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Welcome to Delegates
On behalf of the International Evoked Response Audiometry Study Group (IERASG) – Symposium Organising
Committee 2019, it is our great pleasure to welcome our international and Australian colleagues to IERASG 2019 –
Waves Down Under, being held for the first time in Australia at Macquarie University in Sydney Australia, from
Sunday, 30 June 2019 to Thursday, 4 July 2019.
IERASG 2019 is a forum in which scientists, researchers and clinicians can engage in discussions on physiological
responses generated within the auditory and vestibular systems through the Symposium’s program of intensive
workshops, guest lectures, panel sessions, oral papers and poster presentations.
We hope you will enjoy the opportunity to meet, share ideas, and collaborate with colleagues, students, and with
our Trade Partners, who are providing an opportunity for you to be aware of the latest developments in new
technology.
We also hope you will enjoy the informal side of a visit to Sydney and Australia through our exciting social program
of events, and that your visit will truly be memorable.

Professor Bob Cowan
Co-Chair

A/Professor Mridula Sharma
Co-Chair

Dr Fabrice Bardy

IERASG 2019 Organising Committee

Your Host Organisations:
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IERASG 2019 Symposium Program
Sun 30 June 2019
9:00
9:30

Mon 1 July 2019

Tue 2 July 2019

Wed 3 July 2019

Thur 4 July 2019

7:00

7:00

7:00

7:00

Registration

Registration

Registration

Workshop 1 - Pt 1:
Introduction to EEG
Analysis
(A/Prof Andrew
Dimitrijevic)

Workshop 2:
Using FNIRS to Map
Auditory Cortical
Function
(Prof David McAlpine)

Workshop 4:
7:45
Examining Sentence8:00
level Language
Processing using
ERPs
(Ms Rebecca Holt &
Dr Joaquin
9:15
Valderamma)

Registration

IERASG Council Meeting
Hallowell Davis Lecture
(Prof Linda Hood)

10:15
Morning Tea

1:30

Workshop 1 - Pt 2:
Introduction to EEG
Analysis
(cont'd)

Lunch Break
Workshop 3:
Using Eye Tracking &
Pupillometry
(Dr Laurence
Bruggeman)

Lunch Break
Workshop 5:
Introducing Machine
Learning for EEG
Analysis
(Dr Fabrice Bardy)

8:00

Guest Lecture 2 - R
Thornton
(Prof John Durrant)

8:00

CAEP 2
fNIRs/MEG

12:30
Lunch Break

IERASG Council Meeting

11:00 CAEP 1

12:30

5:00

Morning Tea

3:30

8:30

10:00

Morning Tea
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10:00

Morning Tea

10:30 IERASG Student
Scholarships

10:30 Panel 1 - Imaging
(mod: Prof David
McPherson)

10:30 Panel 2 - AEP/Clinical Tools
(mod: Prof Barbara Cone)

11:30 Other AEPs

11:30 MNN/Other 2

11:30 VEMPs

12:30

12:30
Lunch Break

1:30

Afternoon Tea

CAEP3

3:00

ABR1

Afternoon Tea

3:30

ABR2

Poster Session 2
Australian Hearing Hub Tour 2
Cochlear Ltd - Tour 2

5:00

Poster Session 1
Australian Hearing Hub Tour 1
Cochlear Ltd - Tour 1

5:00

7:00

Organising Committee /
Council Dinner

7:00

Panel 3 - Vestibular Evoked
12:45 Myogenic Potentials
(mod: Prof Bob Burkard)
1:30

Excursion

Welcome Reception

Guest Lecture 4
(Prof Bob Burkard)

OAE1

8:30

ASSR1

3:00

8:00

ASSR2

8:30

10:00

Guest Lecture 3
(Dr Phillip Gilley)

Lunch Break

1:30

IERASG Council Meeting

Welcome to Country & MU

Gala Dinner
(Curzon Hall)

Closing Ceremony

IERASG 2019 Symposium Program - Authors
Mon

1 July 2019
Registration

7:00
7:45

Welcome to Country & MU

8:00

Hallowell Davis Lecture

Tue

2 July 2019

Wed

3 July 2019

Thur

4 July 2019

7:00

IERASG Council Meeting

7:00

IERASG Council Meeting

7:00

IERASG Council Meeting

8:00

Guest Lecture 2 - Roger Thornton
Remembrance

8:00

Guest Lecture 3

8:00

Guest Lecture 4

Prof Linda Hood
Chair: Suzanne Purdy
9:15

8:30

fNIRS/MEG
Chair: Andy Beynon
1. #121 - Undurraga
2. #128 - Wunderlich
3. #123 - Van Yper

10:00
11:00

Morning Tea

8:30

Chair: Steven Bell
1. #37 - Durrant
2. #40 - El Kholy
3. #45 - Friesen
4. #46 - Frizzo
5. #53 - Han
6. #54 - Lai
10:00
10:30

CAEP 1

Prof John Durrant
Chair:
CAEP 2Fabrice Bardy

Dr Phillip Gilley
Chair: Mridula Sharma

11:30

Morning Tea

IERASG Student Scholarships

10:00
10:30

11:30

Other AEP1

Morning Tea

Chair: Martin Walger
1. #63 - Kang
2. #92 - Michel
3. #110 - Sharma
4. #120 - Uhler

12:30

1:30

3:30

ABR1

3:00
Excursion

3:30

Chair: Marilyn Perez-Abalo
1. #10 - Bell
2. #20 - Burkard
3. #21 - Campbell
4. #105 - Purdy
5. #119 - Tawfik
6. #118 - Thai-Van
5:00

6:00
7:00

CAEP 3
Chair: Krzysztof Kochanek
1. #60 - Jeong
2. #91 - Menezes
3. #101 - Park
4. #107 - Schalles
5. #102 - Paul
6. #6 - Appaiah

Afternoon Tea

3:00

Panel 3 - VEMP

Lunch Break

Chair: Wiktor Jedrejczak
1. #7 - Bahmer
2. #9 - Barajas de Prat
3. #22 - Cebulla
4 .#38 - Durrant
5. #55 - Delgado
6. #68 - Kim

VEMPs
Chair: David Purcell
1. #44 - Fowler
2. #57 - Huang
3. #61 - Kang
4. #69 - Kimura
5. #130 - Ying

12:30

ASSR 1

Morning Tea

Panel 2 - AEP/Clinical Tools
Moderator: Barbara Cone
Panel members: Uhler K, Burkard R, Purdy SC, Bardy F, Small S,
Bell SL

11:30

MNN/Other 2

Lunch Break

1:30

10:00
10:30

Panel 1 - Imaging

OAEs
Chair: Jose Barajas
1. #34 - Dhar
2. #65 - Keppler
3. #64 - Keppler
4. #94 - Mishra
5. #100 - Park

Moderator: David McPherson
Panel members: Gilley P, Zenin J, McMahon CM,
Dimitrijevic A, Sowman P

Chair: Jun Ho Lee
1. #15 - Beynon
2. #50 - Graber
3. #58 - Im
4. #59 - Jedrzejczak
12:30

8:30

ASSR 2
Chair: Andrew Dimitrijevic
1. #71 - Kordus
2. #75 - Le Prell
3. #78 - Lee
4. #82 - Lewis
5. #84 - Lightfoot
6. #131 - Zapata-Rodriguez

Chair: Suzanne Purdy
1. #3 - Adjekum
2. #16 - Abrahamse
3. #17 - Bhat J P
4. #18 - Bhat
5. #23 - Chan
6. #35 - Dillard
7. #43 - Faundez
8. #73 - Kwak
9. #95 - Moffat
10. #103 - Publius Anil
11. #106 - Salcic
12. #124 - Vanthornhout
13. #129 - Yan

Chair: Susan Small
1. #41 - El Kholy
2. #12 - Bell
3. #25 - Simpson
4. #27 - Ching
5. #32 - Cone
6. #36 - Dimitrijevic

Prof Bob Burkard
Chair: Bob Cowan

12:45

Moderator: Bob Burkard
Panel members: Beynon A, Delgado R, Fowler C, Lightfoot G.

1:30

Closing Ceremony

Afternoon Tea

ABR2
Chair: Guy Lightfoot
1. #77 - Lee
2. #112 - Small
3. #93 - Minami
4. #108 - Seol
5. #122 - Valderrama
6. #126 - Walger

Poster Session 1
Chairs: Bob Cowan/John Durrant
AHH Tour 1
Cochlear - Tour 1
Close

5:00

Organising Committee /
Council Dinner

7:00

6:00

Poster Session 2
Chairs: Bob Cowan/Andy Beynon
AHH Tour 2
Cochlear - Tour 2
Close
Gala Dinner
(Curzon Hall)
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WiFi Internet Connection
Network Name: Macquarie Events
Browse to www.mq.edu.au where the guest will be redirected to insert the passcode: conference
The passcode will be valid from 30/06/2019 08:00 to 04/07/2019 14:00

Speaker Preparation Room
Venue: First Floor, Australian Hearing Hub, Room 1.619
Speakers are asked to ensure that you have provided your presentation no later than 4 hours prior to
your scheduled session. All presentations must be loaded on our presentation system, the use of your
own personal computers for presentation is not permitted.
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Sunday, June 30, 2019
8:30 -9:30

Conference registration - Ground floor, Australian Hearing Hub (AHH)

9:30 start

Workshop 1 - 2 - 4
Delegates meet at Piccolo Cafe - Ground Floor, AHH
Morning Tea - Delegates meet at Ground floor near the elevators
Start Workshop 1 - 3 - 5
Delegates meet at Piccolo Cafe - Ground Floor, AHH
Conference registration, Ground floor, AHH
Welcome Reception - Building E7A, 12 Wally’s Walk or 12WW

11:00
1:30
16:00 – 18:00
17:00 – 19:30

Monday, July 1, 2019
7:00 -9:00
7:45
8:00
10:00
12:30
15:00
17:00
17:00

18:00

Conference registration - First floor, AHH
Welcome to Country and Opening Ceremony- AHH Theatre, First floor,
AHH
Hallowell-Davis Lecture - AHH Theatre
Morning Tea - Ground and First floor, AHH
Opening of Trade Exhibit and Poster Display, First floor of AHH
Lunch break - Ground and First floor, AHH
Afternoon Tea - Ground and First floor, AHH
Poster Session 1 - First floor, AHH
Tours of AHH and Cochlear Ltd
- Delegates for Tour of AHH will meet in front of Piccolo Cafe - Ground
Floor of the AHH according to the Group numbers allocated at the back of
the IDs.
- Delegates for Tour of Cochlear will meet at Cochlear Ltd reception –
Ground Floor of the Cochlear Building
Council members of the IERASG - meeting outside AHH on University Ave
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Tuesday, July 2, 2019
7:00 -8:00
Conference Registration - First floor, AHH
Guest Lecture - AHH Theatre
8:00
10:00
Morning Tea, Ground and First floor, AHH
Trade Exhibit and Posters Display, First floor of AHH** open all day
Excursion to Featherdale Zoo - buses depart from AHH
12:30
Buses depart Featherdale Zoo for Sydney Opera House
17:00
18:30 – 20:30 Bangarra Dance Company performance, Sydney Opera House
There will be one bus available to bring Delegates back to their hotel after the show.
However, we recommend Delegates eat in the city and consider UBER or train back to
their hotel.

7:00 -8:00
8:00
10:00
12:30
15:00
17:00
17:00

18:30
19:00

7:00 -8:00
8:00
10:00
13:00
13:30
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Wednesday, July 3, 2019
Conference Registration - First floor, AHH
Guest Lecture - AHH Theatre
Morning Tea - Ground and First floor, AHH
Trade Exhibit and Posters Display, First floor of AHH ** open all day
Lunch Break - Ground and First floor, AHH
Afternoon Tea - Ground and First floor, AHH
Poster Session 2 -First floor, AHH
Tours of AHH and Cochlear Ltd
- Delegates for Tour of AHH will meet in front of Piccolo Cafe - Ground
Floor of the AHH according to the Group numbers allocated at the back of
the IDs).
- Delegates for Tour of Cochlear will meet at Cochlear Ltd reception –
Ground Floor of the Cochlear Building
Gala dinner – buses depart to venue. Possible for the delegates to walk to
the venue (15min walk)
Gala Dinner at Curzon Hall, 53 Agincourt Rd, Marsfield NSW 2122
Thursday, July 4, 2019
Conference Registration - First floor, AHH
Guest Lecture - AHH Theatre
Morning Tea - First floor, AHH
Trade Exhibit and Posters Display, First floor of AHH
Trade Exhibit and Posters Display close
Closing Ceremony

AHH Tours:
Date and Time:

Tour Group 1 – Monday 1st July, 17:00 – 18:00
Tour Group 2 – Wednesday 3rd July, 17:00-18:00

Venue: Delegates to meet in front of Piccolo Me café, Ground Floor of AHH

Cochlear Tours:
Date and Time:

Tour Group 1 – Monday 1st July, 17:00-18:00
Tour Group 2 – Wednesday 3rd July, 17:00-18:00

Venue: Delegates to meet at Cochlear Ltd reception, across the road from AHH
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We are delighted to offer delegates the opportunity to visit with our Trade Partners. The
Trade Exhibit is located in the Poster Display area, on the First floor of the Australian
Hearing Hub, and will be open from morning tea on Monday through to Thursday.
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Welcome Reception
Date and Time Sunday, 30th June, 17:00 – 20:30
Venue

Macquarie University, building E7A, 12 Wally’s Walk

Family Program
Date and Time Monday, 1st July, 9:00 – 19:30
Sightseeing Trip to Blue Mountains

Excursion
Date: Tuesday, 2nd July
Part 1: Featherdale Australiana experience + Lunch
Time
12.30 – 17:00
Venue
Featherdale
Part 2: Bangarra Dancers
Time
18:30 – 20:30
Venue
Sydney Opera House

Gala Dinner
Date and Time Wednesday, 3rd July, 19:00 – 21:00
Venue

Curzon Hall

Closing Ceremony
Date and Time Thursday, 4th July, 13:30 – 14:30
Venue

AHH, Macquarie University
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Sunday, June 30, 2019
9:00 – 16:00
9:00 – 12:00
13:00 – 16:00
9:00 – 12:00
13:00 – 16:00
17:00 – 20:30

Workshop 1: Introduction to EEG Analysis
Workshop 2: Using FNIRS to Map Auditory Cortical Function
Workshop 3: Using Eye-Tracking & Pupillometry
Workshop 4: Examining Sentence level Language Processing Using ERPs
Workshop 5: Introducing Machine Learning for EEG Analysis
Welcome Reception
Monday, July 1, 2019

7:00 – 7:45
7:45 – 8:00

Registration
Welcome to country and MU

8:00 – 9:00

Hallowell Davis Lecture
Physiology and the Audiogram – A Love-Hate Relationship
Prof Linda Hood

9:15 – 10:00

fNIRS/MEG

9:15 – 9:30
#121

Neural Representation of Interaural Time Differences in Humans – the
ITD damping function.
Undurraga, JA

9:30 – 9: 45
#128

Introducing EarGenie; a novel objective hearing assessment
technology.
Wunderlich, J

9:45 – 10:00
#123

Neural representations of interaural time differences in the human
cortex – an MEG study.
Van Yper, LN

10:00 – 11:00
11:00 – 12:30

Morning Tea
CAEP 1

11:00 – 11:15
#41

Acoustic Change Complex using Short Duration Speech and NonSpeech Stimuli in Normal Hearing Children.
El Kholy, W

10

Chair: Andy Beynon

Chair: Susan Small

11:15 – 11:30
#12

Hearing aids do not improve entrainment to running speech in quiet
for subjects with sloping high- frequency mild-to-moderate hearing
impairment.
Bell, SL

11:30 – 11:45
#25

Bootstrapped methods for automatic auditory late response detection
in adults.
Simpson, DM

11:45 – 12:00
#27

Infant cortical auditory evoked potentials to speech sound contrasts:
acoustic change complex (ACC).
Ching, YC

12:00 – 12:15
#32

Informational and energetic masking effects on speech- and toneevoked CAEPs.
Cone, B

12:15 – 12:30
#36

Enhanced cortical plasticity is related to better cochlear implant
outcomes.
Dimitrijevic, A

12:30 – 13:30

Lunch

13:30 – 15:00

ASSR 1

13:30 – 13:45
#7

Electrically evoked auditory steady-state responses (EASSR) to
modulated pulse trains.
Bahmer, A

13:45 – 14:00
#9

Auditory Steady State Responses in Normal-Hearing subjects: An
Analysis of the Amplitude Derived From Continuous Tones and a Chirp
Stimuli.
Barajas de Prat, J.J.

14:00 – 14:15
#22

Improving Automatic Detection of narrowband ASSR by Optimization
the Stimulation Rate in Normal Hearing Adults.
Cebulla, M

14:15 – 14:30
#55

Late Latency Auditory Steady State Response: Studies in Subjects with
Hearing Loss.
Delgado, RE

Chair: Wiktor Jedrejczak
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14:30 – 14:45
#38

Scrutiny of Issues of Threshold Estimation via Cortical (or Any?) ERA.
Durrant, J

14:45 – 15:00
#68

Effects of residual hearing in children on the ASSR after CI.
Kim, YS

15:00

Afternoon Tea

15:30 – 17:00

ABR 1

15:30 – 15:45
#10

Exploring ABR responses elicited by forward and reverse narrow-band
chirps and their properties.
Bell, SL

15:45 – 16:00
#20

The ABR in the Bottlenose Dolphin (Tursiops truncatus): Offset
Responses are Strongly Dependent on Stimulus Properties.
Burkard, R

16:00 – 16:15
#21

Using Electrophysiologic Measures to Determine Dose-Dependent Dmet Otoprotection from Steady State and Impulse Noise Exposures in
the Chinchilla.
Campbell, KCM

16:15 – 16:30
#105

Objective measures of brainstem auditory processing.
Purdy, SC

16:30 – 16:45
#119

Central auditory processing in children with specific language
impairment.
Tawfik, S

16:45 – 17:00
#118

Speech Auditory Brainstem Response through hearing amplification: A
biomarker of hearing aid benefit.
Thai-Van, H

17:00 – 18:00

Poster session 1
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Chair: Marilyn Perez-Abalo

Chairs: Bob Cowan and John Durrant

Tuesday, July 2, 2019
8:00 – 8:30

8:30 – 10:00

Guest Lecture
In Memoriam Roger Thornton
Prof John Durrant
Chair: Dr Fabrice Bardy
CAEP 2

Chair: Steven Bell

8:30 – 8:45
#37

Loudness Dependence of Cortical AEPs: Beyond the Scope of
Audiological Interest/Practice (?) Revisited.
Durrant, J

8:45 – 9:00
#40

Acoustic Change Complex and Behavioral Auditory Discrimination in
Cochlear Implant Children.
El Kholy, W

9:00 – 9:15
#45

Hearing Preservation in cochlear implantees.
Friesen, L

9:15 – 9:30
#46

Cortical Auditory Evoked Potencial in Children with Zika Virus
Congenital Syndrome.
Frizzo, A

9:30 – 9:45
#53

Cortical activity pattern evoked by change of sound location in
unilateral deafness.
Han, J-H

9:45 – 10:00
#54

Intra-operative electrophysiological monitoring: Factors affecting ECAP
measurements.
Lai, W

10:00 – 10:30
10:30 – 11:30

Morning Tea
IERASG Student Scholarship Presentations Chair: Suzanne C Purdy
(Student Poster Presentations on Wednesday Poster Session)

10:30 – 10:35
#3

Frequency specificity of narrow-band LS-Chirps versus 2-1-2 linear-gated
tones: acoustic spectral analyses.
Adjekum, R

10:35 – 10:40
#16

Auditory Discrimination in Prelingually Deaf Early Implanted Cochlear
Implant Users: an ERP Study.
Abrahamse, R
13

10:40 – 10:45
#17

Pitch coding in Vocalists and Non Musicians to Carnatic Music stimuli:
An AEP study.
Bhat, PJ

10:45 – 10:50
#23

The acoustic change complex elicited to iterated ripple noise, a
temporal pitch percept, in infants and adults with normal hearing.
Chan, S

10:50 – 10:55
#35

The use of auditory evoked responses in measuring ototoxic damage
from treatment of prevalent diseases: A systematic review & metaanalysis.
Dillard, L

10:55 – 11:00
#43

Assessing neural ITD processing in normal hearing adults.
Faundez, JP

11:00 – 11:05
#73

A Relation between Speech Degradation and Listening Effort under
Reverberated and Noisy Environments.
Kwak, C

11:05 – 11:10
#95

Mapping emotional prosody processing in normal and cochlear implant
listeners with fNIRS: a pilot study.
Moffat, R

11:10 – 11:15
#103

Intrasession and Intersession Test-retest Reliability of Onset, Offset,
Peak latencies, Amplitude and Area of Speech evoked P300.
Publius, A

11:15 – 11:20
#106

Event-related potentials (ERPs) reveal atypical processing of
ungrammatical sentences in adults with dyslexia.
Salcic, A

11:20 – 11:25
#124

Objective speech audiometry through brain response classification.
Vanthornhout, J

11:25 – 11:30
#129

A Study of Combined Use of P300 and MMSE in Evaluation of Cognitive
Functions in Patients with Hearing Loss.
Puyan, A
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11:30 – 12:30

Other AEP 1

Chair: Jun Ho Lee

11:30 – 11:45
#15

Intraoperative monitoring Cochlear Microphonics using Cochlear
Response Telemetry.
Beynon, AJ

11:45 – 12:00
#50

Is Listening Effort Expressed in Pupil Diameter and EEG Alpha Power?
Graber, E

12:00 – 12:15
#58

Different distributions and contributions of ion channels along the
tonotopic turns of rat cochlea.
Im, GJ

12:15 – 12:30
#59

Repeatability of suppression of transiently evoked otoacoustic
emissions during the selective attention tasks.
Jedrzejcszak, WW

12:30 – 20:30

Excursion
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Wednesday, July 3, 2019
8:00 – 8:30

8:30 – 10:00

Guest Lecture
Stimulus expectancy modulates speech discrimination processing in
infants and children.
Dr Phillip Gilley
Chair: Associate Professor Mridula Sharma
ASSR 2
Chair: Andrew Dimitrijevic

8:30 – 8:45
#71

Auditory Steady-State Responses ASSR in normal hearing adults –
Stimuli Interaction for narrow-band Chirps.
Kordus, M

8:45 – 9:00
#75

No differences in ABR wave I slope as a function of exposure to leisure
noise.
Le Prell, C

9:00 – 9:15
#78

Comparative analysis of ASSR and behavioural audiometry in sudden
sensorineural hearing loss patients.
Lee, MY

9:15 – 9:30
#82

Establishing normal auditory steady-state response thresholds to
narrow band CE-Chirp® stimuli in full-term neonates.
Lewis, D

9:30 – 9:45
#84

ASSR results in Auditory Neuropathy: a case of unexpectedly good ASSR
thresholds.
Lightfoot, G

9:45 – 10:00
#131

Investigating Room Acoustical Effects of Simulated Clinic Rooms on
Sound-Field ASSR Measurements Using a Virtual Acoustic Environment.
Zapata-Rodriguez, V

10:00 – 10:30

Morning Tea

10:30 – 11:30

Panel 1 Moderator: Prof David McPherson
Imaging
Gilley P, McMahon CM, Dimitrijevic A, Sowman P
MMN / Other 2 Chair: Martin Walger

11:30 – 12:15
11:30 – 11:45
#92
16

Clinical considerations when taking the Nucleus slim modiolar electrode
into use: NRT-based programming and NRT-ratio.
Michel, F

11:45 – 12:00
#110

Mismatch Negativity: test-rest reliability.
Sharma, M

12:00 – 12:15
#120

The relationship between MMRTF and Speech discrimination.
Uhler, K

12:30 – 13:30
13:30 – 15:00

Lunch
CAEP 3

13:30 – 13:45
#60

P1 Cortical Auditory Evoked Potential in Children with Unilateral or
Bilateral Cochlear Implants; implication for timing of second cochlear
implantation.
Jeong, S W

13:45 – 14:00
#91

Decline of speech recognition in difficult listening conditions related to
age and cognition contributions of auditory and non-auditory factors.
Menezes, P

14:00 – 14:15
#101

Auditory Evoked Potentials and Speech-in-Noise Perception: Effects of
Aging and Hearing Loss.
Park, S E

14:15 – 14:30
#102

Single-trial EEG alpha rhythms track changes of listening effort in
cochlear implant users during speech in noise perception.
Paul, B

14:30 – 14:45
#107

Non-invasive Click-Evoked Auditory Cortical Response in the Dolphin.
Schalles, M

14:45 – 15:00
#6

N400: Objective measure of speech understanding in noise.
Appaiah, S

15:00 – 15:30
15:30 – 16:45

Afternoon Tea
ABR 2
Chair: Guy Lightfoot

15:30 – 15:45
#77

Development of criteria models for the prediction of acoustic tumor
using click and chirp-evoked ABR.
Lee, JH

15:45 – 16:00
#112

Effective masking levels for bone-conduction Auditory Brainstem
Response stimuli in infants and adults with normal hearing.
Small, S

Chair: Krzysztof Kochanek
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16:00 – 16:15
#93

Cochlear implantation of inner ear malformation (IEM): A novel and
simple classification of IEM, intracochlear EABR, and outcomes of
speech and hearing.
Minami, S

16:15 – 16:30
#122

Towards the recording of brainstem and cortical evoked potentials from
the fine structure of natural speech.
Valderrama , J T

16:30 – 16:45
#126

Evaluation of auditory function in CI candidates with eABR.
Walger, M

17:00 – 18:00

Poster Session 2

18

Chairs: Bob Cowan and Andy Beynon

Thursday, July 4, 2019
8:00 – 8:30

8:30 – 9:45

Guest Lecture
The auditory brainstem response across species: Sometimes it is not
just about the human condition.
Prof Bob Burkard
OAEs
Chair: Jose Barajas

8:30 – 8:45
#34

Twice Broken: Evidence of a Second Break from Scaling Symmetry in
the Cochlear Base.
Dhar, S

8:45 – 9:00
#65

Auditory late effects due to therapy-related ototoxicity in survivors of
childhood brain tumors.
Keppler, H

9:00 – 9:15
#64

Analysis of probe fitting stimulus properties on transient evoked
otoacoustic emissions.
Keppler, H
Human efferent neural sensitivity to temporal fluctuations.
Mishra, S

9:15 – 9:30
#94
9:30 – 9:45
#100

ABR & OAE Change of mesenchymal stem cell transplantation in acute
ototoxic hearing loss.
Park, KH

10:00 – 10:30
10:30 – 11:30

Morning Tea
Panel 2
Moderator: Prof Barbara Cone
AEP/Clinical Tools
Uhler K, Burkhard R, Purdy SC, Bardy F, Small S, Bell SL

11:30 – 12:45

VEMPs

11:30 – 11:45
#44

Vestibular and 3D Visual Function in Motion Sickness.
Fowler, C

11:45 – 12:00
#57

Comparison of VEMPS, VHIT and caloric test outcomes in Menière’s
disease.
Huang, Q

12:00 – 12:15
#61

Correlation between 3D-FLAIR MRI with audiological examinations in
patients with Meniere's disease.
Kang, H

Chair: David Purcell
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12:15 – 12:30
#69

Assessment of vestibular functions in 8 patients with auditory
neuropathy.
Kimura, Y

12:30 – 12:45
#130

Normal Values of Ocular Vestibular Evoked Myogenic Potential in
Elderly Patients.
Ying, L

12:45 – 13:30

Panel 3
Moderator: Prof Robert Burkard
Vestibular Evoked Myogenic Potentials
Fowler C, Durrant J, Delgado RE
Closing Ceremony

13:30 – 14:30
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Hallowell Davis Lecture
Physiology and the Audiogram – A Love-Hate Relationship
Prof Linda Hood
The cross-check principle supports a method to confirm agreement among physiologic and behavioral
measures (Jerger and Hayes, 1976) and to probe underlying reasons when agreement is not evident. It has
long been recognized that some persons with normal thresholds for tones complain of difficulty hearing in
noise and this has been linked to forms of hearing loss that reflect interruption of function at various levels
of the neural pathway. Such a mismatch led us on the path to the description of auditory neuropathy (AN;
Starr et al., 1996) where detection thresholds, physiology, and supra-threshold function disagreed.
Patients with auditory neuropathy (also called auditory dys-synchrony and auditory neuropathy spectrum
disorder) display a wide range of behavioral responses and communication ability, likely reflecting multiple
underlying mechanisms. Sound detection varies widely and does not necessarily predict communication
ability, which is typically poorer than expected with conductive or sensory forms of hearing loss.
Management outcomes vary though success with cochlear implants is widely noted. Genetic
characterization provides clues to underlying sites of disruption and may be predictive of outcomes. Two
related areas of study focus on persons with traumatic brain injury and on understanding the translation of
data on cochlear synaptopathy to humans.
In contrast to the mismatches noted in neural dysfunction, physiologic responses can be used very
effectively to predict thresholds using auditory evoked potentials when neural function is intact. Many
researchers and clinicians have explored methods to improve accuracy and efficiency of using evoked
potentials to estimate threshold sensitivity. Recent studies that we are completing, using a late latency
auditory steady state response, may provide a viable physiologic assay for assessing threshold sensitivity in
patients with AN.
Whether physiologic responses are used to describe threshold sensitivity or supra-threshold function, a
test battery that includes assessment of various aspects of auditory function and compares physiologic and
behavioral responses is preferred. Patients with neural or synaptic disorders require characterization of
supra-threshold function to accurately describe and manage their auditory difficulties. Applying the “crosscheck principle” continues to be an important component of diagnostic auditory evaluation.

22

Guest Lecture 2
In Memoriam Roger Thornton
Prof John Durrant1,2
1University
2Intelligent

of Pittsburgh,
Hearing Systems (Miami); USA

This special session memorializes Professor A. Roger D. Thornton, nearly career-long “lifer” in the IERASG,
including service as Council Chair. Second successor to founder Hallowell Davis, he was honored as the
Davis Lecturer of the Moscow 2011 meeting. Roger truly lit up the room by way of his sharp wit, backed by
having one of the best minds in the business, and as an ambassador--practicing what he preached of values
of the IERASG biennials—dedicated to high-quality scientific exchanges and collegiality.
Roger would witness growing up academically in the vicinity of one of the original hotbeds of research—
the United Kingdom—extensive R&D of ERA and allied areas, starting at a critical time of development of
practical/clinical utility. His contributions transcended those apropos pragmatics of measurement of
evoked potentials, never resting on his laurels, always looking/moving forward. He stood shoulder-toshoulder with others greatly admired and respected in the field, often frequent contributors to the Biennial
Symposium, and who greatly respected Roger’s work, and him with personal fondness.
Roger’s career developed from an undergraduate degree in electronics. He went on to receive the Doctor
of Philosophy at the University of Southampton while at the Institute of Sound and Vibration Research
working in auditory electrophysiology, and subsequently the Doctor of Science apropos his contributions to
the field of Audiology. Working initially on differential diagnostic use of the ABR, he attacked a variety of
intellectually and technically challenging topics, such as measurement of cochlear traveling wave velocity
noninvasively. Clinical foci included acoustic tumors and Meniere’s disease, and ultimately helping foster
emergent use of otoacoustic emissions for newborn screening. In good time, he would be promoted and
appointed Professor and Director of the Southampton outstation of the MRC Institute of Hearing Research.
In his research, Roger braved the harder things, embracing for example nonlinearities of auditory function,
seeking what use these once-largely neglected facets might bring. And along the way having contributed to
development of the Masters of Science degree in Audiology in the UK, thus in the growth of Audiology as a
profession.
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Guest Lecture 3
Stimulus expectancy modulates speech discrimination processing in infants
and children
Phillip M. Gilley, Kristin Uhler, and Sharon Hunter
Background
A fundamental goal for translational EP/ERP research is to classify biomarkers that predict behavior. A
major limitation, however, is the inherent variability associated with the signal processing methods for
extracting relevant signal information. A variety of signal processing methods have been implemented in
experimental EP/ERP research which stand to vastly improve EP/ERP feature extraction and, by extension,
the clinical utility of those signal features. For example, time-frequency (TF) analyses reveal harmonically
dependent EP features that correlate with behavioral performance on a variety of auditory processing
tasks, and multidimensional scaling (MDS) methods have revealed state-space dependent spectral
modulations that correlate with differences in auditory processing difficulty. Taken together, the
application of these methods to translational EP/ERP research provides an opportunity to more specifically
classify biomarkers of communicative behavior.
Aim
The aim of this talk is to demonstrate the application of TF and MDS methods for modeling and extracting
state space dependencies of EP/ERP features that correlate with and possibly predict communicative
behavior. We compared three methods of EEG feature extraction: signal averaging (EPs/ERPs), event
related spectral perturbations (ERSPs), and state-space perturbations (SSPs) for the classification of
auditory change trials during two different speech discrimination tasks: mismatch response (MMR) and
acoustic change complex (ACC). Responses were recorded from a group of 40 infants aged 1-4 months
during sleep.
Results
Classification accuracy was above chance for the ERSP and SSP methods in the MMR response conditions,
while none were above chance for the ACC response conditions. Accuracy was highest for the SSP
algorithm, followed by the ERSP and EP/ERP analyses, respectively. Multidimensional scaling of the
classification results and the corresponding state space vectors suggests that much of the classification
variance can be explained by relative differences in the expectancy of an auditory change, which was
higher for ACC trials than for MMR trials.
Conclusions
Choice of stimulus presentation parameters and signal processing methods must be considered when
making judgements about speech discrimination. Stimuli that are highly predictable result in smaller, less
robust responses that are not likely to resolve the discrimination of speech features.
Research Highlights
1. Expectancy states affect the robustness of EP/ERP signal features.
2. Multidimensional state space analyses improve predictive performance of EP/ERP signal features.
3. The use of highly predictable stimulus patterns when testing speech discrimination may diminish the
ability to resolve discrimination specific responses from scalp recorded EEG and its derivatives such as
averaged EPs/ERPs.
Keywords Time-Frequency, State-space, Speech discrimination
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Guest Lecture 4
The auditory brainstem response across species: Sometimes it is not just
about the human condition
Prof Bob Burkard
Animal models are often used in auditory evoked potential studies to allow experimental manipulations
that would be either technically challenging or ethically unacceptable in humans. However, in some cases
the goal of an animal experiment is to generalize our understanding of a specific dependent variable (e.g.,
auditory brainstem response peak latencies and amplitudes across click level or rate), which might allow us
to discern underlying principles of signal processing across species that are evolutionarily conserved (and
thus can be generalized to humans). In other cases, these animal studies might illuminate ABR
characteristics that are useful for assessing the hearing of that animal species using ABRs (or perhaps
auditory steady state responses). In this presentation, I will look at the ABR across mammalian species, and
compare and contrast the effects of stimulus manipulations (e.g., click level, click rate, ipsilateral-direct
masking, high-pass subtractive masking, chirp level and duration) on ABR peak latencies, interpeak
intervals and amplitudes. Where possible, I will try to relate these results to experimental results published
by founding members (or at least early members) of IERASG.
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#121
Neural Representation of Interaural Time Differences in Humans – the ITD
damping function.
Jaime A. Undurraga, Robert Luke, Jessica J. M. Monaghan, Lindsey Van Yper,
David McAlpine
Macquarie University, 16 University Avenue, 2109, Australia
Background
Humans use interaural time-differences (ITDs) between the two ears to localize low-frequency (below 1500
Hz) sound sources in the horizontal plane. Although, there is a good understanding of the neural
architecture in some avian species, these are still poorly understood in humans. A classic model of ITD
processing - the straightness weighting model - postulates that ITDs are coded by neurons tuned to specific
ITDs, whilst a second model postulates that ITD neurons are absent beyond half the period of their best
frequency and, therefore, binaural processing is encoded in terms of interaural phase differences (IPD) the pi-limit model.
Here, using electroencephalography (EEG), functional near infrared spectroscopy (fNIRS), and behavioural
measures, we investigate the hypothesis that neural representation of interaural delays in the human brain
is in terms of IPD rather than ITD.
Methods
EEG and fNIRS recordings were obtained from 10 normal-hearing listeners. Behavioural data were
obtained from 4 participants. For both neurophysiological measures, stimuli consisted of band limited
filtered noise (300-700Hz; centred at 500-Hz) modulated at 40-Hz. EEG responses were elicited by abruptly
modulating the ITD periodically at a rate of 6.7-Hz – the interaural time modulation following-response
(ITM-FR). Using the same stimuli, fNIRs were elicited by presenting 25 trials of 6 seconds separated by 1530s of silence. Responses were obtained for ITMs laying between +500/-500us and +4000/-4000 us. Justnoticeable differences (JNDs) for ITD were measured as a function of reference ITD for values between 0
and 4000 us.
Results
Analysis of variance indicated that both neurophysiological (EEG and fNIRS) and behavioural responses
were significantly affected by the size of the ITD. Both EEG and fNIRS showed a consisting non-monotonic
damping function where activity increased at some particular supraecological ITDs. Similarly, a damping
pattern was also observed for JNDs.
Conclusions
Binaural responses could be reliable obtained using EEG and fNIRS. A damping pattern was clearly
observed for both neurophysiological and behavioural measures, demonstrating that neural activity does
not decrease monotonically with ITDs.
Overall, these damping patterns are consistent the idea that neural activity is encoded in terms of phase
rather than time per se.
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#128
Introducing EarGenie; a novel objective hearing assessment technology.
Julia Wunderlich1, Virginia Olivares1,2, Yuwei Chen1,2, Robert Luke1,3, Namita
Bhojani1, Emily Jeffreys1, Colette McKay1.
1The

Bionics Institute
of Melbourne
3Macquarie University
2University

Background/aims
Infants with hearing loss suffer significant difficulties with language development. These are exacerbated
by delays in effective hearing assessment and intervention. The standard infant hearing test battery cannot
determine thresholds in cases of auditory neuropathy. It offers minimal assessment of speech detection
and does not measure speech discrimination. These limitations in the electrophysiological model of infant
hearing assessment represent a barrier to hearing impaired children achieving their best language
potential. We have used functional near-infrared spectroscopy (fNIRS) as an alternative modality to
electrophysiology. fNIRS is a non-invasive neuroimaging technique that measures changes in blood
oxygenation, indexing cortical neural activity. fNIRS is not subject to electrical artefacts so can be used in
patients with cochlear implants.
We have previously shown that in adults there are level-dependent changes in the haemodynamic (fNIRS)
response, meaning that the technique is suitable for threshold determination and device validation.
The current project aims to apply fNIRS to infant hearing assessments and to develop EarGenie, a
diagnostic device for clinical use. This presentation reports on initial findings related to level-dependency
and speech sound discrimination that form the basis of device development.
Methods/results
Haemodynamic responses in temporal and prefrontal cortical brain areas were measured, using the NIRx
fNIRS acquisition device, in normally hearing subjects aged 0-5 years.
Normally hearing infants and children showed a level-dependent increase in the haemodynamic response
in the temporal areas, consistent with previous results obtained in adults. Sounds close to threshold
produce low amplitude responses which increase as level increases.
Infants aged 4-15 months exposed to easy and harder speech sound contrasts (baa/tea, boo/bee and
she/see) showed evidence of habituation to a repeated speech sound and renewed activation to a novel
sound, reflecting speech discrimination.
Conclusions/significance
fNIRS provides a novel way to measure brain activity to sound as an alternative, or complement to
electrophysiological techniques. We are developing EarGenie, a new system that uses fNIRS to objectively
assess hearing thresholds, speech detection and speech discrimination. EarGenie will provide valuable new
information to facilitate diagnosis and optimal device fitting.
Research highlights
1. EarGenie is a new objective hearing assessment technology that combines neuroimaging via fNIRS with
electrophysiology.
2. Sound stimuli produce level dependent fNIRS responses.
3. fNIRS provides an objective measure of speech discriminability.
Keywords fNIRs, hearing, infants.
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#123
Neural representations of interaural time differences in the human cortex
— an MEG study
Lindsey N Van Yper, Jaime A Undurraga, Blake Johnson, Jessica J M
Monaghan, David McAlpine
Department of Linguistics, The Australian Hearing Hub, Macquarie University, Sydney, Australia

Background
Auditory stream segregation refers to the ability of the auditory system to segregate competing sound
sources into perceptually distinct auditory objects — a key factor for cocktail party listening (Bergman,
1990). Although the mechanisms underlying auditory stream segregation are poorly understood, temporal
coherence between the acoustic features of a sound source has been shown to be critical. In a recent
study, we demonstrated that the magnitude of the interaural time modulation following response (ITM-FR;
an EEG response to periodic transitions in interaural time differences or ITDs) depends on the coherence
between the ITDs in the temporal envelope and fine- structure of the signal, with larger amplitudes for
coherent as opposed to incoherent signals (Undurraga et at., ARO MidWinter Meeting, 2018). Here, we
employ magnetoencephalography (MEG) to (1) cross-validate these initial results, and (2) determine the
neural sources underlying ITM-FR.
Methodology
MEG recordings are currently being obtained from normal hearing listeners, using a whole-head MEG
system with 160 axial gradiometers. Stimuli are 400 Hz-wide band-pass filtered noise with a centre
frequency of 500 Hz. ITM-FRs are elicited by periodically modulating the ITD between -0.5/0.5, -1.0/1.0, 1.5/1.5, -2.0/2.0, -2.5/2.5, -3.0/3.0, -3.5/3.5, and -4.0/4.0 ms. Dipole source localization are used to
determine the cortical regions involved in the neural processing of coherent and incoherent ITD cues.
Results
So far, four normal hearing listeners have been included. ITM-FRs could be obtained from all participants.
ITM-FR recorded by MEG shows a similar oscillatory pattern as observed in the EEG. Preliminary analysis
shows neural sources in the auditory cortex.
Conclusions
This study provides further insight into the effects of binaural coherence on neural activity of ITD
processing, thereby improving our insight into the neural mechanisms underlying auditory stream
segregation.
Research highlights
1. Temporal coherence between acoustic features of a sound source is critical for auditory stream
segregation.
2. Using MEG, we show that neural responses to interaural time difference (ITDs) vary depending on the
coherence between the ITDs in the temporal envelope and fine-structure of the signal.
3. The current findings are consistent with previous EEG data from our lab, however, MEG can provide
further insight into the neural sources underlying these results.
Keywords Interaural time differences (ITDs), magnetoencephalography (MEG), source analysis
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#41
Acoustic Change Complex using Short Duration Speech and Non-Speech
Stimuli in Normal Hearing Children
Wafaa Abdel Hay El Kholy*, Dalia Mohammed Hassan*, Noha Ali Shafik*,
Yasmine Elsayed Karamany Eltoukhy**
* Audiology Unit, Otorhinolaryngology Department, Faculty of Medicine, Ain Shams University, Cairo, Egypt
** Audiology Unit, Otorhinolaryngology Department, El-Matareya Teaching Hospital, Cairo, Egypt
Background/Aim
Acoustic Change Complex (ACC) is a cortical auditory evoked potential elicited in response to a change in
an ongoing sound. Since it is supposed to reflect auditory discrimination at the cortical level, recording of
this potential has recently gained much attention. From a technical standpoint, the stimulus used should
be long enough to accommodate the needed change. This research addresses the development and
standardization of short duration stimuli which can be implemented in most of the EP equipment used in
regular Audiology clinics.
Methodology
Short duration stimuli (500 msec.) were generated and edited using Audacity software version 2.1.3 19992017. Temporal change was done using gapin- tones stimuli (6, 10, 30 and 50 msec. gap introduced to 1000
Hz tone separately). Frequency pairs stimuli represented frequency change (2%, 4%, 10% and 25% change
from base frequency of 1000 Hz) and digitized natural Arabic vowel pairs stimuli represented spectral
change (/i-u/, /u-i/, /i-a/. /a-i/, /u-a/, /au/).
The developed stimuli were then used to generate ACC potential in 41 normal hearing children ranging in
age from 2 to 10 years (mean age=6.2 years) using the Biologic Navigator Pro EP system. A comparison was
held between ACC response recorded using the different stimuli in reference to waveform percent
identifiability, morphology, latency and amplitude.
Results
Gap-in-tones at 6 msec. and 4% frequency change could elicit ACC response in 100% of subjects. As regards
spectral change, /u-i/ was the highest in eliciting ACC response (78%) followed by /i-u/ (68.2%). ACC had
the same morphology of the onset response in the majority of subjects, with longer latency and smaller
amplitude. Contrary to ACC latency, ACC amplitude was consistently affected by magnitude of change.
Conclusion
ACC was successfully recorded in normal hearing children using the developed short stimuli for temporal
change (6 msec.) and frequency change (4%), and at a lower percent identifiability using Arabic vowel
pairs. These stimuli can be uploaded in clinical EP equipment. ACC amplitude could be a better indicator of
cortical discrimination compared to latency.
Research highlights
1. Short duration stimuli for eliciting ACC
2. Temporal and frequency change higher percent identifiability
3. Amplitude better indicator of cortical discrimination
Keywords acoustic change complex, temporal resolution, frequency change, spectral change
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#12
Hearing aids do not improve entrainment to running speech in quiet for
subjects with sloping high-frequency mild-to-moderate hearing impairment
Frederique J Vanheusdena,b, Mikolaj Keglerc, Katie Irelandd, Constantina
Georgad, Tobias Reichenbachc, David M Simpsonb, Steven L Bellb
aDepartment

of Engineering, School of Science and Technology, Nottingham Trent University, UK
of Sound and Vibration Research, University of Southampton, UK
cDepartment of Bioengineering, Faculty of Engineering, Imperial College London, UK
dAudiology Department, Royal Berkshire NHS Foundation Trust, UK
bInstitute

Background
Cortical entrainment to speech is known to correlate with speech intelligibility and attention to a speech
stream in noisy environments. However, studies on how assessment of cortical entrainment can help in
evaluating hearing aid fitting in hearing impaired subjects is currently lacking.
Aim To determine if cortical entrainment to running speech can be used to evaluate hearing aid fitting.
Methodology Seventeen native English-speaking subjects with mild-to-moderate hearing loss participated
in the study. On average, PTA hearing levels sloped down from 28 dB±19 dB at 250 Hz to 65±20 dB at 8,000
Hz (mean ± standard deviation). Participants listened to a 20-minute audiobook segmented in 8 fragments
under aided and unaided conditions at 75 dB A sound pressure level.
Fragments were presented under quiet conditions. EEG data were collected using a 32-channel system.
Cortical entrainment to speech was evaluated using decoders reconstructing the speech envelope from the
EEG data. Entrainment was considered to occur if the correlation between the reconstructed and real
speech envelope was above the 95th percentile of the correlation range retrieved from reconstructing the
speech envelope using 100 random EEG segments (bootstrapping). Entrainment to delta- (1-4 Hz) and
theta- (4-8 Hz) band as well as wideband (1-20 Hz) EEG data were investigated. Attention to the speech
stream was evaluated by asking the subject multiple-choice questions about the contents of the audiobook
after each fragment (behavioural test).
Results
Significant cortical responses could be detected for all but one subject in all three frequency bands under
both aided and unaided conditions. However, no significant differences could be found between aided
against unaided conditions. As performance on the behavioural test did not show significant differences
between aided and unaided conditions either, it appears subjects did not have difficulties in understanding
speech in either conditions.
Conclusion
Cortical responses to speech in quiet at an audible level might not be sensitive to evaluating hearing aid
fitting in subjects with high-frequency losses. It is possible that the responses are dominated by lowfrequency regions where subjects’ thresholds were better. Further investigations are necessary to explore
speech responses for different hearing loss configurations.
Research highlights
1. Auditory cortex responses to running speech can be recorded reliably in subjects with mild to- moderate
sensorineural hearing loss.
2. There is no significant change in cortical entrainment to speech under aided against unaided conditions
in mild-to-moderately hearing-impaired subjects.
3. There is a further need to improve knowledge on how entrainment from different frequency bands
contributes to speech processing in the auditory cortex.
Keywords Cortical entrainment, Hearing aid evaluation, Objective assessment of hearing function
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#25
Bootstrapped methods for automatic auditory late response detection in
adults.
Simpson D.M.1, Chesnaye M.A.1, Harte J.M.2, Visram A.3,4, Stone M.A.3,4, Munro
K.J.3,4, & Bell S.L.1
1Institute

of Sound and Vibration Research, Faculty of Engineering and the Environment, University of
Southampton, UK.
2Interacoustics Research Unit, c/o Technical University of Denmark, Denmark.jmha@iru.interacoustics.com
3Manchester Centre for Audiology and Deafness, School of Health Sciences, University of Manchester, UK
4Manchester University Hospitals NHS Foundation Trust, Manchester Academic Health Science Centre,
Manchester, UK
Background
Objective auditory late response (ALR) detection methods can be used to obtain highly sensitive and
reliable measures for the presence, or absence, of an evoked response. However, when evaluating test
significance, many of these methods rely on predefined parametric statistical distributions and as such,
require various assumptions regarding the EEG data to be satisfied. When these assumptions are violated,
the performance of the detection method is compromised, potentially resulting in reduced test sensitivity
and/or increased or decreased false-positive rates (FPRs). An alternative to parametric methods is to
evaluate test significance using a non-parametric bootstrap approach, which does not require some of the
aforementioned assumptions. As a result, the bootstrap is expected to give an improved control over the
FPR. An additional advantage for the bootstrap is that it permits a large amount of freedom when choosing
which EEG features to use for response detection.
Objective
The aim of the study was to evaluate the performance of various bootstrapped methods for automatic ALR
detection in adults, and to draw comparisons with more conventional detection methods.
Design
The test sensitivity and FPRs of the methods were evaluated using simulations and subject-recorded ALRs
collected from 20 adults with normal hearing. The bootstrapped methods include four modified q-sample
statistics, the Fmp, and various correlation-based test statistics, including a correlation coefficient,
covariance, and the dynamic time warping (DTW) algorithm, calculated between the coherently averaged
epoch and some template. The performance of the bootstrapped methods were compared to the
commonly used Hotellings T2 test. Results from visual inspection by three experienced audiologists were
also considered.
Results
The most sensitive method was the DTW algorithm, with maximum increases in test sensitivity (relative to
the Hotelling’s T2 test) of ~30%. The FPRs of the methods were all close to the intended nominal 𝛼-level of
the test.
Conclusions
Whereas in previous work on auditory brainstem response detection the Hotellings T 2 test was shown to
give the best test performance, for adult ALR detection the DTW algorithm evaluated with the bootstrap
gave the greatest test sensitivity. The bootstrap is a promising approach that benefits from great flexibility
in its application
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#27
Infant cortical auditory evoked potentials to speech sound contrasts: acoustic
change complex (ACC)
Teresa Y C Ching1,2, Fabrice Bardy1,2, Vicky Zhang1,2, Bram Van Dun1,2, Gary
Rance1,3,4, Donella Chisari1,3,4, Julien Zanin1,4, Karen McGhie2,5, Harvey Dillon5.
1

The HEARing Cooperative Research Centre, Melbourne, Australia
The National Acoustic Laboratories, Sydney, Australia
3 Melbourne University, Melbourne, Australia
4 Melbourne Audiology and Speech Pathology Clinic, Melbourne, Australia
5 Macquarie University, Sydney, Australia
2

Aims
This study aims to assess auditory speech discrimination in infants by recording the acoustic change
complex (ACC), an auditory evoked potential that reflects discrimination capacity. The ultimate goal is to
explore whether ACC to speech contrasts measured shortly after amplification may be related to early
language development.
Methodology
Participants were 87 infants, aged between 3 and 12 months. There were 54 with bilateral hearing loss (HL)
using hearing aids, and 33 with normal hearing (NH). To assess discrimination, the ACC to three contrastive
pairs were recorded. The stimuli were chosen to span a wide range of speech frequencies, comprising of a
spectral-ripple noise (SRN) contrast (a stimuli-pair that is amplitude modulated in the frequency domain
with or without a 90°phase-shift) high-pass filtered at 2 kHz to assess spectral resolution at high
frequencies, a vowel contrast (Formant 2 differences: [u] vs [i]), and a voicing contrast (presence or
absence of voicing in sibilants [s] vs [z]); presented in the free field at 20 sones (65 ~ 70 dB SPL). The clinical
HEARLab system was used for stimuli presentation and data acquisition.
Results
For infants with normal hearing, the ACC sensitivities were 63.3%, 95.3%, and 81.0% for SRN, /u-i/, and /sz/ respectively. For those with hearing loss, the ACC sensitivities were 51.0%, 84.3%, and 59.0% for the
respective stimulus. The ACC specificity was controlled to be at 95% using a p-value criterion of 0.01 for
Hotelling's T2.
Conclusions
The ACCs can be reliably recorded from infants with or without hearing loss by 3 months of age. The
implications for clinical applications will be discussed, with specific reference to the use of objective
auditory discrimination measures to guide referral for pediatric cochlear implant candidacy evaluation.
Research highlights
1. Cortical responses to speech sound differences can be measured in infants with normal hearing
2. Cortical responses to speech sound differences can be measured in infants with hearing loss wearing
hearing aids
3. Determine relationship between sensation level and speech sound discrimination measured by cortical
auditory evoked potentials to acoustic changes.
Keywords cortical auditory-evoked acoustic change complex, infants, speech discrimination
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#32
Informational and energetic masking effects on speech- and tone- evoked
CAEPs.
Jared Carter1 and Barbara Cone2
1University
2University

of Memphis, School of Communication Sciences and Disorders, Memphis, TN
of Arizona, Dept. of Speech, Language and Hearing Sciences, Tucson, AZ

Background/Aims
Perception of speech in noise is one of the more challenging tasks in which listeners engage.
Understanding how the brain processes speech in noise helps clinicians develop therapies and outcome
measures to assist individuals who struggle understanding speech in noise. In this experiment, we evaluate
the the effect of informational and energetic masking on the cortical auditory evoked potential onset and
acoustic change complex responses.
Method
The experiment was carried out in 15 young adult listeners with normal hearing. CAEP onset and acoustic
change complex responses were obtained in response to vowel-consonant-vowel and tone-change tokens
in quiet, and in three masker conditions: speech-shaped noise, 8-talker babble and 2-talker babble.
Results
The results demonstrated that the introduction of maskers reduced the amplitude of the CAEP onset and
ACC responses, for both VCV and tone-change tokens. The 2-talker babble masker had a greater effect on
the responses to VCV tokens than to tone-change (non-speech) tokens. These effects were specific to the
P2 component of the cortical onset response.
Significance
The differential effects of informational masking on auditory evoked potentials may be related to its
acoustic parameters. The informational masker used in this study (2-talker babble) had a 5 Hz amplitude
modulation that may evoke a phase-locked response, diminishing the neural complement that would
otherwise respond to the stimulus. Differences in calibration of modulated vs. unmodulated maskers may
also contribute to the effects seen. In addition, the spectral-temporal characteristics of the masker relative
to the stimulus (speech or non-speech) can play a role. This study provides new knowledge about how the
brain responds in a challenging listening situation when there is informational masking. The findings can
contribute to developing clinical methods for diagnosis and/or prognosis of speech-in-noise problems that
often drives people to seek hearing health care.
Research highlights
1. Energetic vs. informational masking;
2. Cortical auditory evoked responses,
3. Speech-in-noise
Keywords masking, CAEPs, speech-in-noise
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#36
Enhanced cortical plasticity is related to better cochlear implant outcomes
Dimitrijevic, Andrew
Background
Previous work in human and animals have shown that deafness is associated with auditory cortex
activation in response to visual stimuli. In CI users, greater degrees of auditory cortex activation to visual
stimuli were associated with poor speech perception outcomes. The purpose of this study was to examine
whether similar relationships exist in CI users and those waiting for a CI.
Methods
Normal hearing (NH), CI users, and those waiting for a CI (“pre-operative”) were tested on a speech lipreading paradigm using a silent movie as a stimulus. The movie consisted of a person uttering a single
syllable animal lasting approximately 2.5 sec. The task was to watch the movie clip and indicate via
keyboard the perceived word. A 64-channel EEG (electroencephalogram) recorded while subjects
performed the task.
Results
Behavioral identification of the movie syllable object did not differ between all three groups. Evoked
responses (P1/N1) were observed to the onset of the movie. Brain source analysis revealed that in NH and
CI users, the visual cortex was maximally activated. Significant correlations between N1 source and clinical
AzBio scores indicated that the greater the activation of auditory cortex the greater the AzBio score in CI
users. In the pre-op population, the peak activity occurred in auditory temporal lobe regions. Timefrequency analysis indicated a robust alpha desynchronization that localized to occipital cortex in all three
subject groups.
Conclusion
Cortical evoked potentials and brain oscillatory activity represent different aspects of neural processing.
The degree of auditory cortex activation to a visual language stimulus was positively associated with better
outcomes in CI users suggesting that cross-modal plasticity is beneficial in this group. No differences were
observed in the brain oscillations between the groups suggesting similar post-sensory, cognitive neural
networks are engaged resulting in similar behavioral identification outcomes.
Research highlights
1. Similar behavioural performance across different populations does not mean similar cortical activation
2. Cross-modal plasticity for a language-based task is beneficial for CI users
3. Greater frontal alpha activity in normal hearing likely reflects increased cognitive resources
Keywords EEG source modeling, cochlear implants, visual evoked potentials, alpha oscillations
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#7
Electrically evoked auditory steady-state responses (EASSR) to modulated
pulse trains
Andreas Bahmer1, Sabrina Pieper1, Uwe Baumann2
1University
2University

Clinic Würzburg, Comprehensive Hearing Center, Würzburg Germany
Clinic Frankfurt, Audiological Acoustics, Frankfurt Germany

Background/Aims
Electrically evoked steady-state response (EASSR) recording is a measure of neuronal response strength
after continuous electrical stimulation of the auditory system. In order to suppress the large electrical
artifact generated by intracochlear electrical stimulation, a sophisticated artifact reduction processing
strategy (“Hofmann procedure”) has been proposed (Hofmann and Wouters, 2010). So far, EASSR
recordings with artifact reduction procedures were reported only in cochlear implant (CI) users implanted
with Cochlear devices (Macquarie, Australia).
Methodology
We demonstrate the application of the Hofmann procedure in CI users implanted with MED-EL (Innsbruck,
Austria) devices. Stimuli contain unmodulated and modulated pulse trains. EASSR recordings were
obtained in three subjects and processed with the Hofmann procedure. Neural response amplitude growth
functions and phase for modulated and unmodulated pulse trains at various stimulation rates could be
assessed.
Results
The Hofmann procedure, initially developed for recording EASSRs with CIs from the manufacturer
Cochlear, was validated for MED-EL devices. EASSR amplitude growth function (EAGF) increased with
stimulation level for unmodulated pulses. For modulated pulse trains the EAGF showed a minimum.
Conclusion/Significance
It is feasible to record EASSRs with the described measurement setup and Cis from the manufacturer MEDEL. The occurrence of a minimum for unmodulated pulse train stimulation remains unclear.
Research highlights
1. It is feasible to record EASSRs with cochlear implants from the manufacturer MED-EL.
2. Neural responses at the stimulation rate can be clearly separated in the temporal domain from electrical
stimulation artifact.
3. Averaged responses within a stimulation period show identifiable EABR patterns. Amplitude growth
functions for unmodulated pulse trains and the latencies are in a physiological range.
Keywords EASSR, cochlear implant, modulated pulses
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#9
Auditory Steady State Responses in Normal-Hearing subjects: An Analysis of
the Amplitude Derived From Continuous Tones and a Chirp Stimuli
Caballero González, V., Zenker Castro, F. & Barajas de Prat, J.J.
Clínica Barajas. Santa Cruz de Tenerife. Spain
The Auditory Steady State Response (ASSR) is an auditory evoked potential that can be used to objectively
estimate hearing sensitivity. Modulated continuous tones are the most used stimulus for recording ASSR.
With this stimulus small amplitudes are obtained due the inability of continuous tones to provide a
synchronous cochlear response. A Chirp stimulus has been developed in order to compensate the temporal
dispersion of the traveling wave. An amplitude vs intensity function was calculated for chirps and
continues tones for two carrier frequencies (500 and 2000 Hz). Separate amplitude/intensity linear
regression was computed for each carrier frequency. A significant positive correlation between amplitude
and intensity was found for both types of stimuli. Chirp evoked ASSR shows better amplitudes than
conventional continuous tones at thresholds and higher intensity levels. The ratio between both types of
stimuli indicated that the chirp stimulus provide a greater gain than the continuous tone. The aim of this
study was to compare the amplitudes derived from modulated continuous tones and those obtained with
chirp stimulus in a group of normal hearing subjects.
Keywords Auditory Steady State Responses, Chirp Stimulus, ASS Amplitude
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#22
Improving Automatic Detection of narrowband ASSR by Optimization the
Stimulation Rate in Normal Hearing Adults
Mario Cebulla*, Søren Laugesen‘, Ute Geiger*, Sinnet G. B. Kristensen‘, Waafa
Shehata-Dieler*, James M. Harte‘
*Department of Otorhinolaryngology, Plastic, Aesthetic and Reconstructive Head and Neck Surgery,
University of Würzburg, Germany ‘Interacoustics Research Unit, Kgs. Lyngby, Denmark
Background: Today, automatic ASSR measurement using narrowband stimuli is a well-established method
for estimating hearing thresholds in adults and young children. Mostly, this method is performed with up
to four stimuli presented to each ear simultaneously using repetition rates of about 90/s in sleeping and
about 40/s in awake subjects. In an earlier investigation with fullband chirps we found stimulation rates in
the range of 60/s and 80/s optimal for automatic detection of ASSR in newborns. Against this background,
the purpose of the present experiment is to investigate the stimulation-rate dependence of narrowband
ASSR.
Methods: In the study, narrowband ASSRs were recorded from 20 normal-hearing young adults using
octave band CE-Chirps (.5, 1, 2, and 4 kHz) presented binaurally and simultaneously at a stimulation level of
40 dBnHL. The stimulation rates were picked from the 20/s, 40/s, 65/s and 90/s ranges. The analysis
compares recorded magnitudes, signal to noise ratios, detection rates, and detection times.
Results: As expected, the recorded ASSRs varied with both stimulus frequency and stimulation rate in the
investigated group of young normal-hearing adults. This was especially evident in detection rates and
times. For the lowest stimulus frequency band (.5 kHz), the highest detection rate and shortest detection
time were obtained with stimulation rates in the 40/s range, whereas the 1 and 4-kHz stimulus bands
showed best performance with stimulation rates of about 90/s. The 2-kHz stimulus band (which, like the 4kHz stimulus, was only tested at 65/s and 90/s rates) did not show a systematic difference between the
two repetition-rate ranges.
Conclusion: From the investigations, it can be concluded that it may be valuable to select stimulation rates
from different ranges for different stimulus frequency bands when recording ASSR with narrowband
stimuli. In particular, the performance of ASSR measurements in young normal hearing adults with lowfrequency stimuli can be significantly improved by using a low repetition rate. For high-frequency stimuli,
high repetition rates appears to be appropriate.
Keywords narrowband ASSR, automatic detection, stimulation rate
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Late Latency Auditory Steady State Response: Studies in Subjects with Hearing
Loss
Linda J. Hood1, Rafael E. Delgado2, John D. Durrant2,3, Lauren Roberts1, Laura
Tatro1
1Vanderbilt

University, Nashville TN USA
Hearing Systems, Miami FL USA
3University of Pittsburgh, Pittsburgh PA USA
2Intelligent

Introduction
Late latency auditory evoked potentials provide an objective, comprehensive view of auditory pathway
integrity with advantages over responses that assess function only through brainstem regions. Late latency
responses (LLR) further provide an opportunity to use complex stimuli and are valuable in testing patients
who lack neural synchrony at the brainstem level. We have demonstrated an efficacious cortical steadystate response approach, named late latency auditory steady-state response (LLASSR). We have
demonstrated sensitivity of LLASSR in an evoked response audiometry (ERA) paradigm for tones and
speech syllables in subjects with normal hearing sensitivity. The overall aim of the present study was to
extend analysis of ERA using LLR and LLASSR to persons with peripheral hearing loss.
Methods
LLASSR and LLR were obtained for tones presented at multiple intensities descending to physiologic
response threshold and then the estimated physiologic thresholds were compared to behavioral
thresholds. Subjects were adults with sensorineural hearing loss and subjects with normal hearing who
were also tested with a simulated conductive hearing loss. Analysis methods considered traditional timedomain averages as well as frequency domain analyses.
Results
Time domain analysis of absolute latency and peak-to-peak amplitude characteristics were similar for
subjects with normal hearing for traditional LLR and LLASSR. Physiologic response thresholds were within
5-10 dB of behavioral responses with a trend towards better threshold agreement with LLASSR and similar
to findings in subjects with normal hearing. Preliminary results using a frequency domain analyses will be
presented in relation to the overall goals of developing objective criteria using LLASSR spectral
characteristics.
Conclusion
Incorporating a steady-state response paradigm into cortical response measurement provides a sensitive
ERA method with responses identified near audiometric thresholds. The steady-state paradigm provides
opportunity for objective detection of ERA thresholds in persons with normal hearing and with hearing
loss. A key clinical strength of this approach is the ability to determine the presence of cortical responses
near threshold, avert subjective/judgment bias, use potentially more robust noise estimation, and
minimize confounds of interference and/or subject-state variables that classically affect LLR tests. Work
continues to implement LLASSR on a user/clinician friendly platform using time and frequency domain
analyses.
Research highlights
1. Applies a steady-state paradigm to auditory cortical responses.
2. Demonstrates responses near behavioral thresholds in persons with hearing loss.
3. Provides an objective approach to ERA and response analysis advantages.
Keywords Auditory steady-stated response (ASSR), Long-latency response (LLR), Evoked response
audiometry (ERA)
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#38
Scrutiny of Issues of Threshold Estimation via Cortical (or Any?) ERA
Durrant1,2, JD, Delgado1, RE, Hood, LJ3.
1Intelligent

Hearing Systems (Miami),
of Pittsburgh, and
3Vanderbilt University (Nashville); USA.
2University

Background/Aim
Expanding the steady-state-response (SSR) approach to incorporate longer-latency responses (LLRs) is
devoted toward a strictly object/quantitative basis of response measurement/detection. Challenges hardly
change as the target response is ostensibly in the same background noise in both time and frequency
domains. Given a complex quasi-discrete spectrum, any detection algorithm necessarily is multi-factorial.
For evoked response audiometry (ERA), a number of fundamental issues prevail, including a-priori
assumption of covariance with behavioral thresholds. The theory of signal detection (TSD) teaches firstly
the inherent uncertainty of a sensory threshold, per se, and the vulnerability of the measured value to nonsensory bias. Despite the presumption of objective methodology, ERA has its own vulnerabilities. Various
of these issues are overviewed and taken to argue whether ‘perfect’ agreement between behavioral
thresholds and ERA results is more coincidental than real, and if so then what?
Methods
LLASSRs were measured at vertex via methods described in presentations elsewhere in the program (Hood
et al.) under a variety of stimulus conditions, providing multiple types of ‘threshold’ estimates:
conventional visual detection levels (VDLs) of the LLR, spectrally-based/objectively determined, and
behavioral—per specific test stimuli and audiometry. Relative patterns of variance were further analyzed
across measures and, in turn, across subjects. Included were analyses of a three-dimensional space defined
by SNR estimates, versus VDL scores, versus stimulus level.
Results
VDL tends to be systematically and substantially conservative, especially relative to pure tone audiometry,
per ‘gap’ extensively reported for conventional cortical/other ERA findings. From this work it appears that
this performance can matched or bettered via criteria set quantitatively (i.e. further closing the
ERA/behavioural threshold-estimation gap).
Conclusions
Inevitability the non-sensory factor of criteria remains, the challenge being how best to control it. In
psychoacoustics, the forced-choice paradigm does so, wherein the detection limit is defined by a set d’.
Priority should be given to development of a like-minded strategy and perhaps with greater emphasis upon
reliability than perfect dB-to-dB agreement with conventional audiometry, leaving the gaps to be closed
straight-forwardly by correction factors.
Keywords evoked response audiometry, long-latency responses, steady-state responses, objective
methods

39

#68
Effects of residual hearing in children on the ASSR after CI
Young Seok Kim; Jun Ho Lee; Moo Kyun Park
Seoul National University College of Medicine
Background/aims
Preoperative residual hearing in children improves speech perception after cochlear implantation (CI). The
auditory steady-state evoked response (ASSR) can be employed for high-intensity monitoring of residual
hearing at various frequencies. We used the ASSR to explore the effects of residual hearing on CI outcomes
in children lacking auditory brainstem responses (ABRs).
Methodology
We retrospectively reviewed the relationship between the preoperative ASSR and the post-CI outcomes of
children lacking ABRs. All ears were divided into two groups: with residual hearing and without hearing (an
absent ASSR). For each frequency, the T- and C-levels and the electrical dynamic ranges of postoperative 3month and 1-year mappings were compared between the two groups. To evaluate speech perception,
patients who received contemporaneous bilateral CIs were divided into two groups: group 1 exhibited
responses at all frequencies in both ears; in group 2, at least one ear evidenced no response at ≥1
frequency. The CAP and IT-MAIS scores at postoperative 3-month and 1- year speech evaluations were
compared between the groups.
Results
We enrolled 16 patients (30 ears). At 2 kHz (only), the postoperative 3-month and 1-year Tlevels of
patients with residual hearing were lower than those of patients without hearing (P=0.001, P=0.035). In
residual hearing group, the ASSR threshold correlated positively (but weakly) with the postoperative 1-year
T-level (P=0.012, r2=0.276) and 1-year C-level (P=0.002, r2=0.374). Of 10 patients who underwent
contemporaneous bilateral CIs, 5 exhibited ASSRs at all frequencies and the other 5 showed no response at
≥1 frequency. The latter patients had higher CAP scores at the postoperative 1- year speech evaluation
(P=0.018).
Conclusions
In children exhibiting hearing loss in preoperative ABR testing, residual hearing at 2 kHz
ASSR correlated positively with the post-CI T-level. Weak associations were apparent between the ASSR
threshold and the postoperative 1-year T- and C-levels. Of patients undergoing contemporaneous bilateral
CIs, those with ASSRs at all frequencies had significantly lower CAP scores at the postoperative
1year speech evaluation, which may reflect the fact that they were older at the time of operation than
other children. CI should not be delayed if marginal residual hearing is evident in ASSR tests.
Research highlights
1. Residual hearing at 2 kHz ASSR correlated positively with the post-CI T-level in children lacking ABRs
2. Weak associations were apparent between the ASSR threshold and the postoperative 1-year T and Clevels
3. CI should not be delayed if marginal residual hearing is evident in ASSR tests
Keywords Cochlear implantation, Auditory steady-state evoked response, Residual hearing
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#10
Exploring ABR responses elicited by forward and reverse narrow-band chirps
and their properties.
Salim Suleman1, Steven Bell2
1Great

Western Hospitals Foundation Trust (UK).
University (UK).

2Southampton

Background/aims
Broad band chirps have been shown to improve neural synchrony and ABR wave V amplitude. If forward
chirps improve neural synchrony then time reversing the stimuli should reduce synchrony. Aims: to
compare ABR amplitudes of broadband and 0.5, 1, 2 and 4 kHz NB CE-Chirps with time-reversed versions in
an adult population. Acoustic spectra and time-frequency properties of the stimuli were explored.
Methodology
ABRs were recorded in 28 normal hearing adults at 50 dB HL using ER-3A insert earphones. Stimuli were
broadband, 0.5, 1, 2 and 4 kHz NB CE-Chirps forward and reversed. In the final analysis 20 participants
were included with residual noise floors on all recordings below 40 nV and Fmp value above 3.1.
Results
Broadband CE-chirps gave considerably larger wave V responses than reverse broadband CE-chirps. For
band limited chirps, a small but significant effect in wave V amplitudes is seen for higher frequency forward
chirps over the time reversed chirps. For the lowest frequency chirp, there is no significant difference
between forward and reverse. These effects appear consistent with stimulus spectrograms of the stimuli:
for 2 and 4 kHz chirps the chirping effect is clear, for 1 kHz the effect is more borderline and at 500 Hz the
frequency sweep in the stimulus does not appear to be resolved. Signal outputs from insert phones are not
identical to the input driving waveform and some signal shaping occurs. NB CE-chirp spectra from ER-3As
are slightly wider than for Blackman windowed 1:2:1 tone pips.
Conclusion
We see a small but significant benefit on ABR amplitudes for 1, 2 and 4 kHz NB CE chirps compared to
reverse chirps, but not for 500 Hz CE-chirps. Band limited chirp time-frequency properties are near the
limits of being resolved using illustrative spectrogram analysis. They can be resolved using advanced timefrequency methods such as reassigned spectrograms although it is unclear how well such methods reflect
auditory system performance. From amplitude data it appears that the lowest frequency chirps may not be
resolved as chirps by the auditory system. Relative contributions of increased bandwidth and frequency
sweeping on responses may require further investigation.
Research highlights
1. Most band limited forward CE chirps give small but significant increases over reverse chirps, but there is
no difference for the 500 Hz CE chirp.
2. Band limited chirp time-frequency properties are near the limits of being resolved using simplistic, but
illustrative, standard spectrogram analysis.
3. From amplitude data it appears that the 500 Hz CE chirps may not be resolved as chirps by the auditory
system, but the other CE chirps can be.
Keywords Chirps, ABR, Narrow band chirps
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#20
The Auditory Brainstem Response in the Bottlenose Dolphin (Tursiops
truncatus): Offset Responses are Strongly Dependent on Stimulus Properties
Robert Burkard1, James Finneran2, Jason Mulsow3, Ryan Jones3
1Department

of Rehabilitation Science, University at Buffalo
Navy Marine Mammal Program
3National Marine Mammal Foundation
2US

Background/Aims
We recently manipulated stimulus spectrum, level, cosine risetime, and duration to investigate ABR onset
and offset responses in the bottlenose dolphin. We observed very large offset responses to lower
frequency (40 kHz) tonebursts with fast risetimes presented at higher levels. The present study extended
these observations by including stimuli with plateau times less than 4 ms, using linear rise/fall times and a
higher stimulus level at the shortest risetime, in an effort to determine if offset responses can be observed
for plateau times less than 4 ms.
Methodology
8 adult dolphins served as subjects (4 normal hearing (NH), 4 hearing impaired (HI)). Stimuli included
spectrally pink noisebursts (20-160 kHz), 40-kHz tonebursts, and 113-kHz tonebursts (only in the NH
subjects). ABRs were recorded while the dolphins positioned on a bite-plate (in front of a sound projector)
~1 m underwater in a netted enclosure in San Diego Bay. Electrodes were placed posterior to the blow hole
(non-inverting) and right ear canal (inverting), with the common in the seawater close to the animal. This
activity was amplified (50,000X), filtered (300-3000 Hz) and digitized. Stimulus levels included 112, 124,
and 136 dB peSPL (re: 1 μPa). Linear risetimes included 32, 125, and 500 μs. Plateau durations included 0.1,
1, and 10 ms. Stimulus rate was 20 Hz. Each ABR included 512 artifact-free sweeps, and the ABR for each
condition was replicated.
Results Onset responses generally increased in amplitude and decreased in latency with increasing level
and decreasing risetime. For noisebursts and 113-kHz tonebursts, offset responses were typically on the
order of 25% or less of the onset responses for most conditions. For the high-level, fast risetime, 40-kHz
condition, the offset response approximated the amplitude of the onset responses for the NH dolphins but
not the HI dolphins.
Conclusions
Regardless of onset/offset envelope (cosine, linear), large amplitude offset responses were observed to 40kHz tonebusts presented at higher levels with faster risetimes for the NH but not the HI animals. This
suggests that the offset response may be arising from more basal regions of the cochlea than the onset
response.
Research highlights
1. The ABR offset response (like the onset response) is dependent on stimulation parameters, including
stimulus spectrum, stimulus level and stimulus risetime.
2. In normal-hearing dolphins, for 40-kHz tonebursts, with higher stimulation levels and very brief
risetimes, the ABR offset response is similar in morphology, and approximates the amplitude, of the
ABR onset response.
3. As the offset response amplitude to high-level, brief risetime 40 kHz tonebursts is substantially smaller in
those dolphins with high-frequency hearing loss, this suggests that under these conditions the offset
response is arising from more basal cochlear regions than the onset response.
Keywords auditory brainstem response, offset response, marine mammals
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Using Electrophysiologic Measures to Determine Dose-Dependent D-met
Otoprotection from Steady State and Impulse Noise Exposures in the
Chinchilla
Kathleen CM Campbell, PhD1, DJ Fox PhD2, N Cosenza MSc.1, J Qin, PhD.3, S
Verhulst, PhD.1, RP Meech, MSc. 1
1

Department of Medical Microbiology, Immunology and Cell Biology, Southern Illinois University School of Medicine,
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2
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3
Department of Biomedical Engineering, Southern Illinois University, Carbondale, IL

Background and Aims
D-methionine (D-met) is the first pharmacological otoprotectant for noise-induced hearing loss that is FDAapproved for Phase 3 clinical trials. Our work in clarifying optimal dosing levels and timing epochs continues
using electrophysiologic measures in chinchillas exposed to either steady state or impulse noise (M-16 weapon
simulation). The following study enhanced D-met’s translational protection by testing D-met dose response
protection from a single steady state or impulse noise exposure in chinchilla models.
Methods Ten groups of chinchillas (n=10 per group) were exposed to either steady state (105 dB 4kHz narrow
band for 6 hours) or 155 dB peSPL impulse noise (150 stimulations at 2/s). Auditory brainstem response (ABR)
recordings were obtained at baseline and 21 days after noise exposure to measure permanent threshold shift.
D-met was administered at either 0 (saline control) 50, 100, 200, or 400mg/kg/day divided into twice daily
dosing every 12 hours starting 48 hours prior to and after noise exposure for a total of 10 ip injections. ABR
assessments were conducted from 0 to 100 dB peak SPL in 10 dB decrements using an IHS system with tonebursts centered at 2, 4, 6, 8, 14 and 20 kHz.
Results Steady state noise-exposed groups demonstrated significantly less ABR threshold shift (p≤ 0.05) and
remaining OHC preservation (p≤ 0.01) in all D-met-treated groups compared to saline-treated controls. D-met
protection was optimal at 50 mg/kg/dose (100 mg/kg/day) and was reduced at higher doses. Impulse noiseexposed groups demonstrated significantly reduced ABR threshold shifts at 100 and 200 mg/kg/dose (200 and
400 mg/kg/day) (p≤ 0.05; 0.01). Protection was more robust against steady state compared to impulse noise
insults which likely results from the physical damage induced by high-impact noise. Further, optimal protection
results from biphasic dose dependence.
Conclusions This electrophysiologic study was the first to measure and compare dose-dependent D-metinduced protection from various noise exposure types as critical pre-clinical data for regulatory submission.
These studies will support future clinical trials for optimal D-met pharmacological otoprotection and
demonstrate how electrophysiologic measures are a critical component of the bench to bedside preclinical
work needed for the drug approval process.
Research highlights
1. Electrophysiologic measures in chinchillas are one of the common types of pre-clinical studies needed for
submission to drug approval and regulatory agencies such as the Food and Drug Administration of the United
States. This presentation demonstrates one approach to the data needed in that regulatory process.
2. Electrophysiologic measures in animals are critical in determining the dose response curves in various animal
models for new drugs under development. These dose response curves are then used to help establish the
doses used in subsequent clinical trials by providing an estimate of optimal, suboptimal and maximum tolerated
doses.
3. The electrophysiologic responses vary not only by drug dose and species but by type of noise exposure.
Key words Auditory brainstem response, dose response curves, otoprotection
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Objective measures of brainstem auditory processing
Suzanne C. Purdy1, Joan Leung1, Melissa Baily1, William J. Keith1, Jennifer L.
Smart2, Andrea S. Kelly1, Abin Kuruvilla-Mathew1
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Background & Aims
Objective measures of auditory processing at the brainstem level include the auditory brainstem response
(ABR), frequency following response (FFR), suppression of otoacoustic emissions (OAEs) and acoustic
reflexes. The literature suggests that children with auditory processing disorder (APD) typically have a
normal click ABR response (e.g. Morlet et al., 2019), although this may reflect the focus on ABR peak
latencies rather than amplitudes – Allen and Allan (2014) found APD vs. control group differences in ABR
wave I/V amplitude ratios. FFR differences (F0 amplitudes) between children with good vs. poor speech
perception in noise have been reported by Kraus’s research group (Anderson & Kraus, 2010). Evidence for
differences in medial olivo-cochlear reflexes in children with APD measured via OAE suppression has been
mixed. One aim of our research examining auditory evoked responses in children with APD is to identify
brainstem measures that are more indicative of ‘bottom up’ sensory processing differences than cortical
evoked potentials which have been more widely investigated in people with differences in behavioural
indicators of auditory processing.
Methodology
ABR and OAE indices of brainstem processing and links with auditory processing behavioural measures
were explored in two different studies. One study compared click-evoked ABR latencies and amplitudes
between children aged 7-10 years diagnosed with APD (N=15) and control children (N=15), and correlated
ABR results with behavioural measures. The second study measured OAE amplitudes and contralateral
suppression in children aged 7 to 12 with APD (N=29) vs. controls (N=34).
Results & Discussion
Significantly larger ABR wave III-V areas were found in children with APD compared to control children.
Larger differences were evident at higher intensities. Consistent with earlier studies, no latency differences
were evident. To our knowledge larger III-V amplitudes have not been previously reported in this
population, however, Ababi et al. (2016) found larger ABR amplitudes in children with speech delay (whose
auditory processing abilities were not reported). In the second study the two groups showed significant
differences in behavioural measures of auditory processing and middle ear muscle reflex thresholds, but
not OAE amplitudes or suppression. The negative OAE results from Study 2 suggest that differences in ABR
amplitudes in children with APD in Study 1 are more consistent with bottom-up processing differences
than differences in auditory efferent activity.
Research highlights
1. ABR amplitude differences in children with APD
2. No OAE amplitude or contralateral suppression differences
3. ABR amplitudes across intensity levels warrant further investigation
Keywords ABR, OAE suppression, auditory processing
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Tawfik, S
Central auditory processing in children with specific language impairment:
Psychophysical and Electrophysiological measures
Tawfik, S., El-Kholy, W. A,. El-Sady, S. b and El-Amragy, L. a
Ain Shams University
Introduction
Specific language impairment (SLI) is a common childhood disorder affecting 17% of
Egyptian monolingual Arabic-speaking kindergarten children. SLI is diagnosed when children present with
language maturation at least 12 months behind their chronological age in absence of a known cause.
Deficits in central auditory processing have been proposed as the cause of SLI.
Objectives
The present study is designed to evaluate psychophysical and electro-physiological central auditory
processing tests in children with SLI in younger age group (3-6 years) in order to identify the underlying
cause.
Methods
Thirty children with SLI (3 to 6 years old) and thirty normally-developed age-matched peers participated in
this research. According to formal language evaluation, children with SLI were divided into expressive
language deficit subgroup (SLI-E) and combined receptive and expressive language deficit subgroup (SLIR/E). Selective auditory attention and binaural separation abilities were psychophysically assessed using
the Arabic Pediatric Speech Intelligibility (PSI) test. Subcortical encoding of speech was electrophysiologically evaluated using auditory brainstem response recorded to 40 ms /da/ speech stimuli. A
comparison was held between results of the study subgroups and the control group as regards PSI and
complex ABR (c-ABR) test results.
Results
PSI test results were reduced in 80 % of children with SLI-E and 94.7 % of those with SLI-R/E when
compared to normal age-matched scores. Binaural separation ability was more affected in children with
SLI-R/E. Abnormal cABR response was noted in 60% and 84.2% of children with SLI-E and
SLI-R/E respectively. The profile of cABR abnormalities in SLI was not homogenous. The most frequent
abnormality was in V/A slope (about two thirds of cases), followed by spectral analysis (over one third of
cases). When the two SLI subgroups were compared, a statistically significant difference in BioMARK total
score was obtained (higher in SLI-R/E). Selective auditory attention ability was significantly correlated to
cABR onset response.
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Speech Auditory Brainstem Response through hearing amplification: A
biomarker of hearing aid benefit
Hung THAI-VAN*, Charles-Alexandre JOLY, Evelyne VEUILLET, Jean-François
VESSON, Anne CACLIN, Ludovic BELLIER
Department of Audiology and Otoneurological Diagnostic (Head), Lyon University Hospital, Hearing
Institute, Institut Pasteur, Paris
Background
Millions of people across the world are hearing impaired, and rely on hearing aids to improve their everyday
life. Objective audiometry could optimize hearing aid fitting, and is of particular interest for noncommunicative patients. Speech Auditory Brainstem Response (speech ABR), a fine electrophysiological
marker of speech encoding, is presently seen as a promising candidate for implementing objective
audiometry; yet, unlike lower-frequency auditory-evoked potentials (AEPs) such as cortical AEPs or auditory
steady-state responses (ASSRs), aided-speech ABRs (i.e. speech ABRs through hearing aid stimulation) have
almost never been recorded. Here we aimed at assessing the feasibility of recording artifact-free Speech
Auditory Brainstem Response (Speech ABR) through hearing aid stimulation.
Methodology
In 4 normal-hearing adults, we recorded Speech ABR evoked by a /ba/ syllable binaurally delivered through
insert earphones (control) or hearing aids with two different settings. To assess the presence of a potential
stimulus artifact, recordings were also done in mute conditions with the exact same potential sources of
stimulus artifacts as in the main runs.
Results
Hearing aid stimulation led to artifact-free Speech ABR in each participant, with the same quality as when
using insert earphones, as shown with Signal-to-Noise Ratios measurements.
Conclusions and significance
Hearing aid stimulation in Speech ABR recordings is as efficient as insert earphones stimulation, and could
constitute a decisive step in hearing impairment investigation and in hearing aid fitting improvement. Our
new approach consisting in directly transmitting speech stimuli through hearing aids allowed for a perfect
temporal precision mandatory in speech ABR recordings, and could thus constitute a decisive step in hearing
impairment investigation and in hearing aid fitting improvement. Preliminary results in subjects with
presbycusis using hearing aids highlighted specific changes in speech ABR characteristics over time as a
reflection of neural plasticity.
Research highlights
1. Innovative aided-AEP recording technique
2. Artifact-free aided-speech ABR
3. Objective follow-up of hearing aid u
Keywords Hearing aid, Aided-auditory evoked potentials, Presbycusis
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Background/Aims
Preface—this is ostensibly a ‘replay’ presentation from the World Congress of Audiology 2018 (Cape
Town). A substantial assembly of international audiologists attended, given within a session dedicated to
auditory evoked potentials (AEPs). It was initiated with an ad-hoc sampling of attitudes per scope of
practice and knowledge of the focus area, of which there appeared to be little to no awareness. We thus
seek in this setting of concentrated workers in AEP assessment another ‘sampling’ and discussion of the
effect considered, and opinion by way of discussion of the need to draw more attention to the area.
A relatively recently emergent focus on cortical/slow-vertex/late-latency auditory evoked potentials comes
from psychiatry, psychology, and related areas such as psychopharmacology. The relevant literature thus
has fallen outside the purview of audiology and neurotology. Overviewed are interests in AEP-effects as a
biomarker, in this case as a putative indicator of central serotonergic function, potentially to
stimulate/heighten interest. A priori, such applications of AEP measurement bear audiological
attention/scrutiny, including interest(s) possibly apropos differential diagnosis of central auditory
processing disorders, and inevitably as an academic/professional responsibility to help to assure
acceptable ‘standards of care’ per any medical use of AEP/other audiological tests.
Methods
An unusual rate of growth of the AEP--termed loudness dependence—evidenced by rate of growth of the
N1-P2 input-output function--is posited to reflect typical versus atypical serotonin levels in the brain, thus
potentially of value diagnostically or in assessment of treatment of schizophrenia, depression, and other
disorders (e.g. see Hegerl et al 1996; Psychiatry Res 63:47-55; O'Neill et al 2008; Human Psychopharm
23:355-370.). The presenters endeavor to evaluate methodology of the LDAEP test, taken in the target
application as an objective measure of loudness. At present, the presenters have neither endeavored to
complete a structured review, nor meta-analysis, but have perused and will characterize the substantial
body of relevant literature.
Conclusions
Though not faulting applications/results (per se) typically reported, as a clinical service component, there is
perhaps need for some form of standard protocol and refinement(s) toward universal competencies in AEP
testing.
Keywords central auditory processing, loudness, evoked potentials, loudness, neurophysiological marker
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Acoustic Change Complex and Behavioral Auditory Discrimination in Cochlear
Implant Children
Amany Ahmed Shalaby, Wafaa Abdel Hay El-Kholy, Dalia Mohamed Hassan,
Abeer Mohamed Mohamed
Audiology Unit, Otorhinolaryngology Department, Faculty of Medicine, Ain Shams University, Cairo, Egypt

Background
Cochlear implants (CI) can partially or totally revert the effects of sensory deprivation. However, there
remains a large amount of variability in speech perception outcome among CI users. Such variability may be
attributed to the children’s diverse capabilities in detecting amplitude, temporal and spectral changes in the
incoming complex speech signals in quiet and in difficult listening situations. Acoustic Change Complex (ACC)
is one of the cortical potentials elicited in response to a change in an ongoing stimulus; thus regarded as a
measure of cortical discrimination.
Objective
To study whether ACC recorded to short duration stimuli can be used to document such variability in
performance. If used as a tool for cortical discrimination, it will aid in evaluating young children who cannot
be tested using behavioral measures.
Methodology
ACC were recorded in forty five unilaterally-implanted children ranging in age from 5 to 12 years. Stimuli
used to elicit ACC were short duration (500 msec.) speech and tonal stimuli. Spectral change was done using
/i/ to /u/ vowels, while temporal change was done using variable gaps-in-1000 Hz tone, ranging from 5 msec.
to 200 msec. ACC response parameters were compared to behavioral tests which included PBKG test and
Auditory Fusion test-Revised (AFT-R) for temporal resolution.
Results
ACC response was successfully recorded in thirty six children (80%) using gap-in-tones and 16 children
(35.5%) using vowel change stimuli. Percent identifiability of ACC to vowel change was significantly higher in
good performers (≥72% PBKG percent score). Both ACC latency and amplitude showed inconsistent findings
in relation to performance. When ACC threshold was studied in relation to AFT-R behavioral thresholds,
there was moderate significant correlation.
Conclusion
ACC test using short stimuli is considered a relatively good measure for temporal resolution in CI children.
ACC percent identifiability is superior to latency and amplitude measures when considering variability in
speech discrimination. However, more research is needed to document the complex behavioral-objective
relationship and its ultimate link to speech perception and language development in young CI recipients.
Research highlights
1. Acoustic change complex using short stimuli measuring temporal resolution recorded in cochlear implant
children
2. Good performers had higher vowel change ACC identifiability
3. ACC thresholds correlated to behavioral temporal resolution thresholds
Keywords acoustic change complex, cochlear implants, temporal resolution
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#45
Hearing Preservation in cochlear implantees
Friesen, L
Background/Aims
Recent studies have demonstrated that low-frequency hearing preservation is possible with cochlear
implanted patients using new electrode technology and a soft surgical technique. Studies are beginning to
reflect benefit in clinical outcomes. However, the neural mechanisms underlying this benefit are unknown.
Our aims in this study were to measure: 1) sentence recognition in quiet and noise, 2) just noticeable
differences (JNDs) of pulse phase duration (PPD), which has been shown to decrease in animals with
increased auditory nerve damage and, 3) cortical sensitivity to the obtained behavioral PPD JNDs with the
N1-P2 and ACC responses.
Methodology
We examined the psychophysical just noticeable difference (jnd), using stimulus ppd (400 ms pulse trains)
on basal, medial, and apical electrodes using a lower reference range (30-80us) and a higher reference
range (345-395 us) of the ppd using a 3 down, 1 up alternative-forced choice procedure. We then recorded
the N1-P2 and the Acoustic Change Complex (ACC) on basal, medial, and apical electrodes for both the low
and high range of phase durations to determine the relationship to the behavioral jnd. An 800 ms pulse
train was used, where the first 400 ms of the stimulus was the standard and the second 400 ms was the jnd
of the phase duration. We also tested patients’ sentence recognition in soundfield in quiet and at a +5 S/N
to examine the relationship to the jnds and the cortical responses.
Results/Conclusions/Significance
No significant differences were observed between the individuals with hearing preservation auditory
thresholds and those without for any of the measures conducted. Only a significant main effect for
amplitude between the shorter duration stimuli and the longer duration stimuli was noted. The current
standard to define individuals with hearing preservation is based on their auditory thresholds. However,
this might not be the best method of separating this group of individuals. Based on our results, it appears
that there is little difference between the individuals having low-frequency hearing preservation and those
without. It could also be that we are not using measurements that accurately assess the differences
between these two groups.
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Cortical Auditory Evoked Potencial in Children with Zika Virus Congenital
Syndrome
Rafaela C.S. Bicas1, Kelly C. L. de Andrade2,3, Aline T. L. Carnaúba2,3, Klinger V.
T.Costa3 and Pedro L. Menezes2,3 and Ana C. F. Frizzo2
1Department

of Audiology, State University of São Paulo Julio de Mesquita Filho, Marília, São Paulo,
Department of Audiology, State University of Health Sciences of Alagoas, Maceió, Alagoas, Brazil, Brazil;
3Department of Medicine, Cesmac University Center, Maceió, Alagoas, Brazil.
2

Background
The zika virus became an epidemic in Brazil from the beginning of 2015. Since then, research has shown
the need for further studies into the physiology of individuals affected by the disease, symptoms and
prognoses in order to improve the treatment of children called "congenital zika virus syndrome". Thus, in
order to study and minimize the impacts that a possible alteration in the auditory cortex may have on the
communicative development of these children, this study has as main objective to describe the values of
auditory cortical potential of children who are suspected of congenital Zika virus syndrome.
Methods
This is a cross-sectional descriptive study, which was developed in the Audiology Sector of the Center for
Education and Health Studies (CEES), State University of São Paulo (UNESP), and the State University of
Health Sciences of Alagoas - UNCISAL. The study consisted of 30 children of both genders, from six to 38
months of age. The study group consisted of microcephaly and suspected congenital syndrome of the zika
virus and control group, in which examinations of cortical auditory evoked potential were performed. The
Cortical Auditory Evoked Potential was performed with the Biologic Navigator Pro equipment and recorded
using five disposable electrodes positioned in Fpz the ground electrode, Fz and Cz. The stimulus was
natural speech stimuli /ba/ and /da. The data were recorded in a window of 500 ms, with bandpass
filtering of 1-30 Hz, amplification of 50,000x and monoaural stimulus, stimulation rate at 1.9
stimuli/second, with alternating polarity. A descriptive and comparative analysis were performed in the
two groups.
Results and Conclusion
There was a trend towards higher values in terms of latency of auditory cortical potential, reflecting the
development of the auditory and communicative system of children with suspected microcephaly by zika
virus.
Keywords Auditory cortex, Zika Virus, Microcephaly, auditory evoked potentials.
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Cortical activity pattern evoked by change of sound location in unilateral
deafness
Ji-Hye Han1, Jihyun Lee1 and Hyo-Jeong Lee2
1Laboratory

of Brain & Cognitive Sciences for Convergence Medicine, Hallym University College of
Medicine, South Korea,
2Laboratory of Brain & Cognitive Sciences for Convergence Medicine, and Department of Otolaryngology,
Hallym University College of Medicine, South Korea
Background/aims
Profound unilateral deafness (UD) reduces the ability to detect sound location which is achieved by
binaural hearing. Further, it causes change in the pattern of cortical activation due to monaural stimulation
through the intact ear. In this study, we examined N1/P2 auditory cortical activities in response to different
sound location and the pattern of hemispheric asymmetry while acquired UDs passively engaged in a
sound localization task.
Methods Eleven unilateral profoundly deaf adults (4 males, all right-handed, mean age=53) and nine
normal-hearing (NH) controls (mean age=52) participated. Among the UD group, 4 had left- and 7 had
right-sided deafness. Cortical auditory evoked potentials were recorded from 64 scalp electrodes in passive
listening conditions. Speech stimuli were CV syllable /ba/ and /pa/ with the total duration of 450ms. A
sound localization task consisted of speech coming from straight ahead (0o), and from either 15o or 60o to
the healthy ear (15o or 60o) or deaf ear (-15o or -60o). Behavioral measures included detection and
reaction time obtained from active listening condition.
Results
UD group had lower performance in detection of sound location than NH group. The N1 latencies in UD
were prolonged compared to NH groups. The P2 latencies were shorter for 0o and 15 o than -60o
condition. Dipole source analysis showed that N1 dipole amplitudes for 60o were greater than those for 0o
and -60o conditions. The N1 dipole latencies in UD were delayed compared to NH groups.
Differential lateralization pattern was revealed such that N1 activity contralateral to the stimulation was
higher in NH and right-sided deafness, while greater ipsilateral activities were observed in left-sided
deafness. In addition, the degree of P2 amplitude change (-60o vs. 60o stimulus) was correlated with the
duration of deafness.
Conclusions
The effects of unilateral deafness on sound localization were reflected in N1/P2 cortical responses. The
results show that cortical reorganization induced by unilateral deafness would be different depending on
the side of deafness.
Research highlights
1. The ability to distinguish spatial difference in unilateral deafness can be reflected in N1/P2 cortical
responses.
2. Differential hemispheric asymmetry shown in left- and right-sided deafness would be related to
functional dominance for speech processing.
3. Latency measures, compared to amplitude measures, would be more sensitive to the change of sound
location.
Keywords Unilateral deafness, sound localization, N1/P2 cortical evoked potentials
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Intra-operative electrophysiological monitoring: Factors affecting ECAP
measurements
P.Y. Chu1, C. Psarros2 and W. K. Lai1
1Sydney

Cochlear Implant Centre, Building 39, Old Gladesville Hospital, Punt Rd, Gladesville
NSW, 2111, Australia.
2Hearing Implants Australia, Sydney, Australia

Aim
Electrophysiological monitoring during cochlear implantation to determine implant integrity and confirm
functional neural-electrical interfacing is becoming more prevalent. Typical Intraoperative
measursures look at impedance and evoked compound action potentials (ECAP).
This study examines the success of measuring ECAP on a large number of patients with different hearing
loss histories. Electrical auditory brainstem response (EABR) was used to validate ECAP results.
Method
Between 2017 to 2018, ECAP and EABR measurements were conducted during 601 Nucleus
Cochlear implantations. Intra-operative electrophysiological measurements were performed using the
Nucleus standard Custom Sound EP (CSEP) v4.4 software and Synergy
Electrophysiology monitoring software. ECAP and EABR measurements were collected for all
22 intracochlear channels/electrodes. The results compared the number of measurable electrodes
between ECAP and EABR measurement. Subjects varied from 6 months to 98 years of age with and without
unusual aetiologies.
Results
Of the total monitored implants, 87.8 % had shown good auditory brainstem and ECAP responses on more
than 19 electrodes. Good ECAP responses across more than 14 electrodes but poor/abnormal EABR
responses across all 22 electrodes were recorded in
2.49 % of monitored implantations. Implantees with unusal aetiology (1.33 %) such as bilateral hypolastia
cochlear nerves, trauma and Riboflavin transporter disorder showed poor auditory brainstem and ECAP
response. No significant correlations were found between age and hearing loss history. However, there
was a high correlation between unusual aetiology and the number of non-measurable electrodes in ECAP
measurement.
Conclusions
Unusual aetiology has a higher tendency to encounter saturated or out of compliance ECAP measurement,
therefore, alternative electrophysiological testing such as EABR is recommended. Patients with normal
aetiology and uncomplicated medical histories were generally found to have complete ECAP responses.
Key words Cochlear implantation, ECAP and EABR
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Frequency specificity of narrow-band LS-Chirps verus 2-1-2 linear-gated tones:
acoustic spectral analyses
Adjekum, Ronald, Chan, Sylvia, Stapells, David, and Small, Susan A.
School of Audiology and Speech Sciences, The University of British Columbia, Vancouver, Canada
Background
Recently, narrow-band chirp stimuli have been of interest to optimize auditory brainstem response (ABR)
amplitudes. The NB CE-Chirp® LS, one example of narrow-band chirp stimuli that are commercially
available, are decomposed versions of the broadband CE-Chirp®. Whereas the CE-Chirp® is based on a
delay model computed from derived-band ABR latencies, the CE-Chirp® LS is based on a delay model
designed using “the direct approach” which results in considerable changes in duration with intensity.
Although NB CE-Chirp® LS stimuli may have advantages compared to traditional brief-tone stimuli, such as
eliciting larger ABRs due to the reduction in temporal dispersion, their frequency specificity has not been
well researched. The current study investigated the acoustic spectra of 500-, 1000-, 2000-, and 4000-Hz NB
CE-Chirp® LS stimuli at 80 and 100 peSPL with those of the conventional 2-1-2 linear-gated tones.
Methods
Spectral analyses were conducted for NB CE-Chirp® LS and 2-1-2 linear gated tones generated by the
Interacoustic Eclipse system. The stimuli were recorded acoustically using an ER-3A earphone, 2-cc coupler
and Sigview software. A Fast Fourier Transform was conducted for the recorded stimuli at 80 and 100
peSPL. Centre frequency and bandwidth were computed based on the upper and lower cut-off points set
20 dB below the peak energy of the main lobe. Centre frequencies were determined by calculating the
geometric mean of the upper and lower -20 dB cut-off points. Bandwidths were measured by calculating
the difference between the upper and lower frequency -20 dB cut off points. Side-lobe energy of the
acoustic spectra was also determined.
Results
The main lobe of the acoustic spectra for the NB CE-Chirp® LS was wider compared to 2-1-2 linear-gated
tones for all stimulus frequencies and intensities. However, stimulus level did not have a significant effect
on the bandwidth of the main lobe for either stimulus type.
Conclusion
These results indicate that 2-1-2 linear-gated tones are more frequency specific than NB CE-Chirp® LS and
that increasing stimulus level from 80 to 100 peSPL does not significantly affect the bandwidth of the main
lobe.
Research highlights
1. 2-1-2 linear-gated tones are more frequency specific than NB CE-Chirp® LS at 80 and 100 peSPL.
2. Increasing stimulus level from 80 to 100 peSPL does not significantly affect the frequency specificity of
the NB CE-Chirp® LS, at least for these moderate-to-high intensities.
3. As expected, increasing the stimulus level from 80 to 100 peSPL does not significantly affect the
frequency specificity of 2-1-2 linear gated tones.
Keywords Frequency specificity, narrow-band chirp, delay model
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Title: Auditory Discrimination in Prelingually Deaf Early Implanted Cochlear
Implant Users: an ERP Study
Rosanne Abrahamse1,3, Andy Beynon2,3, Vitória Piai1,4
1Radboud

University, Donders Centre for Cognition, Nijmegen, Netherlands
Institute for Brain, Cognition and Behaviour
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The present study measured variability in auditory processing abilities of prelingually-deaf adolescents (age
16 to 25 years) implanted early (between 1 to 6 years of age) with a cochlear implant (CI) device. These
adolescents are a newly emerging group since early implantation became regular practice; they are the
first prelingually deaf users who have used a CI for 15-20 years, making them highly experienced users.
An auditory oddball paradigm was used with a frequency contrast (500 Hz vs. 1000 Hz tones) and a
consonant contrast (/ba/ vs. /da/ syllables) as input stimuli. Two event-related potentials (ERPs), the
(inattentive) Mismatch Negativity response (MMN) and the (attentive) P300 response, were measured to
these stimuli using the electroencephalogram in 8 CI users and 14 normal-hearing controls (16-25 yo).
Results on the ERP effects were obtained at the individual-participant level, as well as at the group level,
using cluster-based permutation tests.
ERP effects were related to behavioural speech perception outcomes and duration of deafness.
The P300 response, as opposed to the MMN response, was elicited in all individuals in both contrast
conditions and, therefore, was deemed the most robust ERP of the two. The absence of results for the
inattentive (MMN) condition may be the result of the set short measurement duration. Further analysis on
differences in amplitude and latency of the P300 response yielded no significant differences between
groups. Amplitude of the P300 effect in response to the consonant contrast was significantly related to
behavioural speech perception scores and duration of deafness.
These results indicate that for prelingually deaf, early implanted cochlear implant users, auditory
processing abilities under quiet testing conditions resemble the auditory processing abilities of normalhearing peers. They furthermore indicate that the P300 response is a reliable and clinically suitable method
to objectively evaluate auditory discrimination abilities. Future research should focus on measuring
variation in auditory processing in this population in more complex input conditions such as speech-innoise.
Research highlights
1. In contrast to MMN, P300 responses were significantly present on an individual level in all CI-85users
and all NH controls
2. No differences between groups in amplitude and latency of the P300 response, indicating a control-like
auditory discrimination for the used contrasts for this population of CI-users
3. P300 amplitude in response to speech contrasts is sensitive to differences in behavioural speech
perception and duration of deafness
Keywords Cochlear implants, Event Related Potentials, Auditory Discrimination
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Pitch coding in Vocalists and Non Musicians to Carnatic Music stimuli : An AEP
study
Prajna Bhat J & Prof K Rajalakshmi
All India Institute of Speech and Hearing, Mysore, India

Background/Aim
The frequency following response (FFR) offers a reliable method to study the brainstem encoding of pitch.
The current study aims to investigate brainstem encoding of pitch among Vocalists and Non Musicians for
Carnatic Music stimuli.
Methodology
Two groups of participants were included in the study. First group of participants were trained Carnatic
Vocalists in the age range of 18-35 years while the second group participants were Non musicians in the
similar age group. Number of participants was ten in each group. All the participants had normal hearing
sensitivity with no history of otological or neurological issues. Two types of stimuli were used in the study.
The first stimulus consisted of three notes of a Carnatic raga (S R2 G3) sung in an Alapana mode using an
ascending scale by a trained vocalist. The second stimulus consisted of three notes of a Carnatic raga (S R2
G3) played on a violin by a trained violinist. Both the stimuli were recorded with Moto sound card using
adobe audition software. FFR was recorded at 70dBSPL using electrically shielded inserts for the vocal and
instrumental music stimuli separately, using binaural presentation. Intelligent hearing system (IHS) with
the advanced research module was used to collect the FFR data.
Results
Grand average response of all participants were generated and compared to the stimulus waveform for
both stimuli to determine where the pitch of stimulus and FFR match up. To assess participants pitch
tracking to the Carnatic music stimuli, three measures were used; stimulus to response correlation, pitch
strength and pitch error. Results revealed that Vocalists had better stimulus to response correlation and
pitch strength values with lower pitch error values than non-musicians. This was evident for both vocal and
instrumental stimuli. Within the Vocalist group there was not much difference in coding of vocal vs
instrumental stimuli although the vocalists did not have any formal training for violin playing.
Conclusions
Classical music training leads to better representation of pitch in the auditory brainstem. Further there are
differences in the way in which the pitch range is explored in Indian vs Western classical music.
Research highlights
1. Understanding Neurophysiological correlates of music acoustics in Indian Carnatic music
2. Extending our understanding of the neural basis for the perception of pitch and musical notes.
3. Understanding coding patterns for music would help in development of coding strategies for music
through hearing aids and cochlear implants to help such individuals perceive and enjoy music better.
Keywords Frequency following response, Vocalists, Carnatic music
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The acoustic change complex elicited to iterated ripple noise, a temporal pitch
percept, in infants and adults with normal hearing
Chan, Sylvia1, Tian, April1, Sharma, Mridula2 and Small, Susan A. 1
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Objectives
This study aimed to investigate maturation of temporal processing at the level of the auditory cortex using
iterated ripple noise (IRN) stimuli. Temporal models of pitch perception hypothesize that temporal
regularity across auditory nerve fibres approximates the pitch of an acoustic stimulus. IRN stimuli are
generated by introducing milliseconds of delay (d) to the original noise, multiplying it by a gain factor (g),
and repeatedly adding it back to the original noise (i.e., number of iterations). A temporal pitch percept
results; the greater the number of iterations, the greater the pitch saliency. The present study compared
the acoustic change complex (ACC) to IRN stimuli in infants and adults with normal hearing.
Methods
A total of 25 infants (mean age: 8.6 months) and 8 adults (mean age: 20.8 years), all with normal hearing,
participated. Cortical responses were elicited to 1-4 kHz band-pass filtered white noise (500 ms)
concatenated with IRN stimuli (500 ms) [Control: noise + noise; Experimental conditions: noise + IRN
stimuli (d=10 ms, gain=0.7 dB: 4, 8, 16, & 32 iterations)] presented at 65 dB SPL with a 1000-1200 ms interstimulus interval. Adults were tested for all experimental conditions; infants were tested only for the
control, IRN16 and IRN32 conditions. The ERPs were recorded at Cz, C3, C4, M1, M2 and FPz (ground).
Results
Adults had ACCs to all IRN stimuli but showed some variability in the number of components present (P1N1-P2); N1 was present for all IRN stimuli, however, fewer P1 and P2 peaks were present as the number of
iterations decreased. Infants (P-N) showed much greater variability when compared to adults. Although
infants elicited clear P-N responses for the 500 ms onset noise, for the IRN stimulus conditions, 13/14
infants demonstrated ACCs to IRN32 stimuli (either P or N ), whereas, only 8/16 infants demonstrated ACCs
to IRN16 stimuli.
Conclusions
The findings of the present study suggest that cortical processing of temporal pitch perception of IRN
stimuli is not mature in infancy. Further research should investigate when this response is adult-like and
whether infant responses elicited to IRN stimuli can predict perception of temporal pitch cues.
Research highlights
1. Temporal pitch perception is strengthened in both adults and infants as the iterations of IRN stimuli
increase.
2. Temporal pitch perception of IRN stimuli is not mature in infancy.
3. In contrast to adults who had ACCs to all IRN stimuli, 93% of infants had ACCs to IRN 32 stimuli, while
only 50% had responses to IRN16 stimuli.
Keywords Acoustic Change Complex, Iterated Ripple Noise, Maturation of temporal processing
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The use of auditory evoked responses in measuring ototoxic damage from
treatment of prevalent diseases: A systematic review & meta-analysis
Lauren Dillard1, AuD, Catherine McMahon2, PhD, Shelly Chadha3, MBBS, MS,
PhD, & Amanda Fullerton2, MClin Aud
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Background/Aims
Common medications used to treat globally prevalent conditions, including; multi-drug resistant tuberculosis
(MDR-TB), malaria, human immunodeficiency virus (HIV), and certain forms of cancer are ototoxic and have
robust effects on hearing acuity. These ototoxic pharmaceuticals (including aminoglycoside antibiotics,
antimalarials, antiretroviral therapy, and chemotherapeutics) are used liberally in low- to- middle-income
countries, where the prevalence of such diseases is high, without systematic monitoring of hearing function.
This systematic review and meta-analysis seeks to estimate the global prevalence an incidence rates of
ototoxicity and identify the use of AERs in monitoring of hearing in use of ototoxic medication for these types of
epidemics.
Methodology This project is part of a larger systematic review and meta-analysis on the incidence and
prevalence of ototoxic damage after treatment of disease. Three databases were searched using specific terms
to obtain peer-reviewed manuscripts published from 2005-2018 containing information on human subjects
who have been diagnosed and treated for malaria, MDR-TB, HIV, or cancer. Reviewers screened abstracts and
later read full-text manuscripts to determine inclusion eligibility. Quality of evidence was rated using the
Cochrane QUIPS tool, and a metaanalysis was performed on manuscripts utilizing auditory evoked responses
(AERs) to measure ototoxic damage. All methodology is in accordance with PRISMA guidelines.
Results/Conclusions
After screening abstracts, 183 full text papers were reviewed. Oto-acoustic emissions (OAE) and/or auditory
brainstem responses (ABR) were used for testing for ototoxicity in the following studies: 13% of manuscripts on
MDR-TB, 60% of manuscripts on malaria, 52% of manuscripts on HIV, and 31% of manuscripts on cancer.
Descriptive statistics present study details, including prevalence and incidence rates of ototoxicity in studies
using OAE and ABR. The meta-analysis outlines effect sizes of prevalence and incidence rates of ototoxicity.
Lastly, authors discuss the utility of AERs in ototoxic monitoring.
ConclusionsThe literature reports a relatively low use (31%) of AERs as a testing mechanism for ototoxicity.
OAE and ABR are useful tools in detecting ototoxic damage, as they do not rely on behavioural responses and
are sensitive to early deterioration in hearing acuity.
Research highlights
1. In this systematic review, about one third of manuscripts utilize AERs in ototoxicity monitoring for treatment
of MDR-TB, malaria, HIV and cancer.
2. Because many of the manuscripts in this review are based on clinical data, we see the low usage of AERs in
clinical settings. Therefore, those who develop and implement ototoxicity monitoring protocols should consider
AERs as a potential monitoring tool.
3.The results from the meta-analysis will report incidence/prevalence rates and effect sizes of ototoxic damage
in those treated for MDR-TB, malaria, HIV, and cancer who were tested with AERs.
Keywords Ototoxicity, systematic review, oto-acoustic emissions
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Assessing neural ITD processing in normal hearing adults
Juan Pablo Faúndez, PhD Candidate
Department of Linguistics, Macquarie University, Sydney, Australia

Binaural hearing is essential to everyday listening. Humans use interaural timing differences
(ITDs) and interaural level differences (ILDs) between the two ears to localise sounds and understand
speech in noise.
To assess binaural processing objectively, several electrophysiological methods based on
electroencephalography (EEG) have been developed, as there is a need for objective measures of
ITD processing in difficult to test population such as children since psychoacoustic tasks are hard to
conduct. Some of the proposed objective neural techniques include the ‘acoustic change complex’ to
changes in ITD (ACC, Ross et al., 2007) and the ‘interaural phase modulation – following response’ (IPM-FR,
Haywood, et al., 2015: McAlpine et al., 2016; Undurraga et al., 2016). Both are neural measures of ITD
processing that have been validated and recorded successfully in adults, but have not yet been recorded in
paediatric population.
We propose to assess ITD processing in normal-hearing adult population by means of objective measures
based on EEG recordings: ACC to changes in ITD and IPM-FR; including some modifications compared to
previous experimental data to assure the feasibility and reliability of these recordings in future paediatric
testings. The aim of this study is to determine the influence of slight asymmetries - as in young children
clinical audiological tests do not always provide exact hearing thresholds – and of arousal state on these
measurements in normal hearing adults, to conduct these experiments in paediatric population in the near
future.
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A Relation between Speech Degradation and Listening Effort under
Reverberated and Noisy Environments
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Background/Aims
When listening condition gets distracted (i.e., poor signal-to-noise ratio (SNRs) and/or highly reverberated
place), listeners need extra attention to selectively listen to their target sounds. Such attention is referred
to ‘listening effort’, which is mental exertion of the listeners required to attend to and understand an
incoming auditory message. To investigate varying listening effort depending on reverberation and
background noise, semantic mismatch was examined.
Methodology
Electroencephalography (EEG) was recorded in 18 voluntary healthy listeners (12 females, mean 25.67 ±
1.53 years old, ranged 22~35 years of age) using a 64-channel system (Neuroscan, Compumedics, USA).
Listeners were presented a pair of sound and letter in a 2x2 (presence/absence of reverberation and
background noise) paradigm (Q-0msec, Q-2000msec, 3dB-0msec, and 3dB-2000msec for short). Materials
used were A(auditory)-V(visual) parings, and the pairs were presented either congruently or incongruently
in order to elicit semantic mismatch. The centroparietal (CPz), parietal (Pz) and parieto-occipital (POz)
electrodes were chosen to obtain N400 latencies based on the difference wave between congruent and
incongruent signals. Sources were localized using exact low-resolution brain electromagnetic tomography
(eLORETA) [5]. All the listeners were required to answer whether the auditory primes and letter targets
match or not. The study was approved by the Institutional Review Board (IRB No. H-1703-097-840).
Results
Q-0msec revealed the shortest N400 latency (357.06 ± 55.33 msec). Q-2000msec increased the latency into
426.17 ± 62.70 msec even without background noise. 3dB-0msec resulted in 379.22 ± 47.54 msec. 3dB2000msec drastically increased the N400 latency to 459.67 ± 66.15 msec. The presence of reverberation
only significantly increased N400 latencies (Q-0msec Vs.Q-2000msec, p=0.043; Q-2000mse Vs. 3dB-0msec,
p=0.0161; 3dB-0msec Vs. 3dB-3000msec, p=0.00067; Q-0msec Vs.3dB-2000msec, p=0.00003). Main effect
of reverberation was observed (p<0.01). Frontal sources were stronger in 3dB than Q. Reverberation also
involved stronger frontal activation.
Conclusion
Taken together, background noise and reverberation are suggested to interrupt semantic mismatch
processing in the brain. The presence of reverberation, specifically 2000 msec delay, necessitates
additional mental effort, evidenced in the delayed N400 latency and the involvement of the frontal
sources.
Keywords listening effort, auditory-visual mismatch, N400
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Emotional prosody recognition is vital for successful verbal communication. Cochlear implant (CI)
recipients with good speech recognition perform below normal hearing (NH) peers on emotional prosody
recognition tasks. To compensate for the poor transmission of spectral cues by CIs, recipients rely on
temporal and intensity cues, as evidenced by behavioural studies. To date, little is known about the brain
mechanisms underlying emotional prosody recognition in CI hearing. The present study investigates
whether functional near-infrared spectroscopy (fNIRS) can provide insight into central processing of
emotional prosody in CI and NH listeners.
At CIAP, we will present pilot data from 8 normal hearing (NH) adults who participated in a behavioural
forced-choice listening task and a fNIRS passive listening task. Six-syllable sentences with pseudo content
words and real function words were used in both tasks (e.g., "the larfle is himber"). The stimuli were
recorded in a neutral, happy, sad, fearful and angry prosodies. To examine each group's reliance on
acoustic cues, we modulated the stimuli into five conditions: a) natural, b) flat - pitch contour flattened, c)
rate - pitch and intensity cues equalised, d) intensity - pitch and rate cues equalised, and e) pitch - rate and
intensity cues equalised. In the forced-choice listening task, participants identified the emotion conveyed
in each stimulus (N=125). During the passive listening fNIRS task, participants heard 10 blocks of each
emotion-condition pair (N=25). Comparisons were made between prosodies, as well as within and
between acoustic conditions. Metabolic responses were correlated with behavioural responses for each
prosody-condition pair. This method offers insight into the neurophysiological basis for the perception of
emotion-related acoustic cues in NH listeners, which provides the groundwork for understanding
emotional prosody processing in CI hearing. This is key for the development of strategies targeting
emotional prosody in therapy and classroom settings.
Research highlights
1. Emotional prosody is central in successful communication.
2. The neural basis for decoding acoustic cues in emotional prosody is poorly understood.
3. This study sheds light on the processing of these acoustic cues using fNIRS.
Keywords Emotional prosody, fNIRS, Speech perception
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#103
Intrasession and Intersession Test-retest Reliability of Onset, Offset, Peak
latencies, Amplitude and Area of Speech evoked P300
Sam Publius A., Sandeep M.
Department of Audiology, All India Institute of Speech and Hearing
Background
P300 is a complex event-related potential whose responses are vulnerable to changes due to a variety of
subject and stimulus-related factors. To effectively use speech evoked P300 as a clinical measure, it is
important that we have a clear understanding of the normal variations and stability of the response when
the recording is repeated. There is a dearth of studies testing the test-retest reliability of P300 and its
normal variations using speech stimuli, though it is used extensively.
Aim
To study the Intra-session and inter-session test-retest reliability of speech evoked P300.
Methods: Thirty participants were considered for this study. Two recordings of P300 were obtained in the
first session. After a gap of five days, ten participants were followed up for a second session which involved
two more recordings. Repeatability of measures of onset, offset and peak latencies, amplitude and area of
P300 were assessed using Cronbach’s alpha interclass correlation coefficients, Standard error of
measurement and Smallest detectable difference.
Results
Paired t-test revealed no significant difference between the first two recordings of the thirty participants.
Friedman’s ANOVA revealed no significant difference across four recordings of the ten participants. Among
the parameters assessed, P300 amplitude was found to be the most reliable measure having the highest
intra and intersession test-retest reliability.
Reliability estimates were higher in intra-session recordings compared to intersession recordings in
general. The reliability coefficients of amplitude were almost similar to that of the area.
Conclusions
Our results suggest that P300 is a reliable measure and has the required stability necessary for group
comparisons. Reliability estimates are not satisfactory for individual applications and interpretations. The
findings give leverage to probe into the area under the P300 wave as it can be a potential measure with
good stability.
Research highlights
1. The study explored onset latency, offset latency and area of speech evoked P300 for the first time
2. Statistics were elaborate using Standard error of measurements, Smallest Detectible Difference giving
better normal variations in P300 measures
3. Measurement of the area under the wave can be a good measure to consider as it had comparable
reliability coefficients with that of amplitude. Therefore, it can possibly be better and a holistic measure to
consider, compensating for variability in other measures.
Keywords P300, Test-retest reliability, Reliability coefficients
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Event-related potentials (ERPs) reveal atypical processing of ungrammatical
sentences in adults with dyslexia
Aida Salčić1,2, Srđan Popov2, Wim Tops2, Roelien Bastiaanse2,3
1International

Doctorate for Experimental Approaches to Language and Brain (IDEALAB), Universities of
Groningen, Newcastle, Potsdam, Trento, & Macquarie University;
2Center for Language and Cognition (CLCG), University of Groningen, the Netherlands
3National Research University, Higher School of Economics, Moscow, Russian Federation
Background/aims
Developmental dyslexia is an impairment in reading and/or writing, characterized by difficulties in word
recognition (low accuracy and/or speed), as well as by poor decoding and/or poor spelling skills (DSM-5,
2013). In dyslexia, morphosyntactic difficulties are often more subtle than the frequently occurring
phonological impairments. Most studies on morphosyntactic processing in adults with dyslexia using
event-related potentials (ERPs) reported a P600 (associated with morphosyntactic reanalysis and repair, as
well as processing difficulty) in response to listening to ungrammatical sentences with a morphosyntactic
violation. The aim of our study was to investigate morphosyntactic processing (i.e., gender and number
agreement processing) in adult dyslexia with the use of ERPs. Our study is novel in that it compares
different modes of presentation (reading and listening) for individuals with dyslexia using ERPs.
Methodology Participants (Dutch adults with and without dyslexia, n=24 per group) read or listened to
Dutch grammatical and ungrammatical sentences while a continuous electroencephalograph (EEG) was
recorded. Ungrammatical sentences contain either a gender or number agreement violation on the noun.
The data were analysed with repeated measures ANOVA.
Results For the reading task, we found a P600 in response to ungrammatical sentences for both groups.
Ungrammatical sentences with number disagreement were more difficult to process for both groups (as
indicated by a larger P600 effect) than those containing gender disagreement. The group with dyslexia
exhibited a smaller P600 effect overall compared to the group without dyslexia. The data for the listening
task are currently collected.
Conclusions and significance The P600 differences between Dutch adults with and without dyslexia in
response to reading ungrammatical sentences suggest that ERPs present a sensitive measure of differences
in morphosyntactic processing between the two groups. The processing difference also implies that adults
with dyslexia potentially have a different mechanism for processing morphosyntactic violations for written
stimuli. By comparing different modes of presentation for both adults with and without dyslexia, this study
carries methodological significance for future research with ERPs and morphosyntax. It also sheds light on
written and oral language processing in adults with dyslexia.
Research highlights
1. This ERP study is novel in that it compares different modes of presentation – both reading and listening
to the same stimuli – in Dutch adults with and without dyslexia in order to compare the processing of
morphosyntactically ungrammatical sentences.
2. There was a difference in processing ungrammatical sentences with a morphosyntactic violation
between Dutch adults with and without dyslexia for written stimuli (listening data currently being
collected).
3. In comparison to adults without dyslexia, adults with dyslexia display a smaller P600 effect (associated
with morphosyntactic reanalysis and repair, as well as processing difficulty) in response to
morphosyntactically ungrammatical sentences, which indicates difficulty with the processing of
morphosyntax and of visually presented ungrammatical sentences for adults with dyslexia.
Key words Dyslexia, ERPs, morphosyntax.
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#124
Objective speech audiometry through brain response classification
Jonas Vanthornhout & Tom Francart
ExpORL, Dept. Neurosciences, KU Leuven
Background
Recently, we developed a method to objectively and automatically measure speech understanding using
the EEG signal. We were able to approximate the speech reception threshold within 2 dB for most subjects.
The method is based on measuring neural tracking of the speech envelope. However, this means that we
only take information on neural coding of the envelope into account, which is certainly not the only
featured used by the auditory system to understand speech. We present a new method using a
convolutional neural network (CNN) that does not make this assumption, and is completely speech feature
agnostic.
Methodology
We recorded the EEG of twenty normal-hearing subjects who listened attentively to repetitions of the
Flemish Matrix speech material at different signal-to-noise ratios (-12 dB SNR, -8 dB SNR, +4 dB SNR and
without noise). We then split the EEG into epochs that contain exactly one sentence. Using these epochs,
we trained a CNN to predict the stimulus class (which sentence it was) from a given EEG signal. We
compared the accuracy of this method with the method using the speech envelope.
Results
The CNN approach yielded significantly higher classification accuracies than the model decoding the
speech envelope. We also found that the accuracy of the classification increased with increasing SNR.
Conclusion
Using a CNN we were able to determine the presented sentence from the EEG signal.
The accuracy dropped as the SNR of the stimulus decreased, which is similar to behaviourally measured
speech understanding. This promising model-less approach has great potential in future clinical
applications and will give insight into the neural encoding of speech.
Acknowledgements
Research funded by a PhD grant of the Research Foundation Flanders (FWO).
This project has received funding from the European Research Council (ERC) under the European
Unions Horizon 2020 research and innovation programme (grant agreement No 637424).
Research highlights
1. Objectively and automatically measure speech understanding
2. Classify brain responses to natural speech using a convolutional neural network
3. Classification accuracy drops when intelligibility/SNR drops
Keywords subject-specific classification, convolutional neural networks, speech decoding
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#129
A Study of Combined Use of P300 and MMSE in Evaluation of Cognitive
Functions in Patients with Hearing Loss
Puyan, Libei, Qingchun Pan
Department of Otorhinolaryngology, Affiliated Hospital of North Sichuan Medical College
Abstract Objectives
The objectives of this study were to investigate the correlation between hearing and cognitive functions,
and to establish an objective system for clinical evaluation of cognitive functions.
Method
95 participants with various degrees of hearing loss, aged between 8 and 60, were randomly selected to
participate in the study from September 2018 to March 2019. With each patient’s consent, the following
measures were completed to analyze the correlation between hearing conditions and cognitive functions:
(a) a detailed case history, (b) a hearing assessment, (c) a MMSE, and (d) a P300 test.
Results
1. A positive correlation was observed between the decline in cognitive functions and age; 2. In
participants with more severe hearing loss, longer P300 latencies and more significant decline in cognitive
functions were observed; 3. A positive correlation was observed between damages to cognitive functions
and hearing loss durations; 4. More significant declines in cognitive functions were observed in participants
with lower speech recognition scores.
Conclusion
Combined use of P300 and MMSE in clinical evaluation could provide a more comprehensive and objective
understanding of the pattern of the impacts of hearing loss on cognitive functions.
Research highlights
1. Currently, there is no simple, sensitive and object clinical method to evaluate cognitive functions. As an
objective electrophysiological test for cognitive functions, P300 is sensitive, easy to perform, and
participants’ compliance is high.
2. Investigate the relationship between hearing loss and changes in cognitive functions and its pattern
using both subjective and objective evaluation methods.
3. Compared with results in other similar studies, this study showed that comparison of P300 amplitude in
different groups had no specificity.
Keywords Hearing loss, Cognition, P300
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#15
Intraoperative monitoring Cochlear Microphonics using Cochlear Response
Telemetry
Andy J Beynon1,2, Cris P Lanting1,2, Floris F Heutink1, Emmanuel AM Mylanus1,2
Radboud UMC, ENT Dept, Nijmegen, The Netherlands
1Radboud University Medical Center, Department Otorhinolaryngology, Nijmegen, Netherlands
2Donders Institute for Cognitive Neuroscience, Nijmegen, Netherlands
Background
Over the last decades different CI designs have been developed to reduce possible intracochlear damage of
hair cells and preserve existing residual acoustic hearing during array insertion. Besides alternative surgical
techniques, enhancements such as increasing the duration or reduction of electrode insertion speed,
previous studies have also suggested that electrocochleography (ECochG) might be a tool to
intraoperatively monitor the presence or absence of cochlear microphonics as measure to assess hearing
preservation.
Objective
ECochG responses are obtained intra- and postoperatively, using a dedicated research tool developed by
the University of Melbourne and Cochlear Limited (Cochlear Response Telemetry (CRT),) to evaluate
ECochG variables, cochlear microphonics (CM) and to examine whether there is an association between
change in CM and post-operative hearing preservation.
Methods
A group of CI candidates with significant low frequency residual hearing (i.e. ≤ 80 dBHL at 500 Hz) were
evaluated during surgery and postoperatively by obtaining acoustic ECochG (CAP, SP, CM).
Electrophysiological responses were obtained by the CI from apical electrodes in response to 250 to 2000
Hz acoustic stimuli.
Results
Intra- and postop patient data show that CRT is a dedicated software tool to stimulate, average and obtain
CAP, SP and CM. Our intra- and postop results show reliable and reproducible CM recordings that are
perfectly time-locked to insertion time and speed within acceptable signal-noise ratios.
Conclusions
The CRT research tool is of great value for intraoperative monitoring of cochlear neural processing. When
related to postop hearing evaluation, real-time intraop feedback through CRT monitoring may help
surgeons to optimize insertion procedures.
Research highlights
ECochGs are used to monitor possible intracochlear damage by obtaining cochlear microphonics during
cochlear implant insertion
Keywords Cochlear Implants, ECochG/CM, intraop monitoring
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#50
Is Listening Effort Expressed in Pupil Diameter and EEG Alpha Power?
Emily Graber1, Emmanuel Chan1, Andrew Dimitrijevic1,2
1
2

Sunnybrook Health Sciences Centre
University of Toronto

Background and Aims
Listening to speech in noisy environments is often effortful for individuals with hearing impairments, yet
clinical tests and procedures to detect and reduce listening effort are lacking. Two measures that may
reflect listening effort are electroencephalographic (EEG) alpha oscillations and pupil diameter. While
studies have shown that single-trial alpha power does relate to perceived listening effort, a relationship
between perceived listening effort and pupil diameter has not been shown on a trial-by-trial basis. Here we
will explore whether pupil diameter mirrors trial-by-trial EEG alpha activity and can serve as an objective
measure of listening effort ratings in noise.
Methods
64-channel EEG and pupillometry were recorded in normal hearing participants listening to short
sentences embedded in multi-speaker babble. The babble was presented at 60 dB for all trials while the
sentence level varied over three levels to make easy, medium and hard trials. The signal-to-noise ratio for
the three conditions was obtained in a short behavioral session just prior to the EEG session. After each
stimulus, the participants verbally repeated the sentence and gave a rating of the required listening effort
on a 1-9 scale.
Results
Preliminary results over the three conditions show that single-trial alpha power and effort ratings varied
systematically for normal hearing. Pupil diameter trends did not appear to follow as closely, however.
Conclusions and Significance
In normal hearing, findings at present suggest that alpha power is more sensitive to listening effort than
pupil diameter. However, hearing-impaired adults and cochlear implant users are currently being recruited
for this study. These results may aid in the development of clinical tests that reveal listening effort, though
further investigation is required.
Funding source: Oticon
Research highlights
1. Alpha power varies with trial difficulty
2. Single-trial alpha power also varies with effort ratings
3. Unclear if pupil diameter varies according to effort ratings
Keywords listening effort, electroencephalography, pupillometry
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#58
Different distributions and contributions of ion channels along the tonotopic
turns of rat cochlea
Gi Jung Ima*, Se Hee Leea, Kushal Sharmab, Eunyoung Yib, Euyhyun Parka, Young
Chan Kima, Yoon Chan Rhaa, June Choia, Sung Won Chaea, Hak Hyun Junga
aDepartment

of Otolaryngology – Head and Neck Surgery, Korea University College of Medicine, Inchon-ro
73, Seongbuk-Gu, KR02841, Seoul, Korea;
bCollege of Pharmacy and Natural Medicine Research Institute, Mokpo National University, 1666
Yeongsanro, Cheonggye-Myeon, Muan, Jeonnam, 534-729, Republic of Korea
The cochlea is tonotopically mapped and is sensitive to specific sound frequencies. High frequency sounds
stimulate the basal turn of the cochlea, whereas low frequency sounds stimulate the apical turn. Various
ion channels are distributed throughout cochlear hair cells; therefore, the tonotopic distribution of ion
channels may differ. The aim of this study was to investigate the tonotopic distribution/contribution of ion
channels in rat cochlea using whole-cell patch-clamp recordings, quantitative PCR, and western blotting
(BK1, SK2). Electrophysiology and expression studies were performed using the organ of Corti dissected
from the cochlea of rats at postnatal days 8-10. Three tonotopic regions in the organ of Corti were
examined: apical, middle, and basal. The electrophysiological responses to ACh were recorded in the inner
hair cells of these three regions. Multiple ion channels were analyzed in the three regions using real-time
PCR and western blotting. Patch-clamp recordings showed that the efferent responses of the inner hair
cells differed along the tonotopic turns of the cochlea, and that ACh response of the basal region was 2
fold stronger than that of the apical region. Application of a high concentration potassium solution evoked
synaptic events, which significantly increased from the apical to the basal region (6 fold higher). High K+
evoked synaptic events (BK1) and efferent responses (SK2) significantly increase from apical to basal turn,
and were stronger especially in basal high frequency region. The mRNA expression levels of the BK1
channel were significantly increased (1.96 ± 0.2 fold) from the apical to the basal region, and protein
expression levels of BK1 tended to increase along the whole cochlear turn. The protein expression levels of
SK2 were significantly increased in the basal region compared with the apical region (4.00 ± 1.64 fold).
Different distributions and contributions of BK1 (excitatory) and SK2 (inhibitory/developmental) ion
channels play a role in the tonotopical detection of variable frequency sound in the cochlea. In the basal
turn of cochlea of P8-10 rats, BK1 and SK2 expression levels were higher than in the apical turn, and it is
presumed that uneven distribution or development of ion channels is induced by different efferent
synaptic events. These differences in ion channel distribution may also be related to different sensitivities
to both ototoxic drugs and noise damage, which typically induce more damage in the basal turn compared
with the apical turn.
Research highlights
1. Different distributions and contributions of BK1 and SK2 ion channels play a role in the tonotopical
detection of sound in the cochlea.
2. Efferent responses and high K+ evoked synaptic events were significantly increased from the apical to
the basal region, much stronger in basal high frequency region.
3. Different distributions of BK1 and SK2 channels can be related to different sensitivities to both ototoxic
drugs and noise damage, especially in basal turn of cochlea.
Keywords Cochlea, acetylcholine, potassium, ion channel
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Repeatability of suppression of transiently evoked otoacoustic emissions
during the selective attention tasks
W. Wiktor Jedrzejczak, Rafal Milner, Edyta Pilka, Malgorzata Ganc, Krzysztof
Kochanek, Henryk Skarzynski
World Hearing Center, Institute of Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland

Background
Contralateral acoustic stimulation (CAS) by broadband noise, is known to affect the measurement of
otoacoustic emissions (OAEs). This effect is related to activation of the medial olivocochlear neuronal
pathway. Some studies reported that CAS effect on OAEs might change with different levels of attention.
The aim of the present study was to evaluate the repeatability of CAS effect on OAEs during the selective
attention tasks.
Methods
To manipulate attention, we asked subjects to attend to, or ignore, visual stimuli delivered according to an
odd-ball paradigm. The subjects were presented with two types of visual stimuli: standard and deviant
(20% of all stimuli, randomly presented). During a passive part of the experiment, subjects had to just
observe a pattern of squares on a computer screen. In an active condition, the subject’s task was to silently
count the occasional inverted (deviant) pattern on the screen. OAEs in response to clicks (transiently
evoked OAEs, TEOAEs) were used to gauge inner ear function. TEOAE levels were evaluated with and
without CAS by broadband noise. TEOAE measurements were repeated for each attention condition in
order to test repeatability.
Results
The average difference between magnitudes of consecutive CAS TEOAE measurements was around 0.1 dB
for the whole signal and slightly higher for some frequency bands. However the CAS effect on TEOAEs was
very small for some subjects. In order to achieve repeatable measurements for such ears SNR of above 20
dB was required.
Conclusion
The CAS effect on TEOAEs has quite high variability which might be a problem in experiments involving
selective attention tasks. The expected changes in TEOAEs could be difficult to detect. This probably may
be overcomed by increasing the number of averages. However in the present study it was not possible to
reach sufficient SNR for some of the ears even after quite long averaging.
The levels of contralateral suppression measured in present study were similar to previous studies. The
present study indicates that there seems to be no effect of auditory attention on the level of suppression
of TEOAEs.
Keywords otoacoustic emissions; contralateral acoustic stimulation; repeatability
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#71
Auditory Steady-State Responses ASSR in normal hearing adults – Stimuli
Interaction for narrow-band Chirps
Monika Kordus, Jesko L. Verhey
Department of Experimental Audiology, Otto von Guericke University Magdeburg Leipziger Str. 44, 39120
Magdeburg, Germany

Auditory steady state responses (ASSR) are widely used for audiologic threshold estimation. ASSR can be
recorded to a single (bandlimited) chirp or several simultaneously presented chirps (up to eight in total,
four in each ear). The advantage of a simultaneous presentation is that it can reduce the test time
significantly. A potential disadvantage is that the simultaneously presented stimuli may interact. An
interaction of simultaneously presented stimuli on ASSR was already investigated for amplitude modulated
(AM) sinusoids. Some studies showed no interaction, when the carrier frequencies differed by at least one
octave, other showed mixed results. The aim of the study is to investigate the effect of a number of
simultaneously presented chirps on the auditory steady state response (ASSR).
Ten normal hearing adults (25-35 yr.) participated in the study. ASSR to seven stimulus conditions were
recorded, which differed in the number of stimuli presented simultaneously and whether the stimuli were
only presented to one ear or to both ears. Up to four one-octave wide chirps with center frequencies of
500, 1000, 2000, and 4000 Hz were presented simultaneously. The repetition rate ranged from 35 to 45 Hz.
They were presented at 60 dB HL. Stimuli were generated in Matlab, converted to analog signals and
amplified using sound Card RME400, TDT Attenuator and TDT Headphone buffer, and presented to the
participants through insert headphones ER-3A. For EEG recordings, Ag/AgCl electrode placed at FZ(+) and
Inion (-) were used in combination with an amplifier SynAmps RT64 and the system
Curry 7.
The ASSR to the single bandlimited chirp was higher than when two or more chirps were presented
simultaneously to one ear or to both ears. This effect was significant for the two-chirp stimuli, even at a
spectral distance of the center frequencies of two octaves. This indicates that interaction of chirps may be
larger than observed for AM pure tones.
Research highlights
1. The ASSR evoked by the single bandlimited chirp was higher than when two or more chirps were
presented simultaneously to one ear or to both ears.
2. The ASSR increase was significant for the two-chirp stimuli, even at a spectral distance of the center
frequencies of two octaves.
3. In addition, interaction of chirps may produce larger ASSR than that observed for AM pure tones.
Keywords ASSR, bandlimited Chirps, Stimuli Interaction
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No differences in ABR wave I slope as a function of exposure to leisure noise
Colleen G. Le Prell, Sarah Grinn
The University of Texas at Dallas
Background/aims
The effects of noise on the inner ear continue to be of significant interest given the identification of noiseinduced cochlear synaptopathy in rodents and macaques. Johanneson et al (2019) recently reported that
the rate of growth of ABR wave I is potentially sensitive to cochlear synaptopathy. They reported agerelated decreases in wave-I growth rate but they did not detect decreases in wave-I growth rate as a
function of noise exposure history. These analyses were repeated for a dataset collected from a young
adult population we have described previously in Grinn et al. (2017).
Methodology
The growth rate for ABR wave I was calculated for 31 young adults with normal hearing and diverse noise
exposure histories. The primary analysis was linear regression analysis with noise exposure scored as a
continuous variable and wave-I growth calculated as slope of ABR wave I. For a secondary analysis,
participants were categorized as “high risk” or “low risk” based on the LAeq8760 boundary of 79 dBA,
which is equivalent to occupational exposures to 85 dBA (8 hrs/day, 5 days/week) during the previous year.
Results
There were no statistically significant relationships between noise exposure history and wave-I growth rate
regardless of whether exposure was scored as a continuous variable or dichotomized to risk groups.
Conclusions
While the new methodology reported by Johanneson et al (2019) appears to reveal changes that are
consistent with and suggestive of an age-related cochlear synaptopathy, application of these measures to
an existing data set did not provide any new evidence suggesting the presence of cochlear synaptopathy in
a young adult population exposed to recreational noise. It is possible that wave-I growth rate would be
affected in populations with greater sound exposure. Wave I amplitude data from Bramhall et al (2017),
collected from veterans and civilians who shoot firearms and controls with less noise exposure, are
consistent with a potential cochlear synaptopathy. Additional data are needed to assess relationships
between functional deficits and wave I amplitude measures.
Research highlights
1. Decreases in ABR wave I amplitude have not been reliably detected in young adult populations exposed
to leisure noise.
2. ABR wave I amplitude growth rate may provide a more sensitive metric than the amplitude of ABR wave
I.
3. ABR wave I amplitude growth rate did not reveal evidence suggestive of cochlear synaptopathy within a
normal hearing young adult cohort in which wave I amplitude was previously described.
Keywords Cochlear synaptopathy, auditory brainstem response, leisure noise
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Comparative analysis of ASSR and behavioral audiometry in sudden
sensorineural hearing loss patients
Sang-Yeon Lee1, Jeong-Hyun Ahn2, Ji Eun Choi2, Jae Yun Jung2, Min Young Lee2
1Department
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2Department of Otorhinolaryngology–Head and Neck Surgery, Dankook University Hospital, Cheonan,
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Background
The exact cause of idiopathic sudden sensorineural hearing loss (SSNHL) is still unknown and predicted to
be multifactorial. Auditory steady state response (ASSR) is an evoked potential by continuous sound
stimulus and its generator is thought to be related to the modulation frequency. ASSR is an objective
hearing test and used to confirm the subjective behavioral hearing test. In high stimulus intensities and
high frequencies, ASSR is known to correlate with behavioral hearing test. However, in patients with
sudden sensorineural hearing loss, there are subjects whose behavioral test outcomes differ from ASSR.
Thus, in the present study, we divided the SSNHL into three groups according to their threshold difference
between two test which are matching, ASSRbetter and ASSRworse and analyzed their correlation to clinical
characteristics and word recognition score (WRS).
Methods From December 2010 to July 2017, data of patents who visited Dankook University Hospital for
SSNHL were collected. Bilateral SSNHL and patients who diagnosed as Meniere’s disease, otitis media,
enlarged vestibular aqueduct syndrome and labyrinthitis are excluded. Threshold difference more than 20
dB between pure tone audiogram (PTA) and ASSR at any of four tested frequencies were considered as
unmatched.
Results
Among 114 patients, ASSR better, ASSR worse and Matching were 39, 26 and 48 respectively. Prevalence
of tinnitus and earfullness was compared among group but no significant difference was observed. Twenty
seven patients among ASSRbetter group, 6 patients among ASSRworse group and 18 patients among
Matching group complained dizziness and statistical difference of dizziness prevalence were observed
(p=0.0004(Fischer’s exact test)). Correlation between averaged PTA and WRS were compared among
group. All group showed significant negative correlation between PTA and WRS existed, but there was
statistical difference of correlations between Matching (R=-0.731) and ASSRworse (R=-0.890) (Fischer r-to-z
transformation p=0.035).
Conclusion
Lower dizziness prevalence and lesser correlation between PTA and WRS were observed in patients whose
ASSR thresholds were higher than PTA. These results may indicate the possibility of pathology origin higher
than cochlea and further analysis of prognostic variance among groups may coincide with current data and
strengthen the theory.
Research highlights
1. ASSR is objective measure for hearing which reflects responses from different central auditory pathway
2. Sudden hearing loss is multifactorial and prognosis varies between subjects
3. Mismatch of ASSR and behavioral hearing test might explain variance of clinical characteristics and
prognosis.
Keywords ASSR, PTA, mismatch, sudden sensorineural hearing loss

71

#82
Establishing normal auditory steady-state response thresholds to narrow band
CE-Chirp® stimuli in full-term neonates
Rodrigues, Gabriela Ribeiro Ivo; Lewis, Doris Ruthy
Pontificia Universidade Católica de São Paulo, Av. Higienópolis, 360 apto. 4, São Paulo, Brazil

Narrow band CE-chirp® was developed to provide a better synchronization of neural response due to the
compensation of the travelling wave delay in the basilar membrane. These stimuli combined with a
detection method that includes higher harmonics responses, on the multiple auditory steady-state
responses recording was studied in this research.
Aim
To establish air conduction thresholds that can be considered ‘‘normal’’ for ASSR to narrow band CEchirps® in normal hearing neonates.
Method
Multiple ASSR was recorded, with air-conducted stimuli, in 30 full-term neonates, 14 girls and 16 boys,
with an average age of 34.3 hours of life. All neonates present transient-evoked otoacoustic emissions and
automatic ABR at 35dBnHL, before performing ASSR test.
Results
The ASSR thresholds estimated using 50% cumulative distributions were 25, 15, 20 and 20 dB nHL at 500,
1000, 2000, and 4000 Hz, respectively. For the same frequency order, ASSR thresholds estimated from 90%
of the neonates were 35, 29.5, 20 and 25 dB nHL. When ASSR thresholds recorded in full-term neonates
and adults were directly compared, the differences between these groups were not significant different for
1000 Hz (p = 0.354), 2000 Hz (p = 0.627) and 4000 Hz (p =0,229). However, at 500Hz, ASSR thresholds in
neonates tend to be greater than in adults (p < 0.001).
Conclusion
Based on data found in this study, we can consider “normal ASSR thresholds” for narrow band CE-chirp® in
neonates the levels 35, 30, 20 e 25 dB nHL at 500, 1000, 2000 e 4000Hz respectively.
Research highlights
1. One of the methods to estimate an audiogram in children who can not perform an audiogram, as
newborns and very young infants, is the auditory steady state response. Using the Chirp stimulus in this
method, makes it necessary to understand how the results are shown for this normal population.
2. Newborn hearing screening programs demand a high number of infants who refer for hearing
assessment. Everyday we need to perform fast and precise hearing assessment, and new technologies, as
new stimuli and detection methods must be studied, in order to decide what is normal hearing, and what
are the correction factors to be applied for this population.
3. ASSR is a methodology which can be used, as well as the frequency specific ABR, in order to perform an
estimation of an audiogram, including not so experienced audiologists.
Keywords Auditory Steady State Response, Narrow Band CE-Chirps, Neonates
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ASSR results in Auditory Neuropathy: a case of unexpectedly good ASSR
thresholds
Guy Lightfoot1, Gary Steven Norman2
1ERA

Training & Consultancy Ltd, UK
Services Executive, Dublin, Republic of Ireland

2Health

A case report of an infant with unilateral ANSD will be presented.
The infant was referred from the universal newborn hearing screening programme with a unilateral no
clear response (TOAE clear response and AABR no clear response) for immediate diagnostic assessment.
Risk factors included T21 (Down Syndrome) and NICU > 48 hrs. On diagnostic testing, on the affected side
the ABR was absent and CM was present.
One would normally expect ASSR thresholds to be in approximate agreement with the ABR but in this case,
estimated thresholds from the ASSR in the ear with ANSD were 40, 30 & 20 dBHL at 1, 2 & 4 kHz
respectively. At these levels cross-hearing should not occur. Technical issues with the ABR such as a
blocked insert were excluded. We await MRI imaging results.
One possible mechanism for this combination of results will be suggested but IERASG members will be
asked if this pattern of results has been seen before and if other explanations can be offered. In short,
HELP!
Until and unless a satisfactory explanation is found, it is suggested that ASSR thresholds should not relied
upon in the diagnosis and management of possible ANSD.
Keywords ASSR; ANSD; unexpected results
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Investigating Room Acoustical Effects of Simulated Clinic Rooms on SoundField ASSR Measurements Using a Virtual Acoustic Environment
Valentina Zapata-Rodriguez1,2, Søren Laugesen1, Cheol-Ho Jeong2, Jonas
Brunskog2 and James M. Harte1
1Interacoustics
2Acoustic

Research Unit, c/o Technical University of Denmark, Kgs. Lyngby
Technology group, Department of Electrical Engineering, Technical University of Denmark

Objectives
There is a growing interest in using sound-field auditory steady-state response (ASSR) to objectively
validate hearing-aid fitting in pre-lingual infants. In practice, sound-field ASSR will be measured in clinic
rooms with non-anechoic acoustic conditions. As the ASSR magnitude is dependent on the amount of
modulation in the stimulus, any reduction due to room acoustics could affect the clinical viability of the
sound-field test. This study investigates the relationship between observed soundfield ASSR magnitude and
changes to stimulus modulation brought about by the acoustical properties of simulated clinic rooms.
Methods
ASSR was recorded from normal-hearing adults in a virtual acoustic environment (VAE) where various clinic
room sound-fields were simulated. The Phased Acoustical Radiosity and Image Source Method (PARISM),
was used to simulate the various rooms. This was coupled with the nearest loudspeaker mapping (NLM)
reproduction technique to control a spherical array of 65 loudspeakers within an anechoic chamber. ASSR
was elicited with an ISTS-modified version of the narrow-band CE-Chirps presented at a nominal
broadband level of 65 dB. This novel stimulus was created based on a two-octave-band wide chirp centred
at 707 Hz, and two one-octave-band wide chirps centred at 2000 and 4000 Hz. Each band was presented at
an individual rate in the 40, 90 and 90 Hz ranges, respectively. The ISTS modifications will eventually
ensure that hearing aids under test will apply speech-appropriate gain and signal processing.
Results
The noise-corrected ASSR amplitude, detection rate, and detection time were analyzed across all room
conditions. Additionally, the detrimental effects of room acoustics on the stimulus modulation were
quantified. The results indicate that the degradation of the stimulus modulation can be reflected in the
ASSR measurements.
Conclusions
A virtual acoustic environment has been proposed to investigate the effect of clinic room acoustics on
sound-field ASSR. We suggest that careful consideration should be taken concerning the room where
sound-field ASSR measurements will be conducted due to the degradation of the stimulus modulation
produced by acoustics of the measurement rooms.
Research Highlights
1. Sound-field ASSR recorded in a virtual acoustic environment.
2. Changes on stimulus modulation due to room acoustics reflected in ASSR measurements.
Keywords Sound-field ASSR, Stimulus modulation, Clinic environments for sound-field ASSR measurements
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Clinical considerations when taking the Nucleus slim modiolar electrode into
use: NRT-based programming and NRT-ratio
Franck Michel
Audiology Clinic, Department of Otorhinolaryngology, Head and Neck Surgery, Aarhus University Hospital,
Denmark
Background
The Nucleus CI532 cochlear implant (CI) uses a Slim Modiolar (SM) electrode, which is a different design
compared to the Contour Advance (CA) electrode that has been used for many years.
When dealing with CI recipients, objective measures are sometimes necessary to assist in making clinical
decisions. But can clinical practice be directly transferred from one electrode design to the other? Of
particular interest are Electrically evoked Compound Action Potentials (ECAPs) which could be affected by
the intracochlear position of the electrode array. The aim of this study was to investigate whether NRT
thresholds (T-NRTs) differed, and whether this could affect CI programming and the use of NRT-ratio.
Methods
NRTs were measured on 51 ears implanted with CI532 (median age = 1.16 years). Data was collected
during surgery and at least 6 weeks after activation. T-NRTs were compared with similar data from CI512
recipients. NRT-ratio was computed and analyzed for both implant types. Since no radiological data was
available for this young patient group, a second, smaller group consisting of four adults was included. For
that group postoperative CT scans and NRT-ratio were assessed.
Results
Results showed that T-NRTs for CI532 had a rising profile and differed from the flatter profile of CI512.
They tended to be lower for apical electrodes and higher for basal electrodes. Average difference across
the electrode array varied from -30 CL to +46 CL. This difference seen intraoperatively persisted after
several weeks of CI use. As a consequence, NRT-based MAPs for CI532 recipients generally had rising Cand T-levels from apical to basal electrodes. The practice of NRT-based programming comes from studies
with the CA electrode, and needs to be evaluated again with the SM electrode. All subjects in the
radiological group had electrode positioned in the scala tympani and NRT-ratio well below 1.05. However,
NRT-ratio was overall lower for CI532 compared to CI512. The 1.05 NRT-ratio criterion is likely too high for
the SM electrode.
Conclusion
T-NRTs for CI532 implants with SM electrode tend to be different from implants with CA electrode.
Implications for clinical practice with CI532 need to be investigated further.
Research highlights
1. Nucleus slim modiolar electrode has a rising T-NRT profile
2. T-NRT profile differs from contour advanced electrode
3. Clinical practice inherited from previous electrode design needs to be reevaluated
Keywords NRT, CI532, programming
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Mismatch Negativity: test-rest reliability
Mridula Sharma1,2, Varghese Peter1, Danielle Dennis1 , Gita Raman1, Suzanne C
Purdy3
1 Department
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3 School of Psychology, University of Auckland, New Zealand
2

Background
Mismatch Negativity (MMN) is considered to be a change-specific component of the event related
potentials. In order to determine if it can be used in evaluating discrimination in clinical populations, the
test-retest reliability of MMN needs to be considered. Therefore, the aim of the current study was to
determine the reliability of MMN.
Method
MMN area and P1-N250 responses were evaluated twice in 84 children (7-12 yrs, 28 females) with normal
pure tone hearing and reported listening in noise concerns. All children were tested twice within 10 days
using a /da-ga/ oddball paradigm. MMN and P1-N250 responses were measured at Fz and Cz with right
and left ear mastoids as inverting electrodes. Two MMN responses were elicited to the deviant /ga/ where
the standards were /da/ within oddball and /ga/ alone.
Results
Overall P1 latency and amplitude was consistent across the two recordings. N250 latency showed more
variability while amplitudes were more consistent across the two sessions. MMN was present in most
children based on our previously published criterion for MMN area. Although paired t-tests showed no
test-retest differences, Pearson’s correlations showed only a weak correlation between the two recordings
[/ga/ deviant-/ga/ alone] (r=0.26, p<0.05) as there was a large amount of variability across the two
sessions.
Conclusion
For the current paradigms and stimuli, MMN was not reliable across the 2 recordings for the children.
Previous research had investigated the reliability of MMN responses in adults and noted the concerns with
the presence of the response. In the current study, MMN was elicited but seemed to be much smaller on
the second assessment (undertaken within 10 days of each other). The poor test-retest reliability of MMN
has implications for the clinical applicability.
Research highlights
1. Considering P1 is a reliable response when tested twice over 2 days, provides confidence in its
usefulness clinically
2. N250 latency relative to P1, is more variable
3. Speech stimuli evoked MMN area is less repeatable in children which is a major deterrent to clinical
applicability.
Key words Mismatch Negativity, speech tokens, test-retest reliability
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#120
The relationship between MMRTF and Speech discrimination
Uhler, K
Background
Despite efforts to improve language outcomes and understand key factors impacting language in children
with hearing loss (HL), children with HL continue to have more impoverished language than their normal
hearing (NH) peers. It has been well documented that speech discrimination is related to language
outcomes, but we know little about speech discrimination in children with HL younger than two years of
age. Currently, best practice for hearing aid fittings, in children under two years of age, is limited to
acoustic measures of hearing aid output at the level of the peripheral ear canal rather than speech
discrimination. We assessed the relationships between the mismatched response (MMR, a biomarker of
speech discrimination), measures of hearing aid fit, and behavioral discrimination of speech sounds at 7
months of age.
Methodology
We examined the time-frequency mismatched response (MMRTF) in 64 infants with normal hearing and 37
infants with HL at a mean age of 3 months. MMRTF responses were computed from EEG recorded from 11
scalp electrodes in response to two speech contrasts: a vowel contrast /a-i/ and a consonant-vowel
contrast /ba-da/. Behavioral discrimination of these contrasts was assessed in the same infants at a mean
age of 7 months. A metric multidimensional scaling (MDS) analysis was applied to a joint, scaled
representation of the MMRTF and VRISD responses in order to identify the MMRTF features that best
classify and/or predict VRISD outcomes. Classification accuracy was assessed by linear fits of the projected
classification features and VRISD scores.
Results
MDS classification revealed that MMRTF responses in the theta (3-7 Hz) and low beta (13-18 Hz) bands
may serve as VRISD performance classifiers. Linear fits revealed a within subject, within-contrast
relationship between the MMRTF classification weights at 3 months and behavioral proportion correct
scores at 7 months.
Conclusion
These findings demonstrate the feasibility of using MMRTF to assess how the brain responds to changes in
speech sounds and suggest a relationship between MMRTF response features at 3 months and behavioral
speech discrimination at 7 months.
Research highlights
1. MMRTF is feasible as a tool to assess speech discrimination in individual infants
2. Infant speech discrimination, as measured by MMRTF, is related to behavioral speech discrimination
3. Due to this relationship MMRTF has the potential to serve as a proxy for assessing speech discrimination
during the first months of life following hearing aid fit.
Keywords Infant speech discrimination, Hearing loss, Hearing aids
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#60
P1 Cortical Auditory Evoked Potential in Children with Unilateral or Bilateral
Cochlear Implants; implication for timing of second cochlear implantation
Sung Wook Jeong, Chang Bae Lee, Lee-Suk Kim
Department of Otolaryngology-Head and Neck Sugery, College of Medicine, Dong-A University, Busan,
Korea

Objective
To examine maturation of the central auditory pathway, using P1 cortical auditory evoked potential
(CAEP), in children who had received unilateral or bilateral cochlear implantation (CI).
Methods
Twenty children who had received CI due to congenital, or prelingual, deafness participated in the study.
Participants had received the 1st implant at a mean age of 3.4 ± 0.7 years; 16 had also received a 2nd CI for
the contralateral ear, at a mean age of 11.1 ± 2.1 years. P1 CAEP was recorded while using the 1st implant
and, for those who received contralateral CI, within 2 weeks of switching on the 2nd implant. Relations
between P1 latency and duration with the 1st implant, and between age at 1st CI and P1 latency, were
investigated. Relations between P1 latency with the 1st and 2nd implants, and between the interstage
interval and difference between P1 latencies with the 1st and 2nd implants, were also examined.
Results
P1 CAEP with the 1st implant was present in 16 of the 20 children. Mean P1 latency was shorter in the
early CI group compared with the late CI group, but this difference was not statistically significant
(p=0.154). There was a significant negative correlation between the duration with the 1st implant and P1
latency (r=–0.783, p<0.001).
Among the 16 children with sequential bilateral CI, P1 CAEP with the 2nd implant was present in 10.
There was a significant negative correlation between the duration with the 1st implant before receiving
the 2nd implant and P1 latency with the 2nd implant (r=–0.710, p=0.021); there was also a significant
positive correlation between P1 latency with the 1st and 2nd implants (r=0.722, p=0.018). There was not a
significant correlation between interstage interval and the difference between the two P1 latencies (r=–
0.430, p=0.248).
Conclusion
Longer cochlear implant use is associated with shorter P1 latency. Unilateral hearing with the 1st implant
may positively affect P1 latency with the 2nd CI ear. These findings imply that increased auditory
experience may influence central auditory pathway maturation and that the degree of central auditory
pathway maturation before the 2nd CI, rather than the timing when the surgery is received, may influence
2nd CI outcome in children with sequential bilateral cochlear implants.
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#91
Decline of speech recognition in difficult listening conditions related to age
and cognition contributions of auditory and non-auditory factors
Ilka do Amaral Soares1; Maria de Fátima Ferreira Oliveira1; Kelly C. L. Andrade1,3;
Ana C. F.Frizzo2; Aline T. L.Carnaúba1,3; Pedro L. Menezes1,3
1Department

of Audiology, State University of Health Sciences of Alagoas, Maceió, Alagoas, Brazil, Brazil;
of Audiology, State University of São Paulo Julio de Mesquita Filho, Marília, São Paulo and
3Department of Medicine, Cesmac University Center, Maceió, Alagoas, Brazil.
2Department

Background
The Brazilian population is aging rapidly. However, the decline in speech recognition with competitive
noise is due to a combination of auditory and nonauditory factors that accentuate over time and with
advancing age.
Aim
To identify the age-related auditory and non-auditory factors that contribute most to the decline of speech
recognition in noise and its interference over the time course of age in adults and the elderly.
Methods
Prospective cross-sectional analytical study. The cognitive aspects were analyzed through the Montreal
cognitive evaluation test. To evaluate the auditory processes, auditory evaluation tests were performed,
psychophysical tests of speech recognition in difficult listening - dichotic listening, monotonic listening and temporal resolution evaluating auditory processing, electrophysiological tests such as the long latency
auditory evoked potentials evoked by tonal and linguistic stimuli
Results
36 adult ears and 20 ears of the elderly with normal hearing were analyzed. The Gaps-in-Noise test showed
significant differences, with p <0.01. The cognitive P300 test did not present significant differences when
evoked with tonal or speech stimuli. The cortical tests presented significant differences in the conditions
evoked by speech stimulus / to / for the amplitude of N2 OE (p = 0.048), evoked by pure tone 1000Hz P1
OE latency P = 0.036), evoked by pure tone stimulus 1000Hz for the amplitude of N2 OE (p <0.01), evoked
by pure tone stimulus 2000Hz for the amplitude of N2 OE (p = 0.035) and evoked by pure tone stimulus
2000Hz for the amplitude of P1 OD (p <0.01).
Conclusion
Differences in speech perception in noise among adults and the elderly were not evident in cognitive
potentials. The amplitude of N2 is lower in the cortical potentials evoked by the stimuli / at /, tone 1000Hz
and 2000Hz.
Area: auditory processing; auditory evoked potentials; aging.
Key words Speech perception; Noise; Audiometry.
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#101
Auditory Evoked Potentials and Speech-in-Noise Perception: Effects of Aging
and Hearing Loss
So E. Park and Cynthia G. Fowler.
University of Wisconsin-Madison, Electrophysiology and aging lab, communication Sciences and Disorders,
1975 willow Dr. Madison, Wisconsin 53706
The age-related neurophysiological changes linked to the homeostatic plasticity may underlie age-related
alteration of neural processing and sensory-perceptual process in the central auditory system (e.g.,
Turrigiano, 1999, 2007). This study investigated (1) the effects of age and hearing loss on morphological
changes in the auditory evoked potentials (AEP), (2) interrelationships between the neural responses
taking place at early and later stages of auditory processing, and (3) electrophysiological correlates of agerelated declines in speech-in-noise (SIN) perception.
The study compared three listener groups: (1) 30 young normal-hearing adults (YNH, M=21 years); (2) 26
older adults with near-normal hearing (ONH, M=63.9 years); and (3) 26 older adults with hearing loss (OHI,
M=72.8 years). AMLR and ALLR were separately recorded in response to 500 Hz tone burst and syllable
/ba/ in quiet and in babble at the level of 90 Leq (dBA), accompanied by the 12-talker babble at the level of
65 Leq (dBA). The amplitudes and latencies of Pa, N1, P2 and N2 were analyzed at Cz electrode site.
Revised Speech Perception in Noise (R-SPIN) test was conducted to measure speech-innoise perception.
The effects of aging revealed significantly enhanced Pa and N1 amplitudes and significantly prolonged Pa,
P2 and N2 latencies in ONH versus YNH group. The effects of hearing loss revealed significantly prolonged
N2 latencies in OHI versus ONH group. The combined effects of aging and hearing loss demonstrated the
stronger impact on morphological changes in AEP, showing significantly enhanced amplitudes and
prolonged latencies across all AEP components in OHI versus YNH group. Significant amplitude-based
interrelationships were found in both ONH and OHI listeners, indicating overredundancy in the transfer of
neural information between successive stages of auditory processing in the aging auditory system.
Significant latency-based interrelationships were, however, found in all listener groups, indicating that the
neural timing at subcortical levels may be responsible for the neural transmission at the higher cortical
levels. Enhanced Pa amplitudes and prolonged N2 latencies, particularly elicited by /ba/, were significantly
correlated with lower R-SPIN scores in older listeners.
Age-related enhancements of suprathreshold Pa amplitudes and age-related prolongations of N2 latencies
for syllable /ba/ may serve as electrophysiological indices of age-related declines in SIN perception.
Research highlights
1. Age-related variations in AEP morphology became more apparent by interplay between effects of aging
and hearing loss.
2. Age-related changes in amplitudes and latencies of AEP may reflect distinct neural mechanisms of
auditory processing in the aging central auditory system.
3. Age-related enhancements of suprathreshold Pa amplitudes and age-related prolongations of N2
latencies may serve as electrophysiological correlates of age-related declines in SIN perception.
Keywords Age-related hearing loss, Amplitude/Latency-based interrelationship, Electrophysiological
correlates of reduced SIN perception
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Single-trial EEG alpha rhythms track changes of listening effort in cochlear
implant users during speech in noise perception
Brandon T. Paul & Andrew Dimitrijevic
Sunnybrook Research Institute, Evaluative Clinical Sciences Platform Sunnybrook Health Sciences Centre

Background and aims
Profoundly deaf adults who use a cochlear implant (CI) commonly indicate that a significant amount of
listening effort (LE) is required to overcome difficulty with understanding speech in challenging
environments, such as in noise or with competing talkers. However, the physiological processes underlying
LE are not well understood, and there is no objective marker of LE that can guide clinical practice. Our past
research in both normal-hearing (NH) and CI users has however found that inter-individual differences in
frontal alpha oscillations (8-12 Hz brain rhythms) in the electroencephalogram (EEG) explained differences
of self-reported LE in a speech-in-noise perception task, suggesting this activity is a neural marker of LE. In
contrast to inter-individual differences, the goal of the current study is to determine if intra-individual
changes in alpha activity can explain different degrees of LE exerted within the same CI user.
Methods
In an 8-speaker free field, 15 CI users were presented three spoken digits in multitalker babble noise at
different signal-to-noise ratios (SNRs). Owing to large individual differences in speech in noise
understanding, the range of SNRs was adjusted on an individual basis so that they were scaled to each CI
user’s range of effort ability. For each of the 180 trials, listeners verbally reported the digits that they
heard, and rated LE on a 1-10 scale. During this time we recorded the 64-channel EEG. We used
beamforming to extract sources of single-trial alpha activity during digit presentation, which thereafter
were correlated to LE ratings using partial Spearman (rank) correlations in order to control for the changing
SNR levels. These analyses were performed on the single-subject level.
Results
Cluster-based permutation tests on these correlations revealed significant relationships between selfreported listening effort and alpha activity in the left inferior frontal gyrus (IFG) in 13 of the 15 participants
(p = 0.007).
Conclusions
Results suggest that alpha activity in left IFG tracks self-reported listening effort, and can be used as an
objective neural marker of LE in CI users. Project support provided by MED-EL.
Research highlights
1. Conducted a novel study looking at within-subject correlations between EEG alpha activity and listening
effort ratings in cochlear implant users performing a speech in noise task
2. EEG alpha activity in left inferior frontal gyrus correlated to listening effort ratings in 13 of 15 cochlear
implant users
3. EEG alpha activity is a candidate objective neural marker for listening effort that can be used in research
and clinical contexts
Keywords EEG Alpha Oscillations, Listening Effort, Cochlear Implant Users
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Non-invasive Click-Evoked Auditory Cortical Response in the Dolphin
Matt Schalles1, Jason Mulsow2, Dorian Houser2, James Finneran3 & Barb ShinnCunningham1,4
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Background/Aims
Auditory signal processing in dolphins is of special interest because these animals echolocate and possess
high upper-cutoffs of hearing (~140 kHz). The few previous measurements of auditory cortical responses
(ACRs) in dolphins have been performed in air, or with a restrained dolphin half submerged in water. Our
goal was to record ACRs from an unrestrained dolphin inwater, utilizing far-field sound stimulation. Sea
water acts as a volume conductor, making evoked potentials an order of magnitude smaller in water than
air. This presents a novel recording challenge. We performed a series of experiments manipulating
electrode placement, stimulus presentation rate, and offline filtering to maximize ACR magnitude.
Methodology
Three adult bottlenose dolphins (Tursiops truncatus, 1 normal hearing, 2 hearing impaired) participated in
the experiments. Stimuli consisted of 5-μs condensation clicks bandpass filtered from 5-200 kHz and
presented at a rate of 2, 4, or 8 Hz. For in-air testing, clicks were presented via a sound projector
embedded in a suction cup attached to the dolphin’s lower jaw. For underwater measurements, clicks
were presented via an underwater sound projector positioned 1 meter in front of a dolphin positioned on
an underwater bite plate. The EEG was recorded from a 16-channel montage referenced to a site over the
external auditory meatus, the melon (forehead), or anterior to the dorsal fin.
Results
Recordings referenced to the meatus yielded the highest magnitude ACR in water. ACR magnitude was
largest with the 2-Hz rate and decreased with increasing rate. In air, the polarity of the ACR flipped
approximately 10 cm posterior to the blowhole. Periodically withholding the stimulus (20% occurrence)
within a click sequence presented at 8 Hz resulted in a response approximately 70-100 ms post-stimulus
that reversed the polarity from the click response.
Conclusions
In-air recordings were similar to those previously reported, but with longer latencies and at different
recording sites. The similarities between in-air and underwater ACRs suggests that valid cortical recordings
can be obtained in either environment; thus, experiments can accommodate behavioral or experimental
constraints that dictate either paradigm. The missing stimulus condition suggests a possible ‘mismatchpolarity’ in response to an unexpected outcome.
Research highlights
1. We report non-invasive cortical recordings of a click-evoked auditory potential in a dolphin fully
submerged in water.
2. Sea-water acts as a volume conductor for neural electrical charges, thus reducing the magnitude of
recorded potentials. Myogenic noise is also larger for underwater recordings compared to recordings inair.
3. The basic similarities between in-air and underwater ACRs suggest that experiments may be conducted
either in air or underwater, based on whichever is most appropriate, while allowing inferential translation
to the other medium.
Keywords auditory evoked potential, marine mammals, auditory cortical potential
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N400: Objective measure of speech Understanding in Noise
Shivali Appaiah Konganda1,2, Mridula Sharma1,2, Ronny Ibrahim1,2, Joaquin T
Valderrama 1,2,3
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Background
In a regular clinical set up, audiologists encounter adults who report of difficulty understanding speech in
the presence of background noise despite having clinically normal audiograms. The exact reason to why
they report difficulty understanding speech in the presence of noise is still unclear. Therefore, the aim of
the current study was to explore the neural processing involved in speech understanding task in individuals
with and without listening in noise concerns using N400.
Method
22 adults with normal hearing, control group, (19-50 years, 7 males) and 20 with reported listening in noise
concerns, listening concern group (21-62 years, 8 males) were recruited. Electroencephalography (EEG)
was carried out on all the participants using semantically congruent and incongruent sentences. Three
types of analysis was carried out; 1) the onset responses i.e., P1-N1-P2 were identified for both types of
sentences; 2) N400 magnitude was estimated as the area under the curve on the difference waveform in
the time frame [0.4-0.8] seconds following the onset of the critical word; 3) Time frequency analysis of the
recorded EEG.
Results
Analysis of variance of the onset of the sentence and area under the curve for N400 showed no significant
difference across the groups. Within group analysis showed significant differences between responses
elicited for incongruent versus congruent sentences only for the control group. Significant clusters were
observed only in control group, on cluster permutation analysis in the frontal electrodes. Furthermore, the
time frequency analysis showed stronger synchronised alpha oscillations for the control group when
compared to the listening concern group.
Considering there were no differences in the onset response, the obtained result may indicate that both
groups perform similarly on simple perception tasks. In contrast, N400 elicitation, requires additional
cognitive skills such as attention and the ability to predict the occurrence of the incoming sentences.
Increased alpha oscillations have been reportedly associated with increased focussed attention. It could be
that individuals with listening concerns have difficulty maintaining their attention during complex tasks
such as speech understanding as observed in the presence of stronger alpha oscillations in the control
groups relative to listening concern group.
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Development of criteria models for the prediction of acoustic tumor using click
and chirp-evoked ABR
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Objectives
The objective of this study was to develop the criteria models for predicting acoustic tumor using click and
level-specific (LS) chirp-evoked ABR.
Methods
The study consisted of two stages: developing and validating the criteria models for the prediction of
acoustic tumor. In the first stage, 48 subjects with acoustic tumor and 45 subjects without acoustic tumor
underwent click and LS-chirp-evoked ABR. Univariate and multivariate analyses were performed with test
age, gender, PTA thresholds and wave V amplitudes and latencies of click and LS-chirp-evoked ABR. Based
on the results, four criteria models were developed: model 1, predicting the tumor statistically best using
LS-chirp-evoked ABR; model 2, predicting the tumor statistically best using click-evoked ABR, model 3,
predicting the tumor based on the theoretical background using LS-chirpevoked ABR and model 4,
predicting the tumor based on the corrected interaural peak latency difference of wave V (IT5). In the
second stage, 13 subjects with acoustic tumor and 23 subjects without acoustic tumor underwent click and
LS-chirp-evoked ABR. Based on the results of four models, they were diagnosed with or without tumors.
Results
Based on multivariate analyses, four criteria models were developed. Sensitivities and specificities of four
models were 87.5 and 73.3%, 81.3 and 77.8%, 83.3 and 62.2%, and 75.0 and 84.4%, respectively. In the
stage for the validation, sensitivities and specificities of four models were 84.6 and 69.6%, 61.5 and 56.5%,
69.2 and 65.2%, and 53.8 and 65.2%, respectively.
Conclusions
Results showed the possibility that the criteria model using LS-chirp-evoked ABR could serve as screening
tools for acoustic tumor. Further study is required to reveal this possibility in the future.
Research highlights
1. The criteria models for the prediction of acoustic tumor were developed and validated.
2. The sensitivity and specificity of the model predicting the tumor statistically best using LSchirp- evoked
ABR were 87.5 and 73.3%, respectively.
Keywords: acoustic tumor, LS-chirp, ABR
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Effective Masking Levels for Bone-Conduction Auditory Brainstem Response
Stimuli in Infants and Adults with Normal Hearing
Small, Susan A. and Lau, Ricky
School of Audiology and Speech Sciences, The University of British Columbia, Vancouver, Canada
Background
Early hearing detection and intervention programs aim to limit delays in identifying ear-specific
type/degree of hearing loss in infants using the auditory brainstem response (ABR). Ear-specific assessment
poses challenges as sound delivered to one ear can travel across the skull and activate the contralateral
cochlea. Wave V amplitude and latency measures ipsilateral and contralateral to the bone oscillator can be
compared to isolate the test cochlea (air-conduction testing also when large asymmetries are present).
However, when comparison of ipsilateral/contralateral responses cannot isolate the responding cochlea,
clinical masking is required. Effective masking levels (EMLs) for bone-conduction ABR testing in infants and
adults have not been measured directly. This study aims to determine EMLs for 500- and 2000-Hz boneconducted stimuli for infants (0-18 months) and adults with normal hearing.
Methods
Participants were 10-13 adults and 13-15 infants with normal-hearing. Bone-conducted 500- and 2000-Hz
brief-tone stimuli at intensities approximating normal levels (Infants: 20 & 30 dBnHL at 500 & 2000 Hz,
respectively; Adults: 500 & 2000 Hz at 20 and 30 dBnHL) were presented via a B-71 oscillator. White-noise
masking was presented binaurally via ER3-A earphones (42-82 dB SPL; 10-dB steps). The lowest level of
masking to eliminate a bone-conducted response was deemed the EML.
Results
For stimuli presented at 20 dBnHL, adult mean(1SD) EMLs for 500 and 2000 Hz were 65(9) and 53(6) dB
SPL, respectively. Mean EMLs for infants were 80(6) dB SPL for 500 Hz at 20 dBnHL and 64(9) dB SPL for
2000 Hz at 30 dBnHL. Notably, compared to adults, infants required approximately 13 dB more masking at
500 Hz but a similar amount of masking at 2000 Hz. Infants required 26 dB more masking at 500 versus
2000 Hz, whereas, adults required only 12 dB more masking at 500 versus 2000 Hz.
Conclusion
Infant BC responses from the non-test cochlea can be effectively masked at 20 dBnHL for 500 Hz (EML=82
dB SPL) and at 30 and 40 dBnHL for 2000 Hz (EML=72 & 82 dBSPL, respectively); however, for greater
stimulus levels, unsafe levels of white noise would be needed to effectively mask the non-test cochlea.
Research highlights
1. This study is the first to directly estimate effective masking levels for bone-conducted brief-tone stimuli
in infants and adults using auditory brainstem responses
2. When presenting white noise to effectively mask the non-test cochlea, infants require 26 dB more
masking for 500 versus 2000 Hz; infants also require ~13 dB more masking than adults at 500 Hz but similar
amounts at 2000 Hz.
3. It is unlikely that bone-conducted stimuli presented at levels greater than 20 dBnHL for 500 Hz and 3040 dBnHL for 2000 Hz can be effectively masked before reaching unsafe masker levels (>82 dBSPL).
Keywords infant bone-conduction; effective masking levels in infants; auditory brainstem response
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Cochlear implantation of inner ear malformation (IEM): A novel and simple
classification of IEM, intracochlear EABR, and outcomes of speech and hearing.
Shujiro B. Minami1,2, Nobuko Yamamoto2, Enomoto Chieko1, Hidetoshi Kato1,
Kimitaka Kaga2
1Department
2National

of Otolaryngology, National Tokyo Medical Center
Institute of Sensory Organ, National Tokyo Medical Center

Background
Cochlear implantations (CI) in various inner ear malformations (IEMs) are still challenging, because it is
difficult to predict auditory outcome. Currently, the most widely used classification of IEM is the
Sennarogluʼs. However, it is somewhat complicated and difficult to classify in some cases. In this study, 60
cases of IEM with CI surgery were divided into categories according to the observation of modiolus
deficiency and/or cochlear nerve deficiency (CND), and the intraoperative electrically evoked auditory
brainstem responses (EABR) and their audiological outcomes were examined.
Methodology
Sixty cases of IEM underwent cochlear implantation and were classified into 4 groups; Group 1: Modiolus
present + normal cochlear nerve, Group 2: Modiolus present + CND, Group 3: Modiolus deficiency +
normal cochlear nerve, and Group 4: Modiolus deficiency + CND). The initial age at CI surgery was 1 year 6
months to 68 years and the median was 3 years old. The EABR waves V clearly recognized within 4.5 ms
are "Typical", and the rests are "Non-typical". The categories of auditory performance (CAP) scores at
present were assessed, and the school children are surveyed their types of the schools.
Results
23 patients are classified into Group 1, and 93% of which showed "Typical" EABR waves during operation.
At present, 83% show 4 or more in CAP score, and 58% attend mainstream schools. 19 patients are
classified into Group 2, and 23% of which showed "Typical" EABR waves. 56% of Group 2 show more than 4
in CAP scores, and all children attend special-needs schools. 14 patients are classified into Group 3, and
41% of which showed "Typical" EABR waves. 57% showed more than 4 in CAP scores, and 25% attend
mainstream schools. 4 patients are classified into Group 4, and 40% of which showed "Typical" EABR wave.
25% showed more than 4 in CAP scores, and all children attend special-needs schools.
Conclusion
Outcomes of speech and hearing with CI in IEM children depend on the severity of IEM and CND. Our novel
classification of IEM is simple and can be useful for understanding the severity of IEM.
Research highlights
1. Outcomes of CI in inner ear malformation (IEM) children depend on the severity of IEM.
2. Our novel classification of IEM is simple and can be useful for understanding the severity of IEM.
3. Survey of school environment in the children with IEM.
Keywords inner ear malformation, cochlear implantation, EABR
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Towards the recording of brainstem and cortical evoked potentials from the
fine structure of natural speech.
Joaquin T. Valderrama, PhD a,b,c, Angel de la Torre, PhDd, Bram Van dun, PhDa,b,
Jose Carlos Segura, PhDd
a
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National Acoustic Laboratories. Australian Hearing Hub, 16 University Avenue, Macquarie University, NSW 2109, Sydney,
Australia.
c
Department of Linguistics, Macquarie University. Australian Hearing Hub, 16 University Avenue, Macquarie University, NSW
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Background Auditory evoked potentials (AEPs) are typically elicited by artificial stimuli like clicks or tone bursts.
However, these stimuli do not represent real-world sounds and do not characterize how the auditory system of
an individual encode speech. This research presents a novel procedure to obtain both brainstem and cortical
neural activity evoked from the glottal pulses of real running speech.
Methodology Eight normal-hearing adults (3 females, [24-56] year) listened to 80 short sentences of
unprocessed speech while their electroencephalogram (EEG) was being recorded. Signalprocessing analysis
consisted of: (1) identifying the time instants in the speech stimulus signal in which the glottal pulses occurred;
(2) categorizing the pulses according to their preceding ISI [based on a pilot study using bursts of clicks, we
predicted that AEPs from the pulses with a preceding interstimulus interval (ISI) larger and shorter than 1
second would show different levels of adaptation]; and (3) applying the iterative-randomized stimulation and
averaging (IRSA) method to deconvolve (or disentangle) the two types of overlapping evoked potentials. AEP
signals were represented in the logarithmic time scale in order to facilitate the evaluation of brainstem and
cortical components simultaneously.
Results As predicted, the morphology of the two AEPs was notably different. On the one hand, the AEP
obtained from the glottal pulses with long preceding-ISI presented a large-magnitude cortical response,
consistent with the cortical auditory evoked potential (CAEP) N1-P2 component, as well as earlier evoked
potentials whose latencies were consistent with the middle latency response (MLR) components. On the other,
the AEP resulting from pulses with short preceding-ISI showed early components consistent with the waves I to
V of the auditory brainstem response (ABR), as well as later components consistent with adapted MLR and
CAEP.
Conclusions Taken together, these results indicate that the proposed methodology is adequate to evaluate
brainstem and cortical evoked activity from unprocessed natural speech. This tool provides a more accurate
modelling of how the auditory system encodes speech, and may facilitate objective tests of attention and
language comprehension. In addition, results also point out that natural speech evokes AEPs of different
morphology, thus the assumption of a single-type neural response typically made in speech-evoked AEPs
should be reconsidered.
Research highlights
1. We present a methodology that allows the simultaneous evaluation of brainstem and cortical neural activity
evoked by the fine-structure of natural speech.
2. The fine-structure of speech evokes auditory evoked potentials with different morphology, thus the singletype-response assumption typically made in studies evaluating speech evoked AEPs should be reconsidered.
3. This tool may provide a more accurate modelling of how the auditory system encodes speech; and may
facilitate the development of objective tests of attention and language comprehension.
Keywords speech-evoked neural response; speech fine-structure; brainstem and cortical evoked potentials.
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Evaluation of auditory function in CI candidates with eABR
Martin Walger, Dirk Fürstenberg and Pascale Sandmann
Department of Otorhinolaryngology, Head and Neck Surgery, Audiology and Pediatric Audiology,
Cochlear Implant Center, University of Cologne, Germany.

Recording of electrically evoked auditory brainstem responses (eABR) provides a useful tool for the pre-,
peri- and postoperative evaluation of auditory function on brainstem level in Cochlear Implant (CI)
candidates. Especially in challenging clinical cases like malformations of the cochlea and/or auditory nerve,
neurofibromatosis, acoustic neuroma surgery or auditory synaptopathy/neuropathy (AS/AN) a
preoperative eeABR recording with transtympanic, electrical stimulation at the promontory or round
window can provide important indication criteria for surgery or prognostic factors regarding the
rehabilitation outcome after cochlear implantation.
The eeABR results from different clinical cases will be presented. For electrical stimulation we used a free
programmable neurostimulator “ISIS” (inomed company, Germany) and evaluated the influence of
electrode positions, filter settings and stimulation parameters to reduce the electrical artifact for optimal
and reliable detection of eeABR components. The best and most reliable results can be obtained with
round window stimulation, alternating stimulus polarity and eABR recording with broad filter settings (0.5
Hz – 3 kHz) from the contralateral side.
With support of Interacoustics (Denmark) and Pilot Blankenfelde (Germany)
Keywords eABR, cochlear implants, electric stimulation
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Twice Broken: Evidence of a Second Break from Scaling Symmetry in the
Cochlear Base
Sumitrajit Dhar, Uzma Shaheen Wilson, Courtney Coburn Glavin
Roxelyn & Richard Pepper Department of Communication Sciences and Disorders; Knowles Hearing Center;
Northwestern University, Evanston, Illinois 60208, USA.
The traditional view of approximate scaling symmetry in the cochlea has been modified by modern
measurements of mechanical responses as well as otoacoustic emissions. For example, the phasefrequency invariance in distortion product otoacoustic emissions (OAE) is violated at frequencies below ~
1.5 kHz in young adult humans. Data such as these have led to the understanding of significant apical-basal
differences in cochlear mechanics in a number of species. We report a similar secular break from phasefrequency invariance at frequencies above 4 kHz in both distortion product and spontaneous OAE. Data
from 356 participants between 10 and 65 years of age were analyzed to quantify the spacing between
adjacent spontaneous OAE. Normalized spacing between adjacent SOAEs (NSOAE) was determined as the
ratio between the geometric mean of the adjacent SOAE peak frequencies and the absolute difference in
frequency between them. An analogous estimate of phase gradient delay was estimated from the
reflection component of distortion product OAE in the same subjects. The reflection component was
extracted using an inverse FFT method and the dimensionless derivative of the phase gradient delay was
computed by converting the delay in seconds to the equivalent number of periods (NDP_R). NSOAE and
NDP_R were expected to vary similarly with frequency and consistently with expectations from a scaling
symmetric cochlear base. NSOAE and NDP_R varied similarly as a function of frequency consistent with
their common origins via coherent reflections in the cochlea. Surprisingly however, a secular deviation
from the expectations of scaling symmetry was observed above 4 kHz in both NSOAE and NDP_R. Both
NSOAE and NDP_R increased monotonically with frequency up to 4 kHz before demonstrating an abrupt
but secular reduction with increasing frequency. While NSOAE and NDP_R behavior was similar across
subjects of different ages at frequencies below the 4 kHz breakpoint, small but consistent age effects were
observed in both NSOAE and NDP_R at frequencies above. These results expose a possible break from
scaling symmetry at the human cochlear base similar to the one observed in the apex. If confirmed, these
results would suggest the cochlea to be scaling symmetric only in the mid-frequencies.
Research highlights
1. Estimates of delay from spontaneous OAE and the reflection component of the distortion product OAE
behave similarly as a function of frequency.
2. These delay estimates display deviance from phase-frequency invariance above 4kHz.
3. These results suggest a break from scaling symmetry in the cochlear base similar to the one reported
previously in the cochlear apex.
Keywords Reflection-OAE, Delay, Scaling-Symmetry.
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Auditory late effects due to therapy-related ototoxicity in survivors of
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Background/ aims
Childhood brain tumor survivors are at risk to develop long-term sequelae such as hearing loss due to
therapy-related ototoxicity. In the treatment of childhood brain tumors, platinum chemotherapy and/or
radiation therapy is commonly used. The aim of the study was to determine the auditory late effects in
adult childhood brain tumor survivors.
Method
225 survivors treated between 1971 and 2011 at Ghent University Hospital (Belgium) and at least 5 years
off therapy, were invited to take part in the study. Hearing status was evaluated by admittance measures,
tonal audiometry with extended high frequencies, speech audiometry in quiet and noise, distortion
product otoacoustic emissions (DPOAEs), and auditory brainstem response (ABR). A questionnaire was
administered to subjectively evaluate hearing and quality of life. Four treatment groups were defined: the
surgery only group, the group with adjuvant radiotherapy, the chemotherapy group (platinum derivatives)
and the group with adjuvant chemo- and radiotherapy. So far, the presence and severity of hearing loss
was assessed and compared between the four treatment groups.
Results
Fifty-seven subjects underwent the audiological assessment. Hearing loss was found in 34 subjects (59,6%)
and was typically sensorineural, progressive and starting at the high frequencies. Hearing loss was mostly
found in the treatment group that received a combination of chemo- and radiotherapy (71,4%). To define
the severity of hearing loss, the Common Toxicity Criteria and International Society of Pediatric Oncology
ototoxicity grading scales were used. The majority of subjects with severe hearing loss were found in the
treatment group that received a combination of chemo- and radiotherapy. Remarkably, subjects that only
received surgery also had hearing loss. A more in depth analysis of DPOAEs and ABR will be presented at
the conference.
Conclusions
Hearing loss due to therapy-related ototoxicity is prevalent in childhood brain tumor survivors. In the
group that received a combination of chemo- and radiotherapy, the prevalence and severity of hearing loss
was the highest. Long-term audiological follow-up is necessary for an adequate detection of hearing loss
and early rehabilitation.
Research highlights
1. Therapy-related ototoxicity in childhood brain tumor survivors can occur on long-term.
2. To evaluate auditory effects due to ototoxicity, an extensive audiological assessment is needed.
3. Hearing loss is more prevalent and severe in subjects receiving chemo- and radiotherapy as compared to
the subjects in the other treatment groups.
Key words Childhood brain tumors, Ototoxicity, Audiological assessment
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Analysis of probe fitting stimulus properties on transient evoked otoacoustic
emissions
Hannah Keppler 1,2 (PhD), Ellen Lampo, Sofie Degeest 1 (PhD), Dick Botteldooren
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Department of Rehabilitation Sciences, Ghent University, Belgium
Department of Ear, Nose and Throat, Ghent University Hospital, Belgium
3
Department of Information Technology, Ghent University, Belgium
4
Ecole d’orthophonie et d’audiologie, Université de Montréal, Canada
2

Background/ aims
Probe fitting during evoked otoacoustic emission (EOAE) measurements determines the characteristics of
the delivered stimulus and measured responses, as well as the noise reaching the probe’s microphone. An
optimal probe fitting should be aimed for when measuring EOAEs, and similar probe fittings are needed
between EOAE measurements within the same subject. The objectives of the current study are first, to
evaluate the subjective evaluation of probe fitting stimulus properties, and second, to analyze the effects of
different probe fittings on transient evoked otoacoustic emission (TEOAE) response and noise amplitudes in
subjects.
Methods
Regarding the evaluation of probe fitting stimulus properties, the Q methodology was used whereby 18
participants sorted 48 probe fittings differing in stimulus properties in 7 categories from totally unacceptable
to certainly acceptable. Further, TEOAE response and noise amplitudes were measured in 34 ears in one
baseline condition with optimal probe fitting and eight experimental conditions whereby probe tip size,
probe insertion depth, probe positioning and cable positioning were adjusted to create less-than-optimal
probe fittings.
Results First, it was found that only 19.61% of all distributions of the probe fittings by the participants had a
mutual correlation of at least 70.00%. Almost 60% of the variance of distributions was explained by 83.33%
of the participants, although most probe fittings significantly differed from other fittings based on spectral
broadness. Second, significant differences in TEOAE response and especially noise amplitudes between
conditions were found. Further, TEOAE response and noise amplitudes between the baseline and
experimental conditions were significantly different depending on ringing and spectral flatness of the
stimulus.
Conclusions
A substantial amount of subjectivity during TEOAE measurements is involved with regard to the evaluation
of probe fittings and used stimulus properties to assess the probe fitting. TEOAE response but especially
noise amplitudes are influenced by varying stimulus properties which stresses the importance of inspecting
these parameters prior to or during EOAE measurements.
Research highlights
1. A substantial amount of subjectivity is involved in the evaluation of probe fittings of TEOAE measurements.
2. There were significant differences in TEOAE response and noise amplitudes between the baseline optimal
probe fitting and experimental less-than-optimal probe fitting conditions.
3. The accuracy of TEOAE measurements might be hampered by the probe fitting.
Keywords Transient evoked otoacoustic emission, Probe fitting, Stimulus properties
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#94
Human efferent neural sensitivity to temporal fluctuations
Srikanta Mishra
Background
Encoding the temporal information of acoustic stimuli is a basic feature of the auditory system and is vital
for many auditory behaviors, including speech-in-noise recognition. Amplitude modulations (AM)
represent complex sounds, with similar features as speech, whose temporal properties can be
systematically manipulated. The processing of modulated sounds has been investigated at various levels of
the auditory system in animal models and humans using a variety of methods from psychophysics to
neurophysiology and imaging. Sound coding in the ascending auditory system is influenced by efferent
neural processing. How are temporal modulations encoded in the efferent system? To date, this
fundamental question remains unanswered. This is addressed in the present study by measuring
modulation transfer functions (MTFs) of the medial olivocochlear efferents.
Methods
Stimulus-frequency otoacoustic emissions (SFOAEs) were recorded with and without broadband noise
presented ipsilaterally and contralaterally (n=13). The broadband noise (100 to 10,000 Hz) was amplitude
modulated with 100% depth for modulation frequencies: 05, 1, 2, 4, 8, 16, and 100 Hz. Changes in the
complex SFOAE vector at 1000 Hz probe was quantified by heterodyning and decomposing into alternating
and direct current (AC and DC) components. The AC component signifies the amount of AM carried
through the efferent system. MTFs of the efferent response was constructed by estimating the AC
components as a function of the modulation frequency.
Results
Unmodulated elicitors yielded either slightly larger or similar efferent responses relative to modulated
elicitors depending on the modulation frequency. The efferent system encoding of AM sounds—MTFs—
can be modeled with a first-order Butterworth low-pass filter with different cut-off frequencies for
ipsilateral (4.7 Hz) and contralateral (3.4 Hz) elicitors. The time constants of the efferent effects were
derived from the Butterworth filter modeling.
Conclusions
The ability of the efferent system to follow temporal fluctuations decreases with increasing modulation
frequency. The MTF cut-off frequencies (<5 Hz) imply that efferents may be operating on the envelope of
the speech relevant to the syllabic rate (~2 to 5 Hz). Compared with the afferent auditory system, it
appears that the efferents have the lowest modulation cut-off frequency.
[Supported by NIH/NIDCD, R03DC014573]
Research highlights:
1. In the auditory system, efferents have the lowest modulation cut-off frequency.
2. The ipsilateral efferent neural pathway is relatively more sensitive to temporal modulations.
3. Efferents may act on the syllabic rate of speech.
Keys words medial olivocochlear efferent; modulation transfer function; otoacoustic emissions
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ABR & OAE Change of mesenchymal stem cell transplantation in acute
ototoxic hearing loss
Hosung Choi, Yoonhee Kwon, Kyoung Ho Park
Department of Otorhinolaryngology-Head and Neck Surgery, College of Medicine,
The Catholic University of Korea, Seoul, Republic of Korea
Objectives
Ototoxic sensorineural hearing loss causes permanent hearing loss in most cases.
Recently there are many reports that cell base therapy with stem cells have some effect on hearing
recovery. In this study, we confirm the efficacy of clinical grade, pre-made, human bone marrow derived
mesenchymal stem cells (catholic MASTER cells) in ototoxic deaf animal model.
Material & Methods
Mesenchymal stem cells were collected from human bone marrow and cultured in clinical grade
laboratory. We transplanted the cultured MSC into the brachial vein of the deafened mice. Hearing test
with auditory brainstem response (ABR) & Distortion product Otoacoustic emission (DPOAE) were
conducted at 1, 3, and 5 weeks, and the results were compared with cochlear pathological features.
Results
In deaf animal model, increased ABR threshold & decreased DPOAE response. In morphologic study,
decreased spiral ganglion neuronal cells & hair cell loss were noted. After transplantation of MSC, a
significant improvement in hearing threshold in ABR & recovery of DPOAE compared to control group.
Examination of the cochlear morphological features demonstrated that the transplanted group showed a
significantly increase in spiral ganglion neuron & regeneration of hair cells.
Conclusion
Intravenous transplantation of clinical grade, human bone marrow derived mesenchymal stem cells are
effective in acute ototoxic deaf animal model. It can be applied acute stage of sudden deafness in human.
Key Words audiologic change, stem cell, sensorineural hearing loss
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Vestibular and 3D Visual Function in Motion Sickness
Cynthia Fowler and Julia Gajewski
Department of Communication Sciences and Disorders, University of Wisconsin-Madison, Madison, WI USA
Motion sickness (MS) is a combination of uncomfortable physiologic symptoms in the presence of motion
or perceived motion. Traveling in vehicles and viewing motion in video games can induce motion sickness.
The underlying mechanism of MS may be conflicting signals to the brain from the visual, vestibular, and
proprioceptive systems, but the exact conflicts are unknown. We purposed to determine the relative
contributions of vestibular and visual systems to MS. Hypotheses were (1) increased vestibular
susceptibility to motion sickness results in increased caloric responses, and (2) increased visual
susceptibility to MS results in increased oculomotor responses, less visual fixation, and greater symptoms
from 3D virtual reality.
Methods
Twenty young adults with a range of susceptibility to MS rated their motion sickness severity with a
questionnaire (MSSQ-S). Tests conducted were videonystagmography (VNG), cVEMPs, and oVEMPs. VNG
included optokinetic and caloric irrigations. On a different day, 3D Virtual Reality (Oculus Rift) projected 3
rollercoaster videos increasing in strength, which participants viewed through goggles. Participants were
told to stop the test before they became physically ill. They answered questionnaires about 4 categories of
symptoms (MSAQ: gastrointestinal, peripheral, central, and sopite) during the videos and calorics.
Results and Conclusions
All individuals completed the testing including the 8:45s videos. Individuals with higher MS severity also
had stronger symptoms with both the caloric and 3D visual stimuli, but the 3D visual stimuli produced
slightly stronger symptoms. Larger cVEMP amplitudes were associated with stronger symptoms during
both vestibular and visual stimulation, but oVEMPs were not. Visual suppression of caloric responses was
poorer for those who were most susceptible to motion sickness. Results are consistent with our earlier
study on cVEMPs in individuals with MS in showing heightened vestibular function in individuals with MS.
Research highlights
1. High motion sickness susceptibility is associated with enhanced vestibular function, including larger
cVEMPs
2. 3D Virtual reality videos of rollercoasters produce motion sickness symptoms similar to those from
caloric stimulation.
3. oVEMPs do not appear to have a role in motion sickness
Key Words 3D Virtual reality, Vestibular function, VEMPs Vestibular evoked myogenic responses
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Comparison of VEMPS, VHIT and caloric test outcomes in Menière’s disease
Huang, Q
Objective
This study examined the diagnostic value of the vestibular-evoked myogenic potential (VEMP) in
comparison with the Video Head Impulse Test (VHIT) and caloric test in patients with Menière’s disease
(MD).
Methods
Data were retrospectively collected from 20 consecutive patients were diagnosed as having untreated
unilateral MD. All patients visited our vertigo clinic and underwent vestibular tests. Outcome measures
included cVEMPs and oVEMPs (cervical and ocular vestibular evoked myogenic potentials), VHIT and
caloric test. VEMP was performed using click and short-tone burst stimulation. The caloric test was
performed using 30°and 44° water.
Results
Of the 20 patients with MD, 12 case had abnormal VEMPs, among, 9 case cVEMPs have not been elicited
or amplitude decline and 6 case oVEMPs have not been elicited or amplitude decline. The gain of VOR from
VHIT resulted always below normal values 13 cases. The Canal paresis (CP) was observed in 13 patients in
the caloric test. There were 8 cases had VEMPs,VHIT and caloric test simultaneous abnormalities.
Conclusions
The vestibular outcomes show: the sensitivity of VEMP, VHIT and the caloric test showed no significant
differences of diagnosis meniere's disease.
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Correlation between 3D-FLAIR MRI with audiological examinations in patients
with Meniere's disease
Kang, Houyong & Dai, Jiaqiu
Department of Otolaryngology-Head and Neck Surgery, The First Affilated Hospital Of Chongqing Medical
University, Chongqing, China
Objectives
To explore the correlation between delayed inner ear magnetic resonance imaging (MRI) after bilateral
intratympanics injection of gadolinium with audiometry, VEMP tests and the score of Dizziness Handicap
Inventory.
Methods
Fifteen patients with unilateral definite MD participated in this study. Twenty-four hours after bilateral
intratympanic gadolinium administration, patients accept the 3D-FLAIR MRI scan, pure-tone audiometry,
extratympanic clicks EcochG, and VEMP test. Then measure the area of vestibular perilymph and
endolymph. Calculate the ratio of them. Evaluation EH of the cochlea and semicircular canal by 0-6point,
the lower the score, the more serious the EH. Analysis the relevance between degree of edema with
audiometry, VEMP tests, EcochG and the score of Dizziness Handicap Inventory.
Results
Fifteen ears were administrated successfully, the average area ratio between perilymph with endolymph
was 0.39±0.06, 13 of them were higher than 0.33, which shows the EH of vestibular, positive rate was
86.7%. The cochlear average point was 4.3, positive rate was 86.7%. Only 4 ears was founded incomplete
semicircular canal image, 11 ears can be seen intact, positive rate was 27%, and they all were founded at
the ears whose vestibular EH were serious. The amplitude ratio and of oVEMP and cVEMP were increase
with the degree of vestibular EH worsens, There were positive correlation between the degree of
vestibular EH with the amplitude ratio of oVEMP and cVEMP (P<0.005). The hearing threshold is negatively
correlated with the cochlear score（r=0.76, P<0.01）. There were no correlation between the degree of
vestibular or cochlear score with the EcochG SP/AP amplitude ratio and area ration, PTA , the score of
Dizziness Handicap Inventory (P>0.05).
Conclusion
Vestibular and cochlear EH is more severe than semicircular canal in MD patients, EH of semicircular canal
is often accompanied by serious vestibular EH. The amplitude ratio of oVEMP and cVEMP may can indirect
reaction the severity of the vestibular EH in patients with unilateral definite MD. Cochlear EH causes
hearing loss in unilateral definite Meniere patients.
Key words Meniere's Disease; Magnetic Resonance Imaging; audiological examinations
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Assessment of vestibular functions in 8 patients with auditory neuropathy.
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Introduction
Auditory neuropathy (AN) is an auditory disorder first reported by Kaga et al., Starr et al. at the same year
in 1996. As for its characteristic, oto acoustic emissions (OAE) is normal, but the response of auditory
brain-stem response (ABR) presents unresponsiveness or remarkable threshold elevation, however the
complication of vestibular function is not clear. In the present study, a caloric test, damped rotational chair
test, and measurements of cervical vestibular evoked myogenic potentials (VEMPs), and galvanic VEMPs
were performed in eight patients with AN, in order to illuminate the pathological localization sites.
Subjects
The present study involved eight patients with AN. Their ages ranged from 8 years 2 months to 77 years 9
months (mean ± standard deviation [SD], 45.3±29.5 years). Methods: a. Caloric test. b. Damped rotational
chair test. c. Cervical VEMPs. d. Galvanic VEMPs. The methods of recording for the galvanic VEMPs by
electrical stimulation were the same as those reported by Murofushi et al. (2002).
Results
a. Caloric test; Normal response/ Normal response: Case.1. Poor response/ No response: Case.4. No
response/ No response: Case.2, 3, 5, 6, 7, 8. b. Damped rotational chair test; Normal response: Case.1, 5, 7,
8. No response; Case.2, 3, 4, 6. c. Cervical-VEMPs; Normal response/ Normal response: Case.1. Normal
response/ No response: Case.4, 8. No response/ No response: Case.2, 3, 5, 6, 7. d. Galvanic-VEMPs; Normal
response/Normal response: Case. 2, 6. Normal response/ No response: Case. 1, 8. No response/No
response: Case. 3,4,5,7.
Discussion
Based on these test results, the vestibular functions can be classified into four types: Type I: Both of
peripheral vestibular system and vestibular nerve functions are normal; Type II: Both of peripheral
vestibular system and vestibular nerve functions are decreased; Type III: Decreased function of peripheral
vestibular system but normal function of vestibular nerve; and Type IV: Normal function of peripheral
vestibular system but decreased function of vestibular nerve. Although auditory neuropathy is proposed to
be synaptic disorder between inner ear cells and cochlear nerve in pathophysiology, its complications of
vestibular neuropathy is various and also suspected synaptic disorder between vestibular hair cells and
vestibular nerve respectably.
Key words Auditory neuropathy, Vestibular function, VEMP
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Normal Values of Ocular Vestibular Evoked Myogenic Potential in Elderly
Patients
Ying, L
Objective
To obtain the normal values of ocular Vestibular Evoked Myogenic Potential (oVEMP),i.e. the latency,
latency-interval, amplitude, asymmetrical ratio of healthy elderly patients over 60 years old.
Method
57 healthy elderly patients (114 ears) over 60 years old (28 males and 29 females) were all from the
Affiliated Hospital of Medical School of Ningbo University. OVEMP was performed and normal values were
obtained. SPSS19.0 was used for statistics.
Result
The response rate was 83.3%, the males were 89.3% and the females were 77.6%, the statistical analysis
shows significant difference in males and females (P<0.05). In 95dB nHL toneburst induced obtain: latency
of N1 was 11.14±0.63 ms, latency of P1 was 16.38±1.07 ms, latency-interval of N1-P1 was 5.06±1.46 ms,
amplitude of N1-P1 was 5.61±3.69 uV, asymmetrical ratio was 21.35±17.22. In the 28 males, the amplitude
of N1-P1 was 7.57±3.20 uV, asymmetrical ratio was 18.56±10.26. In the 29 females, the amplitude of N1-P1
was 3.71±1.88 uV, asymmetrical ratio was 24.19±14.71. The statistical analysis shows no significant
difference in latency of N1, latency of P1, latency-interval of N1-P1 (P>0.05). Significant difference was
found in amplitude of N1-P1, asymmetrical ratio (P<0.05).
Conclusion
The normal values of oVEMP of healthy elderly patients over 60 years old in the Affiliated Hospital of
Medical School of Ningbo University were established in this research. These oVEMP were used for the
diagnosis of related diseases. In the response rate, amplitude of N1-P1, asymmetrical ratio should be
established normal value of oVEMP with gender.
Key words Ocular Vestibular Evoked Myogenic Potential, Latency, Amplitude, Asymmetrical ratio
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#8
Effects of electrical pulse polarity shape on intra cochlear neural responses in
humans: triphasic pulses with anodic second phase.
Andreas Bahmer, Katarina Ketzer, David Herrmann
University Clinic Würzburg, Comprehensive Hearing Center, Germany
Background/Aims
Charge balanced pulses are used in modern cochlear implants to avoid direct current (DC) stimulation that
may damage neural tissues. In this context the effect of electrical pulse shape and polarity is still a matter
of debate and the most effective pulse shape needs to be determined (Bahmer et al., 2010; Undurraga et
al., 2010; Wieringen et al., 2008; Macherey et al., 2008). A study published in 2013 by A. Bahmer and
U.Baumann investigated the effectiveness in neural stimulation of a precision-triphasic pulse (pTP) with
cathodic second phase. This study showed that neuronal responses to pTP are less effective than to
biphasic pulses. Our study aims to support the results gained in the previous study and to investigate the
effectiveness of a pTP with anodic second phase
Methodology
The pTP consists of three phases with alternating polarity and same phase duration. To provide balanced
charge the sum of the amplitude of the first and third phase equals the second phase. The ratio between
the amplitudes of the first and third phase is called phase amplitude ratio PAR. A psychophysical and an
electrophysiological measurement are conducted for cathodic and anodic second phase pulses. Electrical
compound action potentials (ECAP) were recorded on an apical, medial and basal electrode position for an
increasing PAR from 0 to 0.9 with a step width of 0.1. Additionally, the threshold in the psychophysical
measurement is determined on an apical and medial electrode position by the weighted up-down method.
Results
So far, the results gained in the previous study could be replicated for the pTP with cathodic second phase.
The ECAP measurement for the pTP with anodic second phase and increasing PAR shows a more flat
decrease of amplitude than for cathodic second phase. Surprisingly to that finding the increase of
psychoacoustic threshold with PAR is similar to cathodic second phase.
Conclusion/Significance
Triphasic pulses with various pulse shapes elicit different response strength. As these pulses can be
activated in MEDEL implants, it is important to know their effectives in neuronal tissue stimulation.
Research highlights
1. ECAPs can be recorded with triphasic pulses and different phase amplitude ratios
2. Electrophysiological responses correlate with loudness when stimulating with various triphasic pulses
3. Slighter decrease of ECAP amplitude for pTP with anodic second phase compared to pTP with cathodic
second phase
Keywords ECAP, triphasic pulses, polarity effects
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#11
Exploring the effect of stimulus level on da responses
Hannah Gravenor, Suwijak Deoisres and Steve Bell
Southampton University, UK
Background
The ‘da’ stimulus has been widely used as an evoked response to speech. Many papers
use a stimulation level of 80 dB SPL to elicit responses, which is a fairly loud stimulus to play to subjects
for an extended time. We aimed to explore the trade-off between stimulation level and response
detection using the Hotellings T2 statistic (HT2).
Objective
To understand the effect of stimulus level on 40 ms da responses
Design
6000 ‘da’ stimuli were recorded to a 40 ms ‘da’ with alternating polarity in 12 participants.
Two subject’s data were excluded due to recording noise. Levels varied from 80 to 50 dB SPL (Lz slow
weighting). Conversion values to other units were +18.9 dB to peak SPL and -1.5 dB to LeqA. Filters
were 30-3000 Hz with notch filters at 50 Hz and harmonics. Signal detection was carried out using HT2
with a wide 20-70ms analysis window, or 10 ms analysis windows from 20 to 70 ms.
Results
Grand average waveforms show peak to peak amplitudes around 0.4 uV at 80 and 70 dB SPL
with lower amplitudes at 60 and 50 SPL. HT2 with a wide analysis window detects 90% or more of
responses above 60 dB SPL (100% at 60 and 70 SPL). For smaller analysis windows that explore more
specific features in the response, the 30-40 ms region was most robust with 100% detection at 60-80
dB SPL. Detection rates generally fell with level across the windows. Detection in specific bands was
below 50% for some smaller analysis windows at 50 SPL.
For overall detection of a response, using a wide analysis window that corresponds to the frequency
following response region, or a window from 30-39 ms, good detection rates are seen at 60 dB SPL
and above. For some specific time regions that could correspond with features in a speech evoked
response, detection levels fall considerably with stimulation level. It appears that choice of stimulus
level should depend on the application: Whether the aim is to simply detect a response, or to look at
specific features in the waveforms.
Research Highlights
1. Good overall detection of a da response is seen at 60 dB SPL and above.
2. For some time regions that could correspond with specific features in a speech evoked response,
detection levels fall considerably with stimulation level.
3. It appears that choice of stimulus level should depend on the application: Whether the aim is to simply
detect a response, or to look at specific features in the waveforms.
Keywords da, ABR, Stimulus level
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#13
The effect of cochlear implantation on the function of the semicircular canals
and the relationship between vestibular results
Joost A. Stultiens, Emmanuel A.M. Mylanus, Ronald J.E. Pennings & Andy J.
Beynon
Department of Otorhinolaryngology, Radboud University Medical Center Nijmegen, Nijmegen, The
Netherlands
Background
Various results have been reported regarding the deterioration of objectively and subjectively measured
vestibular function after cochlear implantation. Correlations between objective data and experienced
vestibular symptoms seem to vary. Our aim was to evaluate the effect of cochlear implantation on the
function of all semicircular canals (SCCs) and to assess the relation between objective and subjective
vestibular results.
Methodology
A retrospective cohort study was performed of 192 patients, aged ≥7 years, undergoing cochleair
implantation. Pre- and postoperative data consisting of caloric irrigation, video Head Impulse Test (vHIT)
and Dizziness Handicap Inventory (DHI) were compared. Patients with preoperative areflexia were
excluded. Raw data and categorical data were analyzed. For caloric testing, five categories were defined
established to increase sensitivity for individual deterioration.
Results
Significant mean deteriorations were found for caloric testing (-3.1 º/s and -4.7 º/s maximum slow phase
velocity for warm and cold irrigation respectively), vHIT gain (-0.057, -0.040 and -0.045 for anterior, lateral
and posterior SCC respectively) and the physical subdomain of the DHI (+1.4). However, a significant
number of patients showed deterioration on one or more vestibular tests. 37.4% of the patients
deteriorated one or more categories on caloric testing (5-category scale) and complete caloric
postoperative areflexia was found in 6.2%. 7.7% acquired an abnormal gain value for the anterior SCC.
9,0% worsened one or two categories on DHI total score. Only few, weak to moderate correlations were
found between vestibular test result shifts.
Conclusions
On a group level, vestibular impact of cochlear implantation seems limited. However, a significant number
of patients show objective and/or subjective deterioration. About 9% of the implanted patients experience
deterioration of vestibular symptoms. Caloric test, vHIT and DHI are not or very weakly correlated.
Research Highlights
1. Objective and subjective vestibular deterioration for a group of patients undergoing cochlear
implantation is very small
2. However, individual deterioration can be serious and may lead to significant impact in daily life
3. No or only weak correlations are present between the vestibular results regarding caloric testing, vHIT
and DHI
Keywords: cochlear implantation, vestibular assessment, DHI
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#14
Auditory Brainstem Responses obtained with B81 Bone Conductor using Level
Specific Chirp stimuli
Marijn Tibboel1 & Andy Beynon1,2
1Radboud
2Donders

University Medical Center, Department of Otorhinolaryngology,
Institute for Brain, Cognition and Behaviour Nijmegen, Netherlands

Background/aims
Level-Specific (LS) Chirps are designed to compensate not only for cochlear travelling wave delay, but also
for upward spread of excitation at higher levels and an increased change of cochlear neural delay with
frequencies at lower levels. However, the literature hardly describe the application of chirp stimuli via
bone condution.
Therefore, the aim of this study is to apply bone-conducted (BC) LS-chirp stimuli to obtain normative data
of auditory brainstem responses (ABR) in normal hearing subjects, with and without conductive hearing
loss. Additionally, the predictive value of BC thresholds obtained with LS-chirps thresholds will be obtained
to predict the behavioural thresholds
Methodology
BC LS-chirp ABR responses are obtained in 24 normal hearing subjects, with and without a plug to simulate
the effect of a conductive hearing loss. Behavioural PTA’s are performed in octave frequencies 250-8000
Hz via AC, and 500-4000 Hz via BC. ABR broadband and narrowband responses are obtained via AC and BC
(transducer) for 1000 and 4000 Hz, without and with plug (condition). Additionally, BC responses are
obtained from two different locations: inverting electrode vs. retro- and pre-auricular montage. ABR
thresholds and wave latencies are analysed.
Results
Results showed that AC measurements, wave latencies are significantly longer in the condition with plug
than without plug, according to the simulated conduction loss; as expected, BC measurements, show no
significant difference in wave latencies between the two conditions. No significant different inter-wave
intervals are found between the two conditions. However, wave latencies are significantly shorter in AC
measurement than in BC measurements. Results also show that there is no significant difference between
the two different electrode positions with respect to morphology or electrical BC artifacts. A positive
correlation coefficients is found between PTA and ABR thresholds for 1000 and 4000 Hz in both AC and BC
measurements.
Conclusion
The findings showed that LS-chirp stimuli presented by BC can be used to discern patients with conductive
hearing loss and normal hearing people. In addition, the findings showed that BERA thresholds can
accurately predict PTA thresholds when a correction factor is used.
Research highlights:
1. Bone-conducted Level Specific (LS)-chirp stimuli using a B81 transducer lead to consistent responses
when transducers are placed correctly on mastoid
2. AC ABRs appear to have shorter latencies than obtained via BC
3. LS-chirp ABRs can accurately predict behavioural PTA thresholds for conductive hearing losses
Keywords: ABR, bone conduction, Level-Specific chirps, conductive hearing loss
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#19
ABR via Vibrant Soundbridge during surgical Vibroplasty
Bicego L.; Blanc S.
Med-El GmbH, Innsbruck, Austria
Background
The Vibrant Soundbridge (VSB) system is a middle-ear implant (MEI) made of 2 parts, audio processor (AP)
and vibrant ossicular prosthesis (VORP) that requires a surgical procedure (Vibroplasty) to be implanted.
Developed first for hearing dysfunction due to sensorineural hearing loss later mixed and conductive
hearing loss were included. VSB is a flexible device for any vibrational middle ear structure. The vibrating
part of VORP is the floating mass transducer (FMT).
Aims
The development of a research tool for intra-op measure during Vibroplasty is useful for a more thorough
investigation i.e. in a difficult anatomical access. The ABR is a standard and reliable audiological test used
daily in the clinical work flow. It could be done pre, intra and post operation. The detected ABR pattern
could be a direct indicator of the coupling efficiency of the FMT.
Methodology
Three different set-ups were evaluated and tested. All permit to send an audio signal1,2,3 from the ABRmachine to the implant stimulating the inner ear. The recording ABR pattern is done via electrodes. The
first set-up: AP404 connected via standard E-A-R TONE Insert-earphone, the second is SAMBA AP
connected via MiniTek, the third is a custom-made-device (CMD) for research purposes connected via Jack
input-cable.
Results
With AP connected via sound tube, noise and a deteriorated quality of signal could affect the wave V
detection. With AP connected via MiniTek, time delay and limited reliability could be considered. With
CMD connected via cable, no signal processing is involved due to direct electrical input, and the AP
transmit direct to the FMT. In most of the case the wave V was detected intra-operatively with all.
Conclusions
The previous set ups seem feasible to determine the ABR threshold via VSB. Three different technical
solution to measure ABR pattern with VSB could show the efficiency of the FMT coupling
Keywords ABR, Vibrant Soundbrige, intra-op-test
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#24
An adaptive sequential test strategy for auditory evoked response detection
Simpson D.M.1, Chesnaye M.A.1, Harte J.M.2, & Bell S.L.1
1Institute

of Sound and Vibration Research, Faculty of Engineering and the Environment, University of
Southampton, UK.
2Interacoustics Research Unit, c/o Technical University of Denmark, Denmark.
jmha@iru.interacoustics.com
Background
When using a statistical test for automatically detecting evoked potentials, the number of stimuli
presented to the subject (i.e. the test sample size) should be specified at the outset. However, because the
signal-to-noise ratio (SNR) of the evoked response is not known in advance, the user would usually err on
the cautious side, and use a relatively high number of stimuli to ensure adequate statistical power. This can
potentially be inefficient in terms of test time. A more economical approach is to apply the statistical test
repeatedly to the accumulating data over time, as this allows the test to be stopped early for the high SNR
responses, thus reducing test time, or later for the low SNR responses. The caveat is that the critical
decision boundaries for rejecting or accepting the null hypothesis of `no response present’ need to be
adjusted if the intended false-positive rate (FPR) is to be obtained. This study presents an intuitive and
flexible method for controlling the FPR for sequentially applied statistical tests. The approach gives the
user a high degree of flexibility when designing the sequential test procedure, and permits data-driven
adaptations (using data from previous stages) to test parameters. This offers new opportunities to speed
up testing with high statistical power for evoked response detection.
Objective
To explore and optimise the performance of the proposed sequential test procedure when detecting the
auditory brainstem response (ABR).
Design
Specificity was assessed using simulated coloured noise and real EEG background noise recordings,
obtained from 17 adults with normal hearing under different noise conditions. Sensitivity and detection
time were then assessed using simulations and subject recorded ABR threshold data, obtained from 12
adults with normal hearing.
Results
The sequential test can reduce mean test time up to 45% relative to a conventional `single shot’ test,
where the statistical test is applied to the data just once, when considered across a cohort of test subjects.
To obtain these results, it will occasionally be necessary to run the test to a higher number of stimuli, i.e.
the maximum test time needs to be increased.
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#26
A frequency domain bootstrap for auditory evoked response detection
methods
Chesnaye M.A.1, Bell S.L.1, Harte J.M.2, & Simpson D.M.1
1Institute

of Sound and Vibration Research, Faculty of Engineering and the Environment, University of
Southampton, UK.
2Interacoustics Research Unit, c/o Technical University of Denmark, Denmark.
jmha@iru.interacoustics.com
Background
Objective methods for automatically detecting auditory evoked potentials are important tools for assisting
examiners during visual inspection tasks, and for improving the overall sensitivity and reliability of the test.
However, many objective methods rely on parametric statistical distributions when evaluating test
significance, and require various assumptions regarding the EEG data to be satisfied. In practice, these
assumptions are frequently violated, and decreased test sensitivities and/or increased or decreased falsepositive rates (FPRs) can result. Although some non-parametric methods such as the bootstrap and
permutation test have previously been proposed, these methods assume epochs are independent (i.e.
uncorrelated), and hence do not adequately take serial correlation within the EEG into account. This study
introduces the frequency domain bootstrap for objective auditory evoked response detection, with the
overall goal of emulating the serial correlation between epochs, and obtaining reliable evaluations of test
significance across a wide range of test conditions.
Objective
To evaluate the performance of the proposed bootstrap approach when automatically detecting the
auditory brainstem response (ABR) using various statistical detection methods.
Design
The FPRs and test sensitivities of some ABR detection methods were evaluated across a range of preprocessing conditions. Data for the assessment consisted of a large amount of no-stimulus EEG, previously
collected from 17 normal-hearing adults under various noise conditions, along with click-evoked ABRs from
12 normal-hearing adults. The statistical detection methods included in the assessment were: (i) the
Hotellings T2 test (applied in both time and frequency domain), (ii) the F for multiple points statistic (Fmp)
and (iii) a correlation coefficient, all of which were evaluated using either a conventional approach
(parametric statistical analysis) or with the frequency domain bootstrap.
Results
When using the frequency domain bootstrap, the FPRs of the detection methods were all close to the
nominal 𝛼𝛼-level of the test, whereas significant deviations from the 𝛼𝛼-levels were observed for the
conventional parametric approach. No difference in statistical power between the parametric approach
and the bootstrap approach was observed.
Conclusions
The frequency domain bootstrap can be used to control the FPR of objective detection methods under
serially correlated data, and as such extends the application of objective detection methods to a wider
range of pre-processing parameters and test conditions.
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#28
The changes of mitophagy in age-related hearing loss
Sung Il Cho1, Cha Kyung Youn2, Eu-Ri Jo1
1Department

of Otolaryngology-Head and Neck Surgery,
of Premedical Science,
Chosun University College of Medicine, Gwangju, South Korea
2Department

Background
An increase in mitochondrial damage has been associated with a decline in the ability to mitigate damage
through mitophagy in age-related pathologies. The present study aimed to investigate the changes of
mitophagy in a mouse model with age-related hearing loss.
Methods
C57BL/6J mice were divided into two groups: young (1 month) and aged (12 months). Hearing tests were
conducted by measuring auditory brainstem response (ABR). Mitochondrial DNA copy number,
mitochondrial biogenesis, and mitophagy-related genes were investigated using real-time PCR. LC3B and
mitochondrial marker TOM20 expression in the cochlea were investigated through immunofluorescence
imaging analysis. Major players of mitophagy, Parkin and BNIP3, were also investigated through
immunohistochemical staining in the cochlea.
Results
Hearing thresholds were observed to have increased in the aged group. The mitochondrial DNA copy
number, PGC-1α , and PGC-1β significantly decreased in the cochlea of mice in the aged group. mRNA
levels of PINK1, Parkin, MUL1, Atg5, Atg12, Atg13, NIX, and BNIP3 significantly decreased in the cochlea of
the mice in the aged group. Immunofluorescence imaging analysis of LC3B and TOM20 revealed a
qualitative decrease in expression of these genes in the organ of Corti of mice in the aged group.
Immunohistochemical imaging analysis of Parkin and BNIP3 revealed their decreased expression in aged
cochlea.
Conclusions
Our results indicate that reduced mitophagy with aging might be attributed to cellular changes that occur
in the aged cochlea in the development of age-related hearing loss.
Research highlights
1. Mitochondrial DNA copy number and mitochondrial biogenesis decrease in the aged cochlea.
2. Mitophagy-related genes decrease in the aged cochlea.
3. Mitophagy and its major players decrease in the aged cochlea.
Keywords Aging, Hearing loss, Mitophagy
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#29
Analysis of Auditory Brainstem Response wave forms according to Tinnitus
duration
Kang Hyeon Lim1, Dong Heun Park1, Sung Jin Lim1, Jae Woo Joo1, Euyhyun Park2,
Gi Jung Im1, June Choi1
1Department

of Otorhinolaryngology-Head and Neck Surgery, Korea University College of Medicine, Korea
University Ansan Hospital,
2Department of Otorhinolaryngology-Head and Neck Surgery, Korea University College of Medicine, Korea
University Anam Hospital
Background/Aim
The auditory brainstem response (ABR) has value in assessing hearing loss patients. However, studies on
the efficacy of ABR in patients with tinnitus have not been extensively studied. The purpose of this study is
to analyze ABR waveforms of tinnitus patients and to examine the pathophysiology of the disease.
Methodology
From January, 2016 to December, 2017, patients who visited tinnitus as a chief complaint at Korea
University Ansan Hospital Otorhinolaryngology Department were enrolled. Pure tone audiometry (PTA)
and ABR were performed. Patients were classified into 3 groups according to tinnitus duration: acute(<1
month), subacute(1~6 months) and chronic(>6 months). Amplitude of wave I, wave V and latency of wave
I, wave III, wave V were evaluated. A total of 484 patients were included in the study initially. Ninety-five,
sixty and seventy-eight of them were excluded due to ambiguous symptom duration, direction and missing
ABR data respectively. Of the remaining 249 participants, 179 had unilateral tinnitus and 70 had bilateral
tinnitus, and 319 ears were examined. Of these, only 177 cases except for 121 ears with hearing loss were
registered and investigated.
Results
Amplitude V was significantly lower during the subacute phase than acute phase. Absolute value of latency
wave V was greater during the subacute phase than that of acute phase. Interpeak latency(IPL) I-V was
significantly prolongated during the subacute phase compared to acute and chronic phase. Comparing
male and female, absolute latency III, V, IPL I-III, IPL I-V during subacute phase were lesser than that of
male. Females had greater value of most of parameters related to amplitude and lower value of most of
parameters related to latency than males.
Amplitude V, absolute latency V and IPL I-V varied significantly between 1 month and 6 months of the
tinnitus symptom. Females have greater values related to amplitude and smaller values related to latency
throughout the entire period of tinnitus.
Conclusions
Amplitude V, latency V and IPL I-V were significantly changed during 1 month to 6 months for tinnitus.
Female with tinnitus has shorter latency and greater amplitude throughout of the period.
Research highlights
ABR findings (Amplitude, Latency, Interpeak latency) might be different in tinnitus patients along duration
of symptom.
Keywords Tinnitus, Auditory brainstem response
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#30
Changes of inter-peak latency of ABR in the patients with tinnitus
Ji Won Seo, Jin Taek Park, Joong Ho Ahn, Jong Woo Chung
Department of Otorhinolaryngology-Head and Neck Surgery, Asan Medical Center, University of Ulsan
College of Medicine
Background/aims
Tinnitus is defined as a phantom auditory perception in the absence of a corresponding external sound
source. The majority of patients have “sensorineural” tinnitus, due to hearing loss at the cochlea or
cochlear nerve level. Auditory brainstem response (ABR) is indicated in the evaluation of tinnitus. The
prolongation of peaks or inter-peak latencies were reported implying the abnormalities in the brainstem
and inferior colliculus. However, the latency is dependent on the hearing level. In order to evaluate the
inter-peak latency, we recruited patients with tinnitus with a hearing level of less than 25 dB. This study
aimed to find a difference of ABR latencies in patients with tinnitus.
Methodology
Total of 120 patients who complained of tinnitus was recruited in this study. Patients were divided into
two groups; 25 dB of hearing threshold or less at 0.25, 0.5, 1, 2, 3, 4, and 8 kHz (group 1) and 25 dB of
average hearing threshold or less at 0.5, 1, 2, and 4kHz (group 2). In patients with unilateral tinnitus, ABR
latencies between tinnitus ear and non-tinnitus ear were compared. In patients with bilateral tinnitus, ABR
latencies between stronger tinnitus ear and lesser tinnitus ear.
Results
In each group, there was no statistically significant difference between the two ears regarding the
latencies. Between the group 1 and group 2, there was no difference of latencies of peak or inter-peak.
Conclusions
In patients with tinnitus, there was no significant difference of ABR latencies between ears regardless of
the presence or loudness of tinnitus.
Research highlights
1. Latencies of ABR are similar in two ears in a patient with tinnitus.
2. The loudness of tinnitus may be not related to the severity of the damage of the neural system
Keywords tinnitus, auditory brainstem response, neural function, hearing loss
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#31
The ASSR, ACC and BMLD
Kayla Ichiba1, Spencer Smith2 and Barbara Cone1
1University of Arizona, Dept. of Speech, Language and Hearing Sciences, Tucson, AZ
2 University of Texas at Austin, Dept. of Communication Sciences and Disorders

Aims
In this experiment, we evaluate the effects of phase change on auditory steady-state responses (ASSR),
onset cortical auditory evoked potential (CAEP) onset and acoustic change complex (ACC) responses. The
aim was to determine how phase change is encoded at lower levels of the auditory system and then
processed at the cortical level.
Method
The test subjects were 23 young adults with normal hearing. ASSRs and stimulus-onset CAEPs (P1-N1-P2)
were first recorded in a control condition using a 800 ms duration 500 Hz carrier tone, amplitude
modulated at 80 Hz, presented binaurally at a rate of 1/s. In the test (phase-change) condition, the phase
of the 500 Hz carrier tone was inverted 180° in one ear at 400 ms to evoke the ACC. Broad-band noise was
introduced at -5 dB signal-to-noise ratio and the test condition repeated. Then, stimulus levels were varied
to find the “threshold” of the ACC. Perceptual binaural masking level differences (BMLD) for a 500 Hz tone
were also determined for each participant.
Results
The ASSR amplitudes showed no statistically significant differences for the binaural in-phase vs. out-ofphase conditions, consistent with the published findings of others. In contrast, the ACC responses to the
phase change resulted in amplitudes that were 1.5-2.0 times larger than the onset CAEP responses, and
were also present at masking levels for which the onset responses were masked. Perceptually determined
BMLDs were always larger than those measured for the ACC, and there was little correlation between the
two values on an individual basis.
Significance
Overall, the findings provide evidence of central auditory nervous system amplification of the phasechange information in the ascending auditory pathway. These findings contribute to our understanding of
binaural hearing mechanisms. The robustness of the ACC evoked by an interaural phase change (compared
to brainstem evoked responses), suggests that it could be used clinically to determine if there is cortical
integrity for inter-aural timing differences.
Research highlights
Simultaneous recording of ASSR and CAEP; binaural hearing mechanisms, encoding of interaural timing
differences.
Keywords ASSR, CAEP, BMLD
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#33
ELECTROPHYSIOLOGIC CORRELATES OF SPATIAL RELEASE FROM MASKING
Kailyn McFarlane1, Alireza Pourjavid2 and Barbara Cone2
1Northwestern
2University

University, Dept. of Communication Sciences & Disorders, Evanston, IL
of Arizona, Dept. of Speech, Language and Hearing Sciences, Tucson, AZ

Background/Aims
Speech is difficult to understand in the presence of background noise, yet when the speech signal and
source(s) of the background noise are spatially separated, it becomes easier to detect the speech. This is
known as spatial release from masking (SRM). Previous research using perceptual test methods has
demonstrated that listeners with hearing loss have variable benefit from SRM. This study documented the
benefits of SRM using the cortical auditory evoked potential (CAEP) in response to speech tokens as the
signal-to-noise ratio and speech stimulus location were systematically varied.
Methods
CAEPs from twenty normally hearing adults were recorded in response to consonant-vowel speech tokens
in quiet, co-located noise and spatially separated noise. SRM benefit was measured by comparing the
latency an amplitude of CAEP components P1, N1, and P2 in co-located and spatially separated conditions.
Psychophysical tests of speech perception (AzBio and QuickSIN) were completed in the same co-located
and spatially separated noise conditions.
Results
Latencies and amplitudes of the CAEP components showed a systematic shift as a function of noise
location, level, SNR, and stimulus. Co-located conditions across all stimuli, levels, and SNRs had longer
latencies and smaller amplitudes than the spatially separated conditions, demonstrating an
electrophysiologic analog of perceptual SRM. The electrophysiological results were correlated with the
perceptual test results. The CAEP results can be interpreted with respect to frequency-specific headshadow effects (measured in situ) in the spatially-separated condition.
Significance
These results provide a baseline for investigation of SRM benefits adults with hearing loss. The implications
for using such methods for verifying amplification configurations will be discussed.
Research highlights
Electrophysiology analog of spatial-release-from-masking, speech-in-noise, frequency-specific headshadow effects
Key words speech-in-noise; spatial-release-from masking, CAEPs
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#39
Interactions between vowel-evoked envelope following responses
simultaneously elicited by harmonics in different formants
Viji Easwara,b, Susan Scollieb,c and David Purcellb,c
aDepartment

of Communication Sciences and Disorders & Waisman Center, University of WisconsinMadison, USA
bNational Centre for Audiology, Western University, Canada
cSchool of Communication Sciences and Disorders, Western University, Canada
Background/Aims
Envelope following responses (EFRs) elicited by vowels reflect ensemble neural activity phase-locked to the
periodicity in voicing. When elicited by natural vowels, EFRs lack frequency specificity because they are
elicited at the fundamental frequency of voice (f0), irrespective of the harmonics that initiate it. To
improve frequency specificity and identify the harmonics that contribute to the EFR, one approach is to
differentiate the f0 in different formant regions. Although such an approach would improve frequency
specificity, multiple EFRs elicited simultaneously could interact, alter response amplitudes, and influence
interpretation and/or reduce test efficiency. The present study aimed to evaluate the presence of
interactions between EFRs elicited simultaneously by the first formant (F1), and the second and higher
formants (F2+) for three male-spoken vowels, /u/, /a/, and /i/.
Method
Interactions were assessed in 22 young adults with normal hearing by comparing EFRs in three conditions:
(i) F1 and F2+ presented simultaneously (dual), (ii) F1 and F2+ presented independently (individual) and (iii)
F1 presented with F2+-shaped noise or F2+ presented with F1-shaped noise (noise). EFRs were extracted
from single-channel electroencephalogram (EEG) recorded between the vertex and the nape of the neck
for monaurally presented stimuli at 65 dB SPL.
Results
Repeated-measures analysis of variance indicated no differences in EFR amplitude between any of the
conditions. Changes in EFR amplitude between individual and dual conditions were correlated with
corresponding changes between individual and noise conditions suggesting that simultaneous presence of
another stimulus increases place specificity of each formant-elicited EFR. Residual noise amplitude,
computed as the average EEG amplitude at frequencies surrounding the response f0, increased by a small
(<3 nV) albeit statistically significant amount in dual and noise relative to individual conditions. However,
the increase in noise amplitude was not large enough to decrease the anticipated efficiency of recording
two EFRs simultaneously. Detection outcomes, assessed using F-tests, did not change between conditions.
Conclusions
Simultaneous formant-specific recording of EFRs not only improves frequency-specificity of vowels, but
also improves place-specificity and time-efficiency relative to sequential and independent recording of
formant-specific EFRs.
Research highlights
1. Formant-specific envelope following responses (EFRs) can be elicited by altering the fundamental
frequency in selected vowel formants
2. Simultaneously recorded formant-specific EFRs improve frequency specificity of vowels and test
efficiency
3. Simultaneously recorded formant-specific EFRs are cochlear-place-specific
Keywords Auditory evoked potentials, vowel, envelope following response
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#1
To investigate maturation of auditory and visual long latency responses in non
habilitated prelingual hearing impaired adolescents and adults.
Abraham, A
Aim of the study
To investigate maturation of auditory and visual long latency responses in non habilitated
prelingual hearing impaired adolescents and adults.
Method
The study consisted of 27 participants in congenitally deaf group with age and gender matched
normal hearing participants. The congenitally deaf group was fitted with an extra strong class
digital hearing aid and an insertion gain measurement was carried out to ensure the target
real ear SPL from the hearing aid. Auditory and visual ERPs were recorded from 32 sites and
an offline EEG processing was carried out. The significant differences in the CAEP and VEP
waveforms for within and between groups were analyzed using descriptive statistical methods
and cluster probability permutation statistics.
Results
CAEPs showed a significant difference only for P2 latency and amplitude; where, the
congenitally deaf group showed to be longer latency at Oz, T7 and T8 electrodes and the normal
hearing group, the amplitude was significantly higher at Fz and T8 electrodes. The sources of
the CAEP components in normal hearing group were within the bilateral temporal regions,
whereas, in the other group the activations were in the temporal and the prefrontal regions.
VEPS showed a significantly higher amplitude at Oz electrode in congenitally deaf group. In
the normal hearing group, the sources of the VEP components were within the occipital
regions, whereas, in the congenitally deaf group, the activations were in the occipital, temporal
and prefrontal regions.
Conclusion
The current study concludes that it is possible to evoke matured adult-like CAEPs from a long
auditory deprived adult, especially after the critical age. The latencies and amplitudes of the
CAEP components in the congenitally deaf groups were well within the normative range.
However, the contributors for the adult-like CAEP responses are not purely auditory and it
receives stimulation from other highly used sensory areas as well. The absence of an auditory
stimulation during the critical period leads the auditory regions to receive cross-modal
stimulation from other highly used sensory areas by preserving some innate auditory
characteristics.

Key words Congenital hearing loss, Critical period, Cortical plasticity
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EABR measurements during cochlear implantation in infant, child & adult, and
elderly patients
Chieko Enomoto1, Kimitaka Kaga2, Shujiro Minami1, Yusuke Kimura2
1Department
2

of Otolaryngology, National Tokyo Medical Center, Tokyo, Japan
National Institute of Sensory Organs, National Tokyo Medical Center, Tokyo, Japan

Background/Aims
Developmental changes of click-evoked ABRs in normal neonates, infants, and children have been well
studied and applied to diagnosis of neurological disease in the brainstem. However, clinical application of
eABR for evaluation of brainstem maturity or aging has not been well investigated. In this study, we
attempt to compare the eV latencies of intraoperative eABR measurements in infants (less than 3 years
old), children & adults (3 to 64 years old), and the elderly (65 years old or above), with the goal of
investigating the changes in the brainstem auditory pathway due to development and aging.
Methods
All patients underwent cochlear implantation between 2013 and 2019 using MED-EL’s Concerto or
Synchrony implants with Flex28 electrodes. None of the patients showed air-conduction ABR responses.
EABRs were recorded using Neuropack Σ (Nihon Kohden Co.) during cochlear implantation. Needle
electrodes were placed, with two positive electrodes installed in the forehead at the hairline and negative
electrodes installed at both the mastoid of the non-operative ear and the nape. The stimuli were delivered
by the MED-EL Maestro to the #1 (apical turn), #6 or 7 (middle turn), and #12 (basal turn) electrodes at
stimulus levels 1000 cu, 800 cu, and 600 cu, with a pulse width of 30 μs. The latencies of the eV of
electrodes #1 and electrodes #6 or 7 were measured using different stimulus levels.
Results
In eABRs recorded from electrodes installed at both the mastoid and nape, there was no difference in
latency between infant, child & adult, and elderly patients within each stimulus level.
Conclusions
Our study shows that eABR latency was not affected by development and aging of the brainstem auditory
pathway. Our study will be useful in understanding abnormal eABR wave configurations in patients with
inner ear malformations or cochlear nerve deficiencies.
Research highlights
1. We attempt to compare the eV latencies of intraoperative eABR measurements in infants, children &
adults, and the elderly.
2. In eABRs, there was no difference in latency.
3. Our study will be useful in understanding abnormal eABR wave configurations in patients with inner ear
malformations or cochlear nerve deficiencies.
Keywords Cochlear implantation, eABR, Latency
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The effect of suppressor stimulus on transient-evoked otoacoustic emissions
efferent suppression
Kelly C. L. de Andrade1,3, Ana C. F. Frizzo2, Camila D. F. Silva1, Aline T. L.
Carnaúba1,3, and Pedro L. Menezes1,3
1Department

of Audiology, State University of Health Sciences of Alagoas, Maceió, Alagoas, Brazil;
of Audiology, State University of São Paulo Julio de Mesquita Filho, Marília, São Paulo, Brazil;
3Department of Medicine, Cesmac University Center, Maceió, Alagoas, Brazil.
2Department

Background
The suppression of OAEs unlike the mechanism described for cochlear two-tone suppression, where there
is a reduction in the response to a pure tone due to the presence of another.
Objectives
Compare the effect of suppressor stimulus on transient-evoked otoacoustic emissions efferent suppression
in normal hearers in the presence of different suppressor stimuli.
Methods
An analytical cross-sectional study design was used at a public institution in the city of Maceió, Alagoas
state, Brazil. The sample was composed of 15 subjects, aged between 20 and 37 years. Analysis was carried
out by ear, totaling 30 ears. The following procedures were adopted: recording of transient-evoked
otoacoustic emissions, white noise suppression with balanced sentences from the Hearing in Noise Test
(HINT) protocol for Brazil, and the “happy birthday to you” song.
Results
All the stimuli used suppressed otoacoustic emission responses at a frequency of 1 kHz when compared to
otoacoustic emission responses with no suppressor stimulus. Analysis of otoacoustic emissions by
suppressor stimuli revealed statistically significant difference between white noise and the HINT - Brazil
sentences and between white noise and the “happy birthday to you” song (p<0.05). As band under analysis
were 1, 1.5, 2, 3 and 4 kHz.
Conclusion
All the stimuli used were able to suppress otoacoustic emissions at 1 kHz. Moreover, greater suppression
was observed when the suppressor stimulus was speech compared to when the suppressor stimulus was
white noise, also at 1 kHz.
Keywords: Suppression, Efferent pathways, Noise.
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#49
Using a new 3B ISTS-modified CE-Chirp stimulus for ASSR measurements in
normal-hearing adults in comparison to standard stimuli
Ute Geiger1, Søren Laugesen2, Mario Cebulla1, Sinnet G. B. Kristensen2, Waafa
Shehata-Dieler1, James M. Harte2
1Department

of Otorhinolaryngology, Plastic, Aesthetic and Reconstructive Head and Neck Surgery,
University of Würzburg, Germany
2Interacoustics Research Unit, Kgs. Lyngby, Denmark
Since the introduction of newborn hearing screening, infants are fitted with hearing aids (HAs) commonly
at the age of three months. At such a young age, standard audiometry procedures are either impossible or
very unreliable. Objective threshold estimation using electrophysiological measures, such as auditory
steady state responses (ASSR), are typically used to fit a HA. It would be desirable to have a further
objective validation of HA fitting using ASSR. However, standard stimuli such as narrowband CE-chirps
would tend to engage HA noise reduction algorithms and would not be particularly ecological for a clinician
testing access to speech in the child. To overcome these limitations, Laugesen et al. (2018) introduced
speech-like properties to an ASSR stimulus based on narrowband CE-chirps with repetition rates in the 90/s
range. In the present study, a further refinement of this modification is investigated, where the 0.5 and 1
kHz bands are combined and the repetition rate for this low-frequency band is reduced to the 40/s range,
while the 2 and 4-kHz stimuli were presented at around 65/s. The purpose of the present experiment is to
evaluate ASSR amplitudes, detection rates, and detection times from a group of young normal-hearing test
subjects, and determine if the low-frequency band clinical utility could be improved over the original
Laugesen et al. (2018) modifications.
To evaluate the new speech-like stimulus, 15 normal-hearing young adults underwent ASSR recordings
with the 3B ISTS-modified CE-Chirp stimulus as well as a single-band CE-Chirp stimulus presented at 65/s
with the same spectrum as the 3B stimulus, but without the ISTS-modifications to the temporal envelope.
The single-band stimulus is expected to provide a best-case baseline for comparison with the 3B case. The
analysis of the recorded ASSRs showed the highest magnitude and detection rate for the single-band CEChirp and the 0.7 kHz ISTS-modified CE-Chirp, with the detection time for the single-band stimulus being
slightly shorter. The ASSR amplitudes of the higher-frequency stimuli are smaller and the detection rates
lower.
Overall, it is possible to use the modified speech-like stimuli to record ASSRs in young normal hearing
adults.
Keywords ASSR, speech-like stimuli, hearing aids
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Laterality in the temporal processing in brainstem level
Griz, S¹, Menezes, PL2; Oliveira, JFN3; Venâncio, LGA¹; Andrade2, K; Marques,
MC2; Menezes, DC¹
1Universidade
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2Universidade

Introduction
Understand speech in noisy environments is a complex task, as noise can mask speech. Forward masking
occurs when the signal is masked by another sound, even when this sound has been physically ceased or
attenuated. In order to have speech comprehension, the auditory system must process the acoustic
information sequence. When the perception of any elements is difficult by the presence of the noise, the
message may not be adequately processed. Several studies refer the right ear advantage in speech
processing, even with electrophysiological testing. This advantage has also been investigated in subcortical
electrophysiological examinations and suggests that subcortical responses and cortical lateralization are
interrelated. However, specific speech information for vowel is faithfully encoded in the auditory
brainstem. Therefore, it is not clear if an ear advantage can be observed at a brainstem level.
Objective
To analyze temporal processing laterality by using frequency following response (FFR) test in young
individuals. Specifically, temporal processing laterality was investigated by comparing evidence of forward
masking effect between ears.
Methods
15 subjects underwent to a FFF with /da/ stimulus in two test conditions: 1) the /da/ stimulus alone and 2)
the /da/ stimulus presented 4 milliseconds after noise presentation. Each ear was tested individually.
Waves’ latencies were determined in both conditions. Forward masking effect on each ear was considered
as the latencies difference between testing conditions.
Results
Comparison of latencies testing conditions of each ear individually has shown a forward masking effect in
all investigated waves (PV, A, PY, PX, PW, PZ and O) in both ears. Temporal processing ear advantage was
accessed by comparing waves latencies between ears. The analysis showed no significant difference
between ears.
Conclusion
Regarding the forward masking effect, this study shows no temporal processing ear advantage between
ears at brainstem level using FFR.
Keywords evoked potentials; functional laterality; speech; noise; forward masking
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Forward Masking on Frequency Following Response as a Function of Age
Authors
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Introduction
Forward masking occurs when masking noise is presented before the target signal, and it is related to
ability of speech recognition in noisy environments, which declines with age. Interest has been grown to
understand effects of noise on the auditory system in different age groups.
Goal
To analyze forward masking as age increases.
Method
A total of 69 normal-hearing subjects of both genders were divided into three groups: 40 young (18 to 25
years), 21 middle-age (25 to 55 years) and 8 seniors (<55 years). FFR wass performed using /da/ syllable
with and without noise.: The /da/ syllable and speech-shaped noise were presented monotically in the
right ear. The electrodes montage was M1 and M2 (-), Fz (+) and Fpz (ground). Acquisition occurred under
two conditions: 1) the /da/ syllable without noise; and 2) /da/ syllable 4 milliseconds after noise.
Results
The data showed that: (i) All participants, there was a significant latency delay of all waves (PV, A, PW, PX,
PY, PZ and O) when the /da/ syllable was presented 4 milliseconds after noise; (ii) for the youngest group
and the middle age group forward masking was seen for all waves, except PX in the later one; for the
senior group, an irregular pattern was observed (presence of forward masking in PA, PY, PZ and O); (iii)
aging effect is seen in FFR exams with and without noise, leading to forward masking more evident in
seniors, but also already present in middle-age adults.
Conclusions
The presence of an age effect and forward masking was observerd in FFR.
Keywords diagnosis; audiology; speech perception test.
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Preoperative electrophysiological analysis predicts preservation of hearing
and facial nerve function following vestibular schwannoma surgery with
continuous intraoperative neural monitoring
Makoto Hosoya, MD, PhD, Naoki Oishi, MD, PhD and Kaoru Ogawa, MD, PhD
Department of Otorhinolaryngology-Head and Neck Surgery, Keio University School of Medicine, 35
Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan
Background
In general, sophisticated intraoperative neural monitoring reduces surgical errors and iatrogenic organ
damage, and thus optimizes post-operative nerve function.
The aim of the present study was to determine whether preoperative electrophysiological analysis predicts
preservation of hearing and facial nerve function following vestibular schwannoma surgery with reinforced
continuous intraoperative facial nerve root exit zone-elicited compound muscle action potential (FREMAP)
and dorsal cochlear nucleus action potential (DNAP) monitoring. The study tested two hypotheses: 1)
continuous intraoperative monitoring with FREMAP and DNAP optimizes preservation of hearing and facial
nerve function; and 2) preservation of hearing and facial nerve function is predicted by the results of
preoperative electrophysiological analysis.
Methodology
Design: Retrospective single-center cohort study.
Setting: Academic tertiary center.
Participants: Twenty-two vestibular schwannoma patients who underwent surgery via the
retrolabyrinthine approach with reinforced continuous intraoperative monitoring using FREMAP and DNAP
between April 2015, and March 2018.
Main outcome measures: Post-operative hearing and facial nerve function. Analyses were performed to
determine whether preservation of hearing and facial nerve function were predicted by the results of the
preoperative electrophysiological analysis.
Results Reinforced continuous intraoperative neural monitoring facilitated the prevention of facial nerve
palsy. No unacceptable post-operative facial nerve palsy occurred. Setting the lower limit of the FREMAP
amplitude in accordance with preoperative ENoG was associated with the preservation of facial nerve
function. Patients showing shorter auditory brain stem response wave V latency (<6.5 msec) or a higher
otoacoustic emission response during preoperative analysis were good candidates for the present hearing
preservation surgery by retrolabyrinthine approach.
Conclusions
The present data suggest that preoperative electrophysiological analysis predicts preservation of hearing
and facial nerve function following vestibular schwannoma surgery with reinforced continuous
intraoperative monitoring using FREMAP and DNAP.
Research highlights
1. Our results suggest FREMAP facial nerve monitoring may prevent post-operative facial nerve palsy in
patients selected on the basis of preoperative ENoG data.
2. Patients showing shorter auditory brain stem response wave V latency (<6.5 msec) or a higher
otoacoustic emission response during preoperative analysis were good candidates for the present hearing
preservation surgery by retrolabyrinthine approach.
3. We found that a novel ABR- and OAE-based classification may facilitate the selection of candidates for
the present hearing preservation approach.
Keywords ABR, OAE, ENoG
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Effect of MRI on distortion product otoacoustic emissions in neonates: a pilot
study
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Leenheer 2, 3 (MD, PhD), Koenraad Smets 4 (MD, PhD), Kris De Coen 4 (MD)
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Background/ aims
Excessive noise exposure can lead to temporary and/or permanent damage to the cochlea. In adults, the
effect of MRI on hearing thresholds and distortion product otoacoustic emissions (DPOAEs) while using
hearing protector devices was inconclusive. Neonates could be more prone to the effects of noise;
however, to the best of our knowledge, no results regarding MRI on cochlear function in neonates are
available. The goal of the current study was to investigate DPOAEs before and after MRI in neonates using
earmuffs.
Method
Eight neonates with a congenital cytomegalovirus infection, 4 girls and 4 boys, ranging in age between
8 and 32 days, undergoing 1.5 Tesla MRI of the head (30-45 minutes) as part of a standard clinical
assessment were tested with DPOAEs at four moments: before (pre), immediately after (post 1), within
30 minutes after (post 2), and within 24 hours after (post 3) MRI. During MRI, the neonates’ ears were
protected using earmuffs. Non-parametric tests were used to evaluate changes in DPOAE amplitudes
before and after MRI.
Results
The highest amount of present DPOAEs was seen during pre-measurement, and at half-octave frequency
bands above 1.5 kHz. Using Friedman’s test, no significant changes in DPOAE amplitudes were found
between the four moments, except at half-octave frequency band 2.0 kHz. However, pairwise comparison
between pre and post 1, and between pre and post 3, did not reveal any significant changes in DPOAE
amplitudes. Based on individual data, temporary emission shifts were mostly seen between the
measurements before and immediately after MRI, and at half-octave frequency bands between 2.0 and 6.0
kHz.
Conclusions
Although no significant changes in DPOAE amplitudes were seen before and after MRI, individual emission
shifts give rise to concern. The cochlear function of neonates, especially those with cytomegalovirus
infection, might be more sensitive to the effects of noise. Adequate hearing protection especially designed
for neonates during MRI should be used. Future research with more subjects tested at least 72 hours after
MRI is needed to exclude permanent cochlear damage caused by noise.
Research highlights
1. Distortion product otoacoustic emissions (DPOAEs) in neonates can be used to evaluate
cochlear damage after noise exposure.
2. In this pilot study, no significant changes in DPOAE amplitudes in neonates before and after
MRI were found, although individual emission shifts were seen.
3. Hearing protector devices should be used in neonates during MRI.
Keywords Distortion product otoacoustic emission, MRI noise, Neonates
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Effects of contralateral ear occlusion on amplitude of transiently evoked
otoacoustic emissions
Krzysztof Kochanek1, 2, W. Wiktor Jedrzejczak1, Małgorzata Talarek2, Edyta Piłka1,
Lech Śliwa1, Henryk Skarżyński1
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Background/aims
Many researchers have examined the activity of auditory efferent system with the use of otoacoustic
emissions (OAEs). A decrease in OAE amplitude in the presence of contralateral stimulation provides
information about the magnitude of contralateral efferent effect. One can expect that a reduction of
acoustic background level in contralateral ear might lead to an opposite effect, an increase in OAE
amplitude.
The aim of this work was evaluation of the influence of auditory canal occlusion on amplitude of transient
evoked otoacoustic emissions (TEOAEs) registered in contralateral ear.
Methodology
A group of 21 normal-hearing persons, including 14 women and 7 men, aged from 20 to 25 years, took part
in the research. 34 ears were included to the analyses after rejecting a part of unreliable results.
Two TEOAE measurements were done in each ear, first with open auditory canal of contralateral ear, then
with occluded ear canal. Each of these measurements was repeated twice. Wax earplugs made by
STOPPER company were used.
TEOAE signals were registered with ILO292 device and analyzed at 1, 1.4, 2, 2.8 and 4 kHz. The click level
was 80 dB SPL. The number of averaged traces was 500, and the nonlinear protocol was applied. As the
criterion for the presence of TEOAE signal we assumed SNR>6 dB.
Average acoustic attenuation of the stopper in the applied frequency range was determined by
audiometric tests was 30 dB.
Results
The analysis have shown that, in most cases, occlusion of contralateral ear canal caused a small increase in
TEOAE amplitude. The increase was statistically significant at 1.4 kHz and 4 kHz. At 1 kHz and 2 kHz we
observed small drop of TEOAE amplitude (statistically insignificant), and at 2.8 kHz the amplitude did not
changed.
An increase in TEOAE amplitude was observed in 74 to 85% of ears, depending on frequency. In these ears,
the average amplitude increase varied between 0.4 and 0.9 dB.
Conclusions
1. In most of examined subjects, occlusion of contralateral ear canal leads to an increase in TEOAE
amplitude.
2. Changes in TEOAE amplitude caused by occlusion of contralateral ear canal are small and exhibit
significant intersubject variability.
Keywords otoacoustic emissions, contralateral ear occlusion, contralateral efferent effect
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Listening in noisy background: Increased listening effort evidenced in delayed
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Purpose
It is well acknowledged that listening in noisy background increases mental effort. An odd-ball paradigm
generates a mismatch negativity, which can be interpreted as a failure to suppress prediction error [1]. To
examine neural representations associated with listening effort, we manipulated background noise to
quantify predictive error coding framework change due to background noise.
Methods
Electroencephalography (EEG) was recorded in 14 voluntary healthy participants (7 females, mean 52.27 ±
5.23 years old, ranged 39~62 years of age) using a 128 HydroCel Geodesic Sensor Net at a sampling rate of
1000 Hz via EGI software (Net Station, Electrical Geodesics Philips Inc., Eugene, OR. USA). To elicit
mismatch negativity, an oddball paradigm was applied using 20 % occurrence of deviant stimuli. Onesyllable Korean word /gam/ (meaning ‘persimmon’) was used as Standard and another one-syllable word
/bam/ or /jam/ (meaning ‘night’ or ‘sleep’) were used as Deviants depending on session. Background noise
was generated using a babble stimulus of 4 female and 4 male speakers [2]. Intensity of the background
noise and test stimuli were set approximately at 60 dB SPL and 65 dB ppe SPL, respectively. This was
compared with quiet listening condition. Stimuli were presented randomly in the right or left side of the
listener. E-Prime was used to present stimuli and data processing was conducted in Net Station Tool and
Matlab R2014a (The MathWorks, Inc., Natick, Massachusetts, USA). Fieldtrip [3], and EEGLAB v.14 [4]
toolboxes were also used.
Results
In the quiet condition, target-standardleft elicited faster mean peak latency of mismatch negativity 124.27
± 20.62 msec than non-target-standardright 143.50 ± 22.12 msec (p=0.01). In the condition of listening in
noisy background, target-standardleft resulted in longer mean peak latency of 165.42 ± 24.31 msec
compared with non-target-standardright 161.91 ± 26.27 msec (p=0.01). Main effect of the background
noise was evident (p<0.001) regardless of the side of the deviant stimuli.
Conclusion
Prediction error coding was more difficult at listening in background noise evidenced in significantly
delayed latency of mismatch negativity when compared to the listening condition in quiet environment.
Side of the stimuli presentation did not affect the result in our hearing adults.
Keywords background noise, listening effort, prediction error, mismatch negativity, odd-ball
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Effects of noise exposure on auditory brainstem response in populations
exposed to occupational noise
Colleen G. Le Prell
The University of Texas at Dallas
Background/aims
The effects of noise on the inner ear continue to be of significant interest given the identification of noiseinduced cochlear synaptopathy in rodents and macaques. This pathology is associated with decreases in
the amplitude of auditory evoked potentials such as wave I of the auditory brainstem response (ABR).
Deficits can be noise-induced, or observed as a function of increasing age.
Methodology
A comprehensive review of the literature was undertaken in an effort to describe patterns of changes
associated with occupational noise exposure.
Results
Decreases in ABR wave I amplitude and increases in ABR wave I latency were reported across many of the
populations exposed to occupational noise, a finding that contrasts with much of the leisure noise
literature. While this is potentially consistent with noise-induced synapse loss, there were few studies
reporting the inclusion of otoacoustic emission tests to assess outer hair cell (OHC) function, and the high
rate of hearing loss in workers suggests hair cell damage accompanied any potential cochlear
synaptopathy.
Conclusions
Evoked potential tests were conducted at high sound levels, at which cochlear amplification by the OHCs
may be negligible. Thus, one interpretation of the literature is that reduced wave I amplitude in workers
exposed to occupational noise may suggest underlying synaptopathy. Because of the high incidence of
threshold shifts, it is also possible that loss of OHCs and related scarring of the sensory epiothelium directly
alters cochlear mechanics even at high sound levels. The presence of cochlear synaptopathy in workers
exposed to occupational noise remains speculative at this time. Despite these unknowns, older workers
may be likely to develop age-related pathology regardless of whether this pathology is exacerbated by
noise exposure.
Research highlights:
1. Decreases in ABR wave I amplitude and increases in ABR wave I latency are commonly reported in
workers exposed to occupational noise.
2. Decreases in ABR wave I amplitude and increases in ABR wave I latency in workers exposed to
occupational noise are potentially consistent with noise-induced cochlear synaptopathy.
3. Because ABR wave I amplitude and increases in ABR wave I latency in workers exposed to occupational
noise are commonly reported in the presence of significant hearing loss, functional deficits in workers may
be driven by hair cell loss, cochlear synaptopathy, or a combination of hair cell and neural pathology.
Keywords Cochlear synaptopathy, auditory brainstem response, occupational noise
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Comparing toneburst and narrow band CE-Chirp® stimuli in auditory
brainstem responses for young infants
Rodrigues, Gabriela Ribeiro Ivo; Lewis, Doris Ruthy
Pontificia Universidade Católica de São Paulo, São Paulo, Brazil

The CE-chirp® stimulus was developed to produce maximum simultaneous displacement along the
cochlear partition, by compensating frequency-dependent traveling-time differences. The narrow band CEchirp® stimuli are obtained by decomposing the broadband CE-Chirp® into four components that
constitute a subset of the CE-Chirp® stimulus.
Aim
To describe the differences between latencies and amplitudes between toneburst and narrow CE-chirp®
stimuli, on ABR recording in normal hearing infants.
Method
500, 1000, 2000 and 4000 Hz toneburst and narrow band CE-chirp® stimuli were recorded in auditory
brainstem responses for 40 normal-hearing infants. The amplitude and latency were collected for each of
the four stimulus levels: 80, 60, 40, and 20 dB nHL. Both stimuli started at 80 dB nHL, using alternating
polarity, and rates at 27.1/s.
Results
Latencies were larger for toneburst stimuli when compared with narrow band CE-chirp, for all intensities at
500, 1000 and 2000 Hz (p<0,001). However, at 4000 Hz this difference was not significant. At 500 Hz, wave
V amplitudes were larger for toneburst when compared to narrow band CE-chirp® (p < 0,001) in 80 dB nHL.
The differences between the two stimuli in 60 dB nHL were not significant (p = 0.495); at 40 and 20 dB nHL,
wave V amplitudes for narrow band CE-chirp® were larger when compared to toneburst stimuli (p < 0.001).
At 1000 Hz, 2000 Hz and 4000 Hz there were no differences in the amplitudes between the wave V for
toneburst and narrow band CE-chirp® stimuli at 80 dB nHL (p = 0.940; p = 0.776 and p = 0.217 respectively).
On the other hand, at 60, 40 and 20 dB nHL, narrow band CE-chirp® amplitudes were larger when
compared to toneburst amplitudes (p < 0.001).
Conclusion
Recording ABR with Narrow Band CE-chirp® stimuli generates waves with shorter latencies, and higher
amplitudes, when compared with toneburst stimuli, which makes easier the interpretation of these
recordings.
Research highlights
1. Toneburst stimulus is being used to estimate an audiogram in childrem who can not perform a pure tone
audiometry. Nevertheless, we need to use correction fator, maybe due to difficulties in analysing the
tracing of waveforms. The larger the amplitudes, the easier is the observation of the minimum response
levels of the ABR, for each frequency used. The stimuli using NB CE-CHIRP can make it easier to interpret
the traceform of the waves at the lowest level searched.
2. It is necessary to to show evidences that the new stimuli used to perform ABR in clinical settings can
help clinicians to estimate an audiogram for children who can nor perform a pure tone audiometry.
3. Everyday audiologists must estimate an audiogram more precisely, in young infants, in order to perform
better hearing assessment for these children, and future reabilitation procedures.
Keywords Auditory Brainstem Response, Narrowband CE-Chirp Stimuli, Infants
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Auditory brainstem responses with narrow band CE-Chirp Level Specific®
stimulus in children
Correia, Jéssica Marchiori; Lewis, Doris Ruthy
Pontificia Universidade Católica de São Paulo, São Paulo, Brazil
In the past years, a group of researchers have been developing different stimuli aiming to perform the
Auditory Brainstem Response with better resolution in the recordings. The Chirp family has developed to
the CE-Chirp LS® and to the narrow band CE-Chirp LS®. The researchers aim to achieve larger and more
visible amplitudes in the recordings. The development includes the construction of different stimuli, for
different sound levels.
Aim
To describe the latency and amplitude of NB CE-Chirp LS® stimuli for 500, 1000, 2000 and 4000 Hz at 80,
60, 40 and 20 dB nHL in normal hearing children.
Method
13 children with a maximum age of nine months were in this preliminary study. Statistical analysis
Results
Thirteen children were included in the study, but not all of them were evaluated at all frequencies and
intensities. The latency and amplitude values for the NB CE-Chirp LS® at the specific frequencies of 500,
1000, 2000 and 4000 Hz were better when compared with the values found in the literature for toneburst
stimuli. Compared with the NB CE-Chirp® in the literature, the NB CE-Chirp LS® stimulus obtained better
amplitude values, especially at high intensities.
Conclusion
NB CE-Chirp LS® is promising in terms of the reliability of responses and quality in wave morphology. Better
thresholds can be found. Further studies must be performed, since this is a preliminary study.
Research highlights
1. There are not studies found with NB CE-CHIRP LS in the literature, although we have the knowledge of
studies being performed.
2. This was a preliminary study and the results compared NB CE-CHIRP LS x TONEBURSTS found in the
literature. Examples will be given in the presentation, showing amplitude, morphology and minimum
response level found.
3. It looks like important tool to be used in the diagnostic in the hearing assessment of hearing status in
children.
Keywords Auditory Brainstem Response, NB CE-Chirp LS, Young Children
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#81
Auditory Steady-State Responses with Narrow Band CE-Chirps® Stimuli in
Children with Sensorineural Hearing Loss
Rodrigues, Gabriela Ribeiro Ivo; Lewis, Doris Ruthy
Pontificia Universidade Católica de São Paulo, São Paulo, Brazil

Auditory Steady State Response (ASSR) is a promising tool for objective frequency-specific assessment of
hearing thresholds in children. Recently, this technology includes new different methodologies like, new
stimuli and/or new analysis methods. The use of narrow band CE-chirps® stimuli combined with an ASSR
detection method that includes higher response harmonics was studied in this research, with
sensorioneural hearing impaired children.
Aim
To compare ASSR using narrow band CE-chirps® stimuli, with toneburst ABR and behavioral thresholds, for
500, 1000, 2000, and 4000 Hz, in children with sensorioneural hearing loss.
Methods
The study included 59 children ages between 1 to 60 months, with various degree of sensorioneural
hearing loss. The response thresholds, to multiple ASSR to narrow band CE-chirps®, using the higher
harmonics detection method, were compared to traditional toneburst ABR thresholds, and behavioral
thresholds. The behavioral tests were performed by a second researcher, who did not have access to the
electrophysiological assessment (blind study).
Results
The correlation factor of ASSR and toneburst ABR thresholds at 500, 1000, 2000 and 4000 Hz exceeded
0.90 for all frequencies, and it was considered strong. Between ASSR and behavioral tests, the correlations
were strong, with Pearson r values exceeding 0.81, at each test frequencies.
Conclusions
Multiple ASSR to narrow band CE-chirps® detected by higher response harmonics have strong correlation
to toneburst ABR and behavioral thresholds in infants and young children. The results suggest that multiple
ASSR to narrow band CE-chirps® will be soon incorporated into the diagnostic test battery.
Research highlights
1. ASSR for sensorioneural hearing impaired children must be studied, in order to know how it correlates
with traditional and gold standard measures.
2. ASSR is an objective measure, and the audiologist must know the technology, but, new stimuli and
detection methods can improve the precision of the hearing assessment.
3. Infants and very young children might need objective methods in order to estimate hearing loss.
Keywords Auditory Steady State Response, Narrowband CE-Chirp, Sensorineural Hearing-Impaired
Children
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#83
Latency and Amplitude Differences Between Clicks and CE-Chirp® Stimuli for
Auditory Brainstem Response in Normal Hearing Neonates
Rodrigues, Gabriela Ribeiro Ivo; Lewis, Doris Ruthy
Pontificia Universidade Católica de São Paulo, São Paulo, Brazil

The CE-chirp® stimulus was developed to provide a better synchronization of neural response, due to the
compensation of the travelling wave delay in the basilar membrane, and can be an alternative stimulus to
click on ABR recording.
Aim
To describe the difference of latency and amplitude between click and CE-chirp® stimuli on ABR recording
in normal hearing neonates.
Method
Click and CE-chirp® stimuli were recorded for auditory brainstem responses in 20 neonates, with presence
of transient-evoked otoacoustic emissions (TEOAE) and automatic ABR at 35dB nHL. The amplitude and
latency measures for ABR were collected for each of the four stimulus levels: 80, 60, 40, and 20 dB nHL.
Both stimuli started at 80 dB nHL using alternating polarity, rate 27.1/s.
Results
Wave V amplitudes were larger for CE-chirps® than for clicks for all conditions levels (p < 0,001). When the
intensities of the click stimuli decreased, the amplitude of the ABR decreased as well. However, when CEchirp® stimuli were used, the amplitudes increased as the intensities decreased up to 60 dB, and decreased
again at 40 dB nHL. At 80 and 60 dB nHL CE-chirp® stimuli showed, on average, shorter latencies than
those observed in the click stimuli; at 40 and 20 dB nHL, the opposite occurred. When the
presence/absence of waves I, III and V were analyzed at 80 dB nHL, in both stimuli, waves I and III tend to
disappear with CE-chirp® stimulation.
Conclusion
CE-chirp® stimulus in ABR generates significant higher wave V response amplitudes compared to click
stimulus. However, the early waves I and III tend to disappear with CE-chirp® stimulation, and for this
reason, this stimulus should not be used for analyzing neural synchrony.
Research highlights
1. New technology can provide new tools for clinical use in newborn hearing assessments.
2. ABR is the most used tool in hearing assessment, for neonates, after newborn hearing screening refer,
and clinicians need to perform fast and precise diagnostic in objective measures.
3. The Chirp stimuli improves the amplitude observation of wave V, which makes easier the interpretation
of the recordings.
Keywords ABR, Chirp, Neonates
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#85
Development of an ASSR Masking Noise Calculator
Guy Lightfoot
ERA Training & Consultancy Ltd, UK

A calculator for use in the contralateral masking of ABR testing for hearing threshold purposes was
designed by the author in 2010, using an Excel spreadsheet, and has been freely available since then. That
calculator performed three primary functions:
1. Calculation whether there was a risk of cross-hearing and therefore whether masking was necessary;
2. If cross-hearing was possible, calculation of the level of masking noise to deliver to the non-test ear;
3. Calculation of whether cross-masking was likely
Unlike the ABR for which one can use ipsi-contralateral waveform differences or the presence of wave I to
reassure us that cross-hearing is not occurring, we must use masking to ensure ASSR responses are not
crossed.
The ABR masking noise calculator was adapted for use with the Interacoustics Eclipse ASSR system, which
employs CE-Chirp® stimuli. The four standard stimulus frequencies (500, 1000, 2000 & 4000 Hz) can be
specified as a common stimulus level across frequencies or at differing levels, with an option to exclude
500Hz stimuli. Separate calculations are made for each stimulus frequency and the highest noise level is
suggested.
Keywords ASSR, masking, cross-hearing
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#86
Functional Outcome According to Materials and Lengths of the Ossicular
Replacement Prosthesis
Kang Hyeon Lim1, Dong Heun Park1, Sung Jin Lim1, Euyhyun Park2, Young-Soo
Chang1, Yoon Chan Rah1, Gijeong Lee2, June Choi1
1Department

of Otorhinolaryngology-Head and Neck Surgery, Korea University College of Medicine, Korea
University Ansan Hospital,
2Department of Otorhinolaryngology-Head and Neck Surgery, Korea University College of Medicine, Korea
University Anam Hospital
Background/Aim
The aim of the present study is to analyze the recurrence rate of cholesteatoma and to compare the
functional outcomes according to materials and the lengths of ossicular replacement prosthesis after the
surgical procedure of ossicular chain reconstruction in patients with chronic otitis media with
cholesteatoma.
Methodology
Clinical records of 176 cholesteatoma patients who underwent ossicular replacement were assessed
retrospectively. The functional results after the ossicular replacement procedures were assessed by
comparing the pre-operative and post-operative air-bone gap (ABG).
Results
The ossicular reconstruction surgery with total ossicular replacement prosthesis (TORP) were performed in
72 patients and partial ossicular replacement prosthesis (PORP) in 104 patients. Polycel was used in 49
patients, titanium in 118 patients and hydroxyapatite (HA) in 9 patients. In the PORP group, cholesteatoma
recurred in 5.3% of patients with polycel, in 1.5% of patients with titanium, and none of HA. In the TORP
patients, cholesteatoma did not recur in any patients with polycel, titanium or HA. In PORP patients, an
average ABG improvement of 6.02dB in polycel and 1.93dB improvement in titanium was noted, but there
was no statistical significance between the two groups (p=0.626). In TORP patients, an average ABG
improvement of 6.07dB in polycel and 3.76dB improvement of 3.76dB was noted, but there was no
statistical significance between the two groups (p=0.928). Also, there was no significant correlation
between the length of prosthesis and the ABG improvement in the PORP (p=0.077, rho=-0.213) and the
TORP (p=0.440, rho=-0.103) group.
Conclusions
These results suggest there is not a superiority among polycel, titanium and HA as ossicular replacement
prosthesis in an aspect of hearing outcome, and the length of the prosthesis do not correlates with the
hearing improvement after the ossicular reconstruction.
Research highlights
1. Cholesteatoma recurrence is rare in patients with cholesteatoma after ossicular reconstruction.
2. There is no superiority among polycel, titanium and HA as ossicular replacement prosthesis in an aspect
of hearing outcome
3. The length of the prosthesis do not correlates with the hearing improvement after the ossicular
reconstruction.
Keywords ossicular reconstruction, PROP, TORP
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#87
Multi-Frequency Detection of the Acoustic Reflex
Andre Lodwig
Background
The acoustic reflex is known since long and well established as one of the first known objective
audiometric methods. In contrast to evoked potentials, it is related to the maximum comfortable sound
level rather than to the hearing threshold, and therefore one tool to fit hearing devices.
Traditionally, the reflex is detected as a compliance change of the ear drum at a probe tone frequency of
226 Hz. The compliance change itself is caused by the stapedius muscle dragging the stapes sideward,
resulting in stiffening the annular ligament. The change in compliance as recorded in the ear canal is quite
small and therefore sensitive to artifacts and noise.
Methodology & Results
As shown by J. Rosowski at IERASG 2017, the middle ear admittance change due to the reflex is a function
of frequency. Depending on the individual middle ear, other frequencies than 226Hz can be much more
affected, and the reflex therefore detected easier at those frequencies. However, the optimum frequency
to use differs among subjects.
It turns out that using multiple probe tones simultaneously can result in more stable detection, particularly
close to threshold and in impaired middle ears. Results of electrically evoked Reflexes (“eSRT”), recorded
from CI users, are also promising. In several clinical cases, reflexes could be recorded where the traditional
approach failed to do so.
Conclusion
Multi-Frequency Detection of the acoustic reflex is a promising extension to a well-established method
which can both extend the range of measurable middle ears and provide stable responses closer to the
individual threshold. Since the additional information is acquired simultaneously, no additional test time
(per stimulus setting) is required.
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#89
Two adult cases of Charcot-Marie-Tooth disease merging Auditory Neuropathy
Shinsaku Matsuda, Kimitaka Kaga
National Tokyo Medical Center , National Institute of Sensory Organs , Tokyo , Japan.

Charcot-Marie-Tooth Disease (CMT) is a generic term for peripheral nerve diseases caused by degeneration
of axons and demyelination due to genetic mutation typified by PMP22.
The prevalence of CMT is reported one as per 2,500 people, and the main symptom is muscle weakness in
peripheral side. In addition, the existence of cases merging hearing loss or visual disorder is known.
We report two cases in which hearing loss occurred as Auditory Neuropathy with CMT.
Case 1 is a man whose age at the time of cochlear implantation was 41 years old.
In the primary stage, ABR was absent, and DPOAE was normal. However the response of DPOAE
disappeared before cochlear implantation.
Approximately 10 years have passed since the cochlear implantation, and now discrimination score is
remarkably improved to 25% from 0% without lip reading, but 96% with lip reading.
Case 2 showed low tone hearing loss in initial examination at age of twenty years. Speech discrimination
score was 90%(right) at 30dB and 90%(left) at 60dB, ABR was absent, and DPOAE was normal on both ears.
During the course of about 15 years, discrimination score have decreased to 70%(right) at 70dB, 50%(left)
at 90dB gradually, now so she wears hearing aid for the right ear.
For CMT patients, careful correspondence is required about selection of auditory evaluation and hearing
device.
Research highlights
1. Auditory Neuropathy with Charcot-Marie-Tooth disease
2. Cochlear implantation for hearing impairment merged with CMT
3. Long-term course of speech and hearing after cochlear implantation
Keywords Auditory neuropathy, Charcot-Marie-Tooth disease, Cochlear implant
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#90
The study of familiar speech recognition in the presence of competitive noise
Kelly C. L. Andrade1,3; Ana C. F.Frizzo2; Thamyres A. B. Verçosa1;Aline T.
L.Carnaúba1,3; Pedro L. Menezes1,3
1Department

of Audiology, State University of Health Sciences of Alagoas, Maceió, Alagoas, Brazil;
of Audiology, State University of São Paulo Julio de Mesquita Filho, Marília, São Paulo, Brazil;
3Department of Medicine, Cesmac University Center, Maceió, Alagoas, Brazil.
2Department

Background
The different types of noise present in daily life interfere directly with word recognition. In an oral
communication situation, the voice-hearer must select the desired speech signal while ignoring all adjacent
noise in order to understand the message. A speech stimulus familiar to the hearer may be a determining
factor for better speech comprehension in noise situations.
Aims
The purpose was to assess familiar speech recognition in the presence of competing noise in a population
of normal hearing adults.
Methods
A total of 21 individuals took part in the study (17 women and 4 men). The following procedures were
performed: otoscopy, immittance testing, tonal and vocal audiometries and the sentence recognition test
in the presence of competing noises. The sentences were presented to the participants at 40 dBSL above
speech recognition threshold values, using the standard speech of the test and speech from a person
familiar to the participant. Competing noises consisted of white noise and continuous speech noise,
presented at intensities of 40, 50 and 55 dB above the speech recognition threshold.
Results
The greater the noise intensity, the lower the number of correct responses for both types of stimulus; the
number of correct responses for familiar speech was higher than for standard speech; standard speech
with continuous speech noise produced a larger number of correct responses at intensities of 50 and 55
dBSL, while familiar speech with continuous speech noise obtained more correct responses at the three
intensities tested; when the highest intensity was used with white noise, the number of correct responses
for familiar speech was higher than for standard speech.
Conclusion
Recognition of familiar speech in the presence of white noise in a population of normal hearing adults is
higher than that of standard speech at an intensity of 55 dBSL above the speech recognition threshold.
Keywords Speech perception. Noise. Audiometry.
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#96
The effect of primary levels and frequencies on the contralateral suppression
of distortion product otoacoustic emission
Eui-Cheol Nam1, Natalia Yakunina2, Jinsook Kim3
1

Department of Otolaryngology, School of Medicine, Kangwon National University, Chuncheon, Republic
of Korea
2 Institute of Medical Science, School of Medicine, Kangwon National University, Chuncheon, Republic of
Korea
3 Division of Speech Pathology and Audiology, Research Institute of Audiology and Speech Pathology,
College of Natural Sciences, Hallym University, Chuncheon, Republic of Korea

Background/Aims
Changes in distortion product otoacoustic emission (DPOAE) caused by contralateral suppression (CS) help
evaluate the function of the auditory efferent system. Parameters affording maximum CS are preferred in
terms of clinical application. Our objective was to evaluate the effects of primary levels and frequencies on
DPOAE-mediated CS.
Methodology
Sixteen subjects with normal hearing participated. The 2f1-f2 DPOAEs were recorded with and without
contralateral acoustic stimulation; broadband noise of 65 dB SPL was delivered at f2 frequencies between
1,000 and 6,727 Hz, at 8 pt/octave. The L2 was varied between 40 and 80 dB SPL in 10-dB steps. Linear
mixed model was used for the analysis.
Results
L2 did not significantly affect DPOAE-mediated CS. Higher L2 levels significantly reduced the fine structure
depth of both the baseline and suppressed DPOAE datasets. The amount of CS was greatly affected by the
f2 frequency; lower and higher frequency ranges afforded significantly stronger suppression than did midfrequencies within the studied range.
Conclusions
Our findings suggest that DPOAE CS should be measured over a wide range of frequencies as the amount
of CS seems to be highly dependent on f2. The use of a higher L2 level may be optimal when it is sought to
evoke strong DPOAE-mediated suppression while simultaneously minimizing DPOAE fine structure. Our
findings may assist in optimization of clinical procedures evaluating the integrity of the auditory efferent
system.
Research highlights
1. Contralateral suppression of DPOAE was evaluated using various primary levels and frequencies.
2. The amount of contralateral suppression was not significantly affected by L2 but was greatly dependent
on f2.
3. Higher L2 levels significantly reduced fine structure depths of the baseline and suppressed DPOAE.
Keywords contralateral suppression (CS); distortion product otoacoustic emission (DPOAE); primary level
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#97
Reliability and validity of speech audiometric test results as criteria for hearing
disability determination
Jeong-Hoon Oh
Department of Otorhinolaryngology, Head and Neck Surgery, Bucheon St. Mary's Hospital, The Catholic
University of Korea

Background & purpose
Speech audiometry (SA) is an important part of hearing evaluation as it provides information about how
well an individual perceives and understand speech, also can be used to validate pure-tone audiometry
(PTA) thresholds. However, intrasubject variability of speech audiometry remains a valid concern, and its
reliability of this test has been argued for a long time. The Korean government-issued criteria for
verification of hearing mpairment is based on PTA, SA and auditory brainstem response (ABR) thresholds to
offer supportive services to the people who have hearing disability.The aim of the study was to investigate
the reliability and validity of speech audiometric test results as criteria for hearing disability determination.
Materials & method
The medical records of the 220 patients who underwent PTA, SA and ABR at our hospital were reviewed
and divided to two groups: patients presenting with hearing loss, and those applying for the hearing
disability certificate. Each group is subdivided into 10dB range in PTA thresholds. The difference between
the speech reception threshold and pure tone threshold in each test between two groups were analyzed,
and mean SRT and speech discrimination score (SDS) in each subsets in both groups were compared.
Results
The differences of average SDS between two groups were 9.93 % in the range of PTA threshold less than 50
dB, 6.00 % in the range of 50-59 dB PTA threshold, 14.12 % in the range of 60-69 dB PTA threshold and
1.53% % in the range of 70-79 dB PTA threshold, respectively. In the disability certificate group, 37% of the
patients showed a difference more than 12 % between speech discrimination score results.
Conclusion
The significant difference of average SDS between two groups shows that SDS alone would be insufficient
to confirm degree of hearing disability, and that the reliability of SDS should be verified with objective
audiometric test results.

135

#98
Effect of attention and hemisphere on semantic integration using audio-visual
paradigm – An ERP study
Hari Prakash, Mayur Bhat, Harshitha Ramesh, Krishna Y, B Rajashekhar
Department of Speech and Hearing, School of Allied Health Sciences, Manipal Academy of Higher
Education, Manipal, Karnataka, India

Background
Audio-visual integration is one of the important skill which has day to day implication. Most studies have
explored the sensory integration of AV modalities using both behavioural and electrophysiological
measures. However, the studies on semantic integration in AV modality are sporadic. Previous attempts
have demonstrated semantic positivity (PS) in such tasks, but to date the effect of hemispheric
lateralization, congruency and attention on CEPs (PS) in AV modality has not been explored.
Aim
To explore the effect of congruency, hemisphere and attention on semantic integration task using AV
paradigm.
Methodology
The study consisted sixteen graduate students who were tasked with AV stimulus paradigm where the
auditory stimulus ‘pen’ (0.5 sec) was paired with visual stimuli that changed randomly between the two
possible pictures, i.e., pen and pin thus creating a congruent condition (Auditory: Pen and Visual: Pen) and
an incongruent condition (Auditory: Pen and Visual: Pin) with probability of 50%. Further attention was
manipulated by two conditions (i) passive and (ii) active. Cortical Evoked Potentials (CEPs) were
simultaneously measured using a 32 channel system and analyzed using EEGLab version 13_6_5b and ERP
Lab version 6.14.
Results
The current study results revealed significant main effect of attention on P1 and P2 amplitude (F (1,15) =
4.97, p = 0.041, η = 0.249) were active attention condition showed larger amplitude than passive condition.
This amplitude differences was only seen in right hemisphere (F (1,15) = 14.147, p = 0.002, η = 0.485) and
not over left hemisphere. Congruency in turn showed opposite lateralization where congruent pairs
resulted in larger amplitude over left hemisphere and not in right (F (1,15) = 7.783, p = 0.014, η = 0.342). As
shown in literature, PS was seen in both attended and unattended conditions, however the scalp map and
topography of classical P300 was seen only in attended condition.
Conclusion
The overall results along with the previous study indicates that early CEP components are influenced by
both attention and semantic congruency, while the later components PS was mainly influenced by
attention.
Research highlights
1. Exploring P300 in an equiprobable stimulus paradigm.
2. Exploring influence of hemispheric specialisation in an A-V paradigm using ROIs.
3. Influence of attention manipulation on semantic congruency.
Keywords: Attention; Hemisphere; A-V paradigm
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#99
Analysis of Mapping Characteristics of Cochlear Implant Patients with Inner
Ear Anomalies
Euyhyun Park, Pyung Gon Thak, Young-Chan Kim, Yoon Chan Rah, June Choi,
Sung Won Chae, Hak Hyun Jung, Gi Jung Im
Department of Otorhinolaryngology-Head and Neck Surgery, Korea University College of Medicine, Seoul,
Republic of Korea

Objectives
20% of patients with congenital hearing loss are known to have inner ear anomalies. In the past, cochlear
implant (CI) was contraindicated in patients with inner ear anomalies. However, as the results of CI in
patients with inner ear anomalies has been reported, currently almost patients with inner ear anomalies
are undergoing CI. There have been many reports of results after CI in patients with inner ear anomalies,
but there has been no reports on the CI mapping characteristics of patients with inner ear anomalies.
Therefore, in this study, we aimed to analysis of CI mapping characteristics of patients with inner ear
anomalies from compared to control group.
Methods
We retrospectively reviewed the recent 1 year mapping process and CI performance of 10 patients with
inner ear anomalies and 10 patients without inner ear anomalies (control group). All patients were prelingual hearing impaired CI users who were implanted with a Cochlear Nucleus. The CI performance was
analyzed by Ling 6, CAP, speech perception test and standardized articulation test named U-TAP (Urimal
Test of Articulation and Phonation). The mapping characteristics were focused on variables related to the
stimulus intensity (C level, T level, dynamic range, pulse width, input dynamic range) and variables related
to the frequency (frequency table allocation, channel gain).
Results
In this study, the CI performance in the patients with inner ear anomalies was significantly worse than
control group. However, after one year of mapping process, the patients with inner ear anomalies showed
significant improvement of CI performance. In the mapping characteristics, it was found that C level, T
level, pulse width, and input dynamic range were set significantly higher in the patients with inner ear
anomalies than control group. The frequency related variables showed no significant difference.
Conclusions
This study estimated that continuous mapping process can improve the CI performance. Mapping
characteristics between the two CI groups were difference in some variables. Thus, different mapping
strategies should be needed especially in the CI patients with inner ear anomalies.
Research highlights
1. Continuous and fine mapping process can also improve the CI performance in patients with inner ear
anomalies.
2. Mapping characteristics were different in some variables from those with and without inner ear
anomalies.
3. Different mapping strategies should be needed especially in the CI patients with inner ear anomalies.
Keywords
Cochlear implant; mapping; inner ear anomalies
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Multi-frequency electrophysiological measure of auditory temporal acuity
Negar Ahzan1,2 and David Purcell1,3
1National

Centre for Audiology,
and Rehabilitation Sciences,
3School of Communication Sciences and Disorders
Faculty of Health Sciences, Western University
2Health

Background/aims
Auditory temporal acuity is an essential ability for speech understanding. Human envelope following
responses (EFRs) can be evoked by a broadband noise with amplitude-modulation (AM) that is swept in
modulation frequency. Measures from this EFR modulation transfer function are significantly correlated
with behavioural measures of auditory temporal acuity. However, broadband carriers can produce small
EFRs at the measurement electrodes in some individuals for certain stimulus conditions that are caused by
out-of-phase interference of parallel EFRs initiated from different frequency regions of the tonotopic
cochlea. These cancellations manifest in the EFR modulation transfer function as frequency regions with
low amplitudes that can be described as valleys or fine-structure. We hypothesized that employing narrowband noise (NBN) carriers would confine response initiation to frequency-specific cochlear regions and
consequently reduce the degree of destructive interactions between concurrent EFRs at the level of the
scalp.
Methodology
Sixty-seven young normal-hearing individuals randomized in three groups were presented different AM
NBN of low (centre 750 Hz), mid (centre 2200 Hz), or high frequency (centre 4300 Hz) at a modulation
depth of 50 percent where modulation rates (Fm) were swept linearly between 80-600 Hz over 15.36 s.
EFRs were recorded and analyzed across Fm and the number of valleys was compared with previous
studies that used broadband noise.
Results and conclusions
Significantly fewer valleys were observed in the EFR amplitude modulation spectrum using NBN than
previous studies using broadband noise. We believe this supports the hypothesis that NBN elicits fewer
out-of-phase interactions at the scalp between concurrent EFRs compared to broadband stimuli. No
significant difference was found between NBN carriers in terms of the highest modulation frequency at
which the EFR could be detected (H=4.35, p=0.11, df=2). NBN carriers may be a more favourable choice
than broadband noise for evaluating EFR modulation transfer functions as an objective correlate of
auditory temporal acuity.
Research highlights
1. Narrow-band noise (NBN) elicits detectable envelope following responses (EFRs).
2. EFR modulation transfer functions can be obtained by sweeping modulation rate with NBN carriers.
3. Less EFR fine-structure across modulation frequencies is evident for NBN than for broadband noise
carriers.
Keywords Auditory temporal acuity, envelope following response (EFR), narrow-band noise carrier
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#109
Digital Key in Initial Music Education
Sergey, S
NeuromusicGroup Reflection Ukraine
In pedagogical practice at the first stage of musical teaching the natural abilities of children were always taken into
consideration, it is the main principle on which the pedagogical process is based. The child’s psycho-emotional status
and neurophysiologic peculiarities of mechanisms of brain’s activity : perception of the information from the sheet,
analysis and syntheses of the perceived pattern, realization of the neuro-motor function of hands on the keyboard of
an instrument were not taken into consideration in due measure. Great study load is the cause of appearing
negative emotions, lowers child’s interest to the music subject, as a result of it, the development of the child's
natural musical abilities is restrained.
The pedagogic task at initial stage of teaching consists in that to give the intensive development to the natural gift of
a child, rationally to realize his potential music possibilities in special psychosomatic action as a result. With this
purpose the method of Digital Key has been elaborated. It is the system of musical training based on the mode of
perception of music sounds by means of digits. The recommended technology is directed on the balanced and
rational distribution of the sum study load to a child's psycho-emotional sphere, foresees the program organization
of educational process, permits systemic to manage by sum study effect.
The physiological substantiation on application of the Digital Key for coding and decoding of a melody is the
following: children begin their contact with digits already in preschool age, when they are taught to count and this
system is learned by children quite firmly, since it is often used in their daily life. But the generally accepted music
grammar is new for them and, naturally, requires some additional period of time to be acquired by children. It is for
that reason that in the initial period of musical teaching, children inevitably spend a lot of time and efforts to read a
melody written down in music signs. Naturally, it slows down rate of training, causes psycho-emotional discomfort,
lowers the child’s interest to music. Therefore, in the initial period of teaching, besides work with the generally
accepted music grammar, it will be useful to substitute it with the use of a digital system for some time. It does not
mean that we want to do without standard music grammar but at the initial stages of musical education, the system
of digital coding and decoding of music sounds is undoubtedly useful, as it speeds up teaching of children.

It is well-known that the difficulties in perception of any information, including musical one, cause strain of the main
functional systems in the child’s organism.
Dynamics of movements and actions is characterized by time, high-speed, spatially-time, power and other
parameters. Given parameters reflect the complex neurophysiologic processes passing in leading functional systems
of the child’s organism (central nervous system, muscular system, and others) also explain the interrelations of
neuromuscular coordination in their kinetic and dynamic data, the appearing threshold potential of synapse fatigue,
interrelations between the frequency and intensity of nervous impulses. With this purpose the experimental
researches are to be performed, namely: ENG, EMG, EEG – tests on study the load appearing in the child’s psychic
sphere. The methods of ENG and EMG joins the visual analyzer with neuro-motor function of the hands and explains,
on the scientific point of view, the ratio between the load on muscles of eyes and hands’ muscles. One can see the
interdependence between the perception of information (Readout Algorithm) and the synaptic transmission (Action
Potential) and also it proves the possibility of development of muscular fatigue in hands depending on the quantity
of eyeballs’ fluctuations. EEG-test allows to make up the diagrams of dynamics of the functional activity of neurons
139

and synaptic structures during practical study on two different modes (Comparing Methods). The realization of the
described scientific researches in this direction will allow us to approach closer to understanding of more subtle
mechanisms of the child’s mental activity and to detect the neurophysiologic factors in promotion to the
enhancement of the velocity, quality and efficiency of musical education.

In practical work, while reading the generally accepted music information from sheet, the direction of eyeballs’
movements is spasmodic, it has a multi-stage combination both on y – vertical, from the G-key up to the F-key, and
on x- horizontal often with return of eyesight to the initial point. For integration, synthesis and the modification of
complex pattern of the received information the structures of the central nervous system require an additional
period of time. It is a neurophysiologic process proceeding in an interval of time between the moment of perception
of the music information from sheet and the moment of the hands’ response on the keyboard of an instrument. A
great number of irregular nervous impulses is transferred to the central nervous system per unit of time and, as the
consequence of this, fatigue of hand muscles is considerably increased. An amplitude of muscle tension is directly
dependent on the stimulation frequency, when each subsequent nervous impulse coincides with the phase of
increased excitability of a muscle. An important neurophysiologic moment has been noted: during a short time
interval the contracture, i.e., constantly high muscular tension is formed, that in turn, is harmfully reflected on the
contents and character of a melody.
In practical work while reading the digital information from sheet the trajectory of eyeballs’ movements on y–
vertical is projected to the exact determinant (digit, sign, symbol ), the trajectory of eyeballs’ movements on x –
horizontal is projected in one direction, forwards. In the given system of dimension the integration of the digital
information proceeds instantly, its realization on an instrument proceeds in reflexive time-ratio. The paradoxical
phenomenon is revealed: the interval of time, between the moment of perception of the digital information from
sheet and the moment of the hands’ response on the keyboard of an instrument, is contracted to a minimum. We
achieve a reduction of load on hand muscles at the expense of decreasing of an amplitude between muscle tension
and the resulting movement and, as a consequence of this, the time intervals between effort and accuracy of
pressing of a key are considerably shortened. An important neurophysiologic moment has been noted: reciprocal
muscular innervations is formed, i. e. the rational distribution of the manual technique on the keyboard of an
instrument, that in turn, is considerably reflected on the contents and character of the melody.

While applying the technology of Digital Key, the child rationally distributes the total study load on leading functional
systems his organism, creates highly - accurate coordination without inclusion in practical activity of unnecessary
muscle groups, unnecessary movements, excessive effort by pressing a key, and it means, he excludes possibility of
appearing of false acoustic and muscular sensations, and as a result of it, instantly creates a firm neuron linkage
which in our life we call as a skill of coordinated action. Kids in modern world should receive the most effective
education they deserve.
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Influence of visual deprivation on auditory spectral resolution, temporal
resolution, and speech perception
Hyun joon Shim1, Eun-Bit Bae1, Geurim Go2, Heirim Lee2, Sung won Choi2, Jong
Ho Won3
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Medical Center, Seoul,
2Department of Psychology, Ducksung Women’s University,
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Aims
We aimed to evaluate whether blind subjects have advantages in auditory spectral resolution, temporal
resolution, and speech perception in noise compared with sighted subjects, and to determine whether
there are differences in psychoacoustic performance measures between early blind (EB) subjects and late
blind (LB) subjects.
Subjects and methods
Nineteen EB subjects (28.8 ± 8.0 years, males:females [M:F] = 11:8), 16 LB subjects (34.4 ± 5.9 years, M:F =
7:9), and 20 sighted individuals (25.4 ± 3.9 years, M:F = 10:10) were enrolled. Three psychoacoustic
measurements of the subjects’ right ears were performed via an inserted earphone to determine spectralripple discrimination (SRD), temporal modulation detection (TMD), and speech recognition threshold (SRT)
in noisy conditions. Acoustic change complex responses were recorded across 32 channels using the
actiCHamp Brain Products recording system (Brain Products GmbH, Inc., Munich, Germany) during passive
listening to standard ripple-inverted ripple stimuli.
Results
EB subjects exhibited better SRD than did LB (p = 0.020) and sighted (p = 0.003) subjects. TMD was better
in EB (p < 0.001) and LB (p = 0.007) subjects compared with sighted subjects. There was no significant
difference in the SRT in noise among three groups (p = 0.478). In the 35 EB and LB subjects, SRD thresholds
were significantly correlated with the duration of blindness (r = 0.386, p = 0.024; Fig. 1D), whereas TMD
thresholds and SRTs were not correlated with duration of blindness (r = −0.298, p = 0.082 and r = −0.104, p
= 0.552). Acoustic change complex data for ripple noise change at the Cz and Fz electrodes were correlated
with the behavioral results.
Conclusions
Compared with sighted subjects, EB subjects showed advantages in terms of auditory spectral and
temporal resolution, while LB subjects showed an advantage in temporal resolution exclusively. These
findings suggest that it may take longer for auditory spectral resolution to functionally acclimatize
compared with temporal resolution.
Research highlights
1. We did not find any behavioral differences in speech perception in noisy conditions among the EB, LB,
and sighted control subjects.
2. However, the EB subjects did show some advantages in terms of auditory spectral and temporal
resolution, and LB subjects only showed an advantage in terms of temporal resolution.
3. Taken together with the findings in EB and LB subjects, the results of the study indicate that visual
deprivation might affect spectral resolution and temporal resolution differently according to the presence
of visual experience.
Key words: Visual deprivation, Spectral resolution, Temporal resolution
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Comparison of air- and bone-conducted narrowband CE-chirp® and toneburst
stimuli in threshold estimation using auditory brainstem responses
MRD Maslin, LY Wong, G Searchfield
University of Auckland, New Zealand
Introduction
Chirp stimuli are designed to compensate for the temporal delays of the basilar
membrane and result in increased neural synchrony. Although the so-called “chirp advantage”
has been well characterised in ABRs when stimuli are presented by air conduction, the evidence
for when stimuli are presented by bone conduction is relatively sparse. Altered frequency
response and increased stimulus artefact may restrict the chirp advantage when performing
bone conduction ABRs. The aim of this study was to characterise performance of chirp and
toneburst stimuli in air and bone conduction auditory brainstem responses (ABRs).
Methods
26 participants were tested with either 2 or 0.5 kHz narrowband (NB) level-specific
(LS) CE-Chirp® and corresponding toneburst stimuli. Only one ear was tested for each
participant. Air conduction testing was carried out at 20, 30 and 40 dB nHL and bone
conduction testing was carried out at 20, 30 and 50 dB nHL. The wave V amplitude, signal-tonoise
ratio (SNR), number of sweeps accepted and F ratio (within epoch variance versus
variance across epochs at multiple points, Fmp) were measured for each waveform.
Results
The wave V amplitude and SNR of the air conduction stimuli were statistically
significantly larger for 2 kHz CE-Chirp stimuli (P<0.01), but not for 0.5 kHz (P=0.15). There
was a statistically significant difference in the Fmp value at 2 kHz and 0.5 kHz. At both
stimulus frequencies, when sounds were delivered via bone conduction the wave V amplitude,
SNR and Fmp were statistically significantly larger for chirp stimuli compared to toneburst
((P<0.05), with the exception of Fmp values at 0.5 kHz (P=0.1). The bone conduction stimulus
artefact was also significantly larger for chirp stimuli at both frequencies, but this did not result
in a difference in the number of sweeps accepted or rejected.
Conclusion
ABRs evoked by CE-Chirp stimuli show increased wave V amplitude and
consequently SNR compared to tonebursts. These results provide evidence that boneconducted
CE-Chirps offer a similar advantage as air-conducted stimuli. Although the chirp
stimulus delivered via bone conduction produced larger stimulus artefacts, this did not
significantly affect the efficiency of the chirp stimuli.
Research highlights
1. CE-chirp advantage is present similarly for air and bone conducted stimuli
2. Stimulus artefact associated with CE-chirp is larger than equivalent tonebursts via BC
3. Increased artefact does not cause overall test time to increase
Keywords CE-Chirp, auditory brainstem response, threshold estimation
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Behavioral and electrophysiological measures of spectrally modulated stimuli
as predictor of speech recognition scores for normal hearing and hearingimpaired adults
Hugo Sohier1,2, Fabrice Bardy2, Bram Van Dun2, Teresa Ching2, Brent Edwards2
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Background/aims
Degraded speech discrimination for people with hearing loss is a key component affecting communication.
Psychoacoustic experiments using spectral-ripple noise (SRN) which provides a measure of auditory
spectral resolution have demonstrate to predict speech recognition thresholds (SRTs). Moreover, cortical
responses induced by a shift in the phase of the spectral envelope of a SRN, called acoustic change
complex (ACC), were shown to correlate with the subject’s SRN discrimination abilities. Based on these
findings, we tested the hypothesis that objective measurement of ACC could be directly correlated to
subjective speech recognition performances.
Methodology
We tested 13 normal hearing adults and 10 hearing- impaired with degree of hearing loss ranging from
moderate to profound. We explored the possibility that ACC induced by SRN variation might be a viable
method to evaluate speech recognition abilities objectively.
Results
Results show that behavioral SRN discrimination abilities are correlated with speech recognition threshold
in quiet and in noise. A significant correlation was found between the cortical discrimination measure (i.e.
ACCs) elicited by SRN and the speech recognition scores in quiet and in noise.
Conclusion
These results suggest for the first time that the ACC might be a viable marker to objectively predict speech
abilities.
Research highlights
1. Strong correlations exists between intelligibility and frequency discrimination.
2. Frequency discrimination is not restored by hearing aids, which may partly explain the limited results of
hearing aids in noisy environments.
3. The amplitude of the ACC induced by the phase inversion of an SRN is significantly correlated with the
understanding of speech in silence and noise. For the first time, it has been demonstrated that an objective
measure (VAC) has the potential to become a reliable clinical tool for predicting intelligibility. This objective
measure could become an important criterion in the choice of hearing rehabilitation strategy (hearing aids
vs. cochlear implant...)
Keywords Behavioral, Electrophysiology, Intelligibility
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Assessment of hearing handicap in patients with unilateral sudden
sensorineural hearing loss
Eun Jin Son, In On Kim, Ji Hyung Kim, Min Pyo Hong
Department of Otorhinolaryngology, Gangnam Severance Hospital, Yonsei University College of Medicine,
Seoul, Korea

Background/Aims
Sudden sensorineural hearing loss (SSNHL) usually affects one ear, and patients experience difficulties in
situation that require binaural hearing such as in a noisy room. In this study, we aimed to investigate the
perception of hearing handicap in patients with SSNHL.
Methodology
A retrospective review of 138 patients (mean age 49±17, M:F=11:12) diagnosed with SSNHL were
performed. Hearing handicap due to sudden unilateral hearing loss was assess using the Hearing Handicap
Inventory for Adults (HHIA) in 31 patients (mean age 49±16 , M:F=13:18). Correlation of hearing handicap
and their audiometric data and clinical characteristics were analyzed.
Results
Demographic or audiological characteristics were comparable between patient who completed HHIA and
those who did not. Twenty patients (64.51%) reported no hearing handicap, and hearing handicap was
mild to moderate in 7 patients (22.58%) and significant in 4 patients (12.9%). Mean total score was
17.55±22.18, and mean emotional and social situational scores were 24.62±12.37 and 18.67±11.06,
respectively. Statistical analysis showed weak correlation between the degree of hearing loss in the
affected ear and hearing handicap. However, no significant correlation was shown with auditory brainstem
response thresholds, contralateral hearing level or presence of tinnitus.
Conclusions
A portion of patients with sudden onset of unilateral hearing loss reported some degree of hearing
handicap. Addition of HHIA as an adjunctive measure may be valuable during treatment and rehabilitation
process for SSNHL.
Research highlights
1. Hearing impairment in even one ear affects quality of life.
2. Sudden hearing loss patients are burdened with hearing handicap.
3. Degree of hearing handicap was not necessarily affected by hearing levels.
Keywords Hearing loss, Quality of life, Hearing handicap
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Voice Pitch Elicited Frequency Following Response in Chinese Elderlies
Shuo Wang1, Jiong Hu2, Ruijuan Dong1, Dongxin Liu1, Jing Chen1, Gabriella
Musacchia2, Bo Liu1
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Background
Perceptual and electrophysiological studies have found reduced speech discrimination in quiet and noisy
environment, delayed neural timing, decreased neural synchrony, and decreased temporal processing
ability in elderlies, even those with normal hearing. However, recent studies have also demonstrated that
language experience and auditory training enhance the temporal dynamics of sound encoding in the
auditory brainstem response. The purpose of this study was to explore the pitch processing ability at the
brainstem level in an aging population that has a tonal language background.
Method
Mandarin speaking younger (n=12) and older (n=12) adults were recruited for this study. All participants
had normal audiometric test results and normal suprathreshold click-evoked auditory brainstem responses
(ABR). To record Frequency Following Responses (FFR) elicited by Mandarin lexical tones, two Mandarin
Chinese syllables with different fundamental frequency pitch contours (Flat Tone and Falling Tone) were
presented at 70 dB SPL. Fundamental frequencies (f0) of both the stimulus and the responses were
extracted and compared to individual brainstem responses. Two indices were used to examine different
aspects of pitch processing ability at the brainstem level: Pitch Strength and Pitch Correlation.
Results
Lexical tone elicited FFR were overall weaker in the older adult group compared to their younger adult
counterpart. Measured by Pitch Strength and Pitch Correlation, statistically significant group differences
were only found when the tone with a falling f0 (Falling Tone) were used as the stimulus.
Conclusion
Results of this study demonstrated that in a tonal language speaking population, pitch processing ability at
the brainstem level of older adults are not as strong and robust as their younger counterparts. Findings of
this study are consistent with previous reports on brainstem responses of older adults whose native
language is English. On the other hand, lexical tone elicited FFRs have been shown to correlate with the
length of language exposure. Older adults’ degraded responses in our study may also be due to that, the
Mandarin speaking older adults’ long term exposure somewhat counteracted the negative impact on aging
and helped maintain, or at least reduced, the degradation rate in their temporal processing capacity at the
brainstem level.
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XIAP gene transfection to the inner ear of guinea pigs by modified lentiviral
vector
Yanni Zhang1,2, Qian Jiang1,2, Shaobing Xie1,2, Tao Yang3, and Hong Sun1,2
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2
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Objective (1) To construct lentiviral vector carrying XIAP (X-linked inhibitor of apoptosis protein, inhibitor of
apoptosis protein) gene; (2) to explore the possibility of using a lentiviral vector to transfect XIAP gene into inner ear
via round window membrane ; (3) to observe the safety on transfection of lentiviral vector in auditory function and
cochlear structures via round window membrane.
Methods (1) Adult guinea pig which weighed 200~250g were used for this study and they were randomly divided
into three groups (A, B, C group, n = 6), respectively, the saline group, the negative control group and the carrying
XIAP gene virus group. All the guinea pigs were measured the auditory brainstem response (auditory brainstem
response, ABR) and distortion product otoacoustic emissions (distortion product otoacoustic emission, DPOAE), to
get the normal audiometry results. The guinea pigs of A, C group were penetrated through the round window
membrane, group A dropped 50μL saline ,group B dropped by 1: 1 dilution of negative control lentivirus liquid, and
group C dropped 50μL 1: 1 dilution which carried XIAP gene lentivirus.After 30min retest all guinea pigs ABR, DPOAE,
and then reared in the same environment, observe their eating and activity . After 72h all guinea pigs were
measured ABR and DPOAE; After immunofluorescence staining, confocal inverted fluorescence microscope was used
to observe the pathological changes in each group, and XIAP expression in spiral ganglion and vestibular tissue; And
we used the real-time quantitative polymerase chain the reaction to detect XIAP gene expression of the cochlear
tissues.
Results (1) The guinea pigs’ ABR average threshold in Pre-operative, 30min Post-operative and 72h Post-operative
were 25.83 ± 3.54,28.89 ± 4.71 and 27.78 ± 3.52 dB at the click sound stimulation, no statistically significant
difference between each groups (p> 0.05);their wave I latency were 1.23 ± 0.05,1.41 ± 0.07 and 1.29 ± 0.09 ms, and
the difference between each groups was not statistically significant (p> 0.05); their wave III latency were 2.46 ±
0.26,3.42 ± 0.42 and 2.35 ± 0.27 ms, comparing to the pre-operative group, the guinea pigs of the post-operative
30min group’s wave III latency were increased, whose difference was statistically significant (p <0.05),but preoperative and 72h Post-operative difference was not statistically significant (p> 0.05); wave III peak value: 2.61 ±
0.69,6.31 ± 2.18,2.85 ± 0.61 and 2.53 ± 0.49 μV, each group compared with no significant difference (p> 0.05); I-III
wave interval were 1.23 ± 0.27,2.01 ± 0.45 and 1.15 ± 0.29 ms, comparing to the pre-operative group, the guinea
pigs of the post-operative 30min group’s I-III wave interval were increased, whose difference was statistically
significant (p <0.05),but pre-operative and 72h Post-operative difference was not statistically significant (p> 0.05);
when post-operative 30min group’s compared with pre-operative the DPOAEs pairwise results in low frequency
section DPOAE amplitude decreased, but the difference was not statistically significant (p> 0.05). (2) All groups’ inner
hair cells and outer hair cells arranged in neat rows without missing, and spiral ganglion cells with normal
morphology; (3) Group A of cochlear outer hair cells and spiral ganglion cells were no expression of EGFP expression
, group B cochlea basal turn and three outer hair cells have seen EGFP expression, and group C of spiral ganglion cells
can visible EGFP expression, vestibular organizations also visibl; (4)Group C guinea pig’s cochlea can detect the
expression of XIAP gene and the expression level was 4.931 times higher than GAPDH and the difference was
statistically significant (p <0.05). What’s more,the groupA and B were not detected the expression of XIAP gene.
Conclusion (1) We successfully constructed lentivirus vector carrying the XIAP gene; (2) The lentiviral vector may
apply to adult guinea pigs transfected XIAP and expression stably through the round window membrane
permeability pathways. (3) The method which transfect gene to inner ear through the round window membrane
penetration has no significant damage to the inner ear orgen , has certain biological safety.
Key words Lentivirus; gene carrier; round window membrane; guinea pig; XIAP gene
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Modulation of attentional networks during easy and challenging listening
situations
Abin Kuruvilla-Mathew, Ian Kirk, Suzanne C. Purdy
School of Psychology, Faculty of Science, University of Auckland, New Zealand
Listening difficulties in background noise are common in individuals with auditory processing deficits. This
selective listening ability depends on the fidelity of sensory representation at the lower-level of auditory
processing as well as the interplay with higher-level of cortical processing such as attention. Both of these
factors may thus contribute to inter-individual differences in listeners with normal hearing and impaired
hearing.
The current study aimed to investigate the modulation of cortical attentional networks while participants
listened to speech-in-noise with varying listening demands. The attentional-network framework is based
on the model proposed by Corbetta and Shulman (2002) which describes two separate networks for
bottom-up stimulus driven network involved in orientation to novel or salient stimuli and a goal directed
top-down attentional network involved in maintaining task-based attention.
We recorded cortical auditory evoked potentials using an active oddball paradigm to spoken-digits-in-noise
with (easy) vs. without (challenging) preserved temporal fine-structure cues. Twenty-one young adults
with normal hearing were tested at the same audibility and performance levels (71% correct score). The
participant’s task was to judge whether the oddballs were smaller or greater than the preceding numbers
in the stimulus sequence using alternative key-presses. Results will be discussed based on the following
questions: do cortical source activation differ across listening conditions; can we identify nodes in the
attention network responsible for bottom-up attention (N1, P2, nP3) and nodes in the attention network
responsible for topdown control (P3b); can we determine effective connectivity within each network using
dynamic causal modelling; and finally are there differences in connectivity strength across listening
conditions and between better and poor performers?
This study will help us better understand the role of attention during speech recognition in noise and may
inform future studies comparing differences in cortical activation and connectivity strength in older adults
and younger children with auditory processing deficits.
Research highlights
1. Effects of hearing acuity on cortical dynamics was controlled for by testing participants at the same
performance level,
2. Attention networks during easy and challenging listening situations were identified,
3. Effective connectivity between good and poor listeners with normal hearing were compared.
Keywords speech recognition in noise, cortical auditory evoked potentials, attention network connectivity
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The effectiveness of electrophysiological approach using acoustic change
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Background/aim
Spectral resolution is behaviorally evaluated using the spectral ripple discrimination (SRD) test. It was
reported that CI users with better spectral resolution also have good speech performance. Spectral ripple
sound is non-linguistic stimulation. Hence, it could be applied to a wide range of population regardless of
language to evaluate their spectral resolution and estimate speech performance. The SRD test would be a
useful tool to evaluate spectral resolution, but inappropriate to a certain population who cannot complete
the behavioral test. The aim of this study is to compare their behavioral and electrophysiological test
results and speech performance to identify the effectiveness of the objective approach evaluating spectral
resolution.
Methods
Ten subjects with normal hearing (NH) and eight subjects with hearing impairment (HI) participated in this
study. All subjects performed both behavioral and electrophysiological tests for spectral resolution
evaluation. The HI subjects also completed speech tests. The Electrophysiological SR-ACC test adopts the
acoustic change complex (ACC) response for spectral ripple stimuli to evaluate spectral resolution
objectively. The stimuli were presented bilaterally through the ER-3A insert earphones at the same level
used in the SRD test. Stimulus density ranged from 0.5 rpo to 6 rpo. The number of sweeps was at least
200 times for each stimulus condition for each subject. An active electrode was placed at the vertex and a
ground electrode was placed at the forehead. Two reference electrodes were placed on bilateral mastoid.
Results
The average threshold of the SRD and SR-ACC tests were 6.48 and 4.70 rpo in the NH group and 1.52 and
1.35 rpo in the HI group. There was a significant threshold difference between the two groups for both SRD
(p<0.001) and SR-ACC (p<0.001) tests. The correlation between the SRD and the SR-ACC tests has
significant positive coefficient (DF=16, r=0.801, p<0.001). The relationship between speech performance
and the SRD and SR-ACC tests indicates some tendency. However, there was no statistically significant
difference.
Conclusions
These results suggest that the electrophysiological SR-ACC test has a potential to evaluate spectral
resolution objectively. Further studies with more number of participants and with a wider clinical
population are necessary to confirm its feasibility.
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Hearing aids (HAs) amplify sounds to increase speech intelligibility and are typically recommended for
sensorineural hearing loss. They also contain other features, such as noise reduction (NR) and
directionality, for speech understanding in noise. As speech comprehension entails peripheral and central
processing, it is crucial to explore the integration of the acoustic inputs in the brain. The potential role of
speech-evoked auditory brainstem response (cABR) in improving HA outcomes has been explored in
literature as it assesses neural encoding with real-world stimuli (i.e. /da/) rather than typical ABR stimuli.
The purpose of this study is to investigate the impact of the HA NR feature on the neural representation of
a /da/ stimulus in the auditory system of normal hearing (NH) listeners and HA users.
20 NH listeners and 29 HA users completed the Korean version of the Hearing in Noise Test (K-HINT) and
cABR. The NH group was tested in /da/ only and /da/ with white noise (WN) conditions. The HA group was
tested in /da/ only, /da/ WN, /da/ WN NR ON, and /da/ WN NR OFF conditions. Both groups were tested in
0 and +5dB signal-to-noise ratio (SNR) conditions. Frequency domain analysis was performed using Fourier
analysis for the sustained regions (60-170ms).
The results revealed significant differences between both groups for the fundamental frequency in /da/
only and /da/ WN conditions. Although both groups’ cABR amplitudes were reduced with the presence of
noise, NR and SNR did not affect the cABR responses. HA users’ K-HINT reception thresholds were similar
regardless of the feature activation in quiet and front noise conditions. Statistical analysis also revealed no
significant difference between the aided NR ON and aided NR OFF conditions for HA users.
To the best of our knowledge, our study is the first to examine the effect of a specific HA feature on
individuals’ cABR responses. Our findings are consistent with previous literature; reduced cABR amplitudes
means less sound representation in the auditory system. Additional work is necessary before clinical
protocols are developed and ultimately be implemented in clinical settings.
Research highlights
1. Our study is the first to examine the effect of a specific HA feature on individuals’ cABR responses.
2. Our results revealed that with noise, participants’ cABR amplitudes were reduced meaning less sound
representation in their auditory system.
3. Hearing aid noise reduction feature did not have any impact on the cABR amplitudes.
Keywords Audiology, Auditory brainstem response to complex sounds, Hearing aids
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What do auditory brainstem evoked response and distortion product
otoacoustic emissions show in the diabetes patients with normal hearing?
Jin Taek Park, MD and Joong Ho Ahn, MD
Department of Otolaryngology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea
Objective
Hearing impairment has been reported to be one of the late complications of diabetes mellitus (DM).
Previous studies have suggested that microangiopathic problems might deteriorate normal functions of
cochlea and cochlear nerve. The objective of this study was to compare auditory brainstem evoked
responses (ABR) and distortion product otoacoustic emission (DPOAE) results according to the presence of
DM in patients with normal hearing.
Materials and Methods
Cross-sectional comparative study conducted from January 2016 to January 2018. Auditory function tests
including ABR and DPOAE were performed for assessment of hearing level in patients who visited
outpatient clinic complaining of tinnitus. We enrolled 81 diabetes patients (45 ears) and 128 non-diabetes
patients (85 ears), which showed hearing thresholds within 25 dB at 0.5, 1k, 2k, 4k, and 8k Hz on pure tone
audiometry in this study.
Results
Diabetes patients showed significantly prolonged absolute peak latencies (I, II, III) and inter-peak latencies
(I-V, III-V) than non-diabetes patients, while there was no significant difference in inter-peak latency (I-III)
between two groups. Diabetes patients showed significantly lower amplitudes at f2 frequency of 1001,
1200, 1587, 4004, 5042, and 6348 Hz than non-diabetes patients. In addition, the prevalence of DPOAE
response, which is defined as 3 dB above the noise floor, was significantly lower in diabetes patients.
Conclusions
From this study, even diabetes patients with normal hearing still show abnormal results from ABR and
DPOAE due to diabetic neuro-angiopathy. We suggest that routine check for ABR and DPOAE might be
helpful in diabetes patients to undergo strict blood sugar control.
Keywords Diabetes mellitus, Hearing, ABR, DPOAE
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