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What is OCHLCON? ™ v
|

* Started in 2008 by Mary Pat
Moeller (Boys Town National
Research Hospital) and Bruce
Tomblin (University of lowa)

* Goal: to examine the impact of
newborn hearing screening,
early intervention, and
advances in hearing technology
on developmental outcomes of
children who are hard of
hearing

* Continuous NIH funding for the
past 14 years

Topics to be discussed today:
Special challenges for children with mild hearing loss
Is mild bilateral hearing loss a developmental risk?

Does amplification help children with mild bilateral hearing loss?

How to implement an audibility-based criteria for children with mild
hearing loss
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Infants and children with hearing loss benefit from early identification and
early access to language through technology or visual communication.

Screening for hearing loss by
1 month of age

. X . Hearing aids
Referral for diagnostic testing by 3 months 1 month
of age
after Dx

Enrollment in early intervention by 6 months of age

~15% of children
ages 6-19 years

have a
significant
hearing loss

40-50%
have mild
or
unilateral
— hearing
loss
(Fitzpatrick
etal., 2010)

Unilateral
3a%
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Identification and diagnosis Management
. - NHS not intended to identify < 35 dB * Delays in hearing aid fitting
I What are SDECIa| Chal |enges for  Delays in confirmation . !_ack of consensus on optimal
. . . . - intervention strategies
children with mild hearing loss? - Insert earphones calibrated to 2 cc

coupler. Sound is louder in an infant ear
canal than an adult ear canal.

9 10

Why are children with mild HL receiving services
later?

*Terms we use?

*It’s “just a mild hearing loss” (Fitzpatrick et al.,
2017)

Terms we ‘
use to : .
describe loss .
= parent . I
perception &
of disability & &
\@@“Q’ <¢§
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“Mild”

W Simulation M Term

Modified from Haggard & Primus 1999 AJA
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Why are children with mild HL receiving services

Why are children with mild HL receiving services
later?

later?
*Terms we use? *Terms we use?
*It’s “just a mild hearing loss” (Fitzpatrick et al., *It’s “just a mild hearing loss” (Fitzpatrick et al.,
2017) 2017)
*Uncertainty about benefit?

*Clinical equipoise?

*Uncertainty about benefit?

13 14

Fit children with mild bilateral hearing loss? Fit children with mild bilateral hearing loss?

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

-J

20dB HL

20dB HL )
To fit or not to fit? To fit or not to fit?
15 16
. . 7N B s 27 H
Situation Of CIInlcal €quipoise regardlng ma nagement Effect of Minimal/Mild Hearing Loss on Children’s
fOI" Ch”dren Wlth mlld hearing |OSS Speech Understanding in a Simulated Classroom

Dawna E. Lewis, Daniel L. Valente, and Jody L. Spalding

Current evidence base

* Children with mild HL are at risk for delays and difficulties in the academic
setting

BKB sentences
. st;ggl 1985; Blair et al., 1985; Davis et al., 1981; Dokovic et al., 2013; Yoshinaga-Itano et al., 2008; Lewis et Story & comprehension
questions
+10dBSNR
0.6s RT

Lewis etal., 2015

17
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Lewis et al. (2015) Ear and Hearing

Total Correct (out of

Lewis et al. (2015) Ear and Hearing

Age Group

19

Situation of “clinical equipoise” regarding management
for children with mild hearing loss

Current evidence base

* Other studies show minimal impact of mild HL on outcomes, with
ambiguity re. benefit from hearing aids and early identification and
intervention

* Porter et al., 2014; Wake et al., 2006; Carew et al., 2017

rdiagnosis’,
defined as identification of a real condition for which treatment
does not actually benefit an individual’s outcomes (Coon et al.
2014). This would imply that these children’s developmental
deficits might not be attributable solely to their hearing acuity. If
50, the decision to amplify mild losses early could represent not
only overtreatment (i.e. treatment that cannot deliver benefit)

but also active harm (costs, burden, stigmatization)

Carew et al 2017

21
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Limitations of past studies

* Mild often grouped with unilateral/minimal HL OR moderate to
severe/profound

« Studies focus on the effects of age at service delivery
(identification, hearing aid fitting, early intervention)

* Most studies do not describe influence of both aided audibility
and amount of daily HA use on outcomes

Is mild bilateral hearing loss a
developmental risk?

23
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Study participants: Inclusion criteria

6 months to 7 years at entry
English primary language

No major secondary disabilities
No cochlear implants

Peri nt mild to severe bilateral
hearing loss

Study participants

CHH CNH Both Groups
Number 317 117
Gender | 173 male; 144 female | 54 male; 63 female | Matched on income &
Hearing M-=48.88 dB HL <20dB HL maternal education

7 without amplification
76% identified from NHS
Age of ID=7.32 mos

Higher than typical US
sample

25
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Research Aticte
Language and Reading Outcomes
in Fourth-Grade Children With Mild
Hearing Loss Compared to
Age-Matched Hearing Peers

L TS —
i W, MeCrours v e 5 st

iﬂ

WJTA Understanding Directions (SS)

Mild Hearing Loss Normal Hearing
(n=59) (n=69)

Language and Reading Outcomes
in Fourth-Grade Children With Mild 2
Hearing Loss Compared to .
Age-Matched Hearing Peers

Research Article

give

1. warm. He chose the jacket
for its

2. permit. Father refused to

oy . Merours ot Soues 5 st

Test of Morph Structure - Word Derivations (raw)

Mild Hearing Loss Normal Hearing
(n=57) (n=69)

27
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Bound morphemes, especially in verbs, are
less salient and less frequent in the input

* Typically sentence medial (He needs to find...)

* Often involve fricatives in English

* Complex phonetic contexts (It’s, Greg’s
calling...)

29
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What other
areas of
language are
difficult for
children with
mild hearing
loss?

lethod

+ 9 Picture-Supported Stories
* de Villiers & de Villiers

* Presented in standard audio-
visual format

+ Child answered questions
requiring interpretation or
reasoning

Higher-level social cognition:
Sarcasm

31

32

B

What did the big brother mean
when he said that?

N

. Did the brother think that the
little boy was a bad hitter or a
good hitter?

Bad Good

33
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Results — Understanding Sarcasm and Irony at 8 years

Main effect
of hearing

category p =
.001

Total Irony Score

Take-home points!

* Children with mild hearing loss experience delays in
diagnosis and clinical management.

* Children with mild hearing loss are at risk for deficits in
language and psychosocial outcomes out to fourth grade (at
least).

* Cumulative auditory experience may account for these
deficits

....but we need to consider role of hearing aid use and audibility

35
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| Does amplification help children with
mild bilateral hearing loss?

Audibility

Auditory

experience

37 38
102
Consistent HA o e Are there
Use Benefits ~ differencesin
Growth - outcomes for

Predicted Composite Language
8

Conclusion: Children who wear HAs more
than 10 hours/day show steeper growth in
language skills than children wearing HAs

less than 10 hours/day

Age
(Years)
Tombiin et al., 84
(2015)

children with
mild hearing
loss based on

hearing aid use?

Vocabulary

Articulation

Grammar

Phonological processing

Speech recognition in noise

40

HA use groups

Full-time
(>8.7 hrs)

Part-time
(2-8.3 hrs)

Nonusers
(<2 hrs)

n=

14

15

Average HA
use (hrs)

10.99

5.58

0.11

Significant differences:

* Better ear pure tone
average (nonusers > part-
time, full-time)

No significant differences
between the three groups:

* maternal education levels
* nonverbal IQ

than non-users

Full-time > non-
users

PPVT Standard Score

140/

Full-time HA users had better vocabulary skills

£ Non-user (n=9)
3 Part-tme (n=15)

W Full-time (n=14) -1

Walker et al., 2015

41
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Full-time HA users had better morphosyntactic
skills than non-users

There were no differences between groups
for speech recognition in noise

Full-time, part- 20k E3 Nenruser (ne9) i *
. B Port-time (n=15) ™ Non users (n = 4)
time > non-users B Ful-time (n=13) *
. 3 = Part time (n = 8)
% 15+ B g “ = Fulltime (n = 6
& Sw
3 § Take home message:
En & ” JDo not rely solely on audiological outcome
& | N measures to determine benefit from HAs
8 »
25D
. i ©
S e Phoneme +10SNR  Phoneme -SSNR  Word +410SNR  Phoneme 5 SR
Thes Inflasecss of Hesrngs A3 Ui 61 Duicomes of Chidien Wi Wid CASPA condition
S Walker et al., 2015 aa
43 44
What are the implications?
Traditional word
recognition tests may not
be sensitive to individual
differences for children Auditory
ith mild hearing | Audibility .
with mild hearing loss experience
45 46
What does PTA not tell us?
Froquency (M)
Why can’t we just use unaided B
or aided PTA to predict ° T
outcomes? kd How different
: configurations may
g 5 impact speech
- m | o yo perception
§ et T |
Degree of HL | |
(PTA) Low Frequency s Trequency)
Sounds Sounds
47 48
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What does PTA chmap/DSL 5 child - Single view 2 H"\r‘mnmmr
Mode
not tell us? o
120 Fona AT
s . Sem (o Audibility
R R 100 sge—" 4 Audiometry
How child will access % N B
speech with or without | ® g « Amount of access to the speech spectrum
h . id 0 'x (as a percentage or proportion)
earing aias Wi = \ * Determined by:
- = —, Rinaural o = « Level
How ear canal ® g * Noise
ics infl % el Distance
acoustics influence - "I‘"” wa Auditory thresholds
access = 2 M Ear canal acoustics
o >
Unalded avg
| z0 | s | 100 | 2000 aoo _ 8ooo Surve
How do we quantify audibility?....Speech SPL-o-gram SlI Snapshot
Intelligibility Index (Sll) (or “count the dots”)
250 500 1K 2K 4K Number of dots
Each dot — T " e s view For each band —
represents ~1% of 0 ! [ - that are audible [ Audibility x FIW =
information | I O I predict how well 1

weighted audibility
one understands &

quiet speech from
a six foot distance

contributing to
speech clarity

Sli = Sum of weighted
audibility of all frequency
bands

-

Estimate of access to speech|
0=no audibility

Dots are unevenly
distributed:

\1000 and 3000 Hz
™ > 250 to 500 Hz

250 ~ o 1=completely audible
Audibility with Mild Hearing Loss Consistent audibility appears to be a key construct tied to positive
outcomes among children whose families choose spoken language.
B e
iy
|
o ~% of the
Bt . speech Tomblin et al., 2015 Tomblin et al., 2015 Tomblin etal., 2015
- H Walker et al., 2016 McCreery et al., 2017 Walker et al., 2015
o speCtrum Is Walker et al., 2017 Walker et al., 2017 Walker et al., 2017
b | audible Wlth McCreery et al, 2020 Stiles et al.,, 2012 Walker et al., 2019
" Tomblin et al., 2020
ot or without Davidson et al., 2014 Walker et al., 2020
o
R A S T R e amplification Park et al.,, 2019
TR e e e e
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Aided Audibility Contributes to Language GROWTH

3

g B

Predicted Language Standard Score

Take hom
who receive the most benefit

*Quartiles of Aided

L Y A Benefit, after

controlling for

degree of loss
v

message: Children

Chronological Age

55

McCreery et al. (2020)

Examined 52 kids with
mild bilateral hearing
loss: either with no
hearing aids, or low
hearing aid use time (3-
10 years old)

Which kids lagged peers
with typical hearing, and
which kids mirrored
peers with typical

. LSHSS i

hearing?

57

Hearing aid
candidacy: is there
a cut off for
unaided SII?

What is the
unaided SlI
cutoff point
where hearing
aid use no
longer seems to
influence
language
development?
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Need evidence-
based guidelines
about how to use
audibility
objectively to
determine when
to recommend
amplification.

Used an analysis technique to identify
an inflection point
* Compared two different criteria
« Level = 50% percentile for children
with normal hearing
* Iterative piecewise regression
* Finds point or “knot” in
unaided Sll where relationship
between Sl and language
changes

Receptive Vocabulary

Blue line: linear
relationship between

Expressive Vocabulary

Blue line: linear
relationship between

PPVT and SlI WASI Vocab and SlI

£

. 8 S {Dashed lines: level of

é ‘ =" {unaided Sl associated

] {unaided Sl associated ] [ h ol

T | with CNH 50%ile score 5 {with CNH 50%ile score

- S e T L R 2

2 2

£ H

< e

5 E] [
Eatier-onr unaiisd Sii McCreery et al, 2020 Better-ear unaided SiI McCreery et al, 2020

59 60

10
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Table 2. Final iterative piecewise regression models for each language outcome.

Language outcome / Knnt\ Akaike information criterion MSE
PPVT-4 76 333.56 177.4
CASL Syntax Construction 72 3456 156.8
WASI Vocabulary 80 3228 1526

Note. MSE = mean square eror, PPVTd = Peabody Picture Vocabulary Test—Fourth Edition; CASL =
Comprehensive Assessment of Spoken Language; WASI = Wechsler Abbreviated Scale of Intelligence.

Vocabulary- the cutoffs were SlI values of 76%, and
80%

Grammar- the cutoff was an SlI value of 76%

Hearing aid Auditory

use experience

61
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What if we combine SII with HA use?

AidedHrsAideds!l — UnaidedHrsUnaidedsl = HA Dosage

Hours Aided SIl Hours Unaided SII dlise
16 0.75 8 0.25 6.32
12 0.75 12 0.25 4.59
8 0.75 16 0.25 2.76
4 0.75 20 0.25 0.71

Walker et al, 2020

More benefit from HA use when unaided Sl less
than ~80%

WTA Understanding Directions Standard Scare

Hearing aid dosage Walker et al, 2020

63
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What is the take-home message?

Children with mild hearing loss (especially with unaided SIl <.80)
are at risk for delays in language acquisition. Should be
considered candidates for amplification.

PTA-based criterion New unaided Sl criterion

* Did not reflect effects of ear- * 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

66
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| How to implement an audibility-based
criteria for hearing aid candidacy?

How to implement audibility criteria

ol 1. Enter audiogram into Verifit at diagnostic visit
G o mom ¥ 2. Observe unaided Sll value for average speech

67

beterearsi

tactor(hlcatogory)

Range of Sll across hearing loss categories

Children in mild range (20-40 dB HL) have average
Sl = 60% but lots of variability (25-100%)

What if you don’t have a Verifit?

Wi

Kipagroup.org/charts

69
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What if you don’t have a Verifit?

R 89% wrosx

Kipagroup.org/charts

e

i‘_‘«"w m“é 9% (81-95)%

A ey

Case study

« 5 year old child (“Charlotte”) with recently
diagnosed hearing loss
* NHS results — suspected pass (parents
reported technical problems with equipment)
* Parents have concerns because speech and
language isn’t as good as older brother’s
Speech and language results at 5 years of age
(6 months HA experience)
* 3 on CELF Word Structure (expressive syntax;
mean is 10 and SD is 1.5)
* 86 on GFTA
* 86 on PPVT
* 100% on PBK-50

71

72
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Charlotte: Candidate for amplification?

* What do you think her unaided

Frequency (Hz)

Sllis? so BS0_10 om0 tow v
Left ear 4F PTA = 22.5 dB HL 8g e
Right ear 4F PTA = 31.25 dB HL 27 X
Unaided Sl left ear = ? 2
Unaided SlI, right ear = ? g

Case study #1 (Charlotte)

CELF Word
Structure SHe s
(mean=10) (mean = 100) [(MEERER )]
5 years of age (just
fit with HAs)
7 years of age (2.5
years with HAs) 12 103 121

73 74
Case study #2: “Kate” (6 years old) “Kate”
[ T250 1500 11000 2000 000 {5000 Jsovo |
[ __[250 500 11000 |2000 | 4000 |6000 ]800 ] it 3 30 25 15 20 15 10
left 35 30 25 15 20 15 10
Frequency ()
Leftear |Leftear |Leftear Leftear |Leftear E i a000_so00
3FPTA |4FPTA |unaided 3FPTA | 4FPTA s .
sl A

23dBHL 23dBHL ? 23dBHL 23dBHL i

£

H

75 76
Would you recommend hearing aids?
| __[250 500 _[1000 |2000 | 4000|6000 |8000 ]
Left g5 30 25 15 20 15 10
Frequency (Hz)
A Yes o w0 w0 20
B. No H X
C. Need more information it
=
77 78

13
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“Kate”
| 1250 [500 [1000 |2000 [4000 [6000 |8000 |

Left 35 30 25 15 20 15 10

Frequency (4

“Charlotte” (PTA = 23, unaided Sl = 72%, aided SII = 94% )

“Kate” (PTA = 23, unaided Sl = 94%, aided SIl = 97%)

Frecuency 042)

" M0 &0 100 200 & 8000 Y %0 50 100 2000 4000 8000
|
= X\
w

)
I

Leftear |Leftear |Leftear
3FPTA |4FPTA |unaided
Sl

23dBHL 23dBHL ?

What do you think her unaided Sl is?

Hearing Level (dB HL)
ANSI - 1989

Frequency (H2)
10002000

8

| g9 o AT AN
=
HEE _

n.,,m»..‘
-] o
i

il
PE
P
1R

Low Frequency | High Frequenc " Low/Frequ Frequenc
Sounds Sounds Sounds

Sounds

.
79 80
Two issues going on here...
1. Same child: different year, different RECD measures...different dB SPL
(e [ear 250 500 1000 12000 4000 leooo |
6 Left 35 30 25 15 20 15
audio
6 RECD B] 5 9 8 13 13
(ave)
6 dBSPL 53 41 35 29 35
7 Left 25 30 30 15 25 5]
audio
7 RECD 3 1 3 5] 5 5
(meas)
7 dB SPL 37 37 34 26 32 -1
81 82

9 3% (85-97)%

L

99% (57-1001%

e i a0

Need to take ear
canal acoustics
into account!

Measured RECD
may not equal
average RECD

83
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Two issues going on here...

Left ear Leftear |Leftear
3FPTA unaided |aided SIl

sl (65 dB
input)
7 year 25dBHL 25dBHL 100 95

The Sl in the Verifit includes a level distortion factor that negatively
impacts audibility when the input is above 73 dB HL in a specific
frequency band.

Two issues going on here...

Age Left ear Left ear Left ear Left ear Left ear
2. 3FPTA  |4FPTA  |unaided |aidedSIl |aided !
sl (65dB (50 dB
input) input})
7 year 25dBHL 25dBHL 100 95 99

The Sl in the Verifit includes a level distortion factor that negatively
impacts audibility when the input is above 73 dB HL in a specific
frequency band (in this case, 1000 and 1500 Hz).

85

86

Case study #3: “Louis”

25 25 25 25 30 10 5
Right 20 20 20 20 40 15 5

Left ear 3F | Left ear 4F | Left ear Right ear Right ear Right ear
PTA PTA unaided SII 3F PTA 4F PTA unaided SII
?

25dBHL  26dBHL ? 20dBHL  25dBHL

-y -
[ 1250 {500 1000 {2000 {000 o000 oo | /’/@%ﬂ@ .
Left &

Same HL - 3 months vs. 6 years

Same thresholds
Different RECD

77% 7% L 87%asesx

Different unaided
sl

(and note that the
Sll with the average
RECD at 6 yearsis
different from the
measured RECD of
94%)

s s s . e a2 w2

87 88
. * Diagnostic Audiologist can: . . . . .
Conclusions: 0 ngse unaided Sllgto assess Conclusions: Chlldr.e.n with r.mId he‘?\nng loss
Implications for audibility Implications for (specifically with unaided Sl >80%)
A * Discuss audibilitY and why it . i don’t show increased benefit from
counseling is important for [anguage intervention for hearing aids
(explain auditory access in . B . .
gercenta‘ge instead of children with mild
tive t : q 5 q q
. D?::ljls’; Il'n‘fweer\;grs'n)small hea ring loss Chlldr_e_n with [nlld heérlng loss
disruptions in audibility can (specifically with unaided SII
affect communication <80%) are at risk for delays in
language acquisition without
hearing aids.
89 90
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Current Issue

Want to
learn
more?

Volume 51 | Issue 1 | January 2020
Pages 1177

Forum: Evidence-Based Practices and Outcomes for Children With
Mild and Unilcteral Hearing Loss

Prologue

Evidence-Based Practices and Outcomes for Children with Mild
and Unilateral Hearing Loss

92

Like us on Facebook and Instagram!
Finding Appropriate Solutions to Treat Reduced Audibility in Kids

Page oo Bl

Add yourselt to the Pediatric Audiology Lab Uiows Team

~FASTRAH."

Pediatric Audiology

Lab Uiowa
. =~ I _— (2020 ) (2021 2022 )
kins
e 0 \\:‘w\‘ : i
Servces = ) Develop audibility-based Validate clinical tools in Test a clinical battery of
son
Ravews Weud%u ];:)dhacaring candidacy tools for complex listening hearing assessment and
shop Speech & children with mild, conditions in the technology candidacy
Ofers bilateral hearing levels laboratory tools in clinical

environments

93 94

(2020 ) (2020 )

Develop audibility-based
candidacy tools for
children with mild,
bilateral hearing levels

Develop audibility-based
candidacy tools for
children with mild,
bilateral hearing levels

Behavioral audiometry that
reliably measures thresholds at
low levels

- Speech recognition test that is
sensitive to difficulty of children
with mild hearing levels

95 96
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Boston Chlcren's Hospis. Buston. M
Dl t8g2. P G4 CH AP

(2022)

Test a clinical battery of
hearing assessment and
technology candidacy
tools in clinical
environments

Enroll children at satellite
clinics across the US

Thank you!

Elizabeth-
walker@uiowa.edu
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