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Objective: There is a strong association between cognitive impairment and hearing loss, both highly prevalent in the ageing
population. Early detection of both hearing loss and cognitive impairment is essential in the management of these conditions to
ensure effective and informed decisions on healthcare. The main objective was to identify existing and emerging cognitive and
auditory assessment tools used in clinical settings (eg, memory clinics, audiology clinics), which manage the ageing population.
Methods: A scoping review of peer-reviewed publications and results were reported according to the PRISMA-ScR guidelines.
Results: A total of 289 articles were selected for data extraction. The majority of studies (76.1%) were conducted in 2017 or later.
Tests of global cognitive function (ie, Mini-Mental State Exam, Montreal Cognitive Assessment) were the most commonly used
method to detect cognitive impairment in hearing healthcare settings. Behavioral hearing testing (ie, pure-tone audiometry) was the
most commonly used method to detect hearing loss in cognitive healthcare settings. Objective, physiological measures were seldom
used across disciplines.

Conclusion: Preferences among clinicians for short, accessible tests likely explain the use of tests of global cognitive function and
behavioral hearing tests. Rapidly evolving literature has identified inherent limitations of administering global cognitive function tests
and pure-tone testing in an ageing population. Using electrophysiological measures as an adjunct to standard methods of assessment
may provide more reliable information for clinical recommendations in those with cognitive and hearing impairment, and subsequently

achieve better healthcare outcomes.

Plain Language Summary:

1. Hearing loss in mid-life (4565 years) is the number one modifiable risk factor for dementia, therefore early detection of hearing
loss and cognitive impairment are essential to manage both conditions effectively.
2. Tests of global cognitive function (eg, MMSE, MOCA) were the most commonly used tests to detect cognitive impairment in
hearing healthcare clinics.
. Pure-tone audiometry was the most commonly used test to detect hearing loss in cognitive healthcare settings.
4. Objective electrophysiological measures can overcome difficulties in assessing cognition and hearing loss in people with dementia,
and can be a useful adjunct to existing assessment tests.

w
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Introduction

With an increasing global population and better healthcare outcomes, the proportion of individuals entering the ageing
population is increasing.! Subsequently, the proportion of age-related morbidities is on the rise. Hearing loss, present in
approximately half of those aged 75 years and over, is ranked 3rd out of 328 conditions in years lived with disability.>
Hearing loss most commonly occurs as a result of ageing (ie, presbycusis), with changes in the peripheral and central
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auditory system. Since the seminal paper by Lin et al, attention has been directed towards the association between
hearing loss and cognitive impairment.** Untreated hearing loss in midlife (45-65 years) has since been reported as the
number one modifiable risk factor for dementia.® Dementia is characterized by impaired memory, thinking and
behavior, commonly resulting from pathologies affecting the brain such as Alzheimer’s disease.” In the early stages of
dementia, deficits in peripheral and central auditory processing have been observed.®'* Therefore, there is growing
interest in developing methods of early detection for hearing loss and cognitive impairment in the adult population, as
early detection allows for earlier intervention and better health outcomes.'' An important consideration of this “early
detection, early intervention” agenda is for healthcare clinicians to be equipped with the necessary tools to detect those at
risk of hearing loss and cognitive impairment in midlife, as well as in the ageing population.

Detecting Cognitive Impairment in the Ageing Population

Effective cognitive assessment tools test multiple domains of cognition to identify different patterns of impairment."!
Examples include tests of global cognitive function, such as the Mini-Mental State Exam (MMSE) and the Montreal
Cognitive Assessment (MoCA). These tests are commonly used by hearing healthcare clinicians screening for cognitive
impairment.'? However, sensory deficits (eg, hearing loss) have the potential to impact adversely on cognitive test
performance, leading to a subsequent overestimation of cognitive decline.'*'* Adapted versions of cognitive assessment
tools have therefore been developed to address this impact (eg, written-MMSE;"'>"'® MoCA-Hearing-Impaired,'’ and
more recently, a validated version (MOCA-H) in English'® and in German;'® Cambridge Neuropsychological Test
Automated Battery (CANTAB),?® Repeated Battery for the Assessment of Neuropsychological Status for Hearing
Impaired Individuals (RBANS-H)).?! Other computerised test batteries that can be used for assessment of cognitive
impairment are the RBANS, Cogstate,”> ALACog,** the CDR computerized assessment system (CDR system),”* and
Factors of Longitudinal Attention, Memory and Executive Function (FLAME) test batteries.>> While these adapted
cognitive tests are more suitable for those with hearing loss, it is unclear whether exclusively visual tests are equivalent
to those that cross multiple modalities. Indeed, previous reviews have suggested that cognitive screeners, such as the
MOCA, are not optimally sensitive to detecting mild cognitive impairment (MCI);*° further, said tests tend to have

poorer specificity for MCL?’

potentially contributing to over-referral. The final diagnosis of cognitive decline, however,
includes a comprehensive clinical evaluation by a clinical expert.

More recently, the use of objective measures in the assessment of cognitive impairment has gained interest. Two
systematic reviews have identified the use of auditory event-related potentials as biomarkers for cognitive impairment
and Alzheimer’s disease.”®?° Auditory-event-related potentials (eg, P200; P300) were shown to be valuable biomarkers
of Alzheimer’s disease, and have the potential to be integrated as a complementary assessment as part of a clinical
neuropsychological test battery.”® An investigation into routine clinical practice is needed to determine the effectiveness

of current measures and assess the practicality of using biomarkers in clinic.

Detecting Hearing Loss in the Ageing Population

Management of hearing loss plays a vital role in improving health-related outcomes more generally, but specifically for
people with MCI and people with dementia.***! Individuals with untreated mild, moderate and severe hearing loss in
midlife are two, three and five times, respectively, more likely to develop dementia.® Therefore, early and timely
detection of hearing loss and uptake of appropriate interventions are essential. There is increasing evidence for the
positive impact of hearing aids, the most common management for hearing loss, on cognitive function.*> More recently,
the large, well-conducted, randomized controlled ACHIEVE trial conducted across a three-year period showed that
hearing intervention (including hearing aids and audiological counselling) might improve cognition in older adults at risk
for cognitive decline.*> However, there was no evidence of improved cognition in those with decreased risk of cognitive
decline. Pure-tone audiometry (PTA) administered by a trained audiologist is the “gold-standard” clinical method of
assessing hearing sensitivity,”* although limitations of administering PTA are evident. Firstly, PTA requires access to
specialized equipment and trained personnel that are limited for many non-audiological healthcare clinics.®> Secondly,
there is evidence to suggest that PTA may be unreliable in individuals with greater severities of dementia.*® In addition to
using auditory evoked potentials (ie, P300, MMN) as potential biomarkers for cognitive impairment, some of the
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auditory evoked potentials (ie, Auditory Brainstem responses, Auditory steady-state responses) can also be used to
establish this population’s hearing thresholds objectively.’” However, recent practice recommendations for the clinical
management of people with dementia and comorbid auditory impairment have not discussed the role of electrophysio-
logical assessment in different clinical contexts.**° There is a growing need for easily accessible and reliable auditory
assessment tools for those with MCI and people with dementia that can be administered by healthcare clinicians without
specialized audiological training (eg, clinicians in memory clinics).

Overall Aim and Research Questions

Due to the wide-ranging, heterogeneous nature of the research questions across two conditions (ie, hearing loss and
cognitive impairment) and settings (eg, audiology and memory clinics), a scoping review was conducted. Previous
reviews have identified cognitive assessment tools used in populations with hearing loss, focusing specifically on
screening.'"'%*" Whereas, one review explored assessments of hearing function in individuals living with cognitive
impairment specifically in long-term care homes.”

The overall aim of this review was to provide a comprehensive overview of existing and emerging tools to detect
cognitive impairment and hearing loss across different clinical settings (primarily cognitive assessment in audiology
clinics and hearing assessment in memory clinics). The review is intended to identify gaps in the evidence, and further
determine the strengths and limitations of using assessments across healthcare disciplines and settings, to help inform
future evidence-based recommendations and developments of care for older adults. The specific research questions were:

1. What screening and/or diagnostic tools, and their frequency, are used in the assessment of dementia and/or
cognitive impairment in individuals with a hearing loss?

2. What screening and/or diagnostic tools, and their frequency, are used in the assessment of hearing loss in
individuals with cognitive impairment or dementia?

3. In what settings (eg, audiology clinics, memory clinics) are these screening and/or diagnostic tools being used?

Methods

Design

The scoping review was conducted according to the methodological framework proposed by Arksey & O’Malley,*' later
adapted by Levac et al,** and which adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews (PRISMA-ScR) guidelines.** In contrast to a systematic review, a scoping review does
not evaluate the quality of selected studies, thus any biases or methodological issues in the studies are not addressed.

Identifying Relevant Studies

A structured electronic literature search was conducted using the following databases: Embase, Cochrane Library, Web of
Science, PubMed, and Scopus. The search strategy was developed by the authors and library staff from the University of
Western Australia (see Supplementary Document A). A hand-search of the bibliographies of included papers was

performed to identify any additional papers. A final search was run prior to submission of the article (28.11.22).

Study Selection

Two independent reviewers screened the titles and abstracts of the articles prior to full-text review according to the
eligibility criteria. Inclusion criterion were (i) human adults, aged >18 years, assessed for hearing loss and/or cognitive
impairment. Exclusion criteria were (i) full-text articles not available, or not available in English, (ii) no information on
methods of clinical assessment, (iii) population with physical conditions or disorders that may potentially confound
assessments, (iv) neuroimaging studies, (v) population that was prelingually deafened. A third reviewer was blinded to
the review of six initial full-text articles to ensure inter-rater reliability prior to the screening. Any disagreements between
the two reviewers were arbitrated by the third reviewer.
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Data Extraction
Data from included articles were extracted and charted in a collection form against the following parameters
(Supplementary Table 1): First-named author, year of publication, sample size, assessment setting, cognitive

assessment(s), hearing assessment(s). The prevalence of cognitive and hearing assessments across articles was
separated into two time periods, pre-2017 and 2017 onwards because the influential Lancet Commission report on
dementia prevention, intervention and care, first reported hearing loss in mid-life as the largest modifiable risk
factor for dementia.® Data from studies performing a secondary analysis, or being reported in multiple articles, are
displayed in Supplementary Table 1 but not included in the manuscript in order to exclude duplicate results.

Results

Literature Search

The search initially identified 3992 articles, and after duplicates were removed, 3381 article titles and abstracts were screened
(Figure 1). Of the 3381 records screened, 2995 articles were excluded as they did not meet the inclusion criteria. Ten articles
were irretrievable, and 416 articles were retrieved for full-text review that either met the inclusion criteria or for which there
was uncertainty about inclusion. Following exclusion of 173 articles (for reasons see Figure 1), 243 articles were included
from the original search. A re-run of the searches performed prior to submission of the manuscript yielded an additional 46
articles, leading to a total of 289 articles for inclusion. Sixty-nine articles (23.9%) were published between 1989 and 2016 (pre-
2017), with the remaining 220 articles (76.1%) published from 2017 onwards (post-2017). Ten articles presented secondary
analysis of data. Therefore, data were extracted from a total of 279 studies. Assessment tools of cognitive and hearing function
according to their categorized domains and percentage used across the studies are presented in Supplementary Table 2. Some

studies used more than one assessment tool.

Assessment Tools of Cognitive Function

Tests of global cognitive function administered by interview were the most frequently used method for detecting cognitive
impairment in patient populations with hearing loss (68.3% of articles). The MMSE in its original format was the most
commonly administered test (n = 127 studies), followed by the MoCA (n = 48 studies), both showing a greater number post-
2017 compared to pre-2017. Adapted versions of the MMSE and MoCA to account for hearing loss were administered in 14
and seven studies, respectively. Furthermore, in two studies published post-search, there are now validated English'® and
German'? versions of the MOCA-H for adults with hearing impairment. Due to the wide-range of global cognitive function
tests used, tests that were used in only a single study pre- or post-2017 were categorized as “other” with corresponding
references provided (eg, Blessed Information-Memory Concentration Test). Self-report measures and questionnaires were
used to assess cognitive function in 25.6% of articles, with patient-reported memory complaints (n = 14 studies) and the
Clinical Dementia Rating Scale (n = 12 studies) being the most used, especially post-2017. Objective biomarkers of cognitive
function were seldom used, with electrophysiological measures (eg, cortical auditory evoked potentials; auditory steady state
responses) used in four studies pre-2017 and three studies post-2017.

Assessment of cognitive subdomains was performed by either cognitive test batteries assessing multiple
domains, or shorter domain-specific tests (eg, verbal fluency; executive function; visuospatial ability). Full
neurocognitive test batteries were administered in 11.8% of articles, mostly post-2017, with the Repeatable
Battery for the Assessment of Neuropsychological Status being the most commonly used in six studies post-
2017. The most-used cognitive subdomain tests assessed learning and memory, verbal fluency, executive function,
and processing speed, most post-2017. Tests of free, immediate and delayed recall (n = 42 studies), trail-making
(n = 42 studies), digit-symbol coding/substitution (n = 40 studies), and controlled oral word association (n = 37
studies) were most commonly used for detecting cognitive impairment.

Assessment Tools of Hearing Function
Behavioral measures of hearing function were most frequently used for detecting hearing loss in patient populations with
cognitive impairment, administered in 73.4% of total articles. Pure-tone audiometry (PTA) was the most commonly used
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test both pre-2017 and post-2017 (n = 169 studies), followed by speech audiometry (n = 74 studies). Screening
audiometry was used in 29 studies, and the whisper test in four studies. Self-report measures and clinical interviews
were used to assess hearing function in 39.1% of total articles, the majority post-2017. Patient-reported hearing problems
obtained using questionnaires that were not validated measures were the most frequently used self-report method (n = 54
studies). This was followed by the Hearing Handicap Inventory for the Elderly questionnaire (n = 22 studies), which is
the most commonly used self-reported outcome measure in audiology.** Other self-report measures, such as the SSQ and
IOI-HA were documented in 28 unique studies. Objective assessment of hearing function was performed in 11 studies,
most post-2017, through electrophysiological measures (eg, auditory evoked potentials). Of these electrophysiological
measures, distortion product otoacoustic emissions were the most common measure to determine hearing thresholds (n =
7 studies), followed by auditory brainstem responses (n = 6 studies).

Hybrid Assessment Tools

Certain studies obtained measures of word recognition and recall through the use of hybrid assessment tools (eg, Word
Auditory Recognition and Recall Measure; Sentence-final Word Identification and Recall test). As these are not used to
identify individuals with hearing loss or cognitive impairment, they were not included in Supplementary Table 2.

Assessment of Cognitive Function in Hearing Healthcare Research
We were particularly interested in the number of cognitive assessment tools administered in hearing healthcare research
(ie, audiology, ENT) (Supplementary Table 3). As high-quality aged care is an important research priority,* studies

performed in aged care facilities were also included. The results were broadly similar to those in Supplementary Table 2.

Tests of global cognitive function (MMSE; MoCA) were the most commonly used measure for the clinical assessment of
cognitive function (n = 27; n = 20 studies respectively). Cognitive test batteries were rarely used in hearing healthcare
research studies, with the RBANS-H (n = 5 studies) and the ALAcog test battery (n = 4 studies) being the most common.
Cognitive subdomains were occasionally assessed individually (n = 18 studies). Self-report measures were used in 10
studies performed in hearing healthcare clinics. No objective electrophysiological measures (ie, auditory evoked
potentials) were used by hearing healthcare clinicians and aged-care staff to measure brain function.

Assessment of Hearing Function in Cognitive Healthcare Research
Similarly, we were interested in the number of hearing assessment tools administered in memory clinics, geriatric clinics,
Alzheimer’s centers, and aged-care facilities (Supplementary Table 4), with results broadly similar to Supplementary Table 2.

Behavioral measures of hearing function were reported in fifteen studies, with PTA used as a diagnostic measure of hearing
loss in seven studies, and pure-tone threshold screening used in seven studies. Two studies administered speech audiometry
testing to the patient population, and one study used the whisper test. A range of self-reported measures were used, equally pre-
2017 and post-2017. One study used distortion product otoacoustic emissions as an objective measure of hearing thresholds,
and another used cortical automated threshold estimation.

Discussion

The aim of this review was to identify existing and emerging tools commonly used to assess cognitive impairment and
hearing loss in the ageing population. We were particularly interested in cognitive assessment tools used in hearing
healthcare settings, and assessments of hearing function used in cognitive healthcare settings to identify which tests
might be recommended for clinical and research use in a screening capacity to identify those at risk of hearing loss or
cognitive decline/dementia. Although general population screening for dementia is not recommended, there is an
opportunity to target populations at risk.*®

Cognitive Assessment in Individuals with Hearing Loss

The tests of global cognitive function (ie, MoCA and MMSE) were the most commonly used tests to screen for cognitive
impairment in adults with hearing loss, particularly post-2017. Characteristics of these tests include quick administration
time, minimal training requirements, and ease of accessibility, explaining the high favorability amongst clinicians and
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researchers. Although such measures allow for cognitive screening, the confounding effect of hearing loss should be
accounted for. Few studies opted for versions of cognitive screening tools modified for use in those with hearing loss,
developed as early on as 1989.">"'7 Although used for research and clinical purposes, most current adapted cognitive
screening tools are not standardized and validated for use in adults with hearing loss.'? Clinicians should also be made
aware of the other limitations of cognitive screening tools. Such tests have shown poor predictability of impairment when
compared to results of extensive assessment of cognitive subdomains.*” These tests also require comparison to factor-
corrected normative data, are likely to be influenced by ceiling effects and restricted score range, and are limited in their
assessment of cognitive subdomains, all resulting in a greater likelihood of misclassification for cognitive impairment.*®

Cognitive test batteries assist in diagnosis and enable the comprehensive assessment of multiple domains of cognitive
function (eg, attention, executive function, verbal fluency, working memory, learning, visuospatial ability, and global
cognitive function).*® Although these test batteries have greater power in determining functional capacity, routine
application in clinic is limited by long administration time, need for specialized training, and expertise in interpretation,
making it unsuitable for use by inexperienced clinicians. This is echoed in our findings that show cognitive test batteries
were seldom used, with few studies integrating assessments of certain cognitive subdomains that have been associated
with poorer performance in individuals with hearing loss (eg, executive functioning; learning and memory).**>

The use of electrophysiological measures as a biomarker of cognitive impairment is evidently rare in the assessment
of individuals with hearing loss. Yet, there is potential for use as an adjunct to routine clinical assessment of cognitive
impairment. Auditory event-related potentials have shown significant abnormalities in both amplitude and latency in
individuals living with Alzheimer’s disease and mild cognitive impairment.*®**~! Specifically, a meta-analysis con-
ducted by Tarawneh et al showed the promising role of these potentials (eg, P300) in discriminating between those at
higher risk of cognitive decline from normal-ageing individuals.”® Biomarkers of cognitive impairment may also be
reflected in clinical measures of listening effort (eg, pupillometry).’* These electrophysiological measures are not without
drawbacks (see Figure 2). Implementing these electrophysiological measures in clinical settings require additional
resources including trained professionals and access to equipment.

Physiological differences
Physical / Arousal state

Emotional state

Comorbidities

PERSON

/

-l
(NPZZAANNN

Trauma / Injury

Drugs / Medications

Age
( A Time constraints
LIMI-I:?gIONS Complexity of stimuli or task
USING — __y Psychometric properties
PHYSIOLOGICAL \ Lack of standardisation
MEASURES
L J Analysis methodology

Accessibility of equipment

CLINICAL Testing environment

I/
/1N

Staff training

Figure 2 Limitations of physiological measures of functional assessment in clinic. For detailed discussion on the factors limiting physiological testing, see references.”>**
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Hearing Assessment in Individuals with Cognitive Impairment
Pure-tone audiometry was the most commonly used method of hearing assessment in populations with cognitive impairment.
Although a reliable indicator of hearing thresholds (ie, hearing sensitivity), PTA may not provide reliable estimates of an
individual’s functional hearing ability, particularly in background noise.> In addition, the ability to complete PTA may be
compromised by the severity of cognitive impairment in the subject.>® In their systematic review, Bott et al found that testing
for hearing thresholds could not be completed in up to 44% of people with dementia.® Adaptations to standard audiological
testing procedure that can accommodate those individuals unable to complete behavioral tests are important, and include the
use of objective measures (eg, auditory evoked potentials).”” Particularly, as recent practice guidelines promote the sole use of
behavioral screening tools in clinics managing people with dementia.>®

When contemplating other modalities of auditory testing in this population, it is important to consider the applic-
ability for researchers and clinicians that lack experience and advanced audiological training. Such is the case for aged-
care facilities and memory clinics, where the prevalence of hearing loss in the cognitively impaired population has been
markedly under-recognized.””®° In their review, Hobler et al identified alternative measures of hearing loss to PTA that
are favored amongst aged-care and allied healthcare staff, such as questionnaires and the whisper test.*>*'*** The whisper
test does not require additional specialized staff, prolonged administration time, nor access to restricted equipment;
however, its clinical utility has long been contentious.®> ®> Concerns surrounding the reliability in the general population
have resulted from a lack of standardization, reproducibility, and low sensitivity.°*®” Self-report questionnaires are
valuable in the general population and also in individuals diagnosed with MCI. However, those with more severe

62,68

dementia are unlikely to provide reliable responses, although proxy measures by carers are an option. In line with

people with dementia’s needs and perspectives on audiology testing, incorporating a robust and fit-for-purpose hearing
test in healthcare practices is an urgent priority.>**%-"°

This scoping review identified 11 studies where electrophysiological measures of hearing thresholds were obtained.
Examples of measures included were distortion product otoacoustic emissions, auditory steady state responses and auditory
brainstem responses, either tone-evoked (single-ear, or parallel) or broadband click-evoked. These measures enable objective
assessment of hearing thresholds in individuals unable to provide reliable responses to standard audiological testing, and can
serve as a means to identify a hearing disorder.”' Such is the case in neonatal and pediatric populations,” as well as in
populations with autism and dementia where significant correlations between behavioral thresholds and auditory evoked
potentials have been found.”>’* However, challenges faced by healthcare practices include, but are not limited to: long
administration time; electromagnetic interference; arousal state of the subject (ie, muscle movement, stress, anxiety);
experience of clinician; and equipment restrictions. Further research is required to overcome the limitations associated with
the use of reliable, objective functional assessment of hearing in healthcare practices.

Limitations and Biases

Although the scope of this review was broad, tests of central auditory processing were not reported in this review, as we
were more focused on assessments of peripheral hearing loss in the ageing population due to its high prevalence.
Furthermore, a number of studies did not report the setting at which testing was administered. However, as the data are
relatively proportionate when comparing Supplementary Tables 3 and 4 to Supplementary Table 2, it is likely that the

results are broadly representative of each clinical setting. There is also evidence that other conditions comorbid with
cognitive impairment and hearing loss have been associated with the progression of Alzheimer’s disease and dementia
(eg, cardiovascular disease, depression, traumatic brain injury).® This review did not include assessments of comorbid
conditions, although it is noted that these conditions are likely confounders in the assessment of cognitive and hearing
function.

Conclusions

In order to address the concerns and symptoms for cognitive impairment and hearing loss, a range of assessment tools
have been used across different healthcare disciplines that manage the ageing population. This review has found that tests
of global cognitive function (eg, MMSE, MOCA) and behavioral hearing tests (ie, pure-tone audiometry) are the most
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common existing tools used across healthcare disciplines, despite their inherent limitations. These limitations may be
overcome by using emerging and objective measures that are less influenced by the effect of comorbid conditions and
subjectivity on assessment. Combined integration of testing modalities (ie, subjective, behavioral, and objective) may
provide more reliable results, although barriers to widespread application are apparent. Further research is needed to
develop methods for overcoming such barriers that inhibit the implementation of reliable, standardized testing in clinic in
order for recommendations to be made to achieve better healthcare outcomes for the ageing population.
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