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John Smith, 72 y.o.
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Impact of Amplification

Cognitive Load
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Common
pathological process

Lin et al., Arch Neuro 2011; Lin et al., JAMA Internal Med 2013
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Barriers to _Amplification Barriers to _/}mplification

United States (Arch Int Med, 2012)
26.7M adults 2 50 years with hearing loss
3.8M use hearing aids
Overall rate of HA use: 14.2%

England and Wales (NICE Report, 2000)
8.1M with hearing loss
1.4Muse hearing aids
Overall rate of HA use: 17.3%

Barriers to _Amplification Barriers to _Amplification
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Barriers to _/}mplification

Awareness of impact/public health importance

Understanding of treatment options: 1:

Hearing Loss Intervention — Hearing aids? Sound €,
amplifiers? Audiologists? ENTs? Hearing aid
dispensers? Mail order hearing aids? Costco?

Barriers to Amplification

Hearing when it really matters...

T

Receiver
with loop e @km
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Cost/Affordability
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Regulation & Legislation Regulation & Legislation

Presidents Council of Advisors on Science & Technology (Report Oct 2015) o o *
National Academies of Sciences, Engineering, & Medicine (Report June 2016) Ove r t h e COU nte r H earin g A| d Act 20 17

Food and Drug Administration

Federal Trade Commission * F DA Rea uthorization ACt

that are intended to augment, improve, or extend the sense of
hearing in individuals.

Amplification Amplification

Hearing Aids: Personal Sound Amplification Products:
Regulated by the FDA Unregulated by the FDA

$800 to $3000 per device Cost $30-300 per device

Minimal insurance benefit (no Medicare benefit) E-commerce

Accepted gold standard of care Tremendous recent advances

o DI ) ®

Reed et al., JAMA, 2017; Reed et al., Otology & Neurotology, 2017
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Literature Review

Amplification PSAPs/OTC devices

Legislation is moving faster than the science Low cost devices tend to produce high EIN, THD, and limit
amplification to low frequencies (Chan & Mcpherson, 2000, 2015)
What evidence do we currently have? Some devices in the mid-price range performed similar to
hearing aids (Callaway & Punch, 2008)

Comparison of PSAPs and Hearing aids shows high end devices
provided appropriate levels of amplification and directional
benefit for mild to moderate hearing loss (Smith et al., 2016)

Callaway & Punch, 2008 AJA; Chan & Mcpherson, 2015 BioMed Res Intl; Smith et al., 2016, Hearing Review

PSAPs/OTC devices Electroacoustic Analysis of PSAPs

Literature Review Initial Investigation

No preference for environmental and music sounds between PSAP
and hearing aid — though hearing aid was preferred for speech
(Breitbart et al, 2014) 10 Devices: 9 in $150-400 range, 1 was $30

Electroacoustic exploration of PSAPs and OTC HAs

Evidence that cost does not necessarily drive outcomes (Cox et al. 6 Devices: appropriate frequency range (200-6000+ Hz),
2014) Relatively Low EIN (<24), Low THD (<1%)

Efficacious consumer selection OTC approach (Humes et al., 2017)

6 Devices: able to approx. NAL targets within 10 dB at 6+ targets
~1.5 million w/ hearing loss own PSAP or OTC device and of them,
~18% would have purchased traditional hearing aid without PSAP 3 Devices: able to approx. NAL targets within 5 dB at 6+ targets
option and ~75% used PSAP for hearing loss (Kochkin, 2010)

Breitbart et al., 2014 Poster; Cox et al., 2014 Gerontology; Humes et al., 2017 AJA; Kochkin 2010, Hearing Journal Reed et al., JAMA, 2017; Reed et al. , Otology & Neurotology, 2017
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Electroacoustic Analysis of PSAPs Study Objective

Initial Investigation

Comparative analysis of PSAPs and a hearing aid on
speech-in-noise performance among adults with mild-to-
moderate hearing loss

4 devices were able to approximate the electroacoustic output standards for a hearing aid

Reed et al., JAMA, 2017

Reed et al., JAMA, 2017; Reed et al. , Otology & Neurotology, 2017

Methods Methods

Study Population Device Selection

Inclusion: n
Exclusion:

Mild-to-moderate sensorineural hearing Unilateral/asymmetric hearing loss One mid-level technology hearing aid ($1910 wholesale cost)
loss (PTA .5-4k 21-55 dB in the better
ear) Conductive hearing loss

Adult on set hearing loss Hearing loss secondary to medical

" Four electroacoustically acceptable PSAPs from in-house analysis: SoundHawk,
conditions

60-85 years of age SoundWorld Solutions CS-50+, Etymotic Bean, Tweak Amplifier
No cognitive impairment (MMSE > 24) Prior hearing aid usage

One electroacoustically unacceptable PSAP from in-house analysis: MSA-30x

Pow.ered to N=42 for non-inferiority trial with type | error rate of 0.05 and 80% power (Williams Reed et al, JAMA, 2017
Design)
Reed etal., JAMA, 2017
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Methods Methods
Study Design Speech-in-Noise Testing

Single-blind crossover; within-subject

Calibrated sound booth, speakers, and audiometer

Screening Speech-in-Noise Testing
S o Complete Az Bio in 7 conditions: unaided, 5 P: Four-Talker Babble
der of de! ntences random

0° azimuth (Signal), 180° azimuth (Noise)
Presentation Level: Signal at 35 dB, Noise 30 dB (+ 5 SNR)

Analysis
d Student fit devices 42participants data
t ear) based on participant’s
hearing loss (Real Ear Measure L with 65
dB input). Fit to limits of the devi
Reed et al., JAMA, 2017

Reed etal.,

Outcomes Results

Primary: Number of Participants N=42 (14 Male, 28 Female)
Change in % correct from baseline unaided speech-in-noise Mean Age 71.6 years (SD 6.0)
scores to that in aided conditions (61-83 years)

Mean Perceived Duration of Hearing Loss 4.9 years (0-55 years)

Mean MMSE 28.8 (25-30)

Mean PTA (.5-4k) Right 34.7 dB (21.25-52.5 dB)
Secondary: Mean PTA (.5-4k) Left 36.1 dB (22.25-51.25 dB)
Ability to approximate NAL perscriptive targets Percent Reported Noise Exposure Hx. 33.3% (14/42)

L X X Percent Reported Perceived Tinnitus 52.4% (22/42)

SUbJeCtlve perception of devices Percent Reported Perceived Hearing Loss  88.0% (37/42)

Reed et al., JAMA, 2017 Reed et al.,, JAMA, 2017
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Results Outcomes

Table. Accuracy in Speech Understanding in Noise From Unaided to Aided With PSAPs and a Hearing Aid Among 42 Older Adults With Mild
to Moderate Hearing Loss”

Difference Between PSAP and
(Change From Unaided Hear Hearing Aid Change, Percentage
Cost, Us §° Mean Accuracy, % (95% 1) || [l Percentage Points (95% C1) Points (95%CI)

Unaided hearing 765 (72.71080.3) NA

Oticon Nera 2 hearing aid® 1910.00 88.4 (84.51092.4) 11.9 (9.8 t0 14.0)

PSAP.
Sound World Solutions CS50+ 349.99 87.4(83.5t091.4) 11.0(88t013.1) -10(-27100.8)
Soundhawk 349.99 86.7 (82.7 10 90.6) 102 (80t012.3) -18(-35t00)

Etymotic BEAN 299.99 841(802t088.1) 7.7 (55109.8) -43(-6.1t0-25)

Tweak Focus 269.99 814 (77.410853) 4928107.0) -7.0(-8810-5.3)

MSA 30X Sound Amplifier 2099 653 (60.1t070.4) 112 (-15.2t0-7.3) -23.1(-269to-19.4)
Abbreviations: NA, not applicable; Pt 2 i . 2 EAN, Tweak Focus) and storefront
“The 0-4000 Hz: was 347 inthe retail (MSA 30X Sound Amplifir). All devices were purchased between

right ear and 361in the left ear. January 2016 and April 2016.

bThe costof i i ©Oticon Nera2isa rug Administ
diology Clinic. h devices

AZBio Accuracy (%)

JAMA July4,2017 Volume 318, Number Unawded Ouon Eiyoi ” [ Ty ey
Amgitier

Reed et al., JAMA, 2017

Reed et al., JAMA, 2017

Results Results

Device ability to approximate NAL target within 5 dB 500-4000 Hz

Device 500 Hz 1000 Hz 2000 Hz 4000 Hz Total Targets Met Subjective Quality of Devices (1-5 likert scale):

Hearing Aid  12/12 12/12 12/12 9/12 45/48 (93.75%)

CS50 12/13 8/13 8113 513 33/52 (63.46%)
(p-value)

11
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Discussion Pilot Study 2 Objective

Analysis suggests in ideal conditions two higher-end PSAPs are not significantly
different from a hearing aid in speech-in-noise sentence testing while less
advanced products may actually degrade speech-in-noise results

Study limitations include : One-time snapshot, Unilateral fitting, Ideal conditions

(clinical setting, clear signal, audiologist fit device), Advantage to directionally Comparative analysis of different fitting conditions of PSAPs
capable devices, may not be representative population, analysis of other factors on speech-in-noise performance among adults with mild-to-
not included moderate hearing loss

Reed et al., JAMA, 2017; Reed et al., Otology & Neurotology, 2017

Study 2: Results

SOUNDHAWK CS 50+
Unaideg  OutoHthe- Advanced G4 Standard OutoftheBox  “%Y3"°* God Standard
Box User User
Same criteria and same speech-in-noise outcome 63 75 87 77 62 82 85
55 54 75 84 54 61 59
62 80 81 84 74 86 82

Out-of-Box Fit Advanced Fit Audiologist Fit
64 72 69 80 72 69 74

No device manipulation ser free to manipulate with Gold-standard fitting with
instructions and full access " real-ear measures 55 70 77 68 60 71 75
to internet 64 67 51 64 67 63 67
72 62 60 70 44 66 78
28 58 56 68 48 51 52
i - -
69.80 71.60 75.09 }0.61 69.38 71.97

Greene-Oliver, 2017, Towson U.

Greene-Oliver, 2017, Towson U.
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Study 2: Results Discussion

BSsoundhawk Preliminary analysis suggests in ideal conditions audiologist adjusted PSAPs are
Wcss50 superior in speech-in-noise sentence recognition improvement when compared to
out of the boxand patient fit conditions

Study limitations include : One-time snapshot, Unilateral fitting, Ideal conditions
(clinical setting, clear signal, audiologist fit device), Advantage to directionally
capable devices, may not be representative population, analysis of other factors
notincluded

PSAPs/OTC hearing care may represent transitory step in hearing healthcare that
[3a5] addresses situation specific needs, Reduce amplification gap, Reduce time to
hearing aid adoption, and increase technologic innovation

Mean Difference Score AzBio (%)

Out-of-the-Box Advanced-User Gold-Standard More research needed — efficacy and effectiveness trials

Greene-Oliver, 2017, Towson U. Reed et al., JAMA, 2017; Reed et al., Otology & Neurotology, 2017

Impleme ntation Access HEARS: Hearing care Equality t
Accessible Research & Solutions
Access
HEARS
1) Hearing Loss Screening Pllo:ﬂiﬁ:s;:s in ﬂ (@
Baltimore HEARS (ACCESS HEARS) in the communil 2) Device Orientation: " Cario Neman ——
( ) y - Selffit amplification device Populations 5
D tia Clinic - Individual prog i " sl
emen 3) Counseling: > Cognitive Impairment
- Expectation management o
Counseling and fitting in the clinic - Communication Strategies H Koraan American Older
™ Adults — Korean Martyrs
Carrie Nieman Catholic Church
sanet Ghoi @
I_.ioens_ing _&
D Pilot Outcomes in participant &
Non-profits Studies communication partner
Local government Maltiple Intervention
Communites || Development Social Engagement
< Communication
2016- 2014- 2013 Activities
2019 2016 HRQL
-—
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Principles of Design
Baltimore HEARS Approach

* Text (font & size)

Baltimore HEARS
« Colors 1. Set a goal
(hues & high contrast) (9

Learn to Use a Listening Device

« lcons & graphics Understanding Hearing 2 . De mon Strate

Communication Tips and Tricks
* Reading level
3. Practice

4. Teach

Fisk et al. (2009); Nieman et al. (2016)

@ How We Hear

There are 3 main steps in how we hear.

@ Tip #1: Attention First

The conversation can't start until you are in the same room
and both of you are aware you want to share something.

U/ )9 = (22 = (2

Sound enters ear Signal goes to brain  Brain interprets signal

Example Checklist

Talking across a room i )
O Explain the 3 steps of hearing

14
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Normal Hearing

P> &R

Some Hearing Loss

G

A lot of Hearing Loss

Place the Battery, Turn on CS-50

Earpiece

Checklist

[ Connect battery to earpiece
O Indicate when CS-50 is ON

Baltimore HEARS Pilot (n = 15)

Change in Hearing Handicap Inventory

+ immadate
4 Delayed
104
Mean change = - 9.5
&0 = Effect Size = -0.96
5
E -
wro |
ES
20 4
= T | T T 1 T
0 10 20 30 40
None | Mild Moderate | Significant
HHIE - Baseline

Carrie Nieman

Memory Clinic HEARS Project

Results (N = 20) of Neuropsychiatric Inventory
Scores after HEARS Intervention

Sara Mamo

Neuropsychialric Profie Inventory - Change from Baseline

Neuropsyehiatric Profle Inventory - Baseline

15
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Sara Mamo

Memory Clinic HEARS Project
i Feedback — Son-in-law of a 91 yo woman with MMSE of 17

concerns: 1

Wesk 1

£ Dif Pt T\

Week 2

Wesk 3

Weekd

s laferesied o

Weeks

Additional Models
of Hearing Health
Care are Needed

Hearing
Aid Dispenser
$$$
Community 1-2 months
Health Worker
$$

PSAP or OTC 1/2 day Time/
1'—_ Hearing Aid Expense/
Expertise

) $
i 1-2 hours
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