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What is unilateral hearing loss?

One ear with typical
hearing levels

One ear with reduced
hearing levels
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Isn't one ear enough?

Binaural hearing = two ears
Interaural timing and level differences
Binaural summation

Segregation of sound sources
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Effects of UHL mixed

UHL < children with typical
hearing

 Kiese-Himmel 2002

* Sedey et al. 2002

* Peckham & Sheridan 1976
* Borg et al. 2002

* Lieu 2015

UHL = children with typical
hearing

* Klee & Davis-Dansky 1986
» Cozad 1977
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UHL and academic challenges
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Table 2

Standardized scores on cognitive, achievement, and oral language tests in 104 children with unilateral hearing loss (UHL) compared with 91

siblings with normal hearing (NH). Standard scores range from 40 to 160 by age and grade, with mean = 100 and SD = 15.

Qutcome scores UHL NH P value
Mean (SD) | Mean (SD)
Cognitive
Verbal sum IQ 100.9 (16.3) | 105.5 (14.6) | 0.040
Performance sum IQ 99.8 (14.4) | 102.6 (14.5) | 0.168
Full scale IQ 100.5 (15.2) | 104.5 (14.3) | 0.052
Achievement
Reading 101.1 (15.3) | 102.7 (15.4) | 0.470
Math 96.6 (15.9) | 99.2 (16.6) | 0.251
Writing 101.5(14.8) | 103.5 (16.2) | 0.368
Oral lansuage
Listening comprehension | 91.7 (10.9) | 96.7 (14.2) | 0.007
Oral expression 92.7 (15.8) | 100.1 (18.5) | 0.003
Oral composite 90.6 (13.0) | 98.0 (15.7) | 0.0004

Lieu, 2015
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Audiological Interventions for UHL

Mild - severe UHL Severe — Profound UHL
» Binaural hearing » Cochlear implant*
« Hearing aid OR

« Rerouting of sound to better ear

 Contralateral routing of sound (CROS)
« Bone conduction
 Air conduction

*Some restrictions may apply
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What level of UHL for hearing aids?

Frequency (Hz)

10 125 230 500 750 1000 15002000 3000 4000 000 8000
Q
- wrmal | LiMited evidence for benefit
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. - Moderate | Range of UHL hearing aid candidacy
n
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£ T saveare
_
B0 Severe
QD . . .
Potential for crossover or binaural interference
W Profound - Cochlear implant candidacy range*
110 ;
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Challenges with hearing aids and UHL

e Limited research

Table 4. Outcomes for Nonsurgical Intervention.

Study

Amplification

Objective Outcome

Functional Outcome

Briggs et al, 201 e

Johnstone et al, 2010'%

Kenworthy et al, 1990'¢

Priwin et al, 2007'?

Updike, 1994

Conventional HA

Conventional HA

FM/CROS

Conventional HA

Conventional
HA/FM/CROS

No significant change in average SNR-50 score on BKB-
SIN

Sound localization with HA significantly worse in older
children and significantly better in younger children;
negative correlation between age of first fitting and

bilateral benefit (r = —0.671, P < .05

Mean BKB scores were 97% unaided, 90% with FM
system, and 48% for CROS in the MD setting no

significant difference between unaided and FM system;

CROS significantly reduced performance

Mean BKB scores were 32% unaided, 93% with the FM
system, and 93% for CROS in the Ml setting; both FM
system and CROS significantly improved performance,
but there was no significant difference between FM
system and CROS

Mean BKB scores were 93% unaided, 90% with the FM
system, and 85% for CROS in the MS/ON setting no
significant differences in performance were seen

Significantly improved speech recognition in noise with 0
SNR; in SNR of +4 and +6 dB, there were no
significant improvements; no improvement in sound
localization

Mean unaided word recognition scores were 75.6 and 39
in quiet and noise, respectively; mean scores with HA
were 53.5 and 29 in quiet and noise, respectively; mean

scores with CROS were 69.3 and 32 in quiet and noise,

respectively; mean scores with FM were 90.7 and 87.3 in

quiet and noise, respectively

Average improvement on CHILD-
child of 1.25; average
improvement on CHILD-parent of
1.18; no significant change in
average improvement on SIFTER

N/A

N/A

No significant improvement in MAIS

N/A

Abbreviations: BKB, Banford-Kowal-Bench sentences; CHILD, Children’s Home Inventory for Listening Difficulties; CROS, contralateral routing of signals; FM,

frequency modulation; HA, hearing aid; MAIS, Meaningful Auditory Integration Scale; MD, monaural direct; MI, monaural indirect; MS/ON, midline signal/
omnidirectional noise; N/A, not applicable; SIFTER, Screening Instrument For Targeting Educational Risk; SNR-50, signal to noise ratio corresponding to 50%

correct key word identification.
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Challenges with hearing aids and UHL

Table 4. Outcomes for Nonsurgical Intervention.

° Li m ited resea rC h Study Amplification Objective Outcome Functional Outcome

Briggs et al, 201 ' Conventional HA No significant change in average SNR-50 score on BKB- Average improvement on CHILD-
ent of
" TER
sound localimuon with HA significantly worse in older
| ] |
children arnd significantly better in younger children;
! ol firse fit
regative COrmeliton between yge IFSE Rtting ard
——
bilateral benefit (r = ~0&71, P < .05
Mean BKB scores were 93% unaided, 90% with the FM
system, and 85% for CROS in the MS/ON setting no
significant differences in performance were seen
Priwin et al, 2007'? Conventional HA Significantly improved speech recognition in noise with 0 No significant improvement in MAIS

SNR; in SNR of +4 and +6 dB, there were no

significant improvements; no improvement in sound

localization
Updike, 1994%° Conventional Mean unaided word recognition scores were 75.6 and 39 N/A
HA/FM/CROS in quiet and noise, respectively; mean scores with HA

were 53.5 and 29 in quiet and noise, respectively; mean
scores with CROS were 69.3 and 32 in quiet and noise,
respectively; mean scores with FM were 90.7 and 87.3 in

quiet and noise, respectively

Abbreviations: BKB, Banford-Kowal-Bench sentences; CHILD, Children’s Home Inventory for Listening Difficulties; CROS, contralateral routing of signals; FM,
frequency modulation; HA, hearing aid; MAIS, Meaningful Auditory Integration Scale; MD, monaural direct; MI, monaural indirect; MS/ON, midline signal/
omnidirectional noise; N/A, not applicable; SIFTER, Screening Instrument For Targeting Educational Risk; SNR-50, signal to noise ratio corresponding to 50%
correct key word identification.
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Challenges with hearing aids and UHL

» Testing aided benefit?
« Mask good ear?
» Spatialize speech and
noise?

 Make clinical decisions early
* Tools?
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Infants are not average adults:
Implications for audiometric testing

By Richard C. Seewald and Susan D. Scollie ~ October 1999 « Vol. 52 « No. 10

Acoustic mechanisms that determine the ear-canal sound
pressures generated by earphones

Susan E. Voss

Eaton-Peabody Laboratory, Massachusetts Eve and Ear Infirmary, 243 Charles Street, Boston,
Massachusetts 02114, Speech and Hearing Sciences Program, Harvard—M.I.T. Division of Health Sciences
and Technology, Cambridge, Massachusetts 02139, Research Laboratory of Electronics, Massachusetts
Institute of Technology, Cambridge, Massachusetts 02139, and Department of Otolaryngology,
Massachusetts Eve and Ear Infirmary, 243 Charles Street, Boston, Massachusetts 02114

John J. Rosowski

Eaton-Peabodyv Laboratorv, Massachusetts Eve and Ear Infirmary, 243 Charles Street, Boston,
Massachusetts 02114, Department of Otolarvngology, Massachusetts Eve and Ear Infirmary,

243 Charles Street, Boston, Massachuserts 02114, and Department of Otology and Laryngology,
Harvard Medical Scheol, Speech and Hearing Sciences Program, Harvard—M.1T. Division of Health
Sciences and Technology, Cambridge, Massachusetts 02139
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Ear canal acoustics

e Assessment * Hearing aid fitting
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Audibility-Based Hearing Aid Fitting Criteria for Children With Mild Bilateral
Hearing Loss
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What about children with UHL?

« If unaided SII < or = 80, child may be a candidate for
amplification?

« If unaided SII ~ 0, what's the potential for aided benefit?

« Based on children with bilateral hearing loss
« Well-fitted hearing aids led to an SII > 50 in ~ 95% of cases
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Unaided SII?

______________________________________________________________________________________________________

Hearing level (dB)

Frequency (Hz)

125 230 500 730 1000 15002000 3000 2000 8000 8000

v Limited evidence for benefit

Unaided SIl =0

80

80

100

Moderate Range of UHL hearing aid candidacy

Moderately
savera i

Severe

~ Potential for crossover or binaural interference

Profound

B A E—— e
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Audibility-based UHL Criterion

Amplification is
provided as early
as possible

2 step-process

Children with
unaided Sll = 4-

80 — Aidable UHL Aided SII > 50 =

Aidable UHL
Children with
unaided Sl = 0-4
Aided Sl < 50 =
Not aidable
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UHL Hearing Aid Candidacy

Translation of PTA < 70 dB HL to Sl

e Unaided SIl =0 at 55 dB HL
e Look at simulated aided when unaided =0

No empirical data to support this approach
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Unaided SII?

______________________________________________________________________________________________________

Hearing level (dB)

Frequency (Hz)
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Ear-canal adjusted dB HL?
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Ear-canal adjusted dB HL

Frequency (Hz)
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How does this align with clinical
practice?

 Retrospective analysis of 263 children with UHL who were fitted
with hearing aids at Boys Town National Research Hospital
 Better-ear pure-tone average (BEPTA) = 9.9dB HL (- 5to 15dB HL)
» Poorer-ear pure-tone average (PEPTA) = 50.5 dB HL (6.3 to 115 dB HL)
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PTA 25-70
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Unaided SIl = 80
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Aided SIl =50
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Conclusions

» Hearing aid candidacy for children with UHL does not follow:
. PTA
e SII

 Future research should validate audibility-based approaches
prospectively
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Additional hearing aid candidacy factors

 Parental concern / perception of benefit
 Additional developmental or health concerns
 Evidence of limited benefit
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Case Example

« 6 week old
« Family history of hearing loss
* ABR Results

Ear ______[S00Hz____[1000Hz ___|2000Hz ___|4000 Hz

Right 65 dB eHL 75 dB eHL 85 dB eHL 85 dB eHL
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Medium speech

Simulation of

—=— Thresh 140 ] T T T T
—— RMS e 65 dB SPL
Aid E| -
ide T _—
Peak — — -
MPO 100 1
2 months 80
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Standard
20 4+
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Band Importance I I | I | |
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Medium speech
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Aided SII > 50 does not =
hearing aid benefit

Use conservative
crossover estimates

Thresholds > 80 dB may
result in crossover
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Spatial release
from masking
set-up (aided)

e Binaural

« Adaptive or percent correct
/\ Aids

Speaker

90°

Speaker

1 meter

1 meter

Center of
Participant’s
Head
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UHL Aided UHL Unaided
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VCLASS Questionnaire
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Spatial localization weighting
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Clinical Guidance

 Prevent gaps in services for children who fall between
amplification and cochlear implant candidacy.

« TWO groups:
« Moderately-severe or severe thresholds (< 70 dB HL)
 Evaluate hearing aid candidacy

 Severe-to-profound thresholds (at least one threshold > 90 dB HL)
» Refer to Cochlear Implant program for candidacy evaluation
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