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Audibility

* How well we can hear a specific
sound

* Children can only develop what
they hear

* Determined by:
* Hearing thresholds
* Level and location
* Noise
e Device (if present)
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Hearing Thresholds

* Hearing loss results in loss of
audibility for speech and other
important sounds.

e Greater hearing loss = more
limited audibility

ml
—
=
L.
T
hT)
—
=n
=
j—
L
1]
-

mh =

[} :_:

o =

=

_ m
I J
Iy
[ T
o 5

o -~
=
. m
4] =3
(] .
[ 0
| -
=
o N
) -
[}
(]
[
=
=
=
[n)]
[}
[}
[ 1]
[}
=
=



Audibility with Mild Hearing Loss




Audibility with Severe Hearing Loss
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Hearing aid candidacy

* Audibility
How does ear canal acoustics influence diagnostic assessment?

How does the hearing loss impact audibility?
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Fit children with mild bilateral hearing loss?

30 dB HL

20 dB HL

To fit or not to fit?
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Fit children with mild bilateral hearing loss?

Clinical equipoise
30 dB HL
Uncertainty about
clinical decisions in the
? face of limited or
unclear evidence
20 dB HL

To fit or not to fit?



Is mild bilateral hearing loss a developmental
risk? £ b fecss
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Is mild bilateral hearing loss a developmental
risk?

Yes.
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Hearing aid candidacy

* Audiogram method

Freguency in Hertz (HZ)
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Hearing aid candidacy

* Audibility method — 3 month-old

Average conversation at 1 meter

Thresh
RMS
RMS
[(%illy!
Peak

3 months
Right
Insertfoam
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Carrots
Standard
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Band Importance
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Why do thresholds change?

We know the RECD affects
hearing aid measurements, but
how do they affect thresholds??
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Ear canal growth

Effective stimulus level will
decrease as the ear canal
volume increases

In dB HL, thresholds will appear
to be worse over time as ear
canal grows




Does amplification help children with mild
bilateral hearing loss?
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Amount of Hearing Aid Use Impacts Neural Oscillatory
Dynamics Underlying Verbal Working Memory Processing
for Children With Hearing Loss

Elizabeth Heinrichs-Graham. ' Elizabeth A. Walker,” Jacob A. Eastman, '~
Michaela R. Frenzel,'* and Ryan W. McCreery*




Fixation Encoding Maintenance Retrieval
138 2.0s 3.0s 0.9s
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Encoding
20s
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Maintenance — _
3.0s Significant negative

correlation between
activity in the right
side of the brain
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. . Children who wear their hearing aids less than
Clinical 60 hours/week (~8.5 hours/day) show atypical

im plicatiOns neural activity during working memory
encoding and maintenance.



Finding Appropriate Solutions to Treat Reduced Audibility in Kids

L FASTRAK:"|

(2020 ) (2021 ) (2022 )
Develop audibility-based Validate clinical tools in Test a clinical battery of
candidacy tools for complex listening hearing assessment and
children with mild, conditions in the technology candidacy
bilateral hearing levels laboratory tools in clinical

environments




How coula we solve this calibration

problem?
N l N

|~ FRSTRAK ™!

 Calibrate to the ear canal like we do for OAE using a similar probe

* Measure sound level in the ear canal
* Calibration
* Self-generated noise during assessment



vs. FASTRAK experimental dB HL
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Better-Ear Unaided Sl
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Unaided Sll Criterion

PTA-based criterion Unaided SII criterion

e Did not reflect effects of ear- e Reflects effects of ear-canal
canal acoustics acoustics on thresholds

* Not based on language * Based on language outcomes
outcomes data data

* Not easy to quantify impact of * Quantifies impact of hearing on

hearing on audibility audibility



pler Difference (RECD)

KIPA Audibility Calculator
http://kipagroup.org/charts/

5dB SPL]

8 9% (81-95)%



http://kipagroup.org/charts/
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SPL-o-gram Sll Snapshot
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Target vs. Actual (RMS error)

Software verslon 2.8.4 P =i

Speechmap/DSL 5 child - Single view Oct 12, 2008 4:11pm
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Children: How can | tell if there’s enough
audibility?

* Low RMS error (< 3 dB ideally)

* Normative range for audibilit

Bagatto et al. 2015
www.dslio.com



http://www.dslio.com/
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Real Ear to Coupler Difference

* Infant ear does not approximate
adult ear

* Greater SPL for same input compared
to adult

 RECD is applied to:
* Threshold (Inserts + ABR)
e Targets for gain and output
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What If | Can’t measure RECD?

* Use age-related averages if

* Lack of cooperation?
 Cerumen?
 Middle ear dysfunction?
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Can we use immittance to predict RECD?

Speechmap/DSL - Single view Nov 11, 2003 11:18am
Measure RECD
m Scale (dB) SPL
Measure coupler
Coupler e
This Tue Nov 11 11:08am

Interval Weekly

Measure real ear
Real ear

" RECD
Avg RECD

300 1000 2000 4000 8000

McCreery et al. under review
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Next steps

* Develop model to allow clinicians to predict measured RECD/wWRECD
based on:
* 226 Hz tympanometry
* Wideband immittance



Performance on monosyllabic words in quiet
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BKB Spatial Threshold Average
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To refer or not to refer?

Refer for cochlear
implant candidacy
evaluation

Wait and see
with hearing aid?

47



Audiologic

Hearing thresholds (PTA)

Speech perception/
Auditory skills

Aided audibility

-~

G

Cochlear
implant

candidacy

\

/

Communication
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Hearing aid fitting outcome: audibility

How much audibility is enough?

Severe hearing loss

Profound hearing loss

X Pre-adjustment
¢ Post-adjustment

Aided
SII

Aided
SII

Quar et al. 2019 Input (dB SPL) Input (dB SPL)

49



What level of audibility signals risk for delay in children with hearing aids?

182 Children with hearing aids (CHA)
76 Children with typical hearing (CTH)

Language composite:
Receptive vocabulary
Syntax
Pragmatics

.53 .61 .68

Better-ear aided SII @ average input
Wiseman, McCreery & Walker (in prep)

50
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Audibility guidelines

Aided SII

Insufficient - Optimal
0%

53% 68%
100%

Aligns with other estimates:

Stiles et al. (2012) - 65%
Tomblin et al. (2020) - 71%

51



Clinical Take-aways

. ]



Thank you!

FOLLOW US ON p
FACEBOOK AND it

INSTAGRAM
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