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Study Rationale
! CMS indications for a cochlear implant have been in 

existence since 4/4/2005 and require beneficiaries to 
demonstrate a bilateral moderate to profound SNHL and 
to score less than or equal to 40% correct in the best-
aided listening condition on tape-recorded tests of open-
set sentence recognition to qualify for a cochlear implant

! These indications are more stringent than FDA-approved 
indications, meaning some Medicare beneficiaries are 
less likely to receive a CI because of their insurance
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Current Medicare NCD (CAG-00107N)

! The evidence is sufficient to conclude that a cochlear 
implant is reasonable and necessary for individuals 
with hearing test scores of > 40 % and ! 60 % only 
when the provider is participating in and patients are 
enrolled in either an FDA-approved category B IDE 
clinical trial, a trial under the CMS Clinical Trial Policy, 
or a prospective, controlled comparative trial 
approved by CMS as consistent with the evidentiary 
requirements for National Coverage Analyses and 
meeting specific quality standards.
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Outcomes are improving and indications 
are expanding
! Great change has taken place in FDA approval since 

this study was initiated.
! The FDA has now approved:

! Cochlear and MedEL devices for EAS/Hybrid
! MedEl device for single-sided deafness (SSD) and 

asymmetric hearing loss (AHL) for individuals 5 years 
of age and older.

! The time is right for Medicare indications to change
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Study Timeline
! May 11, 2011

! Medcac Meeting to review the clinical evidence for cochlear implant (CI) 
procedures to examine, in part, clinical outcomes associated with unilateral CIs 
with sentence test scores in two ranges: 40-50% and 51-60%

! July 2013
! ACIA submits proposal to CMS to investigate expansion of the NCD 
! July 30, 2013:  The CED study was approved NCT02075229

! September 10, 2015
! Protocol change was approved to use AzBio sentences instead of outdated HINT 

sentences for candidacy determination and outcome measurement 

! September 27, 2018
! Interim review of the data by CMS 

! August 27, 2019
! Final review of the data by CMS

! March, 2020
! Submission of manuscript summarizing study findings
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Participating Centers
Johns Hopkins University
NYU Langone Health
University of Iowa
University of Miami
University of Michigan
University of North Carolina
University of Southern California
University of Washington
Vanderbilt University 
Washington University St Louis

Univ of Texas Southwestern
Loyola University Chicago
Medical College of Wisconsin
Univ of Pennsylvania
St. Luke’s Midwest Ear Institute
Rocky Mountain Ear Center
Massachusetts Eye & Ear
Medical Univ of South Carolina
Ohio State University
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Study Purpose
! The proposed Coverage with Evidence Development 

(CED) study evaluates the use of cochlear implants in 
Medicare beneficiaries with preoperative open-set 
sentence recognition scores in quiet that fall between 40-
60% correct in the best-aided listening condition.

! We examined the hypothesis that intervention with a CI 
would improve the AzBio Sentence score in the best-
aided condition by 25% or more and in the implanted ear 
alone condition by 30% or more
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Test Measures and Data collection visits
! Preoperative, 6, and 12 Months Post-Activation
! Testing included

! AzBio Sentences in Quiet 60 dB (A)
! RE aided, LE aided, RE+LE aided

! CNC Words at 60 dB(A) 
! RE aided, LE aided, RE+LE aided

! Telephone Testing
! CUNY Sentences administered Monitored live voice to the ear 

to be implanted
! Self Assessment Questionnaires

! Health Utility Index (HUI3)
! SF-36 with utility transforms
! APHAB Form A
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Self Assessment Questionnaires
! Abbreviated Profile of Hearing Aid Benefit (APHAB) (Cox & 

Alexander, 1995)

! Helps quantify the disability associated with a hearing loss
! Short Form-36 (SF-36) (Ware, 1993)

! Can be used to derive a preference-based health utility 
index through the use of utility transforms. Has been used 
to differentiate the health benefits produced by a variety of 
treatments

! Health Utility Index (HUI) (Furlong, W., Feeny, D., Torrance, G.W., 
Barr, R.D., 2001) 

! Provides a comprehensive description of the health status 
of subjects in clinical studies
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Hearing Aid Use
! Stimuli were presented at 60 dB A in quiet
! All measures were administered in a CI alone 

condition

! If patients reported they used a contralateral hearing 
aid more than 4 hours each day, measures were also 
administered in the bimodal condition of CI+HA 
(Telephone test only administered CI alone)

! The “best” score from CI alone or CI+HA was used 
in the calculation of “Best Aided”
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A total of 32 adult patients who received Cochlear 
Implants between 09/17/2014 and 07/10/2018 were 

enrolled at 8 participating centers
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Subjects
! Total Sample

! Included in analysis 31
! 6 months: 31
! 12 months (complete): 29

! 1 subject lost to follow-up
! 1 subject deceased

! Study Groups:  
! Baseline AZBIO score <=50%: 12
! Baseline AZBIO score 51-60%: 19
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Baseline Characteristics
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Analyses

! Primary outcome measure = change in AzBio score from baseline to 
12 months post-implant. !AzBio = AzBio12 months-!AzBio Baseline

! One-sided Hypothesis:  
!AzBio Best-aided "25% 
!AzBio CI ear " 30% 

! Shapiro-Wilk’s test indicated data were not normally distributed, so 
median and range are used to describe the variables

! Median differences and 95% confidence intervals were used as 
measures of effect size, and a mixed effects model was used to 
examine differences between groups (< 50% and > 50%) through 
study visits

! Spearman’s correlations were used to explore the relationship 
between speech perception and self-assessment questionnaires
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Results
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AzBio Sentence Scores
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Testing the null hypothesis
Group Data

! As a group, the median change in Best Aided AzBio sentence score 
was 39% and is significantly greater than the hypothesized 
improvement of 25%

! The median change in CI Alone AzBio score was 52% and is 
significantly larger than the hypothesized improvement of 30%

Individual Scores

! 21/31 subjects (72%) demonstrated > 25% improvement in AzBio
score when preoperative and 12 month postoperative scores were 
compared

! 12/12 (100%)  Group 1
! 9/17 (53%) Group 2
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AzBio Estimated Marginal Means
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AzBio Sentences:  Comparison by Study Group
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CNC Words and CUNY 
Telephone Scores
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CNC Estimated 
Marginal Means
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CNC Comparison by Study Groups
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Estimated Marginal Means
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APHAB Test Scores
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APHAB Estimated Marginal Means
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Distribution of HUI Test Scores
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HUI3 Estimated Marginal Means
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HUI3 Estimated Marginal Means
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SF-36 Domain Scores
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Selected correlations between changes in Hearing tests and Quality of 
life assessments
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Summary of findings
! Currently available CI systems are an effective treatment for HL in 

Medicare beneficiaries with preoperative sentence recognition 
scores that fall between 41 and 60%.

! Adults in this study demonstrated significant improvements in sentence, 
word, and telephone recognition scores after receiving a CI

! Improvements on AzBio sentences in both the Best Aided and CI Alone 
conditions were significantly larger than the pre-defined clinically 
important changes of 25% and 30%. 

! Improvements in speech recognition appear to be related to 
positive changes on self-reported assessments, such as those 
noted on HUI Hearing, HUI Multi, and various domains of the 
APHAB
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The results of this CED support the following proposed 
change to the CMS NCD for cochlear implants

! Cochlear implantation may be covered for treatment of bilateral pre- or-
post-linguistic, sensorineural, moderate-to-profound hearing loss in 
individuals who demonstrate limited benefit from amplification. Limited 
benefit from amplification is defined by test scores of less than or equal 
to 60% correct in the best-aided listening condition on tape-recorded 
tests of open-set sentence recognition.

! This requested change, if approved by CMS, will increase access to CIs 
for Medicare beneficiaries, and will facilitate treatment of hearing loss in 
a more timely fashion – a factor that could help reduce the impact that 
hearing loss has on patients’ overall health and quality of live. 
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Next Steps
! Manuscript recently submitted for publication

! Upon publication, a formal request for a National 
Coverage Determination for Cochlear Implants will be 
submitted.  This will include opportunities for public 
comment, so we’ll be reaching out for many of you 
to be involved.  

! This has been a very long process, but it will be 
worthwhile if we can improve access to CIs for 
Medicare beneficiaries
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Thank you
! Terry Zwolan (zwolan@med.umich.edu)

! Craig Buchman (buchmanc@wustl.edu)
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Benefits of a Cochlear Implant 
Registry: 

Camille Dunn, PhD., CCC-A

University of Iowa
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How many of us think of a question 
and can’t come up with an answer?
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Road Blocks
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Purpose of the Project
! To establish database of CI outcomes to answer big 

questions
! Address analysis related to:

! CI Candidacy
! Pre and Post-Operative CI Assessment
! Patient management
! Counseling

! Goal: 
! Generate meaningful information using evidence 

based data to guide current clinical practice. 
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Data Sources
1. HERMES – Web-based application for 

centers to enter outcomes
! 32 Centers

2. Static Databases
! Funding sponsored by Cochlear

5

Data Sources - Static
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Data Table Descriptions 

Study Questions
! (1) explore the proportion of candidates who qualified for 

a CI in quiet and/or noise

! (2) define the demographic characteristics of the cohorts

! (3) examine post-operative relationships between 
outcomes and test condition (i.e., quiet or noise) used to 
determine candidacy

10



Dataset Filter for Qualifying Groups

11

Qualifying Group Stratification
! 2183 patients were stratified into three groups

! Patients might have had outcomes for noise and in 
quiet

! Patients were assigned to group representing the 
least adverse listening condition that they scored ! 
40%

! i.e., if a patient scored 29% in quiet and 15% in +10 dB 
SNR, s/he was included in the AzBio-quiet group

12



Dataset Filter for Qualifying Groups
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Conclusion
1. Most patients derive significant benefit in speech 

perception
! especially if performance is measured using the listening 

condition under which the patient was qualified 

2. Expectations and room for postoperative 
improvement differ for patients qualified in quiet 
than those qualified in noise 

17
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Frequency-to-Place Mismatch in Adult
Cochlear Implant Recipients

Brendan P. O’Connell, MD
Assistant Professor - Otology/Neurotology

Department of Otolaryngology/Head & Neck Surgery
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Frequency-to-Place Mismatch
Cochlear Implant Recipients

Brendan P. O’Connell, MD

Place Mismatch in Adult
Cochlear Implant Recipients

UNC Team

2



Background

Background
• Default mapping capitalizes on 

tonotopic organization of the cochlea

Image courtesy of MED-EL
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• Frequency-to-place mismatch results 
when there is a discrepancy between 
distribution of frequency information 
and natural tonotopy of the cochlea

Image courtesy of MED-EL
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Background
• Default mapping capitalizes on 

tonotopic organization of the cochlea

Background
• For CI-alone users, variability in 

electrode position results in varying 
degrees of mismatch and impacts 
spectral cues delivered to patient

Image courtesy of MED-EL
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Background
• For CI-alone users, variability in 

electrode position results in varying 
degrees of mismatch and impacts 
spectral cues delivered to patient

Image courtesy of Vanderbilt
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Background
• For CI-alone users, variability in 

electrode position results in varying 
degrees of mismatch and impacts 
spectral cues delivered to patient

• For EAS users, frequency filters also vary 
as function of residual acoustic hearing

8



Outline
1) Investigate variability in AID in large cohort of lateral wall arrays

2) Determine the associated frequency-to-place mismatch for CI-alone 
and EAS users mapped with default frequency filter assignments

3) Investigate the impact of frequency-to-place mismatch on speech 
recognition in CI-alone condition

4) Assess whether speech benefit conferred by decreased mismatch is 
mediated by improved spectral resolution

9

Angular Insertion Depth



Angular Insertion Depth
Methods
• 111 adult CI recipients
• All patients underwent post-operative CT
• AID for each electrode contact was 

calculated
• Subsequent AID was used to 

approximate the cochlear place frequency 
based on the average spiral ganglion map

Canfarotta et al. 2020Canfarotta et al. 2020

11

Canfarotta et al. 2020

!"
#$
%&
'()
"*
+'
,-.
"(
/+
0,
1(
23

!''&4

56
(7
%&
8+
(9'
+:
$+
"8
4(
;<
=>

Angular Insertion Depth

12



Frequency-to-Place Mismatch CI-Alone

Frequency-to-Place Mismatch

Canfarotta et al. 2020
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Canfarotta et al. 2020
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Canfarotta et al. 2020

Absolute Mismatch
• Semitone deviation at 270 degree AID 

(corresponds to ~1500 Hz region)

• Important region for frequency 
alignment in vocoder simulation

• Corresponds to approximate spectral 
center of speech information required 
for recognition
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Frequency-to-Place Mismatch
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Impact of Mismatch on Performance
• Less mismatch confers speech recognition benefit
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Canfarotta et al. 2020

Frequency-to-Place Mismatch
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Spectral Resolution
Spectral Shift vs Resolution
• Mismatch data support idea that shift 

in spectral cues impacts performance
• But with default filters/fixed 

frequency range, changes in length of 
electrode impacts spacing between 
contacts

• As longer electrodes generally 
decrease mismatch AND have larger 
contact spacing, the latter could 
confound outcomes

19

Impact Angular Distance between Contacts on Performance
• As proxy for spectral resolution, angular distance between contacts measured for 

contact residing in 1-2 KHz region

Canfarotta et al. 2020

!"
!#
$
%&
'(
#)*
+,
-

+./012&#34(52.67#875977.#!%.5265(

Spectral Resolution

20



• Hypothesized that electrode spacing would be highly correlated with mismatch

Canfarotta et al. 2020

Spectral Resolution

21

• Hypothesized that electrode spacing would be highly correlated with mismatch
• This wasn’t the case…spectral resolution independently impacts performance

Canfarotta et al. 2020

Spectral Resolution

22



Frequency-to-Place Mismatch in EAS 

Frequency-to-Place Mismatch

Canfarotta et al. 2020
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Canfarotta et al. 2020
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Canfarotta et al. 2020

55% of EAS cases demonstrate mismatch > 1/2 octave

Frequency-to-Place Mismatch
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Summary
1) Significant variability in AID is observed across recipients with 

same electrode array

2) This contributes to frequency-to-place mismatch among CI-alone 
and EAS-device users listening with default frequency filters

3) Both reduced mismatch and greater angular distance between 
electrodes were independently associated with better speech 
recognition in CI-alone condition
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Individualizing Electric Frequency Filters for 
Cochlear Implant and 

Electric-Acoustic Stimulation Devices
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Director, Cochlear Implant Clinical Research

Otolaryngology/Head & Neck Surgery
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! Brendan O’Connell, MD
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! Emily Buss, PhD
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! Michael Canfarotta, MD
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Outline
! Variability in angular insertion depth 
! Default mapping procedure

! CI-alone
! Electric-Acoustic Stimulation (EAS)

! Place-based mapping procedure
! Pilot data

! CI-alone & EAS simulations

4



Background

Insertion depth
! Evidence of better speech recognition for recipients 

of longer lateral wall electrode arrays as compared 
to shorter arrays (Buchman et al., 2014; O’Connell et al., 2016)

! Closer alignment between the electric frequency 
filters and the cochlear place frequency may 
support better monaural & binaural hearing (Fu & 
Shannon, 1999; Ba!kent & Shannon, 2003; Goupell et al, 2013; 
Aronoff et al., 2015; Dillon et al., 2017; Buss et al., 2018)
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Angular insertion depth

7

Canfarotta et al. (2020)

Default mapping procedure
! CI-alone devices

! Provide the speech frequency range electrically
! e.g., 100-8500 Hz

! Logarithmically distributed across the active 
electrodes

8



Default mapping procedure
! EAS devices

! Provide the speech frequency range
! e.g., 100-8500 Hz

! Divide between acoustic versus electric output
1. Identify the region of aidable

hearing
2. Logarithmically distribute                                        

remaining frequency information                                    
across active electrodes

9

Logarithmically distribute                                        
remaining frequency information                                    
Logarithmically distribute                                        
remaining frequency information                                    
Logarithmically distribute                                        
remaining frequency information                                    
Logarithmically distribute                                        
remaining frequency information                                    

Place of stimulation
! Assigning electric filters to match cochlear place 

frequency (Fu & Shannon, 1999; Ba!kent & Shannon, 2003)

! Post-operative CT imaging and algorithms 
calculating cochlear place frequency associated 
with individual electrode contacts (Shuman et al., 2010; 
Noble et al., 2012; Canfarotta et al., 2020)

10



Place of stimulation
Place-Based Mapping Procedure:

1. Post-operative CT to calculate 
cochlear place frequency

2. Assign the electric frequency 
filters for individual electrodes 
to match the cochlear place 
frequency

11

Place-based mapping
Considerations
! CI-alone devices: limit

the low-frequency 
information

12

Canfarotta et al. (2020)



Place-based mapping
Considerations
! CI-alone devices: limit 

the low-frequency 
information

! EAS devices: can create 
an overlap in acoustic & 
electric information

! Decrease stimulation 
levels below detection on 
channels in region of 
acoustic hearing

13

Place-based mapping
Considerations
! CI-alone devices: limit 

the low-frequency 
information

! EAS devices: can create 
an overlap in acoustic & 
electric information

! EAS devices: can create a 
gap in frequency 
information

14



Place-based mapping

Is there a difference in acute speech recognition when 
listening with a place-based map as compared to 

listening with a default map                                      
for CI-alone and EAS devices?

15

Simulation Data



Methods
Simulation
! Flex24 electrode array recipient

! Calculated the cochlear place frequency with the SG 
frequency-to-place function (Stakhovskaya et al., 2007)

Subjects
! 22 normal-hearing, young adults

Randomization
! CI-alone or EAS simulation with default or place-based map

17

Methods
CI-alone simulation
! Default: 70-8500 Hz
! Place-Based: 550-8500 Hz

18



Methods
CI-alone simulation
! Default: 70-8500 Hz
! Place-Based: 550-8500 Hz

EAS simulation
! Default: 250-8500 Hz
! Place-Based: 550-8500 Hz

19

Methods
Test Battery
! AzBio sentences in a 10-talker masker

Procedure
! Repeated-stimulus, ascending signal-to-noise ratio (Buss, 

Calandruccio, & Hall, 2015)

! Masker: 60 dB SPL
! Target sentence intensity increased until the subject response 

was 100% correct or reached the maximum signal-to-noise 
ratio (19 dB SNR)

20



Results: CI-alone

21

Dillon et al. (in preparation)

Results: CI-alone

22

Dillon et al. (in preparation)



Results: EAS

23

Dillon et al. (in preparation)

Results

24

Dillon et al. (in preparation)



Summary
! CI & EAS simulation with normal-hearing listeners

! Better masked sentence recognition with the place-
based map as compared to the default map

! Better performance with the place-based map 
observed in the EAS condition even in the presence 
of a gap in frequency information

25

Prospective investigation
! Prospective, randomized investigation of 

performance between CI-alone and EAS subjects 
listening with a default versus a place-based map 
during the first year of device use

26
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Three questions
1) What does a cochlear implant 

sound like*?
2) Acoustic models of cochlear 

implants: are they valid?
3) How plastic is the human brain?

*to postlingually deaf adults
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Question 1: What does a cochlear 
implant sound like? (*)

!"#$%&'"())*+#,'-.()',("/%&')*0/%1

! !
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! Before, we had to rely on 
informal comments.

! Now we can explore this 
question more 
systematically with the 
help of SSD CI users.
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Question 2- Acoustic models of cochlear 
implants: are they valid?
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Question 3: How plastic is the human brain?

! Some postlingually deaf CI users 
must adapt to tonotopic 
mismatch.

! How well they adapt and the 
time course of that adaptation  
tells us about the extent and the 
limitations of human auditory 
plasticity.
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Hypotheses

1) What a cochlear implant sounds like depends 
on electrode location and CI experience. 

2) Standard acoustic models without tonotopic 
mismatch are generally not valid.

3) Human listeners can adapt to frequency-
shifted auditory input- but some listeners may 
not adapt completely.
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1. Signal processing in cochlear implants and in acoustic models.

2. What is tonotopic mismatch?

3. Methods:

1. Acoustic model selection

2. Speech perception and questionnaires

3. Electrode location along the cochlea

4. Results:

1. Selected acoustic models as a function of
1. Electrode location
2. Time after initial stimulation

2. Acoustic model validation 
5. Discussion: Initial answers to the three big questions
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Signal Processing in Cochlear Implants
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Signal Processing in Acoustic Models
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What does the most apical electrode sound like? 
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Tonotopic Mismatch in CI Users*
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Another way 
to illustrate 
tonotopic 
mismatch
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METHODS
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Subjects
! 53 SSD CI subjects were tested over a total of 96 testing 

sessions.
!Average age is 52, with a range of 26 to 71 years.

! CI experience at the time of each testing session:
!< 0.3 year: n = 45
!0.3 to 1 year: n = 27
!> 1 year: n = 24

! Manufacturer and Electrodes:
!27 Cochlear users: 10 CI532, 6 CI512, 5 CI24RE, 4 CI632, 1 
CI522, 1 CI612

!22 MED-EL users: 16 Flex28, 5 standard, 1 Flex24
!4 AB users: 2 HiFocus 1J, 2 HiFocus Mid-Scala
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Five types of Acoustic Models were 
evaluated
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Validation Measurements
Similarity Ratings:
! Overall perception (see Table A)
! Intelligibility (example B)
! Pleasantness

! Harshness
! Loudness

Speech Testing:
Speech testing of all 5 acoustic models, to be 
compared to a CI only (direct audio input) condition

! CNC30 Word Testing

! AzBio Sentences or HSM Polish Sentences

!

"
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Electrode Insertion Depth 
Measurement
! Insertion depths 

were measured for the 
most apical and the most 
basal electrodes.

! CT scans or x-rays were 
used.
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RESULTS
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Hypotheses
1) What a cochlear implant sounds like depends on 

electrode location and CI experience. 
2) Standard acoustic models without tonotopic 

mismatch are generally not valid.
3) Human listeners can adapt to frequency-shifted 

auditory input- but some listeners may not adapt 
completely.
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! How much tonotopic mismatch is 
there shortly after implantation?

! Is it a function of electrode insertion 
depth?

! Does tonotopic mismatch decrease 
with more CI experience? Does it go 
away completely?

!"#$%&'&%()*+,$%&-.$

26



!"#$%&'()*(+,--&'(-./.-.%,0($,1$#-023(/.(02#/4'

27

567)8((((((((((((((((((((((((((((((9:9;(<= -.():87(<= %.1-

+,--&'(>,1$#-02(((((((((( ?.(52#/4'
6/1'=-,./(@'%-2()AB8C;(@'4

!"#$%&'(")*$+&,)-./001)*$2

3456+7$)89)
!"'&'57)&("(&(+':)6'#65&:,;)576(#&)<=77)5*5+&5&'("

28

>!8-?))))))))))))))))))))))))))))@A@@)B%)&()-A@@)B%)+(#&

!"'&'57)C'#65&:,))))))))D76(#&)E=77)D*5+&5&'("



!"#$%&'()*
+,-.-#&(./,/./%-0($-1$#.023(%#4.-#&(#5#%.#.-/,

29

6+789((((((((((((((((((((((((((((((:;::(<4(./(:;8=(<4(%/1.

+,-.-#&(>-1$#.02(((((((((((((((((?#4.-#&(@5#%.#.-/,
+,1'4.-/,(5'%.2(7ABC78(5'D

!"#$%&'()*
+,-.-#&(./,/./%-0($-1$#.023(,/ #4#%.#.-/,

30

5+678((((((((((((((((((((((((((((((79:;(<=(./(:9>:(<= %/1.

+,-.-#&(?-1$#.02(((((((((((((((((((((@/(A4#%.#.-/,
+,1'=.-/,(4'%.2(BC;6D(4'E



! !"#$$%&'()'$'*+(%,')
-./'(+-%./)0 1%(')
+%.%+%2-*)1-/1#+*")
3-.)+"')$%&)4('56'.*-'/78

31

! !"#$%&'("#)*+,-*,&./#*
/&0(+"12*31/(#*('*

4%/'+($5*3&+*"#%2*'"*
.&$,6

! 7"+-) (+ ./2 3-
4"''(3%- +" ,/$8 +,-
31/(# +" ./8- (+ ."1-
4%/'+($ 9:%-##"# -+ /%65
;1/(# <-'-/1$,5 =>?@A6

B;CD*ED*FGHI*7GD*:G*JKJL*!GMNOHDHOL*PG<*JOO*!E*CIH<I5*
HQH7*JPDH<*G7H*LHJ<*GP*!E*HRNH<EH7!H

DG7GDGNE!*MEIMJD!S*FH!<HJIHI*JI*J*PC7!DEG7*GP*OEIDH7E7:*
HRNH<EH7!HB

32



Degree of tonotopic mismatch is 
associated with poorer speech scores
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! SS models best 
represented CI 
performance 
across BOTH 
word and 
sentence speech 
recognition testing
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Speech Recognition Versus 
Similarity Ratings (CNC Words)
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Conclusions- Question 1

1) What does a cochlear implant sound like?

A. It may sound like Darth Vader, like Minnie Mouse, or 
like a traditional noise or tone vocoder.

B. Minnie Mouse is more likely early on after initial 
stimulation.

C. It is also more likely when electrode insertion is 
shallower.

D. The Minnie Mouse quality becomes less 
pronounced over time, but not for all CI users.
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Conclusions- Question 2

2. Acoustic models of cochlear implants: are they 
valid?

A. Traditional models with zero tonotopic mismatch 
generally are not. Even when speech scores are 
close (which happens for words but not for 
sentences), they sound very different from a CI.

B. Listener-adjusted models with tonotopic mismatch 
provide a much better fit, both in terms of speech 
perception and perceived similarity.
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Conclusions- Question 3

3. How plastic is the human brain?
A. Good news: the human auditory brain is plastic and 

can overcome tonotopic mismatch.
A. Some patients show complete adaptation after a few 

months.
B. Patients with deeper electrode insertions may have little 

tonotopic mismatch to begin with, making this type or 
plasticity less necessary.

B. Bad news: some listeners do not.

39

1) Use longer electrodes*.
2) Modify frequency allocation tables**. 
3) Provide additional behavioral rehabilitation 
4) Use neuromodulation.  

* As long as it doesn’t affect hearing preservation or BM integrity.
** As long as it doesn’t eliminate too much low-frequency information.

NOTE: Deep electrode insertion at the expense of basal cochlear coverage is 
probably a bad idea.  Don’t do it.

What can be done to avoid or 
minimize tonotopic mismatch?
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CASE STUDY

Allison Biever, Au.D.
Rocky Mountain Ear Center

1

Case History: 
! 90-year-old male
! Hearing loss identified 35 to 40 years ago; loss has been 

progressive
! Dx: moderate-to-profound sensorineural hearing loss AD, 

severe to-profound sensorineural hearing loss AS
! Etiology: otosclerosis; stapes surgery AS 40 years ago
! Aided 18 years ago; consistent user of Oticon BTEs, 

which Real Ear measures confirm are fit appropriately
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Additional Background

!Sister has a cochlear implant

!Pt has CLL (chronic lymphocytic leukemia)

!No history of noise exposure

!No tinnitus or dizziness reported

!CT and MRI reveal normal patent cochlea
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Pre-operative 
Audiogram
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!
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Case History: (continued)
! Implanted AS at 90 years of age

! Cochlear CI532
! Full Insertion of device
! Obtain Auto NRT thresholds on 8 of 9 electrodes 
tested in OR (no threshold obtained on e1)

! Patient had difficult activation: problems adapting to 
high frequency input; reported that speech is 
“unintelligible and screechy”

! PW need to be set at 37 due to compliance issues
5

Challenge:
! At 2 weeks post-activation, patient is reporting he can’t 

understand with CI, speech is unintelligible

! Auto NRT thresholds are obtained for 8 of 9 electrodes 
(no response obtained on e1).  The thresholds are lower 
than those obtained in the OR, but C levels well below 
Auto NRT thresholds, so C levels are increased 
significantly

! T levels are re-measured and also increase significantly 
compared to MAPs created at activation

! Rx pt isolate left ear as much as possible and continue 
with intensive rehab (self-guided)
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Challenge: (continued)
! At 1 month post-activation, patient is still reporting he 

can’t understand with CI unless people talk slowly, 
speech is still unintelligible and screechy

! HINT administered – pt scored 20% recorded HINT AS
! MOCA ministered, which indicated essentially normal 

cognitive function
! ESRTs attempted but cannot be obtained (seal issues; hx

of otosclerosis) 
! Electrodes 3-1 turned off, patient reports improved sound 

quality; C levels increased in apical end but remain the 
same in basal end.  T-levels unchanged
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Map at 1 Month Post-Activation
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Challenge: (continued)
! At 3 month post-activation, patient is still reporting poor 

understanding of speech when using CI alone

! Pt is switched to a 500 Hz MAP with 12 maxima; pt
immediately reports improved sound quality (used predict 
levels)

! Thresholds and Comfort levels are reassessed; biggest 
difference noted between 900 Hz MAP and 500 Hz MAP 
– T levels were significantly higher across all frequencies 
in 500 Hz MAP, C levels were essentially unchanged

! HINT score: 65%; CNC score 56% (CI only)
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Map at 3 Month Post-Activation
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UCSF BCHO Pediatric 
Audiology Department and 
Cochlear Implant Team
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Cochlear Implants in Children with Hypoplastic Nerves:  
A Case Study

! !"#"$%"&'()*+',"&-)('#./#"01'"2"#10.&"'31'456'7"30'.8'39"
! :1$2$;$/9'!./&.'3/&'<=>?'@'=0.#"??.0?
! A30"/1?'.==.?"&'1.'?$9/$/9'3?'1B"7'C3/1"&'(D(
! E"9$//$/9'"F=.?>0"'1.'GD(
! !$9B1'"30'&$88$#>21'1.'1"?1'3/&'/.'2./9"0'C"30$/9'B"30$/9'3$&

Erik: Transfer Unilateral Cochlear Implant 
Patient



!"##$%&'($)*'%+$,*%+-"%$.-(/#*.0%*-1
2&3&''0#$-1$+*4$1&,)-'1$*1301%$+&0'*15$4.'&&1$
6*051-4&7$,*%+$8"7*%-'9$:&"'-/0%+9$;/&.%'"($6*4-'7&'$0%$<$
(-1%+4$-3$05&
!*%$,*%+$+&0'*15$0*74$0%$=$(-1%+4$-3$05&
>2?$%+&1$'&@&0#&7$)*#0%&'0#$+9/-/#04%*. 1&'@&4$$$
A&3%$B-.+#&0'$?(/#01%$/#0.&7$0%$CDE$9&0'$-3$05&$03%&'$30(*#9$,04$
%-#7$%+*4$,04$%+&$(-'&$@*0)#&$1&'@&

Erik: Transfer Unilateral Cochlear Implant 
Patient History:

!

! "#$%&'()*&'%$+$%'#'*,&),-).,/&(%0*&1)2#()'3#')'3%4)(3,/05)&,')
(*1&)2*'3)'3%*$)(,&)*-)'3%4)2#&'%5)3*6)',)5%7%0,+)0*('%&*&1)#&5)
(+,8%&)0#&1/#1%9))

! :''%&5*&1)#&);<:=)+$,1$#6)/&'*0)>)?)4%#$(),-)#1%)@ 2#()
'3%&).,/&(%0%5)',)6,7%)',)#)','#0).,66/&*.#'*,&)+$%(.3,,09

! :')'3*()+,*&'A)-#6*04)2#&'%5)#)(%.,&5),+*&*,&)#()'3%4)2,/05)
0*8%)',)6,7%)#3%#5)2*'3)#)(%B/%&'*#0)*6+0#&')C 2*'3)'3%)
.,&'*&/%5)3,+%),-)#.B/*$*&1)(+,8%&)0#&1/#1%9

Communication Mode



!

"#$%&'()*+,-(./%&()*012,&.(3/%#24*567/3%&8*(9(&,#,22*(#7*
:%''6#/:(3/.,*/#3,#3*9,&,*3-,*'(/#*$%:62;

<&/=*7/7*#%3*&,2>%#7*3%*(67/3%&8*23/'6)/4*?/#@2A*#%/2,'(=,&2A*,3:;**
"#:%#2/23,#3*&,2>%#2,*3%*)%67*7&6';

533,'>3,7*(*3(2=*9/3-*3,(:-/#@*2/@#2*$%&*!*$('/)/(&*%1B,:32*9-/:-*
-,*,(2/)8*:(&&/,7*%63*/#*(*:)%2,7*2,3;**C,&8*,(@,&*3%*),(&#*(#7*
:%''6#/:(3,D

First Visit: 4 years of  age; 2.5 years out

!"#$#%&'&()%*+(&,#-

./',0'&#1*234#1'%5#*3#'$0"#3#%&$6*#70(43#%&*'%1*
5'""(#1*)0&*,($&#%(%8*59#5:$;**<,,*=>?

@4#%&*&9#*A0,:*)B*&9#*/($(&*1($50$$(%8*,'%80'8#*'570($(&()%6*
$#70#%&(',*5)59,#'"*(34,'%&*5'%1(1'5C6*#D4#5&'&()%$*'%1*
4")E#5&#1*)0&5)3#$;FF1($50$$#1*($$0#$*G(&9*HH@*'0&9)"(I'&()%*
)B*$#70#%&(',*#'"*G(&9)0&*&9#*B("$&*#'"*4")/(1(%8*,'%80'8#*
'570($(&()%;

>)"3',*+C34'%)3#&"C;

Equipment Check, Tymps and Brief  Map 
Review



!

! "#$%&'()*+($)(',)-$$(')*+)$#.,#)($)/$+.*(*$+)0*1)-$+,)2
0*-#$(1/(*3, #,45$+4,4)6,#,)#,3*1-3,7)51*#,.)6*(')1%.*($#8)
4(*9%3*)/$+(*+%,.)($)-,)#,3*1-3,7)1%.*($#8)$+38):)+$)#,45$+4,4

Attempted First Audiogram

!

! "#$%&'(&)*&+,'-&./012

! .#*'%3&*',$&3#'%

! 4#25#+ 6777

! 8-3%*-(59*&5(:;%9&#'&6<=

>('&?)*'&9()@5%A&@)'&'3,25%&9,22,BCD&&
E,F,BC&'-%&C3%#'%*'&%$2-#*,*&(B&
*(G'&#B9&$%9,)$&*()B9*&

>(&9#'#5(CC,BC +,'-&(2)*&H&(3&
3(B9(&I B(3$#5&'J$2*

%/K8 #''%$2'%9A&@)'&">L

Primary Transfer Map



!

First map we created "#$%#&'()*&#+),-$..)/+$'(0,)*&#+)
.&-&#01)&'23%-$#&3'4
5"6)7 ".3*01)%$#0)13*')$)8&#
9&,$8.01)0:;)1<0)#3)'3')

$<1&#3%=)>0%/0>#
?3*0%01)#+%0,+3.1).3/@
A0>#)-$>.$* $#):BBB)23%)'3*)

8%&'(&'(),32#)$'1)-01&<-),3<'1,)
+&(+0%)&'#3)#+0&%)1='$-&/)%$'(0

".&(+#.=)&'/%0$,01)/+$%(0)<'&#,

!"

3rd Mapping 
#$%&'()*+'$,*-#.

/01%$'2(*'3*,'),41*%3*
5,%1)4*647463*+414*$%84(*
09*%)%'(*%3*,4*5206:*
9127':4*620:(433*64746*
;44:<%58*%(:*4#=>

>,143,26:3*?274:*<%58*
$2*$,4*:4;%06$*%$*$,4*$'?4*
@"A

BB4#=> 2(6&*2(*4C*%$*
DEFG!H0

#6'),$6&*'(514%34*?*647463*
I <0$*564%16&*3$'66*<462+*
%0:'<'6'$&*32*)%74*$,4?*
912)1433'74*?%93*$2*+218*
$2+%1:*4#=> 64746



!!

4th map 10/25/18
"#$%&'()*&#+),"-
./0$#&1')&2)+&(+30)$2)4+$0(3)
536352)*303)#$73')/8)$($&')$2)
+3)41/59)8016&93)51/9'322)53635)
:339;$47)$2)*355)$2);$5$'4&'()
1:)<)536352=)>-?@-AB/C
D+032+1592)E1639);$47)#1)#+3)
93:$/5#)$#)#+3)#&E3)>?C)&')10930)#1)
2&E85&:%)$'9)+3$9)#1*$092)
8$0$E3#30)93:$/5#2

!"

#$%&'()*+$$,*+-,%*./012*3/)41%*
0$'5-)-$'%5*)$*6/5-)$78*&)-./+-*
9-)1*:$$5*7%+-63-+-)8;

First aided audio 10/25/18



!"#$%"#&'()*&+$**,"%-).%$"

! /$-,0&-$".%",(0&.$&1(&$"&2)"#,)#(&)-3,%0%.%$"4
! 5)6(".&-$,"0(7%"#4
! /7,-.,).%$"&%"&8()6%"#&9$6&.8(&6%#8.&:8()6%"#&)%;<&()6=&)0&>(77&

)0&-,66(".&7(?(70&%"&.8(&7(9.&%*@7)".(;&()64
! +$**,"%-).%$"&>%.8&(;,-).%$")7&0(..%"#&)0&9)*%7A&-$".%",(0&

.$&>)".&2B2&)";&>%77&"$.&0%#"4

56(0(".).%$"&'%.7(CD

!"

Mapping 1/17/19 #$%&'()*+'$,*-#"
./0%$'1(*'2*,'),30*%2*4,%0)3*
536352*+303*$%73(*/8*%)%'(*%2*,3*
41/59*8016'93*035'%:53*51/9(322*
53635*;339:%47*<(1+*=">?=@/A
B%$3*'2*:%2'4%55&*$,3*2%C3
DE2*738$*$,3*2%C3

F!"#$%&'&(")*!+$,-."!+$
,/).0,&+1&!-0( 0/%*-".2$
,3*((,4$/,*!+$5$6"!,*,-&!-$#".%$
0))."7*10-*"!,4$0!%$801*(2$
90,$066&)-&%$0!%$1"%&(&%$
:;<$-9."/+9"/-$0))-===



! !"#$%&'%(&)*+*,-(,.(/*'#$*0*"&,%(1*/%",*2-(3*"4('.5"/'(*"(&(#+.'%/('%,(.2(6789

! !"#$%&'%(&)*+*,-(,.(/*'#$*0*"&,%()%,:%%"(2&0*+*&$(:.$/'1;<$&'%'(,<&,(/*22%$()-(
'5;$&'%40%",&+(#5%'(=*99%>(+%"4,<>($<-,<0>(&"/1.$(*",."&,*."?9(

! !"#$%&'%(*",%",*."&+(5'%(.2(@.*#%(."1.229

! !"#$%&'%(*0*,&,*."1';.",&"%.5'(;$./5#,*."(.2('5;$&'%40%",&+'9

! !"#$%&'%(&)*+*,-(,.(;$./5#%(1&<>(.<>(%%>(.:>(..>()>(0>(;>(/>">:1(*"(@.#&+(;+&-(*"#+5/*"4(
)&))+%(&"/(A&$4."9(

! !"#$%&'%(*0*,&,*."(&"/(';.",&"%.5'(;$./5#,*."(.2(@%$)&+(:.$/(&;;$.B*0&,*."'(,.(
#.005"*#&,%9

! !"#$%&'%(*0*,&,*."1';.",&"%.5'(;$./5#,*."(.2('.5"/('%C5%"#%'D(EF>(EF(
$%/5;+*#&,%/1)&))+%>(EFEF(/*22%$%",(F>(EFEF(/*22%$%",(F(&"/(E9

First speech appointment 1/17/19
4.&+'

!"

Mapping 3/23/19 #$%$&'())*+,*,')-,(./0'
(11-2+)3*+)'42)5'-67'892+28(9'
01*82(920)'(0'4*99'(0')5*27':1(+205'
01*(;2+<'8-+063*7'01*82(920)='
>90-'5*7*'?-7'7*1*()':&@'0*002-+'
(0'?(329.'20'7*A6*0)2+<'>BC

C5-6<5)'4(0')5()'D*8(60*'5*'
4(0'17*92+<6(9E'9*)/0'09-4')5*'7()*E'
7*,68*')5*'3(19(4E'(+,'85(+<*'
0)7()*<.')-'F%GH:



!"

Mapping 3/23/19 cont. #$%&'() *+,-./,(,-0,(102+0345(
20,5() 6./(*+44(-015(07,5086 20,5(
092.77(044(9-0::547

;/,.<0,+90446(9-0:=57(,-5(4.*52(
4+<+,(.>(,-5(>25?/5:96(30:8(,.(
@AB#C(D:.*(+,(+7(@ABEFBBBG
H.*5258(044(<(451547(*+,-(0(>40,(
<0I(.>(AJ(9-02=5(/:+,7
$/20,+.:(+7(309K58(8.*:(0(3+,(
*+,-(,-5(4.*52(<L7

ML7(7,0658(0,(B() =.+:=(309K(,.(
,-5(I-+4.7.I-6(.>(45,L7(:.,(9-0:=5(
51526,-+:=() 3/,(45,L7(,04K(03./,(
,L7N

!"

Mapping 6/20/19 #$%&'()*+,-.(/(01-%)2(3,%)(%)&(-&3(
0*4(5 2%*'%&6(,-(%)&(711%)(*-6(8*0&(
,-(7&%3&&-(/9:;<(

=&4%(*>>(4*'*0&%&'2?(6,28@22&6(
172&'+*%,1-2?(.*+&(4'1.'&22,+&(0*42(
3,%)(,-8'&*2&6(8)*'.&(>&+&>2(%1(31'A(
%)'1@.)(

B&8C(%1(01+&(,%(%1(DE;(%1(,-8)(7*8A(
,-%1($,-&(2%'@8%@'&?(4>*F(*'1@-6(3,%)(
&EBG 3,%)(4@>2&(7@'2%(*%(H<<(,-2%&*6(
1$(9<<(I0*A,-.(%)*%(6@'*%,1-(>1-.&'(%1(
8*4%@'&(01'&(-&@'*>(*8%,+,%F(5 7@%(
%)&-(F1@(',2A(>12,-.(210&(24&8,$,8,%FJ



!"

Aided Audio 6/20/19
#$%&'($)$&*(&+ ,-./0
#$%&'($)$&1'&+ --

23456&47839:87&;<93=7=&
>43?@6A&+ 47BCDD7<=7=&
<7E&@7943<?&93=

!"

! #$%&'()*+,-+'(+./*)/+%.+)0&12&%)+31&4)5)(%+.6+%7)+)1)4%/.*)8+
9:;<

! =/)+#3+>?@+A&B+/)0')A)*+&(*+%7.2C7%+%7&%+%7)+.33.B'%)+
D/'C7%E+)&/+A&B+&+5./)+0'&$1)+()/0)<

! ?)0')A)*+3/.F)4%)*+.2%4.5)B+0B+3&/)(%+)G3)4%&%'.(B+6./+
B)H2)(%'&1+,@<

! =/.0'*)*+5)*'4&1+41)&/&(4)+6./+/'C7%+7)&/'(C+&'*<

Neurotology Consult



!"#$#%&'&()%*+(&,#-.

Mapping 8/20/19
/##%*0#"#*1)"*&0#*/)%%#&*1(&&(%2*
'%3*0#'"(%2*'(3*1(&&(%2*1)"*"(20&*
#'"**43'&',)22(%2 ($*(%*)5"*
15&5"#6

7'8(,9*0'3*:##%*2)(%2*&)*;<+*
-*=*'*>##?*(%*'33(&()%*&)*+@*
A")2"'8

7'8(,9*B)%$($&#%&,9*$(2%(%2*>(&0*
0(8

!"#$#%&'&()%*+(&,#--

Mapping 8/20/19 cont
.$*/'(%$*'"#*0#(%/*1'2#*
'32(&)"(,45
6)7#2*&)*89:;*<)=#7#">*=(&<*
&<#*?<'"/#*3%(&$*0#(%/*$)*<(/<>*
@(%#*$&"3?&3"#*@',,$*)3&
A(&<*$&"'&#/4*?<'%/#>*,)=*
@"#B3#%?4*=#%&*@")1*-CD*&)*
EDDFG

+))H*+I$*3J*&)*EDK
6#'$3"#2*L*0','%?#2*6*,#7#,$

8)?3$#2*)%*'(2#2*'%2*$J##?<*
$#$$()%*&)2'4



!"

#$%&'%()*&$*+))*,-(.&(/&'$%*'%*
0'12&*)/03*4(&*5)06*.$%+'+&)%&*
0)+7$%+)+*/%8*0)-'/4'-'&6*
&$8/6*,$0*4$&2*)/0+

Aided Audio 8/20/19

!"

! #$%&'('$)*(+,',-.//$0/1(23/(
!4(5 !6!7(89:!(+,;&<(
&=.>&(?@:(=.3%&(,(+,;(A.%(
B.00*'(5 =*(+$+(,-&.(>*,%(
=$&(C.0+.

! D3%0*+(.AA(*!(,&(0.(
,3+$'.%;(E*%F*E'(3E('.(G4(
H3I& 8),J$0/($'($%%*-*K,0'('.(
=,K*(#BL(M*F,3&*(.A('=*(
,AA*F'(.0(A$0*(&'%3F'3%*N<

! O,-,0F*+(PI&

Mapping 2/28/20



!"

Aided Audio 2/28/20
#$%&'&$('$)*+,-%.'/0$1 23%34%32',++'5'6$-7'(89-2(:' ;3'$)$%,%32' <,&<'<(&<'<(<:';3'
$)$%,%32'<88<'<))<',-2'<33<',('<9&<:
;3'4,-'$23-%$=>'$%3)('?>'(9*0,(37)3-%,+(@'3A@')38B.'B88=.'C00).'D9,41'=08)','
=$3+2'8='%B8'B&3-'%&303'$('48-%0,(%'$-'+3-7%&:'
E8-%$-93('%8'9(3'9*'%8'FG'48-($(%3-%'
B802',**08A$),%$8-(

!"

Speech Appointment 2/28/20
#$%&'()$**('+,-.'$/012-.3'%1.,4*5',&3',63$4215'()$**('+,-.'/,3.'(*27'864'
(4.,35'%,$&(9



!"

! #$%&' ()&*+,)(,+,-
! +.$% ' /)(,0,1+(123&/4**0+5&)61&7018&)(23&*+,9)(,+&,++(&:)*&+;&<,)&
14=+(&7018&4&>*40(&):&,421-

! ?)(10(6+5&:)/6,&)(&46501)*3&1*40(0(>&4(5&/)(5010)(0(>&' 2)65(+,,&
,/420(>&74,&+@+*>0(>&4,&@)*+&7+4*&10@+&74,&)A,+*B+5&4(5&
24(>64>+&)A140(+5-

! .9++/8&+B426410)(,&)*&*)610(+&,+,,0)(,-
! ?)6(,+20(>&*+>4*50(>&)61/)@+,-

Carried out during each visit:

!"

! #$%&'()*'+,+%(-$.+/'+,0'
1&23$(/(4$.+/'0$556*6,.63'
+3'76//'+3'5/).%)+%$(,3'
36.(,0+*2'%('89:;'< 76'
+*6'4($,4'%('-$33'6+.&'
%$-6=

! >(?6'+&6+0'7$%&'
36@)6,%$+/'AB'7$%&'
+11*(1*$+%6'6C16.%+%$(,3D'
E&6'&6+*$,4'+$0'6+*'$3'
366-$,4/2'%&6'-(*6'?$+F/6'
6+*=

Goals
>+%.&60'+)0$%(*2'$,1)%



!"

! #$%&'(')*&+,&,-.*&/-&0/$1+&-'$'2.+.$1&3,$&.45# 6 3,7/1&,*&
,*.&0'1)8&'*9&,*.&'-)7'8:

! ;..90'7<&3$,2&4=>&?&@A#:
! =,B.$&C&8.D.81&'*9&9,/08.&+E.&>F&2'*/'88% '*9&+E.*&2,D.&
C'-8'B 0'7<&+,&GHHH&)3&-$,($.11&)1&1E,B*:

Lessons Learned and Thoughts for the 
Future:

!"#$#%&'&()%*+(&,#-.

! /(01,&'%#)1$*(02,'%&'&()%*(3*'22")2"('&#*3'0(,4*#52#6&'&()%*
'%7*$#"8(6#$9

! :#*',,*%##7*'*$#6)%7*$#&*)3*#4#$*; "#'6<(%=*)1&*&)*
6),,#'=1#$*'%7*6,(%(6',*$2#6(',($&$*($*'*01$&>

! +?*'22")'6<*1%&(,*@#*1%7#"$&'%7*'66#$$*&)*'17(&)"4*$&(01,(*
'%7*#0#"=(%=*$2)A#%*,'%=1'=#9

ANSD and Hypoplastic Nerves



Thank You
! !"#$#%&'(#$)#*'+&(',$,-,".#+($/0).+%&$!#+0$+&$

1234 5#%'-66$2"'.*(#%78$9-8)'&+.$:+;.+%* +%*$-<($
=-%*#(6<.$6+0'.'#8$$

! !"#$&'(#.#88$#66-(&$#>"'?'&#*$?@$A2/AB$
A<*'-.-C@:%.'%#B$3)##,")+&"-.-C@D-(CB$+%*$&"#$
3,'#%&'6',$2"+'(8$6-($A2/A$EFEFG

! 2+%7&$=+'&$&-$8##$#H#(@-%#$'%$-%#$(--0$+C+'%G
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!"#$!$%$&''()''*+,#!(-(.,''/"0''*/$+(-(.,'()''+&/1!".

(*$!2!3!".'$+&')!$$!".

! 45678594:9;6'<9::9=>'7:5?:6>@':A'B6:65C9=6':D6'>?9='
?=B C?E9CFC'4AG65'AF:4F:'A<':D6'D6?59=>'?9B'

4A5:9A='A<':D6'B6;986

! 8F:HA<<'<56IF6=8@'<A5'?8AF7:98 ?C4J9<98?:9A=

! :D6'<56IF6=8@ 5?=>6'A;65'GD98D'6J68:598?J'

7:9CFJ?:9A='G9JJ'K6'?JJA8?:6B

LAJ<6M #8D?<65 *5A>5?CC9=>'NA8DJ6?5'!C4J?=:7

!"#$!$%$&''()''*+,#!(-(.,''/"0''*/$+(-(.,'()''+&/1!".



!"#$!$%$&''()''*+,#!(-(.,''/"0''*/$+(-(.,'()''+&/1!".

(*$!2!3!".'$+&')!$$!".

! 4566578'96:;6<8='6>'?<6<:@57<'6A<'8;57';7? @;B5@C@'
D>E<:'>C6DC6'>4'6A<'A<;:578';5?'D>:65>7'>4'6A<'
?<F5G<

! GC6>44'4:<HC<7G='4>:';G>C965G ;@DI545G;65>7

! 6A<'4:<HC<7G= :;78<'>F<:'EA5GA'<I<G6:5G;I'
965@CI;65>7'E5II'J<';II>G;6<?

K>I4<L #GA;4<: *:>8:;@@578'M>GAI<;:'!@DI;769

!"#$!$%$&''()''*+,#!(-(.,''/"0''*/$+(-(.,'()''+&/1!".

!"#$!$%$&''()''*+,#!(-(.,''/"0''*/$+(-(.,'()''+&/1!".

$+&')1&2%&"3,'1/".&'$+&')1&2%&"3,'1/".&'

(4&1'5+!3+'&-&3$1!3/-'#$!6%-/$!("'(4&1'5+!3+'&-&3$1!3/-'#$!6%-/$!("'

5!--'7&'/--(3/$&0

$89::';<=>?=<@A;'B?A'?9<;:'C8:A';:D:B=<AE'=8:'D@C:9'D<F<='

@G'=8:':D:B=9<B'G9:H>:ABI'9?AE:'JB9@;;@K:9'G9:H>:ABILM'

<='B?A'N:M N:D@CO'?=O'@9'?N@K:'=8:'G9:H>:ABI'>P'=@'C8<B8'

?B@>;=<B'8:?9<AE'<;'F?<A=?<A:QR'

SL 7:D@C T #=<F>D>;'@K:9D?P

UL /='T 6<A<F>F'@K:9D?P'J?D;@'B?DD:Q'=8:'VF::='B@AQ<=<@AWL

XL /N@K: T "@'@K:9D?PO'C<=8'?'E?P'N:=C::A':D:B=9<B'?AQ'

?B@>;=<B';=<F>D?=<@A

!"#$!$%$&''()''*+,#!(-(.,''/"0''*/$+(-(.,'()''+&/1!".



!"#$!$%$&''()''*+,#!(-(.,''/"0''*/$+(-(.,'()''+&/1!".

#$!2%-%#'(3&1-/*'

#4567879':;<=8>?'59'>'@:AB545:A'CD<=<'E=<F7<A@5<9'
5A'>'?>=45@78>='G>AB'HIJKILJ'+MN'
>=<'=<?=<9<A4<B'G:4D'>@:7945@>88O'>AB'<8<@4=5@>88O

!"#$!$%$&''()''*+,#!(-(.,''/"0''*/$+(-(.,'()''+&/1!".

PJJ'+M P'Q+M PJ'Q+M

!"#$%&'"

()("&*'"

!"#$!$%$&''()''*+,#!(-(.,''/"0''*/$+(-(.,'()''+&/1!".

2!"!2%2'(3&1-/*2!"!2%2'(3&1-/*
$+&'42&&$'5("0!$!("6

$78'4988:';<=>?:?<=6'?@'A;7?8B8>'C78=':78';D<@@E<B8D'FD8GH8=;I'
F<D'8J8;:D?;'@:?9HJA:?<='?@'9A:;78>'KI':78'HLL8D'8>M8'
<F'A;<H@:?;'A9LJ?F?;A:?<=

!"#$!$%$&''()''*+,#!(-(.,''/"0''*/$+(-(.,'()''+&/1!".

!"#$%&'"

NOO'+P N'Q+P NO'Q+P

()("&*'"



!"#$!$%$&''()''*+,#!(-(.,''/"0''*/$+(-(.,'()''+&/1!".

$+&'23&&$'4("0!$!("5

!"#$!$%$&''()''*+,#!(-(.,''/"0''*/$+(-(.,'()''+&/1!".

!!"

!""

#"

$"

%"
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The Cochlear™ Osia® System: 
The surgical experience
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Key Facts – The Osia System
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Indications

Conductive 
Hearing Loss

Mixed Hearing 
Loss

Single-Sided 
Deafness (SSD)

CMR Patient Profile
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Surgical Considerations

1. Align microphones with top of 
pinna

2. Skin/tissue thickness <10mm

3. Tissue thickness/Bone Bed

4. BI300 in line with ear canal



Mastoid
Tip

Pinna

Ext.
Meatus



Curvilinear Incision
Auricular-Cephalic crease

Sub-Cutaneous
Pocket



Alternate
Incision

BI300
Position Planning



7cm*
BI300 Position
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7cm
BI300 Position

Traditional
Baha



1 cm
Device-Incision Margin

Optimal position

External processor

Microphones aligned with 
top of pinna



Cadaveric Specimen – Demonstrating Tissue Planes and Internal Anatomy
*NOT a representation of Osia Incision Planning

Sub-Cutaneous
Supra-Musculoperiosteal

Cadaveric Specimen – Demonstrating Tissue Planes and Internal Anatomy
*NOT a representation of Osia Incision Planning



Te
m

po
ra

l L
in

e 
(Z

yg
om

at
ic

 R
oo

t)

Spine of Henle

Mastoid Tip

Digastric 
Notch (mm.)

Cadaveric Specimen – Demonstrating Tissue Planes and Internal Anatomy
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Cadaveric Specimen – Demonstrating Tissue Planes and Internal Anatomy
*NOT a representation of Osia Incision Planning
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Cadaveric Specimen – Demonstrating Tissue Planes and Internal Anatomy
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Osseo-Integration

4 weeks





Outcomes
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