion, cognition, and pain. A compre-
hensive health state score is calculated using the scores from
all these attributes. The SSQ is a 49-item questionnaire that
measures disability associated with hearing and provides scores
across 3 subscales: speech recognition (in a variety of con-
texts), spatial hearing (segregation, direction, distance, and
movement of sound), and hearing qualities (ease of listening,
naturalness, and clarity).

Clinically Meaningful Difference

Changes in scores that are statistically significant may not cor-
relate with significant changes in patient experience. Al-
though studies rarely agree on these measures, the following

jamaotolaryngology.com

guidance is suggested for the QOL instruments included in the

analysis:

» APHAB: for individual subscales, a difference of 10% between
unaided and aided scores allows reasonable certainty that
the change in scores represents a real difference between
conditions>°;

» HUI-3: the smallest difference in utility scores between lev-
els of an HUI attribute is 0.053!; and

« SSQ: research suggests variable response rates for age, sex, edu-
cational attainment, and general health, but self-reporting of
hearing difficulties was the single most influential factor in score
changes leading to decreases of 0.7 to 1.3 points; this was most
pronounced in the speech recognition subscale, with 0.5 points
correlating with approximately 10 dB of hearing loss on pure
tone average.>2

Meta-analysis of APHAB Global and Subscale Scores

There was a significant improvement in the global APHAB
scores (mean change, 15.50; 95% CI, 12.63-18.36; I? = 0; P=.08)
found based on the data from 6 studies!®1719-20:22:24 yjth 98
patients (Figure 2A). Similarly, significant improvements were
observed in the background noise (mean change, 22.73; 95%
CI, 18.29-27.17; I? = 0), reverberation (mean change, 18.10; 95%
CI, 14.45-21.76; I? = 0), and ease of communication (mean
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Figure 3. Forest Plot of Meta-analyses for Studies Assessing

Health Utilities Index-3

Figure 4. Forest Plot of Meta-analyses for Studies Assessing
Speech, Spatial and Qualities of Hearing Scale

Mean change Worse | Improved
Source in scores (95% Cl)
Kruyt et al,19 2020 -0.005 (-0.13t0 0.12)
van Hoof et al,202020  0.042 (-0.06 to 0.15)
den Besten et al,21 2019  0.050 (-0.09 to 0.19)
Overall (/2=0%: P=.81) 0.029 (-0.04 to 0.10) <T>
—0.‘10 —OJOS 6 0.65 O.iO O.iS

Mean change (95% Cl)

Different marker sizes indicate the different relative sizes of 95% Cls. Point
estimates reflect the degree of impairment or disability.

change, 15.67; 95% CI, 8.24-23.10; I? = 0) subscales but not the
aversiveness subscale (mean change, 3.46; 95% CI, -3.88 to
10.81; I? = 60.2%) (Figure 2B-E). Heterogeneity was low in all
analyses except for aversiveness subscale.

Meta-analysis of HUI-3 Comprehensive Scores

Data on the mean changes measured by HUI-3 comprehen-
sive status were available from 3 studies'®-?! with 45 patients.
No significant change was detected in mean scores (overall
mean change, 0.03; 95% CI, -0.04 to 0.10) (Figure 3). Statis-
tical heterogeneity was found to be low (I* = O; P = .81).

Meta-analysis of SSQ Subscales

Four studies'!*21-23 including 69 patients evaluated QOL using
the SSQ. Significant improvements in the mean difference were
observed across hearing qualities (mean change, 1.19; 95% CI,
0.46-1.92), speech recognition (overall mean change, 2.03; 95%
CI, 1.68-2.37), and spatial hearing (overall mean change, 1.51;
95% CI, 0.57-2.44) subscales (Figure 4). Statistical heteroge-
neity was high for the hearing qualities (I? = 78.4%; P = .003)
and spatial hearing subscales (I? = 81.1%; P = .001), but low for
the speech recognition subscale (I = O; P = .054).

|
Discussion

This review found that across 203 patients and 11 studies, ge-
neric QOL scores did not improve but hearing-specific QOL
measures improved for patients treated with BCDs for SSD. This
finding adds to current developments in our understanding of
the benefit of treatment for asymmetrical hearing loss and
greater understanding that even a single hearing ear may still
leave patients with significant morbidity.3*

One advantage of generic vs disease-specific QOL question-
naires and instruments is the improved ability to compare QOL
across populations and different disease or health states when
making decisions concerning health economics or health care
delivery.3* Our review suggests that the disease-specific QOL in-
struments were generally associated with greater sensitivity for
detecting and demonstrating small changes in our patients’ day-
to-day lives, and some specific tools are explicitly designed to
measure changes in QOL over time or with treatment, but this
leaves us with 2 possible conclusions. Either hearing-specificin-
struments are overly sensitive to changes and hearing does not
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E‘ Other qualities

Mean change Worse | Improved
Source in scores (95% ClI)
Mylanus et al,17 2020 1.6 (0.33t02.81) R
Kruyt et al,19 2020 0.2(-0.41t00.81) —
den Besten et al,21 2019 1.5(0.89t02.11) — -
Pai et al,23 2012 1.6 (1.09 t0 2.11) o
Overall (12=78.4%: P=.003) 1.2 (1.46t0 1.92) -

1 0 1 2 3

Mean change (95% Cl)

Speech

Mean change Worse : Improved
Source in scores (95% Cl)
Mylanus et al,17 2020 2.4 (1.43t03.41) -
Kruyt et al,19 2020 1.1(0.34t01.86) e
den Besten et al,21 2019 2.0(1.03 t0 2.95) e p—
Pai et al,23 2012 2.3(1.83t02.77) -+
Overall (/2=0%: P=.054) 2.0 (1.68t02.37) <@

-1 0 1 2 3 4
Mean change (95% Cl)

Spatial
Mean change Worse | Improved
Source in scores (95% Cl)
Mylanus et al,17 2020 3.2(1.793 to 4.57) i e
Kruyt et al, 1 2020 0.3(-0.53t01.09) —=— 1|
den Besten et al,21 2019 1.2 (0.44 t0 1.96) —
Pai et al,23 2012 1.8(1.25t02.35) #EF
Overall (12=81.1%: P=.001) 1.5 (0.57 to 2.44) ——

-1 0 1 2 3 4 5
Mean change (95% Cl)

Different marker sizes indicate the different relative sizes of 95% Cls. Point
estimates reflect the following: A, auditory disability; B, speech recognition
disability; C, spatial hearing disability.

have the significant impact on overall QOL that we appreci-
ated, or the generic instruments are too blunt to appreciate the
genuine burden of SSD.

The generic QOL tool included in this meta-analysis was
the HUI-3, which includes domains focused on speech and
hearing. This instrument nonetheless failed to show signifi-
cant improvement. Whether other generic tools would show
similar results remains to be seen. The UK National Institute
for Health and Care Excellence (NICE) 2012 guidance?®
for assessment of cost-utility advises the use of estimated
quality-adjusted life-years gained as a preferential measure of
health effects when considering allocation and distribution
of health care resources. If the benefits patients receive from
BCDs are not evident on generic QOL measurement, then
important implications for future health technology assess-
ment and cost-effectiveness analysis follow for hearing
health interventions.

The EuroQol 5 dimensions (EQ-5D-5L) is the world’s most
commonly used QOL instrument,*® and in the UK, NICE
prefers the use of this metric specifically for comparison be-
tween disease states.>* The EQ-5D-5L has been shown not to
produce statistically significant changes before and after hear-
ing interventions, with very low effect sizes where reported,
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but it does not include any speech- or hearing-specific metrics.?”
The EQ-5D-5Lincludes a visual analog scale score that some stud-
ies have found better demonstrates improvements in patients
with hearing impairments,®” and where the EQ-5D-5L has sug-
gested benefit in hearing health, it has shown improvements
largely associated with the anxiety/depression dimension, which
may mean that further research into the psychosocial dimen-
sions of SSD could further improve our understanding of its true
impact.36-38

The separate meta-analysis of each QOL tool is a strength
of this review. Although guides exist describing the benefits
and interpretational challenges of using standard mean dif-
ference to estimate pooled size effects from different QOL
instruments,>® our underlying assumption is that such meth-
ods introduce significant heterogeneity, given that different
scales rarely measure the same constructs. Effects should only
be pooled if individual questions can be determined to mea-
sure similar constructs in the same directions (ie, 2 questions
about anxiety where a higher score indicates worse anxiety in
both instruments®°).

This review found that the use of QOL instruments in oto-
laryngology and audiology research in this area was heterog-
enous. Not all instruments were used before and after the in-
tervention, and some instruments claim to be specifically
designed for post hoc analysis. We advocate the dual use of
generic and disease-specific QOL tools, both before and after
intervention, whenever a thorough genuine assessment of QOL
is the intention of the research team.*!

Limitations

Itis known from previous studies that a plethora of outcomes
have been used in the field of SSD, particularly with QOL mea-
sures and instruments, with 1 study*? finding 344 unique out-
come instruments that reported 520 outcome domains. Work
to achieve consensus on a unified core outcome set of mea-
sures derived from all relevant stakeholders is admirable.*3
Nonetheless, our review was limited not just by the hetero-
geneity of QOL measures in included studies but also by the
nonrandomized and single-time point nature of many study
designs. The interventions offered were also disparate, with
avariety of implants, manufacturers, and operative sites (some-
times with multiple devices in a single study), not to mention
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potential differences in performance of sound processors. We
pooled all devices for our analysis. However, the devices as-
sessed were heterogeneous. Three studies'”'*-?! looked at trans-
cutaneous (no external abutment visible) rather than percu-
taneous surgical devices, and these are likely to have different
outcomes not just in sound quality but also in wound heal-
ing, aftercare, and final cosmetic appearance, which could have
asignificant effect on QOL. Our sociodemographic findings re-
vealed inconsistencies in multiple other reporting domains.
There were no pediatric studies that fulfilled our criteria, and
given the potential for children to benefit through the life
course, we advocate for more QOL assessments in children with
SSD. Reporting of sex differences was not consistent. Race and
ethnicity were not addressed. Absent speech outcomes may
have been reported in other studies that did not assess QOL,
but comparisons between QOL and other measures could
reveal more about how BCDs improve QOL when they are ef-
fective. Finally, there are implications for the use of these in-
struments outside their intended populations. Just as the use
of QOL measures that are largely developed originally in adult
patients has implications for their interpretation and validity
when used in children (we would advocate the use of Child
Health Utility 9D questionnaire**), translation and validation
are needed when tools are used in other countries, particu-
larly the development of country-specific value sets to en-
able quality-adjusted life-years to be derived and health
economic evaluation to be more meaningful.

. |
Conclusions

This systematic review and meta-analysis found that BCDs are
associated with significant improvements in hearing-related
QOL as measured by APHAB and SSQ scores in adult patients,
whereas no difference was found in the measures of generic
QOL. An instrument derived from a core outcome set sensi-
tive to hearing interventions of all types and indications would
allow more meaningful comparisons of interventions. These
findings have important implications for future trials and stud-
ies on health economic evaluation of BCDs in SSD. Finally, well-
designed prospective studies of a range of devices in a pedi-
atric population with SSD are urgently needed.
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