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Changing Cl Population

Table 1. Auditory thresholds at 250 Hz in the contralateral ear of
276 CI patients.

Threshold 59.8% of the population
@ 250 Hz n )

<40 dB
4045 dB

50-55 dB

60-65 dB
70-75 dB
80—85 dB
90-95 dB 31 196
100+ dB 80 276

Dorman & Gifford 2010. International Journal of Audiology.



VANDERBILT ©7 UNIVERSITY
MEDICAL CENTER

HL )

A

= N
o o
1 1

(o)}
o
1

A

tric threshold (dB

[

o

(&
1

A

-

N

o
L

VUMC: 2014 adult Cl evaluations

n= 169
o)
o 00
0o o 103 of 169 <80 dB HL
000000 o o
0000 o — o
0000 =61%
000000
000000
00
000000
0000
{ oooooo

000000 | uIEIm
000

audiome

125Hz 250Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

frequency (Hz)



How much bimodal benefit can our
patients obtain!?

* Dependent upon
— Cl only score
— Residual hearing in non-Cl ear
— Cochlear integrity (i.e. dead regions)

— How technology is programmed
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How much bimodal benefit do
patients obtain!?

* Dependent upon
— Cl only score
— Residual hearing in non-Cl ear
— Cochlear integrity (i.e. dead regions)

— How technology is programmed
* Primary clinical & research questions:

— What are the underlying mechanisms?

— How much hearing is needed to obtain bimodal
benefit!?

— Can we predict bimodal benéefit?
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What are the underlying
mechanisms of bimodal benefit!?



Underlying mechanisms:bimodal hearing
Primary theories:

Segregation
LF acoustic cues (e.g., FO periodicity) > comparison across
ears to better separate the target speech from the

background noise (e.g., Zeng. 2004; Kong et al. 2005; Chang et dl.
2006; Qin & Oxenham 2006; Sheffield & Zeng, 2012)

Glimpsing
spectrotemporal-dependent SNR varying over time, allowing
target to be “glimpsed” in troughs = better perception LF

target (Kong & Carolyn 2007; Li & Loizou 2008; Brown & Bacon 2009;
Sheffield & Gifford, 2014)




How much acoustic hearing is needed
to obtain bimodal benefit?
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BIMODAL benefit does not requi_rzmuch

acoustic hearing

125-150 Hz -

Zhang et al. (2010). Ear Hear. 31: 63-69.

Brown and Bacon (2009). ] Acoust Soc Am. 125:1658—1665.
Brown and Bacon (2009). Ear Hear. 30: 489—493.

Cullington & Zeng (2010). Ear Hear. 31: 70-73.

Sheffield & Zeng (2012). ] Acoust Soc Am. I31:518-530.
Kong and Carlyon (201 1).] Acoust Soc Am. 121:3717-3727|

|
uol1e391389S

Visram et al (2012). ] Acoust Soc Am.131:4042—4050.

—

250 Hz (< 250 Hz & 250-500 Hz) =
Sheffield & Gifford. (2014).Audiol Neurotol. 19:151-163.
Sheffield et al. (in press). Ear Hear.

~N

|
uol11e89.439s
suisdwi|o

Zhang et al. (2010). Ear Hear. 31(1): 63-69.
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Percent Correct

100

1CNC

Cochlear Dead Regions

patients with dead region

Zhang et al. (2014). Ear Hear, 35:410—417
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Cochlear Dead Regions
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Bimodal benefit:
Speech understanding
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Unilateral ClI vs. bimodal: monosyllables

1001

unilateral bimodal bilateral best-aided EAS
n =264 n=113 n=105 n=29

Listening configuration



Unilateral ClI vs. bimodal: monosyllables

Bimodal summation:

b 5- to 15-percentage points
33" 80 ) A o
§ "o(:i O e * Schafer et al. (2007).JAAA
§ 60- * Van Hoesel (2012). Hear Res
X + Gifford et al. (2014). Audiol
O Neurotol
Z
O 20- * Sheffield & Gifford (2014). Audiol
Neurotol
" iniateral  bimodal bilateral  best-aided EAS
n =264 n=113 n=105 n=29

Listening configuration



Unilateral Cl vs. bimodal: speech in noise (S5,N,)

unilateral bimodal bilateral best-aided EAS
n=202 n =89 n =66 n=29

Listening configuration



Unilateral Cl vs. bimodal: speech in noise (S5,N,)

Bimodal summation:
5- to 15-percentage points

Schafer et al. (2007). JAAA
* Van Hoesel (2012). Hear Res

* Gifford et al. (2014). Audiol
Neurotol

* Sheffield & Gifford (2014). Audiol
Neurotol

unilateral bimodal bilateral best-aided EAS
n =202 n =389 n =066 n=29

Listening configuration



Cl vs. bimodal: speech in semi-diffuse noise (SqNg_3¢0)
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Cl vs. bimodal: speech in semi-diffuse noise (SqNg_3¢0)

” SoNo.-360
- Bimodal summation +
_‘7\%3_ head shadow: ~2 dB
Y .a  Gifford et al. (2013). Ear Hear.
Z
o))
2 e SoN 190
g summation + head
@ 3 0 shadow: up to 7 dB
I I * Gifford et al. (2014). Audiol
5. = = Neurotol.
unilateral CI bimodal bilateral CI best-aided EAS

Listening configuration
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9 listeners
exhibited poorer
performance in

bimodal
condition

(20% of sample)

Listening condition

Cl BIMéDAL



VANDERBILT §7 UNIVERSITY
MEDICAL CENTER

Can we predict bimodal benefit?

Critical for audiologic management,
programming HA/CI, & clinical
recommendations.
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~ 100 - r (total) =-0.81* (p < 0.0001)
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Zhang et al. (201 3). Ear Hear, 34:133-141
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benefit (%)
AzBio +5 dB SNR
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Gifford et al. (in prep).
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Functional or comparative measures that
might predict bimodal benefit



bimodal benefit (dB)
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100 - r (total) = -0.90*(p < 0.0001)

% 90 - ¢ r (mm) = -0.83*(p < 0.0001)
2 801 % r (sp) = -0.90* (p < 0.0001)

g 01 e @

Zz 60 - ® :

= 20 O e Spectral modulation
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‘: 40 - o 'S

< 30 -

=z 20 - .OOOO

Z (- o0
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Zhang et al. (201 3). Ear Hear, 34:133-141
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benefit (%)
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Ask a question:
Do you think you need a 2" CI?
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Bimodal benefit (dB)
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Do you need a 2nd CI?



Bimodal summary

The majority of patients reporting for preop Cl workup
= bimodal candidates

Underlying mechanism(s): jury still out

— Regardless of mechanism, amplification through 250 Hz -
significant benefit in quiet and noise, in adults & children

Bimodal gain = greater benefit from a second ear with
single speaker testing

— two different signals with different (contrasting) information
(van Hoesel, 2012)

Bimodal listeners:
— Report significantly better sound quality
— Higher music perception and appreciation

— Have some hearing even without technology



Bimodal summary

* There are valid reasons to promote and optimize
bimodal hearing!

* How do we optimize bimodal hearing?

* Involves management of both HA & CI

oTAY TUNED Programming challenges for
FOR SOME S| bimodal hearing

EXCITING NEWS...

15:35
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Audiologic management

(ci HA

Listening/equipment/magnet check, otoscopy, telemetry,
psychophysics, sweeping and balancing, soundfield thresholds,
speech recognition, equipment orientation, counseling



Audiologic management

Gie na
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Equipment check, otoscopy,real-ear measures, loudness
balancing across ears, speech recognition,audiometry
(if needed), conductive overlay?, device orientation
counseling



Audiologic management

Equipmentehesk, gitaseopy.sealrarimeasyrgs, loudness
ajadginighA L ldieans; (peechscecagy)itiadimudiometoy, (if
prceded)) device/ ariedtation porfnsaling’




Audiologic management

Cl + HA HA + CI

Without practice consensus guidelines
or EBP recommendations



Audiologic management

Cl + HA HA + CI

Without practice consensus guidelines
or EBP recommendations
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Bimodal Optimization

Multiple combinations of parameters

HA related

* Bandwidth
* Minimal acoustic BW needed in non-Cl ear
* But how much should we amplify?
* Dead regions!
* Gain
* More gain yielded better EAS outcomes with hearing
preservation patients = Vermeire et al., 2008; Dillon et al., 2014.

* Many bimodal patients are underfit = Harris & Hay-
McCuthcheon, 2010

e Output

* AGC characteristics (co-variant of gain)

* Frequency lowering technology

* Symmetry with HA in non-Cl ear (timing & phase)
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Bimodal Optimization
Multiple combinations of parameters

Cl related
* Cl frequency allocation

* Do we want to provide EAS overlap across ears! Minimal
overlap? No overlap? Full BW?

* Stimulation strategy (CIS/HiRes, Fidelity 120, Optima)

* Do we need strategies attempting to improve spectral
resolution if we are providing fine structure via acoustic
hearing!?

* AGC characteristics

* Degree of symmetry with HA parameters in both ears

* Should we program bimodal patients in the same manner than
we program those that have only Cl stimulation?

* Loudness matching? Pitch matching?
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HA considerations
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= without dead region
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Zhang et al. (2014). Ear Hear, 35:410—417
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Case study
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BIMODAL CASE STUDY

75-year old male
Left Cl: 18 months experience
Considerable health problems
Struggling with CI

 Despite bimodal benefit, very frustrated with HA
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Bimodal hearing with non-linear
frequency compression (NLFC)

Adults



Nonlinear frequency compression: non-Cl ear
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Perreau et al. (2013). JAAA, 24:105-120.
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Signal-to-noise ratio (in dB)
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Perreau et al. (2013). JAAA, 24:105-120.
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Perreau et al. (201 3). JAAA, 24:105-120.
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Subjective ralings
(0-100, higher is better)

100 -

B CHHA-conv
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Bimodal hearing with non-linear
frequency compression (NLFC)

Children



Nonlinear frequency compression: non-Cl ear

Frequency (Hz)
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Davidson et al. (2015). JAAA, 26:393—407.
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Gifford et al. (submitted)

n=1/

Adult Cl recipients w/ hearing preservation
* Mean age = 63 years

Experienced users (6+ months with Cl)

Cochlear & MED-EL recipients
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Gifford et al. (submitted)

e Fit acoustic amplification in non-Cl ear to limits of
hearing loss (no NLFC)

* Varied the starting frequency of the Cl

* Nucleus: 188, 313, 438, 563, 688, and 813 Hz
e MED-EL: 70, 150, 250, 350 Hz

* Speech understandingin semi-diffuse noise (R-SPACE™)
 restaurant noise = 62 dBA
e AzBio sentences= 67 dBA
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frequency (Hz)
Gifford et al. (submitted).
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frequency (Hz)
Gifford et al. (submitted).



VANDERBILT ©7 UNIVERSITY

MEDICAL CENTER

o
\NNON

B\ \3 \
‘ @,\\\\P
i\ ‘

frequency (Hz)
Gifford et al. (submitted).
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frequency (Hz)
Gifford et al. (submitted).
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frequency (Hz)
Gifford et al. (submitted).
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Preliminary results
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See also Fowler et al. (2015). | Speech Lang Hear Res.

Epub ahead of print
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CONCLUSIONS

* Bimodal/EAS patients are complex

* Audiologic management
* time intensive
* billing, reimbursement, scheduling
* Programming and verification of Cl + HA(s) is
not evidence based
* Studies with large samples are needed!
* Prescriptive formulas? EAS overlap? Upper

limit for amplification in Cl| ear? Limits for ClI
bandwidth?




CONCLUSIONS
* Bimodal/EAS patients are complex

* Increasing complexity = audiologists who are
not HA & CI proficient!?
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Imagine if we saw two different optometrists...
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