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 Welcome Message

Dear Colleagues and Friends

It is a great privilege to host the XXIV Biennial Symposium of the 
International Evoked Response Audiometry Study Group (IERASG) 
which will be held on May 10 – 14, 2015 in Busan, Korea. 

Professionals in the fields of audiology, electrophysiology of hearing, 
and hearing technology from all over the world will present their 

cutting edge research. There will be insightful lectures by prestigious invited speakers and 
opportunities to network with colleagues regarding the future of our field. 

Busan is a port city located in the southern part of Korea with many beaches and a variety of 
exotic sightseeing. Our symposium will be held at Haeundae beach which is the most famous 
and beautiful beach in Korea. We will also have an outing to the nearby ancient capital of 
Gyeongju with its rich heritage and cultural treasures. We are sure these will help you relax 
and create some great memories with colleagues while you are here. 

On behalf of the IERASG Organizing Committee, I am pleased to invite you to participate in 
this wonderful meeting. With your great enthusiasm and contributions, we are confident that 
this meeting will be very productive, beneficial and enjoyable for you. 

We look forward to seeing you in Busan at IERASG 2015! 

Best wishes, 

Lee-Suk Kim, M.D., Ph.D.
Chair of the Organizing Committee,
IERASG 2015
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 Welcome Message

It is my privilege and honor to join Professors Lee-Suk Kim and Jun Ho 
Lee and others of their organizing committee to the beautiful venue of 
Busan for this, the XXIV Biennial Symposium of the International 
Evoked Response Study Group. Attendees and others ultimately 
reading this Welcome who are new to the IERASG and those who 
have not attended an IERASG symposium previously can find more 
information, including abstracts of past programs, on our home website: 

www.ierasg.ifps.org.pl 

I shall not endeavor to summarize (in good part in fear of not doing it justice) the long history 
of our society. We have enjoyed informality as a key to success for what seems to have 
resonated with attendees over the decades. At the same time, we have been able to involve 
numerous leaders in the field of Electric Response Audiometry and related areas, and then 
younger researchers and clinicians who subsequently have become leaders. That IERASG 
informality is expressed in keeping organization to a minimum, but most critically in the “tone” 
of our meetings. Our IERASG meetings are first and foremost intended to bring participants, 
whatever their level of contribution to the meeting, whatever their professional identity, and 
at whatever career level (namely from students on) together in a meeting that readily permits 
interactions without ‘standing on ceremony’. Our meetings are to encourage exchanges 
fully across disciplines and sub-disciplines, hence our aversion for parallel sessions. Social 
events are intended to be extensions of the scientific program, in the sense of “working and 
playing” together in what we fondly call meetings of Hal’s Club (started by Professor Hallowell 
Davis in 1968). The word “club” here does not have the usual connotations (we do not even 
have a secret handshake, nor, on the other side of possible meanings, do we play deafening 
music at social events). Rather, the reference is one of building interactions without perceived 
boundaries—thus openness—with the hope of better mutual understanding of our respective 
works and perhaps leading sooner or later to collaborations. Many past and present attendees 
look back to the Biennial Symposia as having somehow seeded some of their most enduring 
professional relationships, especially globally. My personal first Biennial Symposium was 
in 1977 in Jerusalem. At the time, I had barely put a dent in seeing even Western Europe, 
coming from a small farming community in Southeastern Ohio, and there found myself in one 
of the most iconic cities in the world, not only to visit ancient sites but to talk about one higher 
passion--auditory neurophysiology--with like-minded scholars from around the world.
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I shall only say a brief word about the science, per se, as we deal with numerous and 
diversity topics ultimately up and down the “ERA family tree”, but, the 2015 program speaks 
well to this, and together with glancing over past programs (documented in part on our 
website) shows well the waxing-and-waning of interests. Often much emphasis is placed 
on what’s new/novel, as should be compelling of our attention, and certainly pushing the 
ERA boundaries is a priority for our meetings. The publish-or-perish environment in which 
some of us work proves not to necessarily follow the scientific method, or at least is weak 
on one important element—that of verifying results through repeated observations in order 
to fully establish scientific laws. Hence, looking yet again at “old” ERA approaches can be 
worthwhile. There then is the even more time-consuming process of sorting out details 
of theory-versus-methods that actually work in the clinic. Indeed, there is inevitably the 
element of reinvention of the wheel, but various “wheels” in ERA related areas well have 
needed reinvention. It also is amazing how some issues seem to never have been settled 
or, if accepted, still have not been established based on rigorous scientific work, let alone 
evidence-based practice. We thus put no bounds on our loosely defined central theme for the 
IERASG meetings and welcome both new and continued discussion in search for ultimate 
ERA truths. Our meetings have embraced all of these elements, decade after decade, and 
can be expected to serve such needs well into the future.

My final words of welcome are by way of a footnote to current efforts by the nominally “governing 
body” of the IERASG—the Council—to both reflect and consider the past versus future of 
the organization. Last year, we initiated an “off-year” activity to help keep the IERASG name 
out there, namely a special session of the World Congress of Audiology in Brisbane. For 
this year’s Biennial Symposium, we have expanded the meeting to use the registration and 
welcome day more substantively by way of offering a couple of workshops. In the business 
meetings of the Council, also conducted during the symposium, we will be working diligently 
to carry on “Club” business, considering bids for up-coming symposia as usual and looking 
beyond to how best to preserve the IERASG for future students and established workers alike. 
On behalf of the Council, I thus thank you for your contribution to this Biennial Symposium, 
representing our second meeting in Asia, and with the hope that you will find this meeting of 
the minds and culture to be strong incentive for your future participation. I thus wish you a 
warm welcome to this Biennial Symposium and the gracious hospitality of our hosts.

 

John D. Durrant, PhD
Chair of the IERASG Council
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 Organizing Committee

Chair of Organizing Committee Lee-Suk Kim (Dong-A University)

General Secretary Jun Ho Lee (Seoul National University)

Organizing Committee

Sang-Heun Lee (Kyungpook National University) 

Sun O Chang (Seoul National University) 

See Ok Shin (Chungbuk National University) 

Sung Hwa Hong (Sungkyunkwan University) 
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Jin-Sook Kim (Hallym University) 

Chair of the Scientific Program Committee Jun Ho Lee (Seoul National University)

Scientific Committee

Sung Wook Jeong (Dong-A University) 

Chang Hyun Cho (Gachon University) 

Kyu Yup Lee (Kyungpook National University) 

Jihwan Woo (University of Ulsan) 

Jae-Ryong Kim (Inje University) 

Moo Kyun Park (Seoul National University)  

Myung-Whan Suh (Seoul National University) 

Ji Young Lee (Catholic University of Daegu) 

Woojae Han (Hallym University) 

Junghwa Bahng (Hallym University) 

Kyung Myun Lee (Seoul National University) 
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Officers
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Suzanne C. Purdy (Vice Chair, New Zealand) 

Susan Small (Treasurer, Canada) 

Martin Walger (Secretary, Germany) 

David McPherson (Membership Secretary, USA) 

W. Wiktor Jedrzejczak (Website Manager, Poland) 

Council

Jose Barajas (Spain) 

Steven Bell (United Kingdom) 

Andy Beynon (Netherlands) 

Dusan Butinar (Slovenia) 

Monica Chapchap (Brazil) 

Lionel Collet (France) 

Barbara Cone (USA) 

Cynthia G. Fowler (USA) 

Andrew Dimitrijevic (USA) 

Manuel Don (USA) 

Ferdinando Grandori (Italy) 

Herbert Jay Gould (USA) 

Kimitaka Kaga (Japan, Japan & Orient) 

Lee-Suk Kim (Korea) 

Krzysztof Kochanek (Poland) 

Einar Laukli (Norway, Nordic Countries) 

Guy Lightfoot (United Kingdom) 

Ozcan Ozdamar (USA) 

Marilyn C. Perez-Abalo (Cuba) 

David Purcell (Canada) 

Joseph Pytel (Hungary) 

Mridula Sharma (Australia) 

Yvonne S. Sininger (USA) 

George A. Tavartkiladze (Russia, Russia & Eastern Europe)
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 Meeting Overview

Title 
XXIV Biennial Symposium of International Evoked Response Audiometry Study 
Group

Date May 10 – 14 (Sun-Thu), 2015

Venue Paradise Hotel, Busan, Korea

Official Language English

 Program at a Glance
May 10 (SUN) May 11 (MON) May 12 (TUE) May 13 (WED) May 14 (THU)

8:30 Opening Ceremony
Keynote Lecture Ⅰ Keynote Lecture Ⅱ Keynote Lecture Ⅲ

9:00

Workshop Ⅰ

Advanced 
AEP analysis

Hallowell Davis 
Lecture9:30

OAE and ECoG
Cortical Response Ⅰ Cortical Response Ⅴ

10:00
ABR Ⅰ

10:30 Coffee Break Coffee Break

11:00 Coffee Break Coffee Break
Cortical Response 

Ⅱ

Electrically Evoked 
Response

11:30
ABR Ⅱ Round Table

12:00

12:30
Lunch Lunch Lunch

Closing Ceremony

13:00

13:30

ASSR

Excursion

Cortical Response 
Ⅲ

14:00

Workshop Ⅱ

VEMP

14:30

15:00 Guest Lecture Ⅰ Guest Lecture Ⅱ

15:30 Coffee Break Coffee Break

16:00
VEMP

Cortical Response 
Ⅳ16:30

17:00
Poster Session Ⅰ Poster Session Ⅱ

17:30

18:00

18:30

19:00 Welcome Reception Gala Dinner
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 General Information

Floor Plan 

80명 
 

Sydney 

  

 

[Sydney] 

 

Secretariat 

R
egistration  

[Grand Ballroom] 

 
 

 
 

• Welcome Reception

• Workshop I
  (Advanced AEP analysis)

• Lunch (Mon)  

 
    

 
 

• Workshop II
  (VEMP)
• Council 
   Meeting 

 
 

 
  

Poster

[Capri]

Poster Poster

[Napoli] [Venice] [Miami]

Preview Room

• Opening/Closing Ceremony

• Scientific Program

• Gala Dinner

• Lunch 

Major Sponsors 
Platinum Gold Silver

Exhibitor List 
SIEMENS

JOONGANG MEDICS

GN ReSound Korea

Otometrics

Neurosoft
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Guideline for Presenters

Oral Presentation
Presenters are encouraged to use the Preview room (Napoli) to prepare, check and upload their 
presentation files and materials. Presenters are requested to upload their presentation files at least 
3 hours prior to the presentation. The time for oral presentation is 15 min, consisted of 12 min for 
presentation and 3 min for discussion.

Poster Presentation
All the posters must be mounted on this date regardless of the poster presentation date.

Poster Mounting Date & Time May 10, 2015 at 14:00-May 11, 2015 at 11:30

Poster Removal Date & Time May 14, 2015 at 11:00 

Poster discussion will take place in front of the posters. Presenters should stand next to their posters 
during poster presentation session. 

Poster Session(1) May 11 (Mon) 17:00-18:00 / PP1-40

Poster Session(2) May 13 (Wed) 17:00-18:00 / PP41-66

Poster Rooms
Miami Room PP1-13, PP41-53
Venice Room PP14-26, PP54-66
Grand Ballroom PP27-PP40
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Social Programs

Welcome Reception
Location Capri Room
Date and Time May 10 (Sun), 19:00-21:00

Food and beverages will be served and attendees will have an opportunity to mix and mingle with 
colleagues and friends

Opening Ceremony
Location Grand Ballroom
Date and Time May 11 (Mon), 08:30-08:45

Tour programs for accompanying persons
May 11 (Mon) : Tour I (10:00-16:00)

Depart from Paradise Hotel → Dalmaji Pass (Moonten Road) → Yonggungsa Temple → Songjeong 
Beach → Lunch → Dongbaek Island → Nurimaru APEC House → Return to Paradise Hotel

May 13 (Wed) : Tour II (10:00-16:00)
Depart from Paradise Hotel → Jucheon Patchwork (Tea ceremony) → Centum City & Busan Cinema 
Center → Lunch → Bus tour in Busan → Dong-A University Museum → Return to Paradise Hotel

Excursion

Tour Name UNESCO Heritage Cultural Tour: Gyeongju National Park

Departure Place Paradise Hotel

Tour Date May 12 (Tue)

Tour Time 13:30-22:00

Amenities Transport, English guide, Tour Leaflet, Bottled Water, Dinner

Course
Paradise Hotel Busan → Daereungwon Acient Tombs → Seokguram grotto → 
Bulguksa temple → Shilla Millennium Park 

*Be advised to wear sneakers

Gala Dinner 
Location Grand Ballroom
Date and Time May 13 (Wed), 19:00-21:00

Closing Ceremony
Location Grand Ballroom
Date and Time May 14 (Thu), 12:05-12:45
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Information about Korea
Korea is a nation that boasts a fast growing economy and a lifestyle that brings together the old 
and the new. Once known simply as the Land of the Morning Calm, the Korean peninsula now 
hardly sleeps as it pulsates with life and commerce. In the face of modernity, Koreans still greatly 
value their 5 millennia of history and culture and the Confucian philosophy that governed the lives 
of their ancestors. Scenic natural landscapes and valuable cultural heritage sites are enshrined in 
UNESCO’s World Heritage List. 

About Busan
Busan, a bustling city of approximately 3.6 million residents, is located on the southeastern tip of 
the Korean peninsula. The size of Busan is 767.35 km2 which is about 0.8% of the size of the whole 
territory of the Korean Peninsula. The natural environment of Busan is a perfect example of harmony 
between mountains, rivers and the sea. Its geography includes a coastline with superb beaches and 
scenic cliffs along with mountains which provide excellent hiking and extraordinary views. There are 
also hot springs scattered throughout the city. 
Busan is the second largest city in Korea. Its deep harbor and gentle tides have allowed it to grow into 
the largest container handling port in the country and the fifth largest in the world. The city’s natural 
endowments and rich history have resulted in Busan’s increasing reputation as a world class city of 
tourism and culture, and it is also gaining prominence as a highly regarded international convention 
destination. 

Time Zone
Korean time is 9 hours ahead of Greenwich Mean Time (GMT+9)

Current Korea Weather Conditions
Korea has four seasons, with a wet monsoon/summer in the middle of the year, and a cold 
winter from November to March. The most ideal time to visit Korea is during the autumn months 
(September-November). During this time, the country experiences warm, sunny weather, skies that 
are cobalt blue and spectacular foliage that is perhaps the biggest draw. Winters are cold and dry 
and remain a good time if you are interested in winter sports as there are numerous ski resorts. 
Spring (April-May) is also beautiful with all the cherry blossoms in bloom.

Currency
The unit of Korean currency is the Won (￦). Coin denominations are ￦10, ￦50, ￦100 and ￦500. 
Banknotes are ￦1,000, ￦5,000, ￦10,000 and ￦50,000.
Foreign banknotes and traveler’s check can be exchanged at foreign exchange banks and other 
authorized money changers. Diners Club, Visa, American Express and MasterCard are widely 
accepted at major hotels, shops and restaurants in the larger cities. Check with your credit card 
company for details of merchant acceptability and other services which may be available.
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Business Hours
Government office hours are usually from 9:00 to 18:00 on weekdays and closed on weekends. 
Banks are open from 9:00 to 16:00 on weekdays and closed on Saturdays and Sundays. Most 
stores are open every day from 10:30 to 20:00, including Sundays.

Tipping
Tipping is not a traditional custom in Korea. A 10% service charge will be added to your bill at all 
tourist restaurants and hotels. It is also not necessary to tip a taxi driver unless he assists you with 
luggage or provides an extra service.

Electricity and Voltage
The standard voltage in Korea is 220 volts. The outlet has two round holes and is the same type 
used in France, Germany, Austria, Greece, Turkey, and many other countries. If you do not have a 
multi-voltage travel adapter, you may be able to borrow one from your hotel’s front desk. If you want 
to buy one in Korea, you can do so at a duty-free shop, convenience shop at Incheon International 
Airport, or Gimhae International Airport or Electronics Shopping Town.

Emergency Call
112 Police

119 Emergencies for Fire / Rescue & Hospital Services

129 First Aid Patients

1330 Travel Information Center

1339 Medical Emergency
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 Program

Sunday, May 10, 2015

9:00~17:00 WorkshopⅠ: Advanced AEP Analysis Room: Capri 

14:00~17:00 WorkshopⅡ: Vestibular Evoked Myogenic Potential Room: Sydney

19:00 Welcome Reception (Capri Room)

Monday, May 11, 2015

8:00~8:30 Registration

8:30~8:45 Opening Ceremony (Grand Ballroom)

8:45~9:45 Hallowell Davis Lecture Moderator: John Durrant

 Hearing Speech
 Terence W. Picton

9:45~11:00 ABRⅠ  Moderators: Linda J. Hood, Martin Walger

OP-1 9:45~10:00  
  The Effects of Click-level, Broadband Noise and High-pass Masking Noise on the Click-

evoked ABR of the Bottlenose Dolphin(Tursiops Truncatus)
 Robert Burkard, James Finneran, Jason Mulsow, Dorian Houser

OP-2  10:00~10:15 
	 Fast	Frequency	Specific	Threshold	Determination	with	Multi-stimulus	ABR
	 Martin	Walger,	C.	Schmidt,	I.Baljić

OP-3 10:15~10:30
  Auditory Brainstem Responses to Chirp Stimuli in Adults with Normal Hearing and 

Sensorineural Hearing Loss
 Linda J. Hood, Rafael E. Delgado, Carol Pang, Sarah Steele, Mary Edwards, Lauren Roberts
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OP-4 10:30~10:45 
  An Investigation of the Auditory Brainstem Response as a Diagnostic Tool in Children 

with Speech Delay
 Susan Abdi

OP-5 10:45~11:00 
 Normal Values of Auditory Brainstem Responses for Children of 3,4 and 5 Years Old
 CHEN Ping, WANG Zhinan

11:00~11:30 Coffee Break

11:30~12:30 ABRⅡ  Moderators: Guy Lightfoot, Jong Woo Chung

OP-6 11:30~11:45
  Preliminary Findings for Chirp-evoked ABRs in Confirmed Vestibular Schwannoma 

Patients
 Sinnet G. B. Kristensen, James M. Harte, Per Cayé-Thomasen

OP-7 11:45~12:00
  Clinical Implication of Chirp Stimuli on Tumor Detection: Preliminary report
  Jun Ho Lee, Mun Young Chang, Min Young Lee, Eun Young Lee, Sung Woo Cho, Jeong Hun 

Jang, Seung Ha Oh, Sun O Chang

OP-8 12:00~12:15 
  Comparison of Effectiveness of ABR-Based Methods in Diagnosis of Retrocochlear 

Pathologies
	 Lech	K.	Sliwa,	Kochanek	K.,	Gołębiewski	M.,	Piłka	A.,	Skarżyński	H.

OP-9 12:15~12:30
 Abnormal ABR and Cranial MRI in 42 Cases Patients of Otology Outpatient
 Fangying TAO, Youqin WANG,  Chongling YANG

12:30~13:30 Lunch



16  

IERASG 2015 

13:30~15:00 ASSR Moderators: David Purcell, Susan A Small

OP-10 13:30~13:45 
  Automatic ASSR Recording in Normal Hearing Subjects Using Bone Conduction 

Stimulation
 Mario Cebulla, Lisa Scherer, Wafaa Shehata-Dieler

OP-11 13:45~14:00 
   40-Hz Multiple Auditory Steady-state Responses to Narrow-band Chirps in Sedated and 

Anaesthetized Infants
 Roland Mühler, Jesko L. Verhey

OP-12 14:00~14:15 
  Developmental Changes in Auditory Steady-state Responses Before and During Reading 

Acquisition
 Sophie Vanvooren, A. De Vos, H. Poelmans, M. Hofmann, P. Ghesquière, J. Wouters

OP-13 14:15~14:30 
 Auditory Steady State Responses from a Novel Speech-like Stimulus
 James Michael Harte, Kristian Gøtsche-Rasmussen, Claus Elberling

OP-14 14:30~14:45 
  Evaluation of Cochlear Processing and Auditory Nerve Fiber Intensity Coding Using 

Auditory Steady-state Responses
 Gerard Encina Llamas, James Michael Harte, Torsten Dau, Bastian Epp

OP-15 14:45~15:00 
  Hearing Spatial Processing May Rriginate from the Auditory Brainstem: Electrophysiological 

Validation
  Nematollah Rouhbakhsh, Bram Van Dun, Harvey Dillon, Jörg Buchholz, Ananthanarayan 

Krishnan, Robert Cowan

15:00~15:30 Guest LectureⅠ Moderator: Lee-Suk Kim

 Clinical Applications of Temporal Non-linear Otoacoustic Emissions
 Roger Thornton

15:30~16:00 Coffee Break
 



  17  

XXIV Biennial Symposium of International Evoked Response Audiometry Study Group

16:00~17:00 VEMP Moderators: Jose Juan Barajas de Prat, See Ok Shin

OP-16 16:00~16:15 
 The Effect of Head Position on Ocular Vestibular Evoked Myogenic Potentials
 Robert Burkard, Gary Jacobson, Devin McCaslin, Patricia Michelson

OP-17 16:15~16:30 
  Neurofeedback-Controlled Comparison of the Head Elevation Versus Head Rotation and 

Head-Hand Methods in Eliciting Cervical Vestibular Evoked Myogenic Potentials
 Torsten Rahne, Christian Weiser, Stefan Plontke

OP-18 16:30~16:45 
 The Impairment Extent of Hearing Loss and Otolith Organs Damage after Mumps Infected
 Jing Wang

OP-19 16:45~17:00 
  The Results of Ocular and Cervical Vestibular Evoked Myogenic Potential and Video 

Head Impulse Test in Acute Vestibular Neuritis Patients
  Myung Hoon Yoo, Shin Ae Kim, Je Yeon Lee, Joong Ho Ahn, Jong Woo Chung, Tae Hyun Yoon, 

Hong Ju Park

17:00~17:30 [Poster sessionⅠ]   

PP-1 Comparison of Acoustic Features and Physiological Outcomes in the Auditory Brainstem
 Woo Jae Han, Hyun Gi Chun, Dong Uk Lee, Sun Mi Ma, Woo Jae Han

PP-2 Atrial Natriuretic Peptide Modulates Auditory Brainstem Response of Rat
 Yong Joo Yoon

PP-3 Time and Spectral Bootstrap Analysis of the ABR
 Steven Bell, Kimberley Novis

PP-4 Automatic Removal of Sonomotor Waves from Auditory Brainstem Responses
 Wiktor Jedrzejczak, Trzaskowski Bartosz, Pilka Edyta, Kochanek Krzysztof, Skarzynski Henryk

PP-5  Comparison of Wave V Thresholds in Auditory Brainstem Responses Evoked by Click, 
Tone-pip and Chirp Stimuli

	 Kochanek	K.,	Kruszyńska	M.,	Piłka	A.,	Śliwa	L.,	Skarżyński	H.

PP-6  System for Automatic Detection of Auditory Brainstem Responses and Its Evaluation for 
Clinical Data

  Wiktor Jedrzejczak, Trzaskowski Bartosz, Kochanek Krzysztof, Pilka Edyta, Pilka Adam,  
Skarzynski Henryk

PP-7  Correlation among Pure Tone Audiometry, Speech Reception Test and Auditory Brainstem 
Response	Audiometry	in	Applicants	for	Public	Health	Disability	Benefits

 Jeong-Hoon Oh, So Young Park, Yongsug Choi, Young Hoon Jung
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PP-8  Comparison of Wave V Latencies of Auditory Brainstem Responses by Bone Conduction 
and Air Conduction in Normal Hearing Infants

 Eun Jung Lim, Sung-Hee Kim

PP-9  Correlation of Threshold of Click-evoked Auditory Brainstem Response with Pure-tone 
Threshold Average in Various Formulas

 Jae-Hyun Seo, Eun-Ju Jeon

PP-10  Error Distributions of Auditory Brainstem Response Amplitude and Latency as a 
Function of Estimated SNR and Absolute Noise Floor

 James Michael Harte, Sara Miay Kim Madsen, Claus Elberling, Torsten Dau

PP-11  Effects of Reverberation on Auditory Brainstem Responses(ABRs) to Speech in Elderly 
Listeners

 Haruna Fujihira, Kimio Shiraishi, Gerard. B. Remijn

PP-12 Auditory Brainstem Response in Normal-hearing Patients with and without Tinnitus
 Jae-Ryong Kim, Woo Gil Park

PP-13 Audiologic Tests Results of Patients Referred From Newborn Hearing Screening Program
 Joong Ho Ahn, Chan Il Song, Ho Seob Kang

PP-14 Detecting Hidden Hearing Loss Using the Auditory Steady State Response
 Tom Francart, Klara Schevenels, Yalenka Devrieze, Michael Hofmann

PP-15 Usefulness of Objective Hearing Tests for Screening Patients with Partial  Deafness
  Yun-Hoon Choung, Min Ji Yu, Hyung-Ah Mun, Jong Joo Lee, Young Sook Kang, Oak-Sung 

Choo, Hun Yi Park, Yun-Hoon Choung 

PP-16	 Verification	of	Hearing	Aid	Fitting	Using	ASSR
 Kristian Gøtsche-Rasmussen, Claus Elberling, James M. Harte

PP-17  Comparison of Threshold Estimation in Infants with Hearing Loss or Normal Hearing 
Using Auditory Steady-State Response Evoked by Narrow Band CE-chirp and ABR 
Evoked by Tone Pips: Results for 2000 Hz

 Franck Michel

PP-18 The Effect of Attention on Auditory Steady State Responses at Cortical Rates
 Michael Hofmann, Jan Wouters

PP-19  Can We Use Electrocochleography as a Clinical Tool in the Diagnosis of Meniere’s 
Disease during the Early Symptomatic Period?

 Yoon Chan Rah, Myoung Hoon Yoo, Gi Jung Im, June Choi

PP-20 Electrocochleographic Findings in Superior Canal Dehiscence Syndrome
 Joo Hyun Park, Jae-Jin Song, Byung Yoon Choi, Ja-Won Koo 

PP-21 Recording Low-Frequency Acoustically Evoked Potentials using Cochlear Implants
 Youssef Adel, Tobias Rader, Andreas Bahmer, Uwe Baumann
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PP-22 Role of Cochlear Microphonics in New Born Hearing Screening
 Jae Ho Chung, Min Kyu Kwak, Seung Hwan Lee, Young Mi Kim, Chul Won Park

PP-23  The Suppression Effect on Distortion Product Otoacoustic emission(DPOAE) by 
Contralateral Acoustic Stimulus(CAS)

 Jin Bae Shin, In Ki Jin, Jin Sook Kim

PP-24  Binaural Medial Olivocochlear Functioning in Children with Suspected Auditory 
Processing Disorder

 David Purcell, Sriram Boothalingam, Chris Allan, Prudence Allen 

PP-25	 	Morphology	of	Cochlear	Efferent	Terminals	Correlates	with	Medial	Olivocochlear	Reflex	
Activity in CBA Mice

 So Young Park, Sang A Back, Jung Mee Park, Sang Won Yeo, Shi Nae Park

PP-26  Objective Measurement of Subjective Tinnitus Using the Acoustic Change Complex in 
Normal Hearing Subjects

 Hyo-Jeong Lee, Joong Yeon Won, Yeon Sook Ji, Sung Kwang Hong, Ja Hee Kim, Hyung-Jong Kim

PP-27 The Effects of Reverberation on Auditory Evoked Potentials
 Brett A. Martin

PP-28  Pilot Study: The Effect of Age Related Hearing Loss on Auditory Neural Coding and 
Neuronal Correlates of Speech-in-Noise Perception

 So Eun Park, Cynthia G. Fowler

PP-29 Electrophysiological Masking Level Differences to Speech Tokens and 500 Hz Tones
 Cynthia G. Fowler, Elizabeth Leigh

PP-30  Mismatch Responses in Children with Cochlear Implants and Hearing Aids - from 
Minimal Sound Contrasts Using a Multi-feature Paradigm

  Inger Uhlén, Petter Kallioinen, Elisabet Engström, Cecilia Nakeva von Mentzer, Björn Lyxell, Birgitta 
Sahlén, Magnus Lindgren. Marianne Ors

PP-31  Discrimination of English /r/ and /l/ by American, Korean, and Japanese Listeners Using 
the Mismatch Negativity(MMN)

 Lee Jung An, Brett A. Martin

PP-32  Inharmonicity Detection in P300 and Behavioral Performance and Speech-in-noise 
Perception of Musicians

 Jung Hwa Bahng, Soon-Bu Park, Jae Hee Lee

PP-33 The P300 to Filtered Words
  Ahmad Aidil Arafat Dzulkarnain, Wendy Arnott, Dakota Bysouth-Young, Emma Dowling, Claire 

Illman, Alexandra Kirkwood, Wayne Wilson

PP-34  Clinical Applicability of Compact Peripheral Nerve Stimulator to Electrical Auditory 
Stimulation: A Comparison with Conventional Promontory Stimulator

 Yusuke Matsuda, Michiko Kurasawa, Takahiro Nakashima, Takeshi Nakamura, Tetsuya Tono
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PP-35	 	Approximation	of	Spread	of	Excitation	Profiles	in	Cochlear	Implants	Using	Exponential	
Fitting

 Tobias Rader, Theresa Schöler, Youssef Adel, Uwe Baumann

PP-36  Cochlear Implant Performance of Patients with the Absence of Intraoperative Electrically 
Evoked Compound Action Potential

 Kyu-Yup Lee, Sang-Heun Lee, Da Jung Jung, Jeong Hun Jang, Heang Im Joeng

PP-37  Auditory Evoked Responses to Electro-Acoustic Pitch Matching in Unilateral Cochlear 
Implant Users with Contralateral Residual Hearing

  Chin-Tuan Tan, Brett Martin, Keena Seward, Ksenia Prosolovich, Benjamin Guo, Elizabeth 
Glassman, Mario Svirsky

PP-38  Different Clinical Setups to Obtain Electrically-evoked Auditory Cortical Responses: a 
Clinical Guideline

 Andy J. Beynon

PP-39  Horizontal Semicircular Canal-related Vestibular Neurons Responding to Rotational and 
Galvanic Stimulations in Vestibular Nucleus

 Gyu Tae Kim, Eun Hae Jeon, Hyeon Min Shim, Kyu-Sung Kim, Sang Min Lee

PP-40 Gazes and Nystagmus to Bilateral Galvanic Vestibular Stimulation in the Darkness
 Ki Hwan Hong, Seung-Yeon Jang, Kyu-Sung Kim, Sang Min Lee
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Tuesday, May 12, 2015

8:30~9:15 Keynote LectureⅠ Moderator: Suzanne Carolyn Purdy

  New Applications for Auditory Evoked Potentials in Cochlear Implant Users
 Carolyn J. Brown

9:15~11:00 OAE and ECoG Moderators: Sun O Chang, Krzysztof Marek Kochanek

OP-20 9:15~9:30
	 	Changes	of	Frequency	Characteristics	of	Acoustic	Reflectance	and	Impedance	Phase	to	

Contralateral Broad Band Noise - A Possible Assessing Technique for Efferent Control of 
the Cochlea

 Tatsuhiko Harada, Kaoru Ogawa

OP-21 9:30~9:45
  Characteristics of ECochG Amplitude Ratio and Area Ratio Evoked by Alternating Click 

Stimulus to Ears of Normal Subjects 
 Lan Lan, Chao Zhang, Wei Shi, Hui Wang, Hai-Na Ding, Yu Lan, Qiu-Ju Wang

OP-22 9:45~10:00
  Ratio rather than Absolute amount of DPOAE Suppression Provides a More Reasonable 

Index of Medial Olivocochlear(MOC) Efferent Function
 Tae Su Kim, Jin Sook Kim, Eui-Cheol Nam

OP-23 10:00~10:15
 Multi-Stimulus Suppression Effects in DPOAE vs. ASSR
 Andre Lodwig

OP-24 10:15~10:30
 Otoacoustic Emissions Evoked by 0.5 kHz Tone Bursts in Different Age Groups
  Jedrzejczak Wiktor, Pilka Edyta, Konopka Wieslaw, Trzaskowski Bartosz, Kochanek Krzysztof, 

Skarzynski Henryk

OP-25 10:30~10:45
 DPOAE and Contralateral Suppression of DPOAE in Normally Hearing Tinnitus Patients
 Shi Nae Park, Eul Seung Hwang, Sang Won Yeo, So Young Park

OP-26 10:45~11:00 
  An Analysis and Rejection of Acoustic Activity in External Ear Canal Not Synchronized 

by Stimuli
 Oleg Belov, Natalia Alexeeva, George Tavartkiladze
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11:00~11:30 Coffee Break

11:30~12:30 Round Table Moderator: Robert Burkard

  Clinical Applications of Auditory Evoked Potentials: Novel Stimuli and Signal-Processing 
Strategies

 Robert Burkard(moderator), Manuel Don, Terry Picton, James W. Hall III, Kelly Tremblay

12:30~13:30 Lunch

13:30~20:00 Excursion
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Wednesday, May 13, 2015

8:30~9:15 Keynote LectureⅡ Moderator: Kimitaka Kaga

 Changes in Cortical Resource Allocation in Hearing Loss
 Anu Sharma

9:15~10:30 Cortical ResponseⅠ Moderators: Cynthia Fowler, Robert Burkard

OP-27 9:15~9:30 
  The Effects of Stimulus Alternation Rate on the Efficiency of the Acoustic Change 

Complex in Infants and Toddlers
 Brett A. Martin

OP-28 9:30~9:45 
	 	Efficient	Stimulus	Presentation	Strategies	for	Eliciting	the	Acoustic	Change	Complex	in	

Infants
 Brett A. Martin, Lisa S. Goldin, Reethee M. Antony

OP-29 9:45~10:00 
 Noise Effect on Cortical Activity to Voice Onset Time in Cochlear Implant Users
 Ji Hye Han, Andrew Dimitrijevic 

OP-30 10:00~10:15 
  Cortical Correlates of Spectral Processing in Cochlear Implants Using the Acoustic 

Change Complex to Frequency Change
 P. Vairavan Manickam, Andrew Dimitrijevic, Michael Smith

OP-31 10:15~10:30 
  Encoding of English /r/ and /l/ by American, Korean, and Japanese Listeners Using the 

Acoustic Change Complex(ACC)
 Lee Jung An, Brett A. Martin, Glenis R. Long

10:30~11:00 Coffee Break
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11:00~12:30 Cortical ResponseⅡ Moderators: David McPherson, Sung Hwa Hong

OP-32 11:00~11:15 
  The Effects of Signal-to-Noise Ratio on Cortical Auditory Evoked Potentials Elicited to 

Speech Stimuli in Infants and Adults with Normal Hearing
 Susan A Small, Melissa Bradford, Pragati Rao Mandikal Vasuki, Mridula Sharma

OP-33 11:15~11:30 
  Cortical Auditory Evoked Potential(CAEP) Amplitude Enhancement by Manipulation of 

the Stimulus Spectral Characteristics
 Fabrice Bardy, Bram Van Dun, Harvey Dillon, Jessica Sjahalam-King Maud

OP-34 11:30~11:45 
  Use of Cortical Auditory Evoked Potential for Hearing-aid Evaluation: Nonlinear 

Frequency Compression for Children
 Teresa Ching, Vicky Zhang, Kirsty Gardner-Berry

OP-35 11:45~12:00 
 CAEPs in (un)Aided Normal-Hearing and Hearing-impaired Adults
 Robert Cowan, Bram Van Dun, Anna Kania, Harvey Dillon

OP-36 12:00~12:15 
  Investigating Spatial Processing via the Simultaneous Recoding of ABR, FFR, and CAEP: 

Indications for Subcortical and Cortical Spatial Release from Masking
 Nematollah Rouhbakhsh, Bram Van Dun, Harvey Dillon, Jörg Buchholz, Robert Cowan

OP-37 12:15~12:30 
 Towards an Objective Measure of Speech Understanding
 Jonas Vanthornhout, Jan Wouters, Tom Francart 

12:30~13:30 Lunch
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13:30~15:00 Cortical Response Ⅲ Moderators: Mridula Sharma, Andrew Dimitrijevic

OP-38 13:30~13:45 
 Exploring Induced Activity and Brain Connectivity in EEG in Response to Auditory Stimuli 
 Steven Bell, Pegah Tayaranian Hosseini, David Simpson

OP-39 13:45~14:00 
 Neuroplasticity in the Auditory System Following TBI: Source Localization and MRI
 David McPherson, Janelle L. Bailey, Erin Bigler, Christopher Dromey, Richard W. Harris

OP-40 14:00~14:15 
  Auditory Cortical Brain Plasticity in Poor Performing, Late-implanted Congenitally Deaf 

Cochlear Implant Children
 Andy Beynon, Esmee V Hendriks, Emmanuel AM Mylanus

OP-41 14:15~14:30 
  Short-Term Auditory Plasticity and Obligatory Cortical Auditory Evoked Potentials: 

Effects of Repeated Stimulus Presentation and Tetanizing Stimulation in Adults with 
Normal Hearing and Cochlear Implant Users

 Suzanne Carolyn Purdy, Nathan Barlow, Scott Peterson, Ian Kirk, Jeff Hamm

OP-42 14:30~14:45 
 Spatial MMN as an Indirect Measure of Bilateral Integration: a Pilot Study
 Katharina Vogt, Luuk van de Rijt, Andy J Beynon, Martijn JH Agterberg, Anja Roye

OP-43 14:45~15:00 
  Middle Latency Responses(MLR) Results in Children Diagnosed with Amblyaudia with 

and	without	Decoding	Deficit
 Deborah Moncrieff

15:00~15:30 Guest LectureⅡ Moderator: Sang Heun Lee

 Are We at a Loss to Explain How Hearing Loss Affects AEP Measures?
 Manuel Don

15:30~16:00 Coffee Break
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16:00~17:00 Cortical Response Ⅳ Moderators: James Hall, Jin Sook Kim

OP-44 16:00~16:15 
 Investigation of Middle-to-long-latency Equivalent ASSRs in Younger vs. Older Adults
 Abreena I Tlumak, John J. Durrant, Rafael E. Delgado

OP-45 16:15~16:30 
  Obligatory Auditory Evoked Potential and Behavioral Measures of Auditory Function in 

Children with Unilateral Hearing Loss
 Oscar Canete, Suzanne Carolyn Purdy, Colin Brown, Michel Neeff, Peter Thorne

OP-46 16:30~16:45 
  Use of Cortical Auditory Evoked Potentials for Assessment and Fitting of Hearing Aids in 

Infants
 Robert Cowan, Bram Van Dun, Lyndal Carter, Alison King, Harvey Dillon

OP-47 16:45~17:00 
  Objective Test of Cochlear Dead Region: Electrophysiologic Approach Using Acoustic 

Change Complex
 Il-Joon Moon, Soo Jin Kang, Hee Sung Park, Ji Hwan Woo, Sung Hwa Hong

19:00 Gala Dinner (Grand Ballroom)
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17:00~17:30 [Poster sessionⅡ]   

PP-41	 	The	Efficacy	of	Cochlear	Implantation	and	Intraoperative	Measurement	of	NRT	and	EABR	
in Deaf-Blind Subjects

 Chieko Enomoto, Shujiro Minami, Mitsuru Kitamura, Kimitaka Kaga

PP-42 Chirp-evoked Auditory Brainstem Responses: a Normative Study
 Emmy van Bommel, Andy Beynon

PP-43  Clinical Implication of Chirp Stimuli on Evaluation of Hearing Threshold in Different 
Audiogram	Configurations

 Jun Ho Lee, Min Young Lee, Mun Young Chang, Eun Young Lee, Sung Woo Cho, Sun O Chang

PP-44	 	Comparisons	of	Frequency	Specific	Chirp	and	Tone	Pip	Stimuli	to	Estimate	nHL	to	eHL	
Corrections Values for Bone Conduction at 4 kHz and 1 kHz

 Inga Ferm, Guy Lightfoot 

PP-45  Further Comparisons of ABR Response Amplitudes, Test Time and Estimation of Hearing 
Threshold	using	Frequency	Specific	Chirp	and	Tone	Pip	Stimuli	 in	Newborns:	Findings	
at 0.5 kHz and 2 kHz

 Inga Ferm, Guy Lightfoot

PP-46  Otoacoustic Emission(OAE), Auditory Brainstem Response(ABR) and Auditory Mismatch 
Negativity in a Middle Aged Patient with Pelizaeus-Merzbacher Disease

 Makiko Kaga, Akiko Yamamoto, Yasuhiro Arai

PP-47  Marked Hearing Improvement after Surgical Removal of Vestibular Schwannoma with 
Profound Hearing Loss

 Se-Joon Oh, Soo-Keun Kong, Eui-Kyung Goh

PP-48 Comparison of Newborn Hearing Screening Program Results in Two Different Periods
 Myung Hoon Yoo, Seung Cheol Ha, Chan Joo Yang, Hwan Seo Lee, Jong Woo Chung

PP-49  Auditory Brainstem Response Change in Deaf Animal Model with Mesenchymal Stem 
Cell Transplantation

 Kyoung Ho Park, Jamil Nasser saad alswiahb, Sang Won Yeo

PP-50  Study on Acoustic Characteristics and Estimated Hearing Level of Tone Pip Auditory 
Brainstem Response

 Fei JI

PP-51  The Application of Auditory Brainstem Response with Different Stimulus Mode in 
Diagnosis and Assessment of Vertigo Diseases

 Yuhe Liu, Siqi Chen, Yanmei Zhang, Li Chen, Zhen Zhong 

PP-52  Comparison of Air- and Bone-conduction Auditory Brainstem and Multiple 80-Hz Auditory 
Steady-state Responses in Infants with Normal Hearing and Conductive Hearing Loss

 Susan A Small, Hope Valeriote
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PP-53  The Analysis of Objective Hearing Threshold Detection with Chirp Stimulus Evoked Auditory 
Steady State Response(ASSR) and Auditory Brainstem Response(ABR) in Infants below 6 
Months

 Zhang Shuai, Lu Zhao-qun, Zhang Guan-ping, Wei Fan-qin, Yuan Fo-liang, Liu Tian-run

PP-54 Usefulness of Simultaneous Bilateral c-VEMP Testing
  Takeshi Masuda, Chiharu Kamei, Makoto Tanaka, Yusuke Kimura, Yasuyuki Nomura, Shuntarou 

Shigihara, Takeshi Oshima

PP-55  Test-retest Reliability of Binaural Simultaneous Cervical Vestibular Evoked Myogenic 
Potential Recording

  Mina Park, Min Young Lee, Yeo-Jin Lee, Young Ho Kim, Hanaro Park, Jun Ho Lee, Seung-Ha 
Oh, Sun O Chang, Myung-Whan Suh

PP-56  Furosemide Loading Vestibular Evoked Myogenic Potentials can Detect Having 
Endolymphatic Hydrops

 Toru  Seo, Ko Shiraishi, Takaaki Kobayashi, Mutsukazu Kitano, Katsumi Doi

PP-57  The Application of Cervical Vestibular Evoked Myogenic Potential in the Diagnosis of 
Patients with Semicircular Canal Dehiscence

 Xinxing Fu, Bo Liu

PP-58  Correlation Analysis of Otosclerotic Pathogenesis with Vestibular Evoked Myogenic 
Potentials

  Lan Lan, Chao Zhang, Ji Fei, Wei Shi, Wang-Da Yong, Hui Wang, Hai-Na Ding, Wu-Zi Ming, 
Kianoush Sheykholeslami, Qiu-Ju Wang

PP-59 Evaluation of Acoustic Immitance Measurement with Wide-band Tympanometry Method
	 Lech	K.	Sliwa,	Mazurkiewicz	K.,	Piłka	A.,	Kochanek	K.,	Skarżyński	H.

PP-60 A Web-based Visual Programming Interface for Audiometric Test Equipment
 Thomas Richard Rosner, Hans Oswald

PP-61  Behavioural and Electrophysiological Evidence of Enhanced Auditory Processing Skills 
in Professional Musicians

 Kiriana Meha-Bettison, Pragati Rao, Mridula Sharma

PP-62 Facial Nerve Stimulation in Cochlear Implant Patients
 Susan Abdi

PP-63 Facial Nerve Stimulation in Narrow Bony Cochlear Nerve Canal after Cochlear Implantation
  Yoon Chan Rah, Young-Sun Yoon, Myung-Whan Suh, Young Ho Kim, Jun Ho Lee, Seung-Ha 

Oh, Sun O Chang, Chong Sun Kim, Moo Kyun Park

PP-64  Auditory Neuropathy Characteristics of Infant with Profound Hearing Loss Associated 
with Cochlear Nerve Aplasia/Hypoplasia

 Shin Hye Kim, Hyun Seok Choi, Jae Jin Song, Ja-Won Koo, Byung Yoon Choi 

PP-65 Synaptic Calcium Regulation in Hair Cells of the Chicken Basilar Papilla
 Gi Jung Im, Howard S.Moskowitz, Mohammed Lehar, Hakim Hiel, Paul Albert Fuchs

PP-66 Preliminary Study on Validity of Sichuanhua Dialect Speech Audiometry Materials 
 Kang Hou Yong 
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Thursday, May 14, 2015

8:30~9:15 Keynote LectureⅢ Moderator: Andy Beynon

 Older Ears and Older Brains: Implications for Clinical Assessment and Rehabilitation
 Kelly L. Tremblay

9:15~10:30 Cortical ResponseⅤ Moderator: Brett Martin, Deborah Moncrieff

OP-48 9:15~9:30 
 Auditory Attention in Young Adults: a P300 Study
 Mridula Sharma, Megan Lower, Pragati Rao Mandikal Vasuki, Ronny Ibrahim, Susan A Small

OP-49 9:30~9:45 
 Electrophysiological Examination of the Triplet Digit in Noise Test
 Andrew Dimitrijevic, Michael Smith, Stephanie Sieswerda, David R. Moore

OP-50 9:45~10:00 
  Neural Encoding of Speech and Non-speech Sound Contrasts: Effects of Training and 

Attention
 Abin K Mathew, Suzanne Carolyn Purdy, David Welch, Niels H. Pontoppidan, Filip Marchman Rønne

OP-51 10:00~10:15 
 Musicians’ Advantage in an Online Auditory Statistical Learning Task
 Pragati Rao Mandikal Vasuki, Mridula Sharma, Ronny Ibrahim, Katherine Demuth, Joanne Arciuli

OP-52 10:15~10:30 
  Cortical Auditory Evoked Potentials in Autism Spectrum Disorder: Using Mismatch 

Negativity to Investigate Perception of Changes in Affective Prosody
 Joan Leung, Suzanne Carolyn Purdy, Paul M. Corballis

10:30~10:50 Coffee Break
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10:50~12:05 Electrically Evoked Response Moderators: Robert Cowan, George Tavartkiladze 

OP-53 10:50~11:05 
  The Clinical Usefulness of Electrical Auditory Brainstem Response in Children with 

Cochlear Implants
 Sung Wook Jeong, Lee-Suk Kim

OP-54 11:05~11:20 
 Electrical Auditory Brainstem Responses(eABR) in Late Implant Patient
 Fikri Mirza Putranto, Soekirman Soekin 

OP-55 11:20~11:35 
  Cross-modal and Intra-modal Characteristics of Visual Function and Speech Perception 

Performance in Cochlear Implantation of Postlingual Deafness
 Min-Beom Kim, Hyun-Yong Shim, Soo Jin Kang, Il Joon Moon, Yang-Sun Cho, Sung Hwa Hong

OP-56 11:35~11:50 
  Exporing Signle-channel Cortical Auditory Evoked Potential(CAEP) Recordings in a 

Clinical Cochlear Implant(CI) Environment
 Robert Cowan, Bram Van Dun, Mark Chung, Lukas Bauer, Harvey Dillon

OP-57 11:50~12:05 
  Central Processing of Simultaneously Presented Electrical and Acoustical Signals in 

Bimodal Listeners
 Lindsey Van Yper, Andy Beynon, Katrien Vermeire, Eddy De Vel, Ingeborg Dhooge

12:05~12:45 Closing Ceremony (Grand Ballroom)



Abstracts
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Hallowell Davis Lecture

Hearing Speech

Terence W. Picton
University of Toronto, Toronto, Canada

Electromagnetic response audiometry is used to determine the severity of a hearing impairment and 
to provide guidance for how this can be treated. At present we can estimate hearing thresholds with 
reasonable accuracy and objectivity. However, we are only just beginning to use the electromagnetic 
recordings to evaluate how well speech is processed.

The brainstem is able to “tune in” to the fundamental vocal frequency. The brainstem frequency- 
following response can serve several purposes. One is to track vowel frequency in tonal languages such 
as Chinese. Another is to assess changes in intonation that signal lexical and semantic information, 
such as which part of a word is stressed and how a question is differentiated from a statement. A third 
purpose may be to synchronize other neurons to process the higher harmonics of a vowel sound and 
distinguish formants. A final purpose may be to adjust the analysis of formants so that vowels can be 
identified for either bass or soprano speakers.

Normal speech is a continuous acoustic signal that varies in amplitude and frequency over time. In 
order to be understood, this continuous signal must be transformed into a sequence of perceptual 
units such as syllables or morphemes (words). Exactly how this is done remains unknown. An 
important factor is the speech envelope which is controlled by the opening and closing of the vocal 
tract. The p1-n1-p2 components of the auditory evoked potential may be specifically evoked by 
changes in the speech envelope, and the mismatch negativity may represent adjustments in what is 
expected from such changes. The sustained potential and the slow components of the auditory 
following response may provide other signals that the brain can use to separate out recognizable 
chunks of information from the continuous speech signal. 

Later “endogenous” evoked potentials, such as the P300, N400, and P600, may process the syntactic 
and semantic content of speech. These relate to large units of information such as clauses and 
sentences. These components, which have been widely studied using visual stimuli, should be 
investigated more thoroughly in the auditory system. This may require some creativity in terms of how 
to time the responses. 

Perceiving speech is the most important activity of the human auditory system. We need to set up 
paradigms for recording electromagnetic responses while speech is being processed. These can then 
be used to determine how well speech is heard in patients with hearing disorders.
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Keynote Lecture I

New Applications for Auditory Evoked Potentials in Cochlear Implant 
Users

Carolyn J. Brown
Department of Communication Sciences and Disorders, University of Iowa, Iowa City, USA

Cochlear implants (CIs) were introduced into clinical practice almost 30 years ago. Since that time 
there have been numerous changes in both the implanted electronic components and the externally 
worn hardware. Many of those innovations led to improvements in outcome and, as a result, CI 
candidacy requirements have also changed dramatically. For example, the age at which children are 
implanted has dropped, bilateral implantation is common and today, many CI users continue to use a 
hearing aid on their un-implanted ear. In fact, CIs are now used to treat individuals with unilateral 
hearing loss! Recently, both CI manufacturers and surgeons have become interested in finding ways 
to insert an intracochlear electrode array without sacrificing residual acoustic hearing in the implanted 
ear. There is a growing body of literature that suggests that not only is that goal possible, but that 
when that goal is achieved, this class of CI users are able to successfully integrate information 
presented electrically and acoustically. 

In the first part of this talk, I will describe results of a study in which we use the neural telemetry system 
of the Nucleus CI to record electrically evoked compound action potentials from individuals who use 
the standard Nucleus CI24RE Contour Advance electrode and contrast those results with similar 
measures obtained from a second group of individuals who use the more recently introduced Nucleus 
CI422 electrode array. The CI24RE electrode is pre-coiled and designed to hug the modiolus of the 
cochlea. The Nucleus CI422 electrode array is thinner than the CI24RE array. It is a straight electrode 
array that is designed to lie along the lateral wall of the cochlea. Our data shows that the CI422 group 
have significantly higher ECAP thresholds and wider channel interaction functions than the CI24RE 
group. 

The second part of this talk will describe results obtained from Nucleus Hybrid CI users who have an 
intracochlear electrode array that has been inserted into one of their ears without causing loss of their 
residual acoustic hearing. Results of a series of experiments will be described where we have used 
the telemetry system of the Nucleus CI to record acoustically evoked responses. The extent to which 
we are able to separate cochlear potentials from neural responses or measure evidence of 
acoustic/electric interactions will be discussed. 

Finally, during the past few years we have been focusing much of our research efforts on developing 
methods of recording cortical auditory evoked potentials (CAEPs) from individuals who use cochlear 
implants. Our interest in CAEPs reflects that fact that these responses (1) can be evoked using longer 
duration, spectrally and/or temporally complex stimuli such as speech or music, (2) reflect neural 
processing at higher levels within the auditory system, and (3) provide a unique opportunity to explore 



4635

how acoustic and electrical signals interact. We argue that this class of evoked responses might allow 
us to do more than simply determine if a sound has been detected. They may, in fact, provide a 
measure of something a bit closer to discrimination. Results obtained from normal hearing, Hybrid 
and traditional CI users will be presented along with preliminary data from studies exploring the 
impact of training on CAEPs.

Supported by grants from the NIH/NIDCD: R01-DC012082, P50-DC000242 
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Keynote Lecture II

Changes in Cortical Resource Allocation in Hearing Loss

Anu Sharma
Brain and Behavior Laboratory, University of Colorado at Boulder, Boulder, CO, USA

A basic tenet of neuroplasticity is that the brain will re-organize following sensory deprivation. Sensory 
deprivation appears to tax the brain by changing its normal resource allocation. A better under-
standing of the cortical re-organization that accompanies hearing loss may allow us to incorporate 
improvements in the design of prostheses to allow them to better accommodate altered cortical 
processing. Compensation for the deleterious effects of hearing loss may include recruitment of 
alternative or additional brain networks to perform auditory tasks. Our high-density EEG experiments 
suggest that hearing loss results in significant changes in neural resource allocation, reflecting 
patterns of increased listening effort and decreased cognitive reserve which may be associated with 
cognitive impairment. Cross-modal plasticity is another form of cortical re-organization associated 
with deafness. Cross-modal plasticity occurs when an intact sensory modality recruits cortical 
resources from a deprived sensory modality to increase its processing capabilities as compensation 
for the effects of sensory deprivation. Deaf animals show recruitment of higher-order auditory cortical 
areas, by visual and somatosensory modalities resulting in enhanced capabilities for the recruiting 
modality, with likely negative consequences for auditory perception. Our results in humans suggest 
clear evidence of recruitment of higher-order auditory cortical areas by visual and somatosensory 
modalities in adults and children with hearing loss. Cross-modal cortical re-organization shows a 
strong negative correlation with speech perception in noise suggesting that recruitment by other 
sensory modalities may influence the variability in outcomes in patients with hearing loss, including 
those who are treated with amplification and cochlear implants. Overall, our results suggest that 
compensatory cortical plasticity secondary to sensory deprivation has important consequences and 
influences outcomes in adults and children with hearing loss.

**Supported by the U.S. National Institutes of Health.
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Keynote Lecture III

Older Ears and Older Brains: Implications for Clinical Assessment and 
Rehabilitation

Kelly L. Tremblay
Department of Speech and Hearing Sciences, University of Washington

The World Health Organization estimates that 360 million people worldwide have a hearing loss that 
interferes with the understanding of normal conversational speech. Over 50% of these cases occur in 
persons 65 years of age or older, especially in the developed world.

Because hearing loss is insidious and often managed many years after its onset, it can increase the 
risk of multiple negative consequences, including social withdrawal, early retirement, depression, 
hospitalization, and mortality. Even subtle changes in the functioning of the neural pathways involved 
in hearing, which do not cause measurable changes in hearing thresholds of acuity, can lead to 
age-related increases in difficulties comprehending speech in noisy environments.

In this presentation, behavioral and electrophysiological research on the aging auditory system will be 
presented as it relates to neuroscience and audiological assessment/rehabilitation (including hearing 
aids, training and counseling). Specifically, a focus will be how aging impacts the quality of the 
'bottom-up' signal and why amplification is not always sufficient to yield accurate perception.
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Guest Lecture I

Clinical Applications of Temporal Non-linear Otoacoustic Emissions

Roger Thornton
NHS Research, University Hospital Southampton, United Kingdom

Otoacoustic emissions (OAEs) reveal nonlinearities of the cochlea in the amplitude and frequency 
domains. In addition, if Maximum Length Sequences (MLS) click trains are used as the stimulus, they 
reveal both the linear component, equivalent to a conventional OAE, and a family of time domain 
nonlinear components, once the time between stimuli is less than the “memory length” of the cochlea.

The MLS OAEs show very little suppression with increase in rate for the short latency, high frequency 
components but considerably more suppression for the long latency, lower frequency components. 
The amount of this nonlinear rate suppression is proportional to the magnitude of the conventional 
OAE, recorded at 40 click/s. OAEs from 18 ears in 12 normally hearing subjects were used in this 
experiment.

The nonlinear temporal component (NLTC) is significantly correlated with the amplitude nonlinearity 
of conventional OAEs.

To evaluate these findings and to investigate their possible clinical use, the MLS technique will be 
explained and the relationship between the temporal and amplitude nonlinear responses will be 
examined. Data on rate suppression will be presented and discussed. Then, using patients with mild 
cochlear hearing loss (12 ears) and normal controls (12 ears) the question of the relative sensitivity of 
conventional and nonlinear OAEs was examined.

Other work (Hall and Lutman, 1999) has shown that conventional OAEs are more sensitive to hearing 
loss than the audiogram. These results show that the nonlinear OAEs are more sensitive than the 
conventional OAEs in detecting small amounts of hearing loss. This is because, at the onset of 
damage to the cochlear, it becomes a more linear system thus the conventional OAEs remain 
unchanged but the nonlinear components show large differences.
Thus the nonlinear MLS OAEs have a role in evaluating the effects of ototoxic drugs, monitoring 
industrial noise subjects and in any situation where early warning of hearing loss is needed.
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Guest Lecture II

Are We at a Loss to Explain How Hearing Loss Affects AEP Measures?

Manuel Don
House Ear Institute (retired)

A major and continuing problem in the use of Auditory Evoked Potentials has been the diagnostic 
interpretation of the measured values. Typically, we examine a component (e.g., wave V peak) of the 
AEP of interest (e.g., ABR) and in a majority of the studies, the parameters of interest have been the 
latency and/or amplitude of that peak component. Over the several decades of published research 
studies, these measurements of latency and amplitude have shown to have some value in the 
assessment of auditory disorders of various kinds. However, because there are so many stimulus 
parameters as well as subject parameters that affect these measures, it has been difficult to rely on 
these measurements as having clear and specific diagnostic value and the value varies widely with 
the studies. A large part of this difficulty is that for a given stimulus condition, a given latency or 
amplitude value can be obtained with varying underlying pathologies of varying severities and thus, 
often lacks diagnostic specificity. While we have come to some understanding of the effects of 
stimulus parameters such as intensity level, rate of presentation, spectrum, etc. on the response 
measures, we still have problems with some of the subject or patient variables. Such patient variables 
often compromise our understanding of the effects of the stimulus variables. In particular, the effects 
of hearing loss on these measurements are often critical but elusive to determine and hearing loss 
often is characteristic of the test population of interest.

This talk will explore the issues of hearing loss that must be addressed in determining what the 
recorded value of the AEP measurement reflects. The discussion will focus on how the AEP 
measures depend upon the underlying interactions of the cochlear mechanics and physiology, and 
the dependence of these interactions on the nature and extent of cochlear and neural pathologies as 
well as the various stimulus types and parameters. There is also the problem that the weights of the 
contributions from various parts of the cochlea and the auditory neural pathways vary with each 
individual subject/patient. The complexity of these interactions suggest that unless we develop better 
ways to define hearing loss and better models of how hearing loss affects our physiological measures, 
the continued use of latency and/or amplitude measures may not produce any further useful 
diagnostic information than currently exists. This talk will suggest that studies be constructed such 
that approaches that utilize binary outcomes (e.g., absence vs. presence; increase vs. decrease; 
longer vs. shorter, etc.) rather than specific values might be more useful and circumvent the variable 
effects of hearing loss on latency and amplitude values.
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Round Table

Clinical Applications of Auditory Evoked Potentials: 
Novel Stimuli and Signal-Processing Strategies

Robert Burkard1 (moderator), Manuel Don2, Terence Picton3, James W. Hall III4, 
Kelly Tremblay5

1University at Buffalo
2House Ear Institute (retired)
3Rotman Research Institute (retired)
4Salus University
5University of Washington-Seattle

Objectives: This invited, 1 hour round table discussion will illuminate the possible and realized 
clinical applications of recent signal-processing strategies reported in the experimental auditory 
evoked potential (AEP) literature.
Methods: A panel of experts has been assembled who have contributed to the experimental 
literature in signal-processing applications for the collection and analysis of AEPs and/or who have 
extensive clinical experience in the use of AEPs. Questions will come from the moderator, some 
written questions will be given to the moderator before the round-table discussion, and some 
questions will arise during the panel discussion itself. 
Results: The panel discussion is expected to address such issues as (this list is not intended to be 
exhaustive):
• The use of cross-correlation (and other) digital signal processing procedures to obtain auditory 

brainstem responses (and other AEPs) at very high stimulation rates.
• The use of novel stimuli (such as speech, chirps or high-pass subtractive masking) to optimize AEP 

amplitude, ensure place specificity of the response, or to assess whether speech is truly ‘special’. 
• The use of multiple stimuli to obtain auditory steady state responses co-temporally.
• Determination of signal-to-noise ratio, and other approaches (both time-domain and frequency 

domain) for objective response detection.
• Recent advances in the use of AEPs in combination with auditory prostheses (e.g., hearing aids and 

cochlear implants).
Conclusion: This panel discussion will engage in a conversation intended to highlight comparatively 
recent developments in the application of signal processing tools and the use of novel stimuli to obtain 
AEPs. Their potential for clinical application will be discussed, barriers to their application will be 
addressed, and a frank assessment of their current clinical utility will be made.



Oral Presentation
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OP-1

The Effects of Click-level, Broadband Noise and High-pass Masking 
Noise on the Click-evoked ABR of the Bottlenose Dolphin (Tursiops 
Truncatus)

Robert Burkard1, James Finneran2, Jason Mulsow3, Dorian Houser3

1University at Buffalo 
2U.S. Navy Marine Mammal Program
3National Marine Mammal Foundation

Objectives: The purpose of this study is to determine the effects of broadband masking noise and 
high-pass masking noise on the latency and amplitude of the auditory brainstem response (ABR) 
peaks in the bottlenose dolphin.
Methods: Adult bottlenose dolphins were experimental subjects. Dolphins ranged from 13-49 years of 
age, and included animals with normal hearing as well as animals with high-frequency threshold 
elevations. Brief-duration clicks and broad-band noise were digitally filtered to flatten the spectrum 
between 10 kHz and 160 kHz. In each dolphin, a click-level series was obtained at a rate of ~36 Hz. 
Click level was fixed at dB peSPL (re: 1 µPa) and broadband noise level was varied between 89 and 
49 dB re 1 µ Pa2/Hz. With noise fixed at a level that just masked the click-evoked ABR, the broadband 
noise was steeply (digitally) high-pass filtered at cutoff frequencies ranging from 14 to 113 kHz in 
half-octave steps.
Results: Preliminary analyses of these data reveal that:
• ABR peak input/output functions varied for the frequency-compensated click versus the uncom-

pensated clicks.
• Increasing level of broadband noise produced an increase in ABR peak latencies and a decrease in 

peak amplitudes.
• With decreasing high-pass masker cutoff frequency, there is an increase in ABR peak latencies and 

a decrease in peak amplitudes.
Conclusions: Qualitatively, the changes in the dolphin ABR with click level, broadband noise level and 
high-pass masking noise are in agreement with previous reports in terrestrial mammals (including 
humans). In this presentation, the quantitative results in dolphins will be compared to published 
reports in other mammalian species. These data will be interpreted in light of peripheral versus central 
mechanisms, and the high-pass masking data want be used to estimate traveling-wave velocity in the 
dolphin inner ear. Differences in results between subjects with a full range of hearing and 
high-frequency threshold elevations will also be discussed.



5544

OP-2

Fast Frequency Specific Threshold Determination with 
Multi-stimulus ABR

M. Walger1, C. Schmidt2, I. Baljić3

1ENT University Clinic, Cologne, Germany
2Jade University, Oldenburg, Germany
3HELIOS Clinic, ENT Department, Erfurt, Germany

Objectives: A time saving threshold determination is an important basis for hearing aid fitting within 
the pediatric population. Recently the use of band limited Chirps in frequency specific ASSR or ABR 
recordings are promising, because they lead to an increased synchronisation of neural activity. As a 
result a better signal to noise ratio of the ABR and ASSR can be expected in a reduced number of 
averaged sweeps and test time.
Methods: In order to develop an accelerated approach for threshold determination we combined the 
acoustic stimulation with Clicks and low-Chirps (500 Hz) as well as high- (4 kHz) and low-Chirps 
within a 40 ms time window. To avoid the overlap of ABR with a possible activity of postauricular 
muscle (PAM) or middle latency responses we used different electrode montages for the reference 
electrode (mastoid, ear lobe, nape of the neck), different time delays between first and second 
stimulus as well as different filter settings. 
Results: The ABR thresholds and waveforms for the “stimulus alone” and the “multi-stimulus” 
condition were evaluated in comparison to the subjective thresholds in 25 normal hearing adults. 
Basically we were able to detect the ABR wave V down to 0-10 dB HL with all Chirp stimuli. The 
difference between ABR- and subjective thresholds was within 10 dB at the corresponding 
audiometric frequency. With the placement of the reference electrode in the nape of the neck, the 
contamination of ABR with the activity of the postauricular muscle could be avoided.
Conclusions: The use of multi stimulus ABR, which could easily be implemented in clinical test 
protocols, is able to reduce the total examination time and enhance the frequency specific threshold 
determination.
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OP-3

Auditory Brainstem Responses to Chirp Stimuli in Adults with Normal 
Hearing and Sensorineural Hearing Loss

Linda J. Hood1, Rafael E. Delgado2, Carol Pang1, Sarah Steele1, Mary Edwards1

and Lauren Roberts1

1Department of Hearing and Speech Sciences, Vanderbilt University, Nashville, Tennessee, USA
2Intelligent Hearing Systems, Miami, Florida, USA

Objectives: Upward chirp stimuli are designed to compensate for temporal dispersion in the human 
cochlea related to frequency distribution across the cochlear partition. Higher auditory brainstem 
response (ABR) amplitude to chirp compared with click and toneburst stimuli is likely related to 
improved neural synchrony. Improved response amplitude with frequency-specific chirps can offer 
advantages in applications where ABR is used to estimate hearing sensitivity. The purpose of the 
present study was to determine potential benefit of chirps in ABR testing of individuals with 
sensorineural hearing loss (SNHL) and compare those findings to subjects with normal hearing (NH).
Methods: Two studies were completed with a focus on frequency-specific stimuli and threshold 
estimation in NH and SNHL adult subjects. Subjects with hearing loss were specifically recruited with 
either flat or sloping mild to moderately severe SNHL. ABRs were obtained for toneburst and 
frequency-specific chirp stimuli centered at four frequencies (0.5, 1, 2 and 4 kHz). Replicated 
responses were obtained from moderate intensity levels to response threshold with threshold defined 
in 10 dB steps. Three reviewers, blinded to the test condition, determined wave presence, amplitude, 
and response threshold. 
Results: In subjects with NH, ABR thresholds were closer to behavioral thresholds for frequency- 
specific chirp than toneburst stimuli. Both ABR stimuli showed the greatest differences from 
behavioral thresholds at lower frequencies. ABR Wave V-V' amplitudes in NH subjects were generally 
greater for chirp stimuli though with variation with stimulus frequency and level. In contrast, in subjects 
with SNHL, Wave V-V' amplitude differences between frequency-specific chirp and toneburst stimuli 
were minimal with differences present only for isolated conditions. Unlike findings in NH subjects, 
chirp and toneburst response thresholds in SNHL subjects were similar. Comparison to behavioral 
thresholds showed better agreement with greater hearing loss, consistent with previous reports for 
ABR and steady state responses.
Conclusion: Broad-band and frequency-specific chirps show promise in increasing test efficiency and 
sensitivity by reducing test time through higher amplitude responses and providing more accurate 
response threshold estimation in persons with normal hearing sensitivity. However, differences in 
results for individuals with hearing loss suggest a need to avoid generalization from one subject group 
to another. Further investigation into underlying reasons for differences between subject groups is 
necessary for accurate application of chirp stimuli in threshold estimation and clinical management.
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OP-4

An Investigation of the Auditory Brainstem Response as a Diagnostic Tool 
in Children with Speech Delay

Susan Abdi
IUMS, Tehran, Iran

Objectives: To determine whether neurophysiological auditory brainstem responses to clicks stimuli 
differ between typically developing children and children with delayed speech with unknown cause.
Methods: We compared the click auditory brainstem responses in 247 children who were clinically 
diagnosed with delayed speech with unknown cause (case group) based on normal routine auditory 
test findings a normal neurologic examinations but a more than twelve months speech delay and 179 
age and sex matched normally developing children (control group).
Results: The case group exhibited significantly higher wave amplitude responses to click stimuli 
(wave V) when compared to the control group in auditory brainstem responses testing (p=0.001) this 
amplitude was significantly reduced after a six months of treatment (p=0.003) but it still was 
significantly higher than the control group (p=0.001).The significant differences were seen regardless of 
the age and the sex of the participants. There was no statistically significant difference between two 
groups considering the latency of wave III or V and wave III amplitude.
Conclusions: Early stages of the auditory pathway processing of an acoustic stimulus are not similar 
in typically developing children and those with delayed speech with unknown cause. Our findings 
suggest that there are brainstem auditory pathway abnormalities in children with delayed speech with 
unknown cause.
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OP-5

Normal Values of Auditory Brainstem Responses for Children of 3, 4 and 
5 Years Old

Ping CHEN, Zhinan WANG
The ENT Department of Wuhan Children’s Hospital, Wuhan, China

Objectives: To find the normal range and features for auditory brainstem responses of children of 3, 4 
and 5 years old.
Methods: Normal results of ABR from 132 normal children (244 ears) were analyzed. The children 
were divided into three groups: group A included 74 ears from children of 3 years old, group B 
included 78 ears from children of 4 years old and group C included 72 ears from children of 5 years 
old. The ABR data were statistically analyzed by ANOVA with SPSS.
Results: at 80 dB nHL, the wave I, III, V latencies and intervals of wave I-III, wave I-V of ABR for 
3-year children respectively were 1.24±0.09 ms, 3.53±0.16 ms, 5.39±0.23 ms, 2.30±0.15 ms and 
4.15±0.22 ms. For 4-year children, 1.23±0.10 ms , 3.52±0.39 ms, 5.30±0.21 ms, 2.28±0.39 ms and 
4.07±0.22 ms . For 5-year children, 1.24±0.0 ms, 4.17±0.15 ms and 5.34±0.19 ms, 2.42 ±0.63 ms and 
4.09±0.19 ms. The threshold of ABR for 3-year children were 22.57±4.40 dB nHL, for 4-year children, 
21.15±4.83 dB nHL, for 5-year children, 21.11±3.48 dB nHL. Among three groups, only latency of 
wave V and interval of wave I-V have statistical difference, further analyses showed the statistical 
difference all exist in group A and group B, No statistical difference in group B and group C. The 
latency of wave I and thresholds of ABR for the children of different ages were not significantly 
different.
Conclusion: This study has analyzed the ABR wave features for children of three ages and may 
suggest the brainstem mature at 4 years old.
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OP-6

Preliminary Findings for Chirp-evoked ABRs in Confirmed Vestibular 
Schwannoma Patients

Sinnet G. B. Kristensen1, James M. Harte1, Per Cayé-Thomasen2

1Interacoustics Research Unit, Kongens Lyngby, Denmark
2Rigs Hospitalet, Department of Oto-rhino-laryngology, Head and Neck Surgery, Copenhagen, Denmark

Objectives: Vestibular Schwannoma (VS) is a unilateral, mostly benign tumor of the vestibular nerve 
with a prevalence of 1-2 per 100,000. Typical audiograms show bilateral asymmetric or unilateral 
sensorineural hearing losses, with poorer thresholds on the tumor side. Historically, VS was detected 
by differences in click-evoked auditory brainstem response (ABR) wave I-V inter-peak latency or 
absolute wave V latency between the suspected tumor and non-tumor sides. Unfortunately, the 
sensitivity for detection of small tumours using click-ABRs is relatively poor. A significantly more 
sensitive method for small tumor detection is the stacked auditory brainstem response (SABR). The 
SABR performs output-compensation for cochlear traveling wave delay by aligning wave V latencies 
from derived band responses. In this way the summed SABR amplitude is sensitive to the presence of 
a tumor pressing on the auditory nerve at any frequency. Unfortunately, this method is time consu-
ming and has never gained clinical acceptance. Due to the increased availability, high sensitivity and 
reduced costs of magnetic resonance imaging (MRI), ABR as a screening tool has fallen out of favour. 
However, there is some renewed interest due to increased pressure on the MRI scanners and also in 
developing counties. Another method for compensating for cochlear traveling wave delay is by using 
an upward frequency sweep or chirp. In this study it is explored if some of the benefits of the SABR 
can be gained by using a chirp stimulus.
Methods: A sample of patients with VS, confirmed via MRI, participated in this study. ABRs were 
obtained to both a standard 100 µs Click and a Level Specific broad band CE-Chirp at 80 dB nHL. The 
latency and amplitude of available peaks, and overall morphology were analyzed. Findings were 
compared with normative data from a normal hearing population.
Results: ABRs to the Level Specific broad band CE-Chirp demonstrated overall larger wave V 
amplitudes and improved morphology over the Click. The interaural latency difference with both 
stimuli deviated from the normal hearing population and the two stimuli showed similar extended 
interaural latency differences in the VS population.
Conclusion: If the Level Specific broad band CE-Chirp had fully compensated for the delay in both 
ears, then there should be no difference in latency between the two, with the amplitude and not 
latency being sensitive to the tumor. This finding will be discussed in the context of cochlear delay and 
sensory neural hearing loss.
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OP-7

Clinical Implication of Chirp Stimuli on Tumor Detection: 
Preliminary report

Jun Ho Lee1, Mun Young Chang1, Min Young Lee1, Eun Young Lee2, 
Sung Woo Cho1, Jeong Hun Jang3, Seung Ha Oh1, Sun O Chang1,4

1Department of Otolaryngology, Seoul National University College of Medicine, Seoul National University 
Hospital, Seoul, Korea

2Speech and Hearing Center, Seoul National University Hospital, Seoul, Korea
3Department of Otorhinolaryngology-Head and Neck Surgery, Kyungpook National University College of 
Medicine, Kyungpook National University Hospital, Daegu, Korea

4Department of Otorhinolaryngology, Kangbuk Samsung Hospital, Seoul, Korea

Objectives: Several studies have shown that click-evoked auditory brainstem response (ABR) 
measures have inadequate sensitivity to detect small acoustic tumor. The main reason of the failure of 
click-evoked ABR is that high-frequency nerve fibers dominate the standard click-evoked ABR latency 
measure. Therefore, small tumors which do not affect the subset of high-frequency nerve fibers are 
not sufficiently detected by click-evoked ABR. To overcome this limitation, a measure that assesses 
activity from all nerve fibers is needed. We hypothesized that the temporal dispersion of neural 
activation could be compensated by using Chirps as an input stimulus. The objectives of this study 
were to make comparisons between the level- specific Chirp (LS-Chirp, Kristensen and Elbering, 
2012) and click-evoked ABR in view of acoustic tumor detection.
Methods: Twelve adult patients with sensorineural hearing losses and 21 adult patients with acoustic 
tumors have been enrolled so far. Among those patients, 5 patients had small tumor (≤1cm). ABRs 
were recorded in response to click and LS-Chirp stimuli with 90 dB nHL. The recorded ABRs were 
evaluated by the peak amplitudes and onset/peak latencies of wave V. For the detection of acoustic 
tumors, the corrected interaural latency differences of wave V (IT5) by click (Selters et al. 1977) were 
obtained. Interaural amplitude and latency differences by LS-Chirp were investigated as a function of 
the interaural differences in pure-tone threshold.
Results: The interaural amplitude differences by LS-Chirp failed to distinguish acoustic tumor patients 
from hearing loss patients. However, the interaural peak latency differences by LS-Chirp showed 
larger values in acoustic tumor patients than in hearing loss patients with same interaural difference in 
pure-tone threshold. Diagnostic criterion for acoustic tumor considering hearing loss was developed 
based on the interaural peak latency differences by LS-chirp. Using this criterion, the sensitivity and 
specificity for tumor patients were 90.5% (19/21) and 100% (12/12), respectively. Three of 5 patients 
with small tumors were detected by this criterion. Using IT5 by click, the sensitivity and specificity for 
tumor patients were 71.4% (15/21) and 91.7% (11/12), respectively, and 2 of 5 patients with small 
tumor were detected.
Conclusion: In this preliminary report, Chirp stimuli might show better sensitivity and specificity for detec-
tion of acoustic tumors than click stimuli. Further study is needed to investigate this possibility in the future.
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OP-8

Comparison of Effectiveness of ABR-Based Methods in Diagnosis of 
Retrocochlear Pathologies

Kochanek K.1,2, Śliwa L.1,2, Gołębiewski M.3, Piłka A.1,2 Skarżyński H.1,2

1Institute of Physiology and Pathology of Hearing, Warsaw, Poland
2World Hearing Center, Kajetany, Poland
3Department of Radiological Medicine, Medical University of Warsaw, Poland

Objectives: The purpose of this study was to compare effectiveness of three different ABR-based 
methods in screening for retrocochlear pathologies. The study was aimed at evaluating sensitivity, 
specificity and effectiveness of these methods, and finding most effective screening procedures.
Methods: The considered methods were: (i) standard ABR utilizing click-evoked responses, (ii) 
Stacked-ABR (SABR) based on derived-band responses, (iii) method based on ABRs evoked by 
tone-pips (TABR). The examined group included patients with retrocochlear pathologies (acoustic 
neuroma, neuro-vascular conflicts, etc.) confirmed by GaT1W MRI examination, and normal-hearing 
subjects without otologic impairments. The system and software Nav-Pro AEP Nav-Pro v. 6.2.0 
(BioLogic - Natus) was used in the tests. Standard procedures, recommended by the producer, were 
applied. Prior to the tests, all subjects were subjected to comprehensive audiologic and otologic 
examinations, including MR imaging. Effectiveness of the methods was assessed based on sensitivity 
and specificity functions, predictive values and ROC analysis. Cost effectiveness was also evaluated.
Results: The SABR method realized in the applied Nav-Pro system exhibits high sensitivity in 
detecting retrocochlear pathologies. However, specificity of these tests is very low, which is due to 
high variability of Stacked-ABR amplitudes and interaural amplitude differences. The standard ABR 
method has good specificity, but low sensitivity in cases of small tumors (below 1 cm in diameter). 
Much better sensitivity and specificity was obtained by using the TABR method.
Conclusion: Application of SABR method allows for detecting small acoustic tumors, however, its 
usefulness is limited because of excessive percentage of false positive results. One can slightly 
improve performance of this method by modifying normative values of Stacked-ABR amplitudes. The 
TABR method offers good sensitivity and specificity, and relatively high predictive value. For optimal 
cost effectiveness (minimal unit cost of detecting a retrocochlear pathology in high-risk population), the 
best possibility would be application of a two-stage screening test, consisting of standard ABR in the 
first stage, and the TABR test in the second stage, and eventual GaT1W MRI examination.

**The research was supported by the Grant NN403 136439 from the Ministry of Science and Higher 
Education in Poland. 
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OP-9

Abnormal ABR and Cranial MRI in 42 Cases Patients of Otology 
Outpatient

Fangying Tao, Youqin Wang, Chongling Yang
The Center for Hearing Rehabilitation Research of Guizhou People’s Hospital, Guiyang, China

Objectives: To analyze the clinical relevance between abnormal ABR and cranial MRI in patients with 
otology diseases.
Methods: Cranial MRI examination was done in 42 patients with otology diseases, whose ABR IPL 
were abnormal, and abnormal rate of ABR and MRI are calculated respectively.
Results: The number and sharing of abnormal ABR are listed as follows: (1) I - III abnormal in 14 
cases (33.33%), (2) I - V and III - V abnormal in 10 cases (23.80%), (3) III - V abnormal in 7 cases 
(16.66%), (4) I - V abnormal in 5 cases (11.91%), (5) I - III and I - V normal in 4 cases (9.54%), (6) I - 
III and III - V abnormal in 2 cases (4.76%). Number and sharing of cases with abnormal cranial MRI 
corresponding to abnormal ABR and the main lesion are listed as follows: (1) I - III : single in 5 cases 
(11.91%, ischemia of the temporal lobe); Multiple in 9 cases (21.43%, ischemia of temporal and 
frontal lobe, and demyelinating in lateral ventricle); (2) I - V and III - V abnormal: single in 2 cases, 
(4.76%, ischemia of the temporal lobe); Multiple in 8 cases (19.05%, ischemia of the temporal lobe, 
demyelinating in lateral ventricle, and vacuole turcica); (3) III - V : single in 2 cases, (4.76%, ischemia 
of frontal and parietal); Multiple in 5 cases (11.91%, ischemia of temporal lobe, frontal and parietal, 
demyelinating in lateral ventricle, and disorder in the pituitary gland); (4) I - V : single in 2 cases, 
(4.76%, ischemia of basal ganglia); Multiple in 3 cases (7.14%, ischemia of temporal lobe, frontal and 
parietal, and basal ganglia); (5) I - III and I - V : single in 3 cases, (7.14%, corpus callosum softening 
oven); Multiple in 1 case (2.38%, ischemia of frontal and parietal, corpus callosum softening oven); (6) 
I - III and III - V : single in 1 case, (2.38%, cavum septum pellucidum); Multiple in 1 case (2.38%, 
softening oven in corpus callosum and the hippocampus). Statistical analysis demonstrated that the 
most common abnormality is prolonged latency of I - III, followed by prolonged I - V and III - V. The 
same happened in cranial MRI. The most common disorder included: ischemia of temporal lobe, 
frontal and parietal, demyelinating in lateral ventricle, softening oven in corpus callosum and the 
hippocampus. 
Conclusion: It is necessary to do cranial MRI to the patients with abnormal ABR, especially in those 
with prolonged I - III and I - V + III - V.
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OP-10

Automatic ASSR Recording in Normal Hearing Subjects using Bone 
Conduction Stimulation

Mario Cebulla1, Lisa Scherer2, Wafaa Shehata-Dieler1

1ORL-HNS Department, University Hospitals Würzburg, Germany
2Hospital Groß-Sand, Hamburg-Wilhelmsburg, Germany

Objectives: Acoustical stimuli for evoking acoustical potentials can be delivered via air conduction 
(AC) as well as less commonly, via bone conduction (BC). Measurement of BC thresholds is crucial 
for the diagnosis of a conductive hearing loss. There is a need to develop objective measures for 
bone conduction thresholds. The aim of the study was to investigate the reliability of BC thresholds 
measured with automatic ASSR.
Methods: Eighteen normal hearing subjects were recruited for this investigation. In all participants 
pure tone audiogram were obtained. ASSR measurements were done with frequency specific chirp- 
stimuli presented by AC (EAR 3A) and BC (B71) using the Interacoustics Eclipse ASSR system®. 
Masking noise was applied to the non test ear at a level10 dB above stimulation level. The ASSR 
hearing thresholds were estimated automatically by the internal detection algorithm. The smallest 
stimulation level step was 5 dB. Thresholds were compared across frequencies and between the 
stimulus presentation modes.
Results: The findings indicated that the differences between the pure tone thresholds and the ASSR 
thresholds for both stimulus presentation modes are frequency depended. The greatest difference 
could be found for the lowest stimulation frequency range at 500 Hz with 21.7 dB nHL(AC) and 22.2 
dB nHL(BC) and the lowest difference at 4 kHz with 10.3 dB (AC) and 13.3 dB (BC). Furthermore 
there are small but significant differences between ASSR thresholds obtained via air and 
bone-conduction. Using the estimated ASSR which is calculated based on an integrated correction 
table, the ASSR thresholds dropped down to 6.7 dB nHL (AC) and 8.1 dB nHL (BC) at 500 Hz and to 
1.4 dB nHL (AC) and 4.2 dB nHL at 4 kHz. The mean measurement time for AC and BC ASSR was 
37.2 min and 39.1 min respectively.
Conclusion: There is no doubt about the feasibility of recording ASSR via BC oscillator. The results 
found for BC showed only negligible difference between both stimulation methods at comparable 
measurement time. So, if BC ASSR measurements are appropriate it can be done with similar 
reliability as known from AC ASSR.
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OP-11

40-Hz Multiple Auditory Steady-state Responses to Narrow-band Chirps 
in Sedated and Anaesthetized Infants

Roland Mühler, Jesko L. Verhey
Department of Experimental Audiology, Otto-von-Guericke-University, Magdeburg, Germany

Objectives: The general consensus to date has been that a stimulus repetition rate of 40Hz is not 
appropriate for the recording of auditory steady-state responses (ASSR) in sedated or anaesthetized 
infants. Interestingly, stimulus rates of about 40 Hz are explicitly mentioned as a good choice for the 
recording of transient auditory brainstem responses (ABR) in babies. Recent recommendations and 
guidelines on objective frequency specific threshold assessment in infants with transient ABR 
consistently recommend stimulus rates between 35Hz and 49 Hz for click-evoked as well as 
tone-evoked ABR, even when the infant is sleeping and anaesthetised. The aim of this study was to 
investigate whether reliable 40-Hz ASSR thresholds can be obtained in sedated infants using 
narrow-band chirp stimuli in the clinical routine.
Methods: 40-Hz auditory brainstem responses (ABR) and 40-Hz ASSR were recorded in 34 infants 
below the age of 48 months under sedation or under general anaesthesia. ABR were evoked by 
broad-band chirp stimuli with a flat amplitude spectrum. ASSR were recorded simultaneously from 
both ears with an adaptive multiple stimulus paradigm using four narrow-band chirps centred at 500, 
1000, 2000 and 4000 Hz. ABR and ASSR thresholds were evaluated to determine differences 
between the estimates from the two methods.
Results: Despite of sedation and anaesthesia, large wave V amplitudes of the chirp evoked 40-Hz 
ABR were found at levels as low as 10 dB above the individual ABR threshold. ASSR thresholds for 
stimulus repetition rates of 40 Hz could be consistently estimated in all 34 infants. Thresholds 
estimated from the ASSR for the four frequencies of the narrow-band chirps and the threshold derived 
from the broad-band chirp ABR differ, on average by 3.7 dB for the frequency range of 1000–2000 Hz 
and 7.1 dB for the frequency range from 2000 to 4000 Hz.
Conclusion: In contrast to the general assumption that 40-Hz ASSR are not appropriate for threshold 
estimation in infants our results demonstrate that multiple ASSR with a stimulus repetition rate of 40 
Hz can be recorded in sedated and anaesthetized infants using narrow- band chirps. Threshold 
estimates obtained with 40-Hz ASSR are, on average, slightly higher than those obtained with chirp 
evoked ABR but allow for a frequency specific characterisation of the hearing ability.
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Developmental Changes in Auditory Steady-state Responses Before and 
During Reading Acquisition

S. Vanvooren1,2, A. De Vos1,2, H. Poelmans1,2, M. Hofmann1, P. Ghesquière2, J. Wouters1

1KU Leuven, Department of Neurosciences, ExpORL, Leuven, Belgium
2KU Leuven, Parenting and Special Education Research Unit, Leuven, Belgium

Objectives: Theories about the neural foundations of speech perception postulate that the left and 
right auditory cortices are functionally specialized in analyzing speech envelope information at 
different time scales: the right hemisphere is thought be specialized in processing syllable rate 
modulations, whereas a bilateral or left hemispheric specialization is assumed for phoneme rate 
modulations. Recently, it has been found that a neural deviance in the processing of these 
modulations relates to the reading problems in individuals with dyslexia, a specific learning disorder. 
Yet, little is known about how neural sensitivities to these important amplitude modulations (AM) 
appear and develop in young children, before and during the first stages of reading acquisition. 
Therefore, the goal of the present study was to explore hemispheric response asymmetry for cortical 
syllable and phoneme rate modulations and brainstem rate modulations during the development from 
prereader to beginning reader.
Methods: Neural AM processing was investigated in 87 normal hearing children at high (n = 44) and 
low (n = 43) genetic risk for dyslexia. Children were investigated at two different time points: in 
kindergarten at the age of five and 2 years later in second grade at the age of seven. In all 
participants, multichannel Auditory Steady-State Responses (ASSR) were recorded in response to 
speech-weighted noise amplitude-modulated at 4, 20 or 80 Hz. 
Results: Regarding hemispheric processing asymmetry, ipsilateral right hemisphere responses were 
found to be larger than left hemisphere responses for 4 Hz syllable rate and the 80 Hz brainstem rate. 
For the 20 Hz phoneme rate, this processing asymmetry was found as well, but only when children 
reached the age of 7 years. The strength of hemispheric response asymmetry also seemed to 
respectively increase and decrease with age for the 20 Hz phoneme and the 80 Hz brainstem 
responses. Other age-related differences considered the overall response strength for the cortical 
rates. Furthermore, maturational differences were observed between children at high and low genetic 
risk for dyslexia and between children with and without a dyslexia diagnosis.
Conclusion: Differences in hemispheric response asymmetry and in overall response strength were 
found for cortical as well as brainstem rates during the development from prereader to beginning 
reader. Moreover, maturational differences were found between groups depending on genetic risk for 
dyslexia and depending on dyslexia diagnosis. The latter indicates a possible role for neural auditory 
processing at cortical and brainstem level in the development of specific learning disorders.
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OP-13

Auditory Steady State Responses from a Novel Speech-like Stimulus

James M. Harte1, Kristian Gøtsche-Rasmussen1, Claus Elberling2

1Interacoustics Research Unit, c/o Technical University of Denmark, Kgs. Lyngby, Denmark
2Virum, Denmark

Objectives: Universal new born hearing screening programs have drastically reduced the age of 
confirmation of permanent childhood hearing impairment. Hence many more infants are now fitted 
with hearing aids at an age where behavioural determination of hearing threshold is highly unreliable. 
Objective methods such as ABR and ASSR are therefore used to provide a physiological threshold to 
fit the hearing device. The most important goal in early intervention is to ensure that a child has 
access to speech sounds, as there is increasing evidence on the importance of early critical windows 
for language and brain development. There is therefore a need for a robust objective method for 
testing whether an infant or hard to test adult has access to speech sounds after a HA has been 
prescribed. A novel ASSR stimulus method will be presented with the aim to provide such an objective 
test.
Methods: A novel stimulus for ASSR was created from four narrow-band (NB) CE-Chirp trains, with 
octave-bands center frequencies 0.5, 1.0, 2.0 and 4.0 kHz. Modern HAs are complex nonlinear and 
non-stationary devices that change their state or mode of operation based on an on-going estimation 
of the type and characteristics of the sound being presented to them. The multi-band stimulus was 
further modified such that it excites modern hearing aids in a normal mode of operation for speech 
processing. The novel stimulus was presented to normal hearing adults using insert earphones and in 
free-field, unaided and aided (HA fitted to a flat 40 dB HL loss) conditions.
Results: Insertion gain measurements show that the novel stimulus is processed in a speech- like 
manner in a number of modern digital hearing aids. Further, by monitoring the internal state of one 
leading brand paediatric hearing aid, it is shown that the stimulus is treated as speech- like. The 
theoretical suitability for the modified stimulus for evoking ASSR are given alongside proof of concept 
results in normal hearing adults based on automatic detection statistics of the 4 octave frequency 
bands.
Conclusion: A novel ASSR stimulus has been shown to be processed in a speech like manner by 
modern digital hearing aids. Further the modification to the stimulus has been shown to evoke a 
robust ASSR, which existing statistical algorithms can detect without modification. We suggest that 
this method may be a viable tool for the verification of hearing aid fittings in infants and hard to test 
adults in the future.
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OP-14

Evaluation of Cochlear Processing and Auditory Nerve Fiber Intensity 
Coding using Auditory Steady-state Responses

Gerard Encina Llamas1, James Michael Harte2, Torsten Dau1, Bastian Epp1

1Hearing Systems, Technical University of Denmark (DTU), Kgs. Lyngby, Denmark
2Interacoustics Research Unit, c/o: Technical University of Denmark, Building 352, Kgs. Lyngby, Denmark

Objectives: The compressive nonlinearity of the peripheral auditory system is commonly assumed to be 
a result of healthy outer-hair cell function, and to be a good indicator of the system’s integrity. It has 
recently been shown that auditory steady-state responses (ASSR) elicited by sinusoidally amplitude 
modulated (SAM) tones, with modulation frequencies around 80 - 100 Hz, show compressive growth 
as a function of stimulus intensity for medium levels. These responses are thought to reflect coding of 
the acoustical stimulus envelope at the level of the brainstem, hence after cochlear processing. 
Recent research in laboratory animals shows that noise exposure producing temporary threshold 
shifts can cause auditory nerve fiber (ANF) deafferentation, predominantly affecting low-spontaneous 
rate (SR) fibers. In the present study, it is hypothesized that deafferentation of low SR fibers leads to a 
reduction of ASSR amplitude at levels coded by this class of fibers.
Methods: Multi-channel ASSR input/output (I/O) functions were measured in two groups of 
audiometrically normal-hearing adults. For the first group, ASSR I/O functions were obtained at 
stimulation levels ranging from 20 to 80 dB SPL in steps of 5 dB using multi-frequency stimulation with 
four octave-spaced SAM tones and a fixed modulation depth of 85%. For the second group, ASSR I/O 
functions were obtained using a single SAM tone presented at 3 levels below 60 dB SPL and at 9 
levels in the range from 60 to 90 dB SPL. ASSR growth functions were recorded at four modulation 
depths (65, 75, 85 and 100%).
Results: Results showed that ASSR growth functions can be measured in NH listeners for input levels 
between 20 and 80-90 dB SPL. Significant compression was found for input levels between 30 to 60 
dB SPL, and a saturation of the growth functions was observed at levels above 60 dB SPL. The 
lower-level part of the ASSR I/O functions showed compression of about ~0.25 dB/dB, which is similar 
to compression recorded directly in animal cochleae. The slope for levels above 60 dB SPL showed 
larger variability across subjects.
Conclusion: The slope of ASSR I/O functions could be used to estimate peripheral compression 
simultaneously at four frequencies. First results suggest, that the slope of ASSR I/O functions above 
60 dB SPL might be used to evaluate the integrity of intensity coding of low-SR fibers. Hence, ASSR 
might prove to be useful for evaluation of both cochlear and ANF integrity.

**This work was funded by the Oticon Center of Excellence for Hearing and Speech Sciences at the 
Technical University of Denmark.
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OP-15

Hearing Spatial Processing may originate from the Auditory Brainstem: 
Electrophysiological Validation

Nematollah Rouhbakhsh1,2,3,4, Bram Van Dun1,3, Harvey Dillon1,3, Jörg Buchholz1,3,5, 
Ananthanarayan Krishnan6, Robert Cowan1,2

1Hearing Cooperative Research Centre (HEARing CRC), Melbourne, Australia
2The University of Melbourne, Melbourne, Australia
3National Acoustic Laboratories (NAL), Sydney, Australia
4Tehran University of Medical Sciences (TUMS), Tehran, Iran
5Department of Linguistics, Macquarie University, Sydney, Australia
6Department of Speech, Language and Hearing Sciences, Purdue University, USA

Objectives: Speech recognition is remarkably improved when there is a spatial separation between 
target and distracters (spatial release from masking). We examined whether Frequency- Following 
Responses (FFRs) can be used to objectively measure this process, the effects of different stimulus 
SNRs, and the subject’s participation.
Methods: FFRs were recorded in three EEG channels from eighteen normal hearing adults using 
target vowel /u/ (250 ms duration). This stimulus was presented diotically in co-located (at 0 degrees 
azimuth) and spatially separated (+/- 90 degrees) one-talker two-discourse maskers.  The sound level 
was 60 dB SPL, with SNRs set at at -5, 0, and 5 dB. To keep the participant’s attention, deviants were 
randomly introduced, which needed to be counted by the subject. The stimulus rate was 2.85/s.
Results: A significant effect of spatial separation was found only at -5 dB SNR, where spatially 
separated maskers resulted in a significantly larger FFR amplitude. This enhancement in amplitude 
equalled to 3.3 dB when converting from nV to dB. We found a significant effect of attention, with 
larger FFR amplitudes when actively focusing on the target. However, no significant interactions were 
found between spatial separation and the level of attention. This might be beneficial when testing 
younger subjects for their ability to spatially separate targets from maskers.
Conclusion: Binaural processing relevant to spatial separation may be reflected by activity in the 
brainstem suggesting that spatial processing typically starts early in the central auditory nerve 
system, regardless of one actively monitoring the target stimuli. Spatial separation is most noticeable 
in difficult listening environments as the effects were statistically significant at the lowest SNRs only.

**This research is financially supported by the HEARing CRC, established and supported under the 
Cooperation Research Centres Program - an initiative of the Australian Government -, the Tehran 
University of Medical sciences, Iran, and the Australian Government Department of Health.
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The Effect of Head Position on Ocular Vestibular Evoked Myogenic 
Potentials

Robert Burkard1, Gary Jacobson2, Devin McCaslin2, Patricia Michelson2

1University at Buffalo
2Vanderbilt University Medical Center, Division of Vestibular Sciences

Objectives: The purpose of this study was to describe the effects of head position in the roll plane on 
the ocular vestibular evoked myogenic potential (oVEMP).
Methods: oVEMPs were recorded from nine subjects in four different positions: 1) sitting, 2) supine, 3) 
body and head right, and, 4) body and head left. Ipsilateral and contralateral waveforms were 
obtained from infra-orbital electrodes in response to air-conducted stimulation. Responses represented 
the signal average of at least 60 samples during upward gaze. Measured oVEMP parameters 
included ipsilateral and contralateral n1 and p1 amplitudes, asymmetry ratio, and latencies. All traces 
were replicated one time.
Results: A preliminary analysis of the grand mean waveforms suggests that head orientation has a 
significant effect on the amplitude of the oVEMP. Specifically, responses recorded in the head left and 
head right position demonstrated lower amplitudes compared to the sitting and supine positions.
Conclusion: The results suggest that head position has an effect on oVEMP amplitude but not 
latency. The position that generated the most robust oVEMP responses was sitting with gaze upward.
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OP-17

Neurofeedback-Controlled Comparison of the Head Elevation versus 
Head Rotation and Head-Hand Methods in Eliciting Cervical Vestibular 
Evoked Myogenic Potentials

Torsten Rahne, Christian Weiser, Stefan Plontke
Department of Otorhinolaryngology and Halle Hearing and ImplantCenter, Martin Luther University 
Halle-Wittenberg, Halle (Saale), Germany

Objectives: A constant tension of the sternocleidomastoid muscles is a prerequisite to a reliable 
recording of cervical vestibular evoked myogenic potentials (cVEMP). Therefore, the head elevation 
method, the head rotation method, and the head-hand method are used in clinical practice. So far, no 
method has been shown to achieve the best stability and validity of the cVEMP responses.
Methods: We performed a prospective study to compare the cVEMP responses in a within-subject 
design. With 40 healthy subjects, cVEMP amplitudes, latencies, asymmetry ratios and thresholds were 
measured. The muscle tension was kept constant by using acoustic feedback. The individual 
subjective comfort and preference of a method were evaluated by a questionnaire.
Results: The cVEMP threshold and asymmetry ratios were lowest with the head rotation method. This 
method was also rated as the most comfortable and thus preferred one. The cVEMP latencies were 
not different between the methods.
Conclusion: Our results show that the head rotation method appears to be superior to the compared 
head elevation and head-hand methods.
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OP-18

The Impairment Extent of Hearing Loss and Otolith Organs Damage after 
Mumps Infected

Jing Wang
Department of Otolaryngology-Head and Neck Surgery, EENT Hospital of Fudan University, Shanghai, 
China

Objectives: The inner ear may be involved by Mumps since unilateral acquired sensorineural hearing 
loss was usually presented after Mumps infected. In this study we investigated mumps, as a possible 
cause of sudden deafness, for its relationship with the impairment extent of hearing loss and otolith 
organs damage.
Methods: Twenty-two cases of unilateral hearing impairment in mumps diagnosed in the out-patient 
department of our hospital have been investigated with audiometry and vestibular evoked myogenic 
potentials (VEMP) in order to confirm the degree of permanent lesions.
Results: Twenty-two patients were included in the study. Seventeen cases had no response in the 
test of audiometry, 4 with profound sensorineural hearing loss and 1 with severe sensorineural 
deafness. In cervical vestibular evoked myogenic potentials (cVEMP) test, 14 patients (63.64%) with 
varied elevated threshold in the affected side, 7 cases (31.82%) with the same threshold binaural 
sides, 1 case (4.55%) with slightly elevated threshold in the normal side; There were statistical 
significant differences compared the threshold values of the affected side with that of the normal side, 
P=0.000. In general, the affected side had an elevated threshold than the normal side did. In OVEMP 
test, 2 of 22 with no response in both sides; Among the other 20 cases, 12 cases (60%) could have at 
least one ear response in ocular vestibular evoked myogenic potentials (oVEMP) test with varied 
elevated threshold in the affected side, 6 cases (30%) with the same threshold binaural sides, 2 cases 
(10%) with slightly elevated threshold in the normal side; There were statistical significant differences 
compared the threshold values of the affected side with that of the normal side, P=0.006. In general, 
the affected side had an elevated threshold than the normal side did.
Conclusion: Mumps, usually affects the salivary glands, is the most common cause of unilateral 
acquired sensorineural hearing loss by affecting the inner ear, especially in children. Deafness from 
mumps is usually profound and permanent, which means the auditory system is severely damaged. 
The function of otolith organs in the vestibular system has rarely been studied after mumps. Our study 
showed mumps also concerned otolith organs with the functional lesion in vestibular system, yet more 
slightly than that in auditory system.
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OP-19

The Results of Ocular and Cervical Vestibular Evoked Myogenic Potential 
and Video Head Impulse Test in Acute Vestibular Neuritis Patients

Myung Hoon Yoo, Shin Ae Kim, Je Yeon Lee, Joong Ho Ahn, Jong Woo Chung, Tae 
Hyun Yoon, Hong Ju Park
Department of Otolaryngology, Asan Medical Center, University of Ulsan, College of Medicine, Seoul, 
Korea

Objectives: Cervical VEMP (cVEMP) represent saccular function and ocular VEMP (oVEMP) 
predominantly utricular function. The video head impulse test (vHIT) probe the semicircular canal 
(SCC) function in high frequency range in all 3 planes. The aim of this study was to evaluate results of 
oVEMP and cVEMP and to compare these with vHIT results in acute unilateral vestibular neuritis (VN) 
to classify the probable involvement of SCC and otolith organs.
Methods: Fifty-one patients (36 male, 15 female) diagnosed as acute vestibular neuritis based on 
caloric test (canal paresis ≥ 20%) were included. We analyzed caloric testing results, vHIT, oVEMP, 
cVEMP and dizziness handicap index (DHI) at initial presentation. SCC dysfunction in vHIT was 
evaluated by mean vestibulo-ocular reflex gains, gain asymmetry (GA, ((left gain-right gain)/(left gain 
+ right gain) * 100))), overt/covert re-fixation saccades.
Results: Twenty-nine patients (56.9%) showed abnormal oVEMP, and 8 (15.7%) showed abnormal 
cVEMP results. Patients with abnormal oVEMP had significantly lower LSCC gain, lower PSCC gain, 
higher LSCC GA, higher canal paresis (p=0.001, p=0.027, p=0.024, p=0.006, respectively) when 
compared with patients with normal oVEMP. Abnormal cVEMP patients showed significantly lower 
LSCC gain when compared with patients with normal cVEMP (p=0.037). Abnormality of cVEMP was 
not significantly correlated with abnormality of PSCC in vHIT. However, oVEMP abnormality was 
significantly correlated with LSCC abnormality (p=0.013), but not with SSCC abnormality in vHIT. 
Forty-one patients (80.4%) showed pan-vestibular neuritis, 8 patients (15.7%) showed superior VN, 1 
patient (2%) isolated LSCC VN, and 1 patient showed no abnormality in both VEMP and vHIT.
Conclusion: Our findings suggest that VN patients with abnormal oVEMP or cVEMP results showed 
worse canal functions in vHIT. And performing oVEMP and cVEMP with vHIT allows better 
differentiation of nerve involvement in VN.
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Changes of Frequency Characteristics of Acoustic Reflectance and 
Impedance Phase to Contralateral Broad Band Noise - A Possible 
Assessing Technique for Efferent Control of the Cochlea

Tatsuhiko Harada1,2, Kaoru Ogawa2

1Department of Otolaryngology, International University of Health and Welfare Atami Hospital, Atami, 
Shizuoka, Japan

2Department of Otolaryngology, School of Medicine, Keio University

Objectives: To assess the function of efferent control of the cochlea, distinguished from middle ear 
muscle reflex (MEMR), using changes of frequency characteristics of acoustic reflectance and 
impedance phase to contralateral broad band noise.
Methods: Frequency characteristics of ear canal impedance and reflectance with or without 
contralateral broad band noise were measured in 19 ears of 19 healthy subjects. The impedance and 
reflectance were calculated from the results of measured sound level with swept tone from 200 to 
6000 Hz. In exact, sound level in brass tubes of different length were measured first, then the output 
impedance and output sound level of the receiver were calculated, and finally the impedance of the 
ears were calculated from the measured sound level in the ear canal and the output impedance and 
sound level of the receiver.
Results: Frequency characteristic curve of ear canal reflectance and impedance phase were nearly 
the same in each subjects without contralateral noise and with noise of 40, 60, 80 dBSPL. However, 
there were small differences between the curves with and without contralateral noise, and the 
difference became large as the level of noise increased in most of the subjects. The direction of 
change with contralateral noise, decrease or increase, changed alternatively along with frequency, 
but the patterns of this alternative change were similar between the curves of reflectance and 
impedance phase. This alternative change was highly related with the pattern of impedance phase 
fluctuation along with frequency. Half of the subjects also show increase of impedance phase delay in 
the lower frequency area to stimulation of contralateral noise.
Conclusion: Change of reflectance and impedance phase to contralateral noise can be estimated as 
a result efferent control, because the pattern of the change was highly related with impedance phase 
fluctuation. The periodicity of this fluctuation is shorter than that of middle ear resonance, but longer 
than that of the known microstructure of otoacoustic emission (OAE). Thus, the most provable origin 
of this fluctuation is the fast (or linear) component of OAE. Our results can be explained with 
suppression of the fast component of OAE due to contralateral noise. On the other hand, the effect of 
MEMR was shown as impedance phase delay in the lower frequency area. This is well compatible 
with stiffness change due to MEMR. In conclusion, impedance phase measurement with contralateral 
noise is useful for assessing efferent control of the cochlea distinguished from MEMR.
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Characteristics of ECochG Amplitude Ratio and Area Ratio Evoked by 
Alternating Click Stimulus to Ears of Normal Subjects

Lan Lan, Chao Zhang, Wei Shi, Hui Wang, Hai-Na Ding, Yu Lan, Qiu-Ju Wang
Chinese PLA Institute of Otolaryngology, Chinese PLA General Hospital, Medical School of Chinese PLA, 
Beijing, China

Objectives: To probe into the ECochG evoked by alternating Click stimulus to ears of normal 
subjects- the characteristics of SP / CAP amplitude ratio and area ratio of ECochG, so as to offer 
referential basis for the early diagnosis of labyrinthine hydrops with ECochG.
Methods: Thirteen cases (26 ears) of subjects with otologically normal hearing level (pure tone 
audiometry: 125 dBHL - 8 kHz; each frequency ≤25 dBHL; without history of aural disease) were 
selected for ECochG examination and analysis of amplitude and area ratio. Interacoustics Eclipse 
ECochG equipment was used and the stimulus sound was made by Click, repeated at a rate of 7.1 
times per second. ER-3A insert earphone was adopted. The latency, amplitude ratio and area ratio of 
both ears were tested when the stimulus sound intensity stayed at 100 dBnHL, 95 dBnHL, 90 dBnHL, 
85 dBnHL and 80 dBnHL respectively. For each ear, initially the testing intensity was at 80 dBnHL, and 
then it gradually rose by 5 dB. Supporting software of Interacoustics Eclipse was used to mark the 
baseline, summating potential (SP) and action potential (AP). Built-in software of the system was 
used to calculate the baseline-the latency, amplitude and area of SP and AP and the ratio between SP 
and AP. PASW 18.0 was adopted for statistical analysis.
Results: Unexceptionally, various stimulus sounds to the 26 ears achieved ECochG waveform with 
good repeatability. Box plot on intensity of various levels and on amplitude ratio was drawn, and 
One-Way ANOVA was made of the mean difference and linear trend of various intensity parameters 
between groups. The analysis results showed that SP / AP amplitude ratio was 0.32 ±0.13 and the 
area ratio 1.16±0.54 when the intensity stayed at 100 dBnHL; SP/AP amplitude ratio was 0.25±0.11 
and the area ratio 1.03±0.40 at 95 dBnHL; the amplitude ratio was 0.24± 0.09 and the area ratio 
0.98±0.40 at 90 dBnHL; when at 85 dBnHL and 80 dBnHL respectively, Accordingly the amplitude 
ratio was 0.22±0.10 and 0.21±0.09, and the area ratio 0.92±0.31 and 0.97±0.24. There was no 
significant difference (P≥0.05) between groups in baseline latency and AP latency. However, the 
difference between groups was significant (P≤0.05) in area and amplitude of SP and AP, as well as in 
amplitude ratio and area ratio. By the intensity of the mean and the mean differences between change 
trend analysis, -SP and AP in 100 dBnHL, 80 dBnHL amplitude area, amplitude ratio, area ratio and 
other groups have significant difference, P≤0.05, while 95 dBnHL, 90 dBnHL, 85 dBnHL area of -SP 
and AP, the amplitude of three groups of intensity, amplitude ratio, area than there was no statistically 
significant differences.
Conclusion: ECochG area ratio of subjects with normal hearing can clinically serve as referential 
basis for early labyrinthine hydrops diagnosis of patients with mild or moderate hearing loss. With the 
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variation in intensity, there is significant difference in -SP/CAP amplitude ratio and area ratio. With the 
rise in individual intensity, the relative ratio increases. By consulting -SP/CAP amplitude ratio and area 
ratio, auxiliary information on clinical diagnosis of cochlear disease will be available.

**This work was supported by the grants of the National Key Basic Research Program of China, 
No.2014CB943001, the National Natural Science Foundation of China, Major Project, No. 81120108009.
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Ratio rather than Absolute Amount of DPOAE Suppression Provides a 
More Reasonable Index of Medial Olivocochlear (MOC) Efferent Function

TaeSu Kim1, Jin Sook Kim2, Eui-Cheol Nam1

1Department of Otolaryngology, School of Medicine, Kangwon National University
2Department of Speech Pathology and Audiology, Hallym University, Chuncheon, Republic of Korea

Objectives: The absolute amount of DPOAE suppression may depend on the original level of 
DPOAE (i.e., afferent function), which may undermine the purpose of DPOAE suppression test, the 
measurement of MOC efferent function. The objectives of this study are to investigate the correlation 
between the original DPOAE intensity and the absolute amount of suppression (SA) and to propose 
suppression ratio (SR) as a more reasonable index of MOC efferent function. 
Methods: Bilateral assessment of the effect of MOC activation on DPOAE fine structure (with 
f2/f1=1.22, L1=65 dB SPL and L2=50 dB SPL; DP-grams for 2f1-f2 were collected for the f1 
frequencies varying from 1,000 Hz to 8,000 Hz with 25 frequencies in total) was performed in 97 
(n=194 ears) healthy subjects (55 females) with the age of 21-70 (mean 40.0±11.5) years. All subjects 
had normal hearing and middle-ear function based on standard audiometric criteria. SA is defined as 
the difference between DPOAE intensities measured with and without broad band noise (BBN) 
contralateral stimulation at 65 dB SPL. SR is calculated with dividing SA by the DPOAE intensity 
without BBN. Pearson correlation coefficient was calculated for measuring the degree of dependency 
of SA and SR on the intensity of DPOAE without BBN. We performed one way analysis of variance to 
measure the difference among age groups and two sample t-test to estimate gender effect. 
Results: As averaged through subjects at each measured frequency, SA showed a significant 
positive correlation with the level of DPOAE without BBN (r=0.46, p=0.021), whereas SR did not 
(r=0.14, p=0.51). The DPOAE level without BBN and SA were decreased in older subjects compared 
to the younger (p<0.001 and p=0.0012, respectively) but SR was not affected by age (p=0.84). 
Regarding the gender effect, none of them was affected (p=0.66, p=0.24 and p=0.70, respectively).
Conclusion: The equal level of DPOAE (without BBN) between study groups is an essential 
prerequisite for using SA as a reliable index for presenting MOC efferent function, which might be hard 
to achieve in the commonplace situations of comparing heterogeneous groups. In that event, SR, 
instead of SA, could reflect the genuine efferent function of the MOC system. Our results suggest that 
MOC efferent function might not actually be affected by aging when presented by the suppression 
ratio since it minimizes the influence of the afferent function.
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Multi-Stimulus Suppression Effects in DPOAE vs. ASSR

Andre Lodwig
PATH medical GmbH, Germering, Germany

It is well known that ASSR amplitudes are reduced when more than one ASSR stimulus is applied 
simultaneously. This reduces the effectiveness of multiple ASSR recordings. A frequency distance 
dependency is reported, that leads to the conclusion that the effect is at least partly generated on the 
cochlea. The effect is much stronger at 40Hz ASSR than at 80Hz.

If similar experiments are conducted with DPOAE, suppression effects are also present, and align 
pretty well with equivalent 80Hz ASSR results. If stimuli, referenced by f2, are separated by at least an 
octave, there is no significant suppression. Both at 80Hz ASSR and DPOAE, even a mild 
enhancement of amplitudes can be observed. The good alignment supports that the DPOAE and 
80Hz ASSR suppression are a cochlear effect, while 40Hz ASSR suppression is dominated by 
electrophysiological effects.

Results of dual-DPOAE recordings with varying frequency distance will be presented and compared 
to known data on ASSR. Frequency modulated DPOAE were used to reduce unwanted fine structure, 
making the suppression effect more stable.
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Otoacoustic Emissions Evoked by 0.5 kHz Tone Bursts in Different Age 
Groups

Jedrzejczak W. Wiktor1,2, Pilka Edyta1,2, Konopka Wieslaw3,4, Trzaskowski Bartosz1,2, 
Kochanek Krzysztof1,2, Skarzynski Henryk1,2

1Institute of Physiology and Pathology of Hearing, Warsaw, Poland
2World Hearing Center, Kajetany, Poland
3Department of Otolaryngology Polish Mother’s Memorial Hospital-Research Institute, Lodz, Poland
4Medical University of Lodz, Poland

Objectives: Click evoked otoacoustic emissions (CEOAEs) are known to be good indicators of 
hearing function when used in the frequency range 1-4 kHz. However it is known that the dominant 
frequencies are changing with age. The present study investigates the responses in the lower fre-
quency range in different age groups evoked by 0.5 kHz tone bursts.
Methods: Otoacoustic emissions (OAEs) were recorded from the ears of newborns, schoolchildren 
and adults. In each ear two OAE measurements were made: first with a standard click stimulus at 80 
dB pSPL (CEOAEs) and a second using a 0.5 kHz tone burst at 80 dB pSPL (TBOAEs). 
Tympanometry was conducted in all ears, and also pure tone audiometry in schoolchildren and adults. 
Half-octave-band values of OAE signal to noise ratios (SNRs) and response levels were investigated.
Results: For the 0.5 kHz tone bursts the peak response occurred at 0.7–1 kHz. In these frequencies 
TBOAEs had higher both SNRs and response levels than CEOAEs. Additionally the differences 
between TBOAE dominant frequencies in different age groups were smaller than in case of CEOAEs.
Conclusion: To conclude, 0.5 kHz TBOAEs could be measured in all age groups as effectively as 
CEOAEs. The results of the study indicate that the 0.5 kHz TBOAE is a better stimulus than CEOAE 
when cochlear function at low frequency needs to be tested.
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DPOAE and Contralateral Suppression of DPOAE in Normally Hearing 
Tinnitus Patients

Shi Nae Park, Eul Seung Hwang, Sang Won Yeo, So Young Park
Department of Otorhinolaryngology-Head and Neck Surgery, College of Medicine, The Catholic University 
of Korea, Seoul, Republic of Korea

Objectives: Subjective tinnitus results from the perception of abnormal neural activity within the 
auditory pathways without any mechanical activity of the cochlea. One of the proposed mechanisms, 
discordant dysfunction theory postulates an imbalance between functionality of outer hair cell (OHC) 
and inner hair cell, which leads to disinhibition of dorsal cochlear nucleus caused by decreased 
inhibitory input from OHCs. It has been reported that even with up to 30% damage to OHCs, the 
impact on the hearing threshold is minimal. Otoacoustic emission testing reflects outer hair cell 
function and contralateral suppression (CS) of DPOAE reflects medial olivocochlear (MOC) reflex 
strength. In the present study, we compared the DPOAE and CS of DPOAE between the controls and 
normally hearing tinnitus patients.
Methods: In 13 control subjects (26 ears) and 28 tinnitus patients (40 ears with unilateral or bilateral 
tinnitus) with normal hearing (PTA ≤ 20 dB at all frequencies tested), DPOAE and CS of DPOAE tests 
were performed with or without contralateral acoustic stimulation (CAS) using 55 dB broadband noise: 
L1 = 65dB, F2 = 1001, 1501, 2002, 3003, 4004, 6006 Hz. Signal to noise amplitude was considered 
the actual DPOAE value. Suppression amplitude (SA) was defined as the DPOAE change after CAS. 
Between the control and tinnitus groups, DPOAE, SA, SA at peak DPOAE, and Peak SA were 
compared statistically at a significance level of 0.05.
Results: In all frequencies, DPOAE values were higher in the control group than in the tinnitus group: 
18.4/13.0 dB, 23.6/18.6 dB, 24.1/17.7 dB, 21.4/15.5 dB, 21.0/15.8 dB, and 19.7/13.0 dB at 1001, 
1501, 2002, 3003, 4004, and 6006 Hz, respectively in the control/tinnitus group. In CS of DPOAE test, 
SA was significantly different at 6006 Hz only: after CAS, DPOAE was suppressed in the control group 
by 1.11 dB, while it was enhanced in the tinnitus group by 0.72 dB (p = 0.021). 
Conclusion: Our results indicate that the presence of tinnitus in patients with normal hearing can be 
due to OHC dysfunction that cannot be detected by pure tone audiometry. In the high frequency 
range, even MOC reflex can be impaired in these patients. However, the exact mechanism related 
with cochlear efferent system and tinnitus generation remains to be elucidated.
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OP-26

An Analysis and Rejection of Acoustic Activity in External Ear Canal Not 
Synchronized by Stimuli

Oleg Belov, Natalia Alexeeva, George Tavartkiladze
National Research Centre for Audiology and Hearing Rehabilitation, Moscow, Russian Federation

Objectives: The signal of otoacoustic emission (OAE) registered in ear canal by a probe is always 
accompanied with a sound, not synchronized by stimulus and treated as 'noise'. This sound is usually 
suppressed by means of averaging and artifact rejection. It is a challenge to design a more effective 
algorithm using the knowledge about noise statistics. The initial purpose of this study was to evaluate 
and to tune a more sophisticated averaging scheme.
Methods: The noise reduction method was based on weighted averaging of the signal in the time and 
frequency cells. Several overlapped segments of each response were split into frequency bands 
forming a grid of time and frequency cells. The signal was averaged independently in each cell. The 
averaging was performed with weight coefficient calculated by the instant intensity in this and 
adjacent cells. The distribution of intensities was previously calculated by whole set of responses. 
After averaging the whole signal was recovered. The origin of unsynchronized activity was studied by 
analysis of OAE data collected without averaging together with electrocardiogram and breath 
registration. For processing of these data a method based on Pitch-Envelope Analysis was proposed. 
The representations of each piece of the signal in terms of a small number of tonal components were 
calculated and then the parameter distributions of this components were estimated.
Results: It was found that in some cases the effectiveness of the method was up to 18 dB while in 
other cases it was negligible. Typically the significant part of the signal was not correlated with ECG or 
breath. In deaf ears the activity was notably smaller. Also a case of unusually high acoustic activity 
was found. This patient had the normal behavioral threshold to noise stimuli, but ABR was not 
detected.
Conclusion: We speculate that the significant part of the signal collected in ear canal during OAE 
recording but not synchronized with stimulus is a product of spontaneous activity of cochlea. Also we 
believe that in some pathologies the cochlea may produce stochastic responses to stimuli and this 
behavior may be accompanied by unusually high unsynchronized acoustic activity. Also the proposed 
method can be used for more efficient OAE recording.
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The Effects of Stimulus Alternation Rate on the Efficiency of the Acoustic 
Change Complex in Infants and Toddlers

Brett A. Martin
Graduate Center of the City University of New York, New York, NY, USA

Objectives: The purpose was to compare three rates of continuous stimulus alternation in terms of 
their efficiency in generating the acoustic change complex (ACC) in infants and toddlers with normal 
hearing.
Methods: The ACC was recorded from FCz in 12 infants and toddlers with normal hearing ages 3 to 
35 months. The stimulus was a synthetic vowel that continuously alternated between /u/ and /i/. The 
vowel changed only in second formant (F2) frequency. There were three rates of continuous 
alternation: 1000, 500 and 250 ms. Stimuli were presented via a loudspeaker at an intensity of 70 dB 
SPL. Each direction of stimulus change (/u/ to /i/ and the reverse) occurred 800 times in each 
condition. 
Results: The fastest stimulation rate had the highest efficiency in generating the ACC. On average, 
efficiency increased as a function of rate, with faster presentation rates being more efficient. Doubling 
stimulus presentation rate increased efficiency by a factor of 1.9 and quadrupling rate increased 
efficiency by a factor of 2.4. There was a significant interaction of age and rate on efficiency. Older 
participants showed poorer efficiency in the 1000 ms condition compared to the 250 ms and 500 ms 
conditions, which were not significantly different. Younger participants showed a systematic increase 
in efficiency with increased rate. Age accounted for only 0.5% to 19% of the variance in the efficiency 
data.
Conclusion: The 250 ms rate was the most efficient stimulus presentation rate in this study. The time 
savings gained from faster stimulus presentation outweighed the resultant drop in response amplitude 
in determining efficiency. Use of the 250 ms rate, however, is not an automatic choice for potential 
clinical application because of low SNR. The 500 ms rate could provide a good compromise, providing 
high efficiency and high SNR. Alternatively, a 500 ms rate could be used for cases in which response 
presence at 250 ms is unclear.
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Efficient Stimulus Presentation Strategies for Eliciting the Acoustic 
Change Complex in Infants

Brett A. Martin, Lisa S. Goldin, Reethee M. Antony
Graduate Center of the City University of New York, New York, NY, USA

Objectives: The goal of this study was to compare four strategies for stimulus presentation in terms 
of their efficiency in generating the acoustic change complex (ACC) in infants.
Methods: A 75 dB SPL synthetic vowel containing 1000 Hz changes of second formant frequency 
corresponding to perceived changes between /u/ to /i/ was used to elicit the ACC. The ACC was 
recorded from FCz in four stimulus presentation conditions: 1) interrupted presentation of a 1 second 
stimulus that contained a single change from /u/ to /i/ using a 2 second inter-onset interval; 2) 
interrupted presentation of the same stimulus using a 1 second inter-onset interval; 3) interrupted 
presentation of a 1.5 second /uiu/ stimulus using a 2 second inter-onset interval; and 4) presentation 
of a stimulus that continuously alternated between the two directions of change (/u/ to /i/ and the 
reverse) using a 1 second repetition interval.
Results: Continuous alternating stimulus presentation was more efficient than interrupted stimulus 
presentation strategies for eliciting the ACC in these infants. Reducing inter-onset interval from 2 to 1 
second increased efficiency by a factor of 1.74. The inclusion the two directions of change increased 
efficiency by a factor of 1.76. Combining both increased efficiency by a factor of 2.74.
Conclusion: ACC was elicited in infants between 2 and 12 months of age. Highest efficiency was 
obtained for the continuous alternating stimulus presentation strategy. Therefore, eliminating silent 
intervals between stimuli and doubling the number of acoustic changes presented in a given time 
period are not seriously offset by a reduction in root mean square response amplitude in infants. 
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Noise Effect on Cortical Activity to Voice Onset Time in Cochlear Implant 
Users

Ji-Hye Han1, Andrew Dimitrijevic1,2

1Communication Sciences Research Center, Cincinnati Children’s Hospital Medical Center, Cincinnati, 
USA

2Department of Otolaryngology, University of Cincinnati, Cincinnati, USA

Objectives: Cochlear implant (CI) users typically complain of impaired ability to understand speech 
in noise. To investigate cortical processing change with noise, cortical auditory evoked potentials were 
measured from CI users and normal-hearing (NH) listeners in noise for comparison with quiet 
listening.
Background: Voice onset time (VOT) is a crucial temporal cue for the perception of speech 
(consonant-vowels) for CI users. In a previous study, we found a significant relationship between 
cortical activity to VOT and psychoacoustic measures. Speech perception of CI users decreases with 
noise due to reduced temporal function, and speech perceptual errors involve stop consonants 
distinguished by VOTs. The current study examined noise effect on psychoacoustic categorical 
perception in a VOT /pa/-/ba/ continuum while at the same time used cortical evoked potentials to 
quantify the change of neural processing of VOT caused by noise. We hypothesized that the N1-P2 
change responses would be related to the speech perception ability in noise.
Methods: CAEPs were recorded from 64 scalp electrodes in both quiet and noise (SNR 5 dB) and in 
passive and active listening. Speech stimuli were synthesized CVs from a 6-step VOT/ ba/-/pa/ 
continuum ranging from 0 to 50 ms VOT in 10-ms steps for quiet condition. For the noise condition, 
only 0 and 50 ms VOTs were used. N1-P2 amplitudes and latencies were analyzed as a function of 
VOT and listening condition. Behavioral measures included the detection and reaction time for 
categorical perception as well as a variety of speech perception tasks.
Results: For CI users, more errors in pa/ba identification were made in the presence of noise 
masking. N1 and P2 latencies became prolonged with noise masking compared to the quiet condition. 
The degree of latency increases with the masker was greater in poor performing CI users compared 
to good performers. The degree of P2 amplitude and latency change (noise vs. quiet) was correlated 
with vowel perception in noise (r=0.77 and r=0.71 respectively). No consistent relationship with 
speech perception was seen with N1.
Conclusion: The effects of noise masking on temporal processing can be reflected in cortical 
responses in CI users. These results suggest that N1/P2 measures to VOT stimuli with noise masking 
may serve to differentiate between good and poor performing CI users. Additionally, P2 responses 
appear to have a better overall relationship to speech perception in CI users compared to N1.
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Cortical Correlates of Spectral Processing in Cochlear Implants Using the 
Acoustic Change Complex to Frequency Change

P. Vairavan Manickam1, Andrew Dimitrijevic2, Michael Smith2

1Department of Otolaryngology –Head and Neck Surgery, University of Cincinnati College of Medicine
2Communication Sciences Research Center, Cincinnati Children’s Hospital Medical Center

Objectives: In people with cochlear implants (CIs), the ability to understand speech is highly variable. 
To date, there are no objective measures that identify the root of this discrepancy. Natural speech is a 
complex waveform composed of amplitude (temporal) and frequency (spectral) variations. It is known that 
a lack of spectral resolution leaves CI users susceptible in noisy environments. The acoustic change 
complex (ACC) is an auditory evoked potential response (N100/P200) that can be elicited by a change 
in a single acoustic parameter. In this study, the ACC was elicited by a “spectral change” and was 
related to measures of speech perception in the CI users.
Methods: Cross-sectional with seven CI users (average age 47.8 years) recruited from community 
contacts. All subjects underwent behavioral speech testing in quiet and noise. CI users were 
categorized as ‘good’ (N = 4, average age 55.25 years) and ‘poor’(N = 3, average age 38 years) users 
based on speech in noise (SPIN) score (< 50%). A 64 channel EEG recording was obtained while a 250 
Hz tone was presented in a free field setting. Three frequency changes (10%, 50%, 100%) of the 250 
Hz were presented that corresponded to one, two and three CI channel differences in the frequency 
allocation table setting in the CI mapping program.
Outcome measures: Behavioral outcomes (vowel, consonant, word, and sentence perception in 
quiet and noise), EEG measures (N100 amplitude and latency).
Results: In good performing CI users N100 latency was earlier than in poor users. Additionally, good 
users demonstrated a typical pattern of decreasing latency with increases in frequency change while 
the poor performers showed little change in latency as a function of change. Paradoxically, the 
amplitude was larger in poor performing CI users compared to good performers. N100 latency 
measures were moderately correlated with speech perception scores in quiet whereas the amplitude 
of the N100 (averaged across frequency changes) was strongly correlated with speech perception 
measures in noise (r=0.83 for consonants and r=0.81 for words).
Conclusion: Different N100 vs. spectral change patterns exist that may differentiate good and poor 
performing CI users. The abnormal N100 pattern may be related to problems associated with the CI 
mapping parameters resulting in CI channel interactions. These preliminary data suggest that the ACC 
to spectral change may provide an objective index of speech perception capabilities which can be used 
to identify CI users that experience problems with speech understanding in noise.
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Encoding of English /r/ and /l/ by American, Korean, and Japanese 
Listeners using the Acoustic Change Complex (ACC)

Lee Jung An, Brett A. Martin, Glenis R. Long
Program in Speech-Language-Hearing Sciences, Graduate Center of the City University of New York, New 
York, NY, USA

Objectives: The perception of English liquids /r/ and /l/ is challenging for native Korean and 
Japanese adult speakers because these sounds are not phonemic in these languages. The Korean 
language, however, has a partial phonetic model available (intervocalic [ɾ]-[ll]) that could potentially 
facilitate processing of English /r/ and /l/. In contrast, in the Japanese language English /r/ and /l/ are 
not phonemic. The purpose of this study was to compare the neurophysiological encoding of English 
intervocalic /r/ and /l/ by native Korean, Japanese and American English listeners using the acoustic 
change complex combined with behavioral identification and discrimination.
Methods: Eight participants from each language group participated. Stimuli were a synthetic 
continuum generating percepts in American English listeners ranging from /iri/ to /ili/. Stimuli were 
presented at 70 dB SPL via insert earphones using a 1200 ms interstimulus interval. The acoustic 
change complex (ACC) was recorded using a 64-channel Neuroscan system. Behavioral testing 
included a 2-alternative forced choice identification task and a 3-alternative forced choice oddity 
discrimination task.
Results: Behavioral data indicated that English medial /r/ and /l/ were perceived in a categorical 
manner by Americans, in a categorical-like manner by Koreans and in a non-categorical manner by 
Japanese. ACC P1-N1-P2 responses did not differ significantly between language groups at the 
midline-central electrode with largest response amplitude (FCz), suggesting little effect of native 
language on the primary cortical encoding of these sounds. In contrast, the ACC T-complex measured 
over lateral-temporal electrode sites (T7 and T8) differed significantly between language groups 
suggesting that native language influences secondary cortical processing of these sounds. 
Differences between groups included Ta latency and Tb latency. Regional dipole source analysis 
revealed that the Japanese group had greater variability in individual source locations and more 
superior source locations compared to the other language groups.
Conclusion: The partial phonetic model available to Koreans appears to provide a processing 
advantage not available to Japanese. The ACC T-complex appears to clearly index the influence of 
native language on /r/ and /l/ processing. 
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The Effects of Signal-to-noise Ratio on Cortical Auditory Evoked 
Potentials Elicited to Speech Stimuli in Infants and Adults with Normal 
Hearing

Susan Small2, Melissa Bradford1, Pragati Rao Mandikal Vasuki1, Mridula Sharma1

1Linguistics department, Macquarie University, Sydney, Australia
2School of Audiology & Speech Sciences, University of British Columbia, Vancouver, Canada

Objectives: The purpose of this study was to investigate the effects of signal-to-noise ratio (SNR) on 
infant cortical auditory evoked potentials (CAEPs). These responses are currently used in some 
clinics to verify audibility of speech sounds in infants with hearing loss who use hearing devices. One 
area of concern for the clinical use of CAEPs is the interpretation of absent responses-- approximately 
1/4 of aided infants with access to speech do not exhibit CAEPs. Adult findings support that the 
presence/absence of the P1-N1-P2 and its response characteristics (aided & unaided) are more 
sensitive to SNR than absolute signal level. There are no studies that have investigated infant-adult 
differences in the effects of SNR on CAEPs elicited to speech stimuli; however, it is well established 
that speech perception in school-aged children is more affected by low SNRs. 
Methods: Participants were 10 adults (21-27 years) and 8 infants (5-10 months), all with normal 
hearing. Stimuli were /m/ and /t/ (duration: 78 ms; level: 65 dB SPL) presented with a jittered 
inter-stimulus interval of 1000-1200 ms. Four stimulus conditions were presented for both groups: in 
quiet, and with continuous white noise (SNR 0, 5 & 10). The stimuli were audible to the adults for all 
noise conditions. CAEPs were recorded at Cz referenced to M2 (ground: forehead). Two replications 
of 150 epochs (-1 to 900 ms) were recorded for each condition; waveforms were included for analysis 
based on good replicability and a minimum of 75 accepted epochs.
Results: As expected for both groups, the major positive peak of the CAEP in quiet was larger and 
earlier for /t/ versus /m/. Overall, adult CAEP amplitudes for /m/ decreased with decreased SNR, 
whereas, responses to /t/ were not significantly affected until the SNR decreased to zero. In contrast, 
infant CAEPs elicited to both /t/ and /m/ decreased progressively with decreased SNR with a greater 
effect on responses to /m/. For each noise condition tested, some infants did not have responses to 
/m/, whereas, all infants had responses to /t/.
Conclusion: Age, stimulus type and SNR significantly affect the response characteristics of CAEPs 
in normal-hearing infants and adults. These findings support that infant responses are more affected 
by less favourable SNRs than adults and more so for lower-frequency stimuli. Further research is 
needed to determine how these infant physiological phenomena relate to perception in daily life to 
decide how best to use CAEPs in the clinic. [Hearing CRC; NSERC]
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Cortical Auditory Evoked Potential (CAEP) Amplitude Enhancement by 
Manipulation of the Stimulus Spectral Characteristics

Fabrice Bardy1,2, Bram Van Dun1,2, Harvey Dillon1,2, Jessica Sjahalam-King Maud1,2

1HEARing Co-operative Research Centre, Australia
2National Acoustic Laboratories, NSW, Australia

Objectives: Cortical auditory evoked potentials (CAEP) are currently used to estimate hearing thres-
hold using pure-tone stimuli. For awake adults, the P1-N1-P2 complex generated in the time window 
50-200 ms after onset of an acoustical stimulus is the response of interest. The aim of the study was 
to investigate the effect of the auditory stimuli spectral characteristics on the amplitude of the CAEP.
Methods: Twelve auditory stimuli were created. They included four sinusoidal pure-tone (PT) with 
frequencies 0.5, 1, 2 and 4 kHz, four one-octave multi-tone (MT) stimuli with the same center 
frequencies, two one-octave narrow bands of noise (NBN) centered around 1 and 2 kHz and, two 
broadband MT – the first covering the low frequencies (LF: 0.25 to 1 kHz) and the second covering the 
high frequencies (HF: 1.5 to 8 kHz) - stimuli. The one-octave MT stimuli were constructed by adding 
together a series of sinusoids uniformly distributed around the center frequency on a logarithmic 
frequency scale. CAEPs were obtained from 15 normal-hearing and 16 hearing-impaired adults. 
Responses were recorded for each auditory stimuli at a presentation level +10, +20 and +40 dB 
above threshold. The root mean square (RMS) amplitude of the CAEP and the detectability of the 
responses were calculated and analyzed. 
Results: Amplitudes of the CAEPs to the MT were significantly larger compared to PT for stimuli with 
frequencies centered around 1, 2 and 4 kHz while no significant difference was found for 0.5 kHz. The 
objective detection score for the MT was significantly higher compared to the PT. No significant 
amplitude difference was found between the one-octave and the broadband (LF and HF) MT stimuli. 
For the 1 and 2 kHz stimuli, the CAEP amplitudes to NBN were not significantly different to those 
evoked by PT.
Conclusion: These findings suggest that the spectral complexity, more than the bandwidth of the 
auditory stimuli affects the CAEP amplitude.
It suggests that the MT stimuli are potentially clinically useful to increase the efficiency of frequency- 
specific CAEP testing in adults.
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Use of Cortical Auditory Evoked Potential for Hearing-aid Evaluation: 
Nonlinear Frequency Compression for Children

Teresa Y C Ching1,2, Vicky Zhang1,2

1National Acoustic Laboratories, Australian Hearing Hub, Sydney, Australia
2HEARing CRC, Sydney, Australia

Objectives: Many children with hearing loss exhibit delays in acquiring the production and perception 
of fricatives and affricates, partly as a consequence of reduced audibility of high- frequency 
components of speech. Children’s access to high frequencies may be limited by the severity of 
hearing loss and the output of hearing aids. Recent advances in signal processing have made it 
possible for hearing aids to present high-frequency components of speech in a lower frequency 
region. The effectiveness of such schemes for increasing audibility has generally been evaluated by 
using speech perception tests, but young children are often not able to provide reliable responses. 
The purpose of this paper was to examine whether cortical auditory evoked potential (CAEPs) can be 
used to evaluate the effectiveness of nonlinear frequency compression (NLFC) in hearing aids for 
increasing audibility of high-frequency sounds, relative to conventional amplification, for young 
children. 
Methods: Two experiments will be reported. The first compared the CAEPs elicited by /t/, /g/ and /s/ 
presented at 55 and 65 dB SPL when young children were using their personal hearing aids that 
provided conventional amplification and when they were using new hearing aids with NLFC. The 
second compared CAEPs and consonant perception scores of 26 school-aged children in a 
cross-over double-blinded study when children were using hearing aids with NLFC activated or 
deactivated. The correlation between CAEP measurements and consonant perception scores was 
examined. 
Results: There was an increased number of speech sounds for which CAEPs were elicited when 
NLFC was activated in hearing aids, especially at low input level. There was positive correlation 
between the number of speech sounds for which CAEPs was elicited and the consonant perception 
test scores. The use of NLFC was associated with an increase in transmission of information relating 
to sibilance in consonant perception. However, some unusual production and perception errors were 
evident for some children when using NLFC in hearing aids.
Conclusion: The use of CAEP as an objective method for evaluating audibility of high-frequency 
sounds is valid. However, this should be combined with subjective observations of real-life auditory 
functional ability and speech production when evaluating the effectiveness of NLFC in hearing aids for 
young children.
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CAEPs in (un)Aided Normal-hearing and Hearing-impaired Adults

Bram Van Dun1,2, Robert Cowan1,3, Anna Kania1,2, Harvey Dillon1,2

1The HEARing Cooperative Research Centre, Melbourne
2The National Acoustic Laboratories, Sydney
3Dept of Audiology and Speech Pathology, University of Melbourne

Objectives: Cortical auditory evoked potentials (CAEPs) are influenced by the characteristics of the 
stimulus, including level and hearing aid gain. Previous studies have measured CAEPs aided and 
unaided in individuals with normal hearing. However, there is a significant difference between 
providing amplification to a normal-hearing or a hearing-impaired person. This study investigates this 
difference, and the effects of stimulus signal-to-noise ratio (SNR) and audibility on the CAEP 
amplitude in a population with hearing loss.
Methods: Twelve normal-hearing participants and twelve participants with a hearing loss participated 
in this study. Three speech sounds /m/, /g/, and /t/ were presented in the free field. Unaided stimuli 
were presented at 55, 65, and 75 dB SPL, and aided stimuli at 55 dB SPL with three different gains in 
steps of 10 dB. CAEPs were recorded and their amplitudes analyzed. Stimulus SNR and audibility 
were determined.
Results: No significant effect of stimulus level or hearing aid gain was found in normal-hearers. 
Conversely, a significant effect was found in hearing-impaired individuals. Audibility of the signal, and 
not SNR, is the dominant factor explaining changes in CAEP amplitude. The obtained results are only 
valid for relatively low audibilities close to threshold.
Conclusion: CAEPs can potentially be used to assess the effects of hearing aid gain in 
hearing-impaired users only.

**This research is financially supported by the HEARing CRC, established and supported under the 
Australian Government’s Cooperative Research Centres Program.
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Investigating Spatial Processing via the Simultaneous Recording of ABR, 
FFR, and CAEP: Indications for Subcortical and Cortical Spatial Release 
from Masking

Nematollah Rouhbakhsh1,2,3,4, Bram Van Dun1,3, Harvey Dillon1,3, Jörg Buchholz1,3,5, 
Robert Cowan1,2

1Hearing Cooperative Research Centre (HEARing CRC), Melbourne, Australia
2The University of Melbourne, Melbourne, Australia
3National Acoustic Laboratories (NAL), Sydney, Australia
4Tehran University of Medical Sciences (TUMS), Tehran, Iran
5Department of Linguistics, Macquarie University, Sydney, Australia

Objectives: Human communications frequently take place in noisy environments. This is challen-
ging even for normal-hearing people. However, when speech and noise sources are separated (an 
effect defined as ‘spatial release from masking’ - SRM) understanding of speech improves. This study 
had two aims. The first aim was to determine how early in the auditory pathways it is possible to 
electrophysiologically detect SRM. The second aim was to examine whether it is technically possible 
to simultaneously record neural population activities in auditory pathways from the brainstem to the 
cortex.
Methods: ABRs, FFRs, and CAEPs were simultaneously recorded in two EEG channels from 
thirteen normal hearing adults in response to 200 blocks each composed of a series of 11 tone 
complexes (TCs) as target stimuli. The individual TC had a duration of 30 ms with a 30 ms 
interstimulus interval interval, and a block-onset asynchrony of 1200 ms. The flat stimuli had a 
fundamental frequency F0 of 325 Hz with harmonics up to 6 kHz. The F0 of the staircase stimuli were 
downward from 475 to 175 Hz in steps of 30 Hz, again with harmonics up to 6 kHz. The distracting 
stimuli were TCs similar to the target stimuli but randomized in their F0 distribution from 100 to 550 
Hz. The target stimuli (at 0⁰ azimuth) were presented binaurally under headphones with the distractors 
in a co-located (at 0⁰ azimuth) and spatially separated (at ±90⁰ azimuth) condition, at SNRs ranging 
from -5 to 15 dB SNR. The target was presented at 60 dB SPL.
Results: SRM resulted in a significant increase of FFR amplitude, and decrease in ABR and CAEP 
latencies for both the flat and staircase stimuli, but only at the lowest tested SNR of -5 dB, confirming 
earlier work. The spatial advantage was equivalent to a SNR increase of 4.3 dB for FFR amplitude (for 
the flat stimuli), and 11.1 dB for ABR latency, 10.2 dB for CAEP P1 and 7.1 dB for CAEP N1 latencies 
(for the staircase stimuli). 
Conclusion: These results suggest that we are capable of measuring the central auditory 
mechanisms responsible for SRM in the brainstem and the cortex, but only at lower SNRs reflecting 
the natural environment where most of the human conversations occur. Further investigations in 
different populations and using different protocols are warranted to translate these results from 
laboratory settings into clinical practice.
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**This research is financially supported by the HEARing CRC, established and supported under the 
Cooperation Research Centres Program - an initiative of the Australian Government -, the Tehran 
University of Medical sciences, Iran, and the Australian Government Department of Health.
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Towards an Objective Measure of Speech Understanding

Jonas Vanthornhout, Jan Wouters, Tom Francart
ExpORL, Department of Neurosciences, KU Leuven, Leuven, Belgium

Objectives: Speech understanding is normally measured with behavioural tests. Such tests require 
the active participation of the test subject and are strongly influenced by the knowledge of language 
and cognitive processes. We aim to develop an objective and automatic measure of speech 
understanding based on EEG measurements. The purpose of this study was to examine if acoustic 
signals with different SNRs elicit systematically different auditory responses and thus could be used to 
estimate the speech-reception threshold objectively.
Methods: 5 normal-hearing adults participated in this study. The subjects listened attentively to two 
different speech materials embedded in speech weighted noise at three different SNRs (-2, -4 and -6 
dB) while the EEG was being recorded. We determined the envelopes of the clean speech signals, 
and used them to calculate a decoder that estimates the stimulus envelope based on the EEG data. 
The decoder is based on the principle that the low frequencies (2-8 Hz) of the temporal envelope of 
the stimulus can be linearly related to the EEG. We expressed the correctness of the estimated 
envelope as a difference measure between the estimated envelope and the envelope of the clean 
speech signal.
Results: In the high-SNR conditions the estimated envelope showed less difference with the 
envelope of the clean speech stimulus than in the low-SNR conditions, meaning that the stimulus was 
better represented in the EEG data and thus presumably better understood. 
Conclusion: Using EEG measurements we are able to estimate the SNR of speech signal in noise 
presented to the subject. This is the first step towards automatically and objectively estimating speech 
understanding.

**Financial support for this project was provided by the KU Leuven Special Research Fund under 
grant OT/14/119 to Tom Francart.
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Exploring Induced Activity and Brain Connectivity in EEG in Response to 
Auditory Stimuli

Pegah Tayaranian Hosseini, Steven Bell, David Simpson
Institute of Sound and Vibration Research, University of Southampton, UK

Objectives: The response of the brain to a stimulus may present itself in the electroencephalogram 
(EEG) as evoked and/or an induced activity. While the evoked response is given by peaks and 
troughs in the signal, time-locked and phase-locked to the stimuli, the induced response is time- but 
not phase-locked, and may produce an increase or a decrease in the power of EEG in a specific 
frequency band at a specific time range following the stimulus onset. It is believed that cognition and 
perception of a stimulus present themselves primarily as an induced response in the EEG.
Methods: Multi-channel EEG was recorded using either tone burst stimulation (1 kHz, 70 ms length, 
10 ms rise/fall times repeated 160 times at 60 dB nHL), words (100 words, average length 540 ms, 
from the AB word lists of the MRC Institute of Hearing Research at 62 dB SPL) or sentences. Tone 
burst responses were recorded from 10 normal hearing subjects (63 channel) and word/sentence 
responses from 15 normal hearing subjects (66 channel). In addition, pilot recordings have been 
made from patients with cochlear implants. Presence of induced activity power was explored 
compared to the baseline. Changes in connectivity following stimulation were explored using pairwise 
coherence and model based measures of connectivity. 
Results: There is a significant increase in theta power in response to words compared to the 
baseline, starting around 500 ms after their onset. During this time range, there is an increase in 
pairwise coherences mostly among the posterior electrodes. Induced responses to sentences were 
also detected. In response to tone bursts, a change in pairwise coherence was observed in the beta 
band starting around 200 ms although such change could not be detected with power analyses.
Conclusion: It is possible to detect changes in induced power following auditory stimulation with 
words and sentences. Changes in connectivity in the posterior areas of the brain could be seen for all 
stimulus types (tone bursts, words and sentences). Such responses may give complementary 
information to that obtained from evoked response and may have application to further understanding 
of normal and abnormal patterns of auditory processing in the brain.
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Neuroplasticity in the Auditory System Following TBI: Source Localization 
and MRI

Janelle L. Bailey1, David L. McPherson2,4, Erin Bigler3,4, Christopher Dromey2, 
Richard W. Harris2

1Department of Communication Disorders (Graduate Student), Brigham Young University, Utah, USA
2Department of Communication Disorders, Brigham Young University, Utah, USA
3Department of Psychology, Brigham Young University, Utah, USA
4Program in Neuroscience, Brigham Young University, Utah, USA

Objectives: Results from QEEG and MRI imaging were used to describe neuroplasticity in an 
individual with severe TBI where the anterior portion of the left temporal lobe was surgically removed 
and near complete recovery of language function occurred. Neuroplasticity may compensate for 
language deficits by strengthening neuronal connections between right and left hemispheres and by 
enhancing connectivity of undamaged areas in the left hemisphere. Thus, the brain may compensate 
for damaged language centers by using alternative cortical areas. This study challenges the 
assumption that specific homologous language areas in the right hemisphere may be primarily 
responsible for language recovery following left hemisphere damage.
Methods: Two individuals participated in this study: A TBI (TB) participant and a control participant 
(CP). Posttraumatic medical, imaging, and language evaluations and interventions were reviewed. 
The Boston Diagnostic Aphasia Examination was administered to both participants just prior to 
inclusion in our study and for TB also at 38 days post-trauma. Structural MRIs and QEEG to 
syntactically correct and syntactically incorrect sentences were used to obtain an ERP. Behavioral 
responses were recorded. A Siemens TIM-Trio 3.0T MRI scanner was used to obtain structural MRIs. 
The QEEG was obtained using a Neuroscan 64 channel system. Electrode sites were digitized and 
aligned with the MRI. QEEG analysis was completed using Compumedics Curry 7 software using the 
sLoreta protocol.
Results: Findings on the Boston Diagnostic Aphasia Examination demonstrated in TB residual errors 
in repetition, confrontational naming, and word matching, unaccompanied by paraphasias. Behavioral 
responses showed TB made significantly ( 2 (1, N = 2) = 5.647, p < .017) more errors than CP in 
identifying syntactically incorrect sentences. The P1-N1-P2 response showed stronger responses in 
TB than in CP. Dipoles were identified in CP for both types of stimuli in the superior surface of the left 
temporal lobe and the lateral aspect of the STG for the syntactically correct sentences, with an 
anterior shift of these dipoles for syntactically incorrect sentences. TB showed no defined dipole on 
either hemisphere.
Conclusion: The P1-N1-P2 results showed strong responses following training TB; yet, no dipoles 
were identified for the homologous language processing (P600) areas in spite of language being near 
normal. The implication is that language processing may be more diffuse than typically discussed. We 
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are now in the process of repeating this study using an fMRI block design.

**The Brigham Young University MRI Research Facility the David O. McKay School of Education MSE 
Research Grant program provided support for this work.
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Auditory Cortical Brain Plasticity in Poor Performing, Late-implanted 
Congenitally Deaf Cochlear Implant Children

Andy J Beynon1,2, Esmee V Hendriks1, Emmanuel AM Mylanus2

1Vestibular & Auditory EP Lab, ENT - Dept
2Hearing & Implants, Donders Institute for Brain, Cognition and Behaviour, Centre for Neuroscience, 
Radboud University Medical Centre, Nijmegen, the Netherlands

Objectives: Previous studies have shown that deaf children, who are implanted after the sensitive 
period of 3.5 years, have poor speech perception and/or cortical responses after cochlear implan-
tation compared to children who are implanted before this ‘critical age’. Poor speech perception skills 
in late-implanted children might be related to decoupling processes and a reduced/absent cortical 
cross-modal reorganization. A previous electrophysiological study (Beynon et al., 2002) in 10 CI 
children has shown that children with poor auditory speech perception hardly show, in contrast to the 
good performers, any cortical cognitive P3 response. Remarkably, it appeared that all these poor 
performing children were congenitally deaf. In 2005, a part of this study was repeated, showing no 
behavioral improvement in auditory speech perception, but in some recipients the electrophysiological 
responses seemed to have improved. The aim of the present study was to examine whether cortical 
processing in these congenitally deaf children who were implanted at a relatively late age, are still 
prone to cortical plasticity in the long run, and possibly improvement in speech perception.
Methods: In total, 47 CI-recipients (3 groups: congenital, prelingual, postlingual) and 15 normal- 
hearing (control) adolescents/adults participated in this study. Interestingly, 5 CI recipients, who 
participated in the earlier study, were also included for longitudinal evaluation. Using the conventional 
odd-ball paradigm, P3 characteristics were obtained and auditory performance was assessed using 
open set monosyllabic speech perception tests. Besides intra-individual longitudinal data, influence of 
auditory deprivation, onset of deafness, CI-use, age and age at implantation were analyzed in relation 
to objective electrophysiological measures and subjects’ behavioral auditory performance.
Results: With respect to the longitudinal data, prelingual, but - remarkably - also congenital CI 
adolescents show P3 responses, higher P3 amplitudes and/or shorter latencies. This is in contrast to 
the study 16 years ago. Phoneme scores, however, are still rather poor. Analyses of the total CI group 
show that auditory deprivation, onset of deafness and age affect speech perception and influence 
cortical processing.
Conclusion: Longitudinal data reveal that also congenitally deaf late-implanted children show 
significant cortical plasticity, despite the fact that they were implanted after the ‘critical period’. 
However, in contrast to electrophysiological assessment, for this population, clinical speech 
perception tests seem to be less sensitive to assess underlying an auditory development.
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Short-Term Auditory Plasticity and Obligatory Cortical Auditory Evoked 
Potentials: Effects of Repeated Stimulus Presentation and Tetanizing 
Stimulation in Adults with Normal Hearing and Cochlear Implant Users

Suzanne C Purdy, Nathan Barlow, Scott Peterson, Ian Kirk, Jeff Hamm
School of Psychology, The University of Auckland, Auckland, New Zealand

Objective: Long-term potentiation (LTP) refers to the increase in synaptic strength, usually observed 
in animal models, after repeated high-frequency stimulation. Clapp et al. (European Journal of 
Neuroscience 22:1135-1140; 2005) found evidence for LTP in the human auditory system; they found 
that N1 amplitude increased significantly after binaural delivery of 2 minutes (13 Hz) of 1 kHz 
tonebursts. The present study attempted to replicate these findings and determine whether LTP 
effects would be found with monaural stimulation and in adults with a right sided cochlear implant (CI).
Method: Adults with normal hearing (N=24) were tested in one session lasting about two hours, with 
either monaural or binaural stimulation. Obligatory CAEPs to 50-ms 1000 Hz tonebursts were 
recorded five times, twice before (baseline) and three times after delivery of the tetanizing stimulus. 
The same test protocol was followed with eight adult CI users and a group of age- and sex-matched 
controls with normal hearing.
Results: N1 amplitude did not differ between binaural and monaural recordings. N1 amplitude 
reduced significantly from baseline recording 1 to recording 2 in all participant groups. The size of the 
baseline shift did not differ across groups. N1 enhancement was not evident after the tetanizing 
stimulus in any group. Speech in noise scores correlated with N1 amplitudes and P2 latencies 
correlated with age at implantation in the CI group.
Conclusion: This study failed to replicate Clapp et al.’s (2005) findings. Small differences in the 
experimental protocol and participants may account for this finding. In the current study all groups 
showed a reduction in N1 amplitude during the pre-tetanizing baseline phase. Changes in CAEPs 
associated with repeated stimulus presentation have been reported previously but were not evident in 
Clapp et al.’s participants, suggesting that previous auditory exposure may be an important 
consideration in LTP studies. Further research is needed to explore optimal stimulus and recording 
parameters for demonstrating the effects of tetanizing stimulation in the auditory modality in humans.
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Spatial MMN as an Indirect Measure of Bilateral Integration: a Pilot Study

Katharina Vogt1, Luuk van de Rijt2, Andy J Beynon2,3, Martijn JH Agterberg1, Anja Roye1

1Department of Biophysics, Donders Institute for Brain, Cognition and Behaviour, Radboud University, 
Nijmegen, The Netherlands

2Hearing & Implants, Donders Institute for Brain, Cognition and Behaviour, Centre for Neuroscience, 
Radboud University Medical Centre, Nijmegen, The Netherlands

3Vestibular & Auditory EP Lab, Dept Otorhinolaryngology, Radboud University Medical Centre, Nijmegen

Objectives: Hearing with two ears is superior over hearing with one ear for complex auditory 
environments. Therefore, the use of bilateral hearing aids or bilateral cochlear implants has become a 
standard instead of an exception, particularly in the young pediatric hearing impaired population that 
fail neonatal hearing screening. Although behavioral inventories (e.g. questionnaires), speech 
performance tests (e.g. speech recognition in quiet/in noise) or localization tests, show the surplus 
value of bilateral auditory input, objective measures to assess binaural interaction is hard to find. So 
far, it is not known how and whether bilateral input from two hearing aid devices is integrated into a 
coherent percept and how it may develop during rehabilitation in children and adults. The present 
study utilized the mismatch negativity as an objective electrophysiological measure to assess 
automatic spatial discrimination that requires bilateral integration.
Methods: Ten young normal-hearing adults participated in a passive oddball-paradigm study. 
Acoustic stimuli were presented from two different fixed locations (standard 0°/30°; deviant 30°/0°), 
while participants watched a muted subtitled movie. Stimuli consisted of 50 ms 500 Hz tone bursts (10 
ms rise/fall) that were presented at 70 dB SPL. The mismatch negativity was obtained, averaged and 
analyzed as a function of automatic spatial discrimination.
Results: All participants showed strong individual mismatch negativity responses with MMN 
latencies between 150 ms to 200 ms. Data analysis show very robust and consistent responses, 
confirming the feasibility of this setup for further clinical experiments: amplitudes and latencies reveal 
clear mismatch negativity responses for both conditions (standard 30°/deviant 0° and standard 
0°/deviant 30°, respectively).
Conclusion: This study showed that the mismatch negativity was generated by acoustic spatial 
deviation and can be used as an objective measure to investigate binaural integration in normal 
hearing adults. Results indicate that the location of the presented acoustic stimuli effect the amplitude 
and latency of the MMN. Since the present data is very promising, experiments in hearing impaired 
adults and children will certainly follow to find out whether this paradigm can be used in this population 
as well in the near future.
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Middle Latency Responses (MLR) Results in Children Diagnosed with 
Amblyaudia with and without Decoding Deficit

Deborah Moncrieff
Department of Communication Science and Disorders, University of Pittsburgh, Pittsburgh, PA, USA

Objectives: Amblyaudia is a binaural integration deficit that is diagnosed in children whose dichotic 
listening scores demonstrate a large interaural asymmetry. It can occur with or without reduced 
performance in the dominant ear typical of a decoding deficit. The purpose of this study was to 
examine thalamo-cortical processing following monaural presentations of click stimuli in each ear in 
children diagnosed with amblyaudia with and without decoding and in normal controls.
Methods: Twenty-five children ages 7 to 12 years participated in the study. Brief (385 microsecond) 
biphasic click stimuli at 70 dB nHL were presented at two rates (8.6 Hz and 15 Hz) to evoke MLR 
responses. Na and Pa components were analyzed at 3 electrode sites (C3, CZ and C4) as a function 
of ear, rate, electrode placement, and diagnostic group.
Results: As expected, rate produced a significant main effect on latencies. Ear produced a significant 
main effect on amplitudes, but electrode did not produce any effects. Compared to normal controls at 
both rates of presentation, children with amblyaudia had longer Na latencies and smaller Pa 
amplitudes in the left ear; they also had the smallest peak-to-peak amplitudes in both ears. Children 
with amblyaudia plus decoding deficit had shorter Na latencies in the left ear, longer Pa latencies in 
the right ear, and large peak-to-peak amplitudes in both ears. Both groups of children with amblyaudia 
demonstrated more symmetrical peak-to-peak (Na to Pa) amplitudes than did control children. A bias 
in the peak-to-peak amplitude favoring the left ear in all children at the slow rate reduced at the faster 
rate, during which the bias in children with amblyaudia reversed toward the right ear. 
Conclusion: Differences in latency and amplitude suggest abnormal thalamo-cortical processing in 
children with amblyaudia. Reduced activity overall and more symmetrical responses in both 
amblyaudia subgroups may be due to generally reduced activity in the left ear compared to normal 
controls. Differences between the two groups with amblyaudia suggest that amblyaudia may account 
for some, but not all, of the evoked response differences compared to controls. Further investigations 
into other behavioral factors that may contribute to alterations in the MLR are needed in this 
population.
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Investigation of Middle-to-long-latency Equivalent ASSRs in Younger vs. 
Older Adults

Abreena I. Tlumak, John J. Durrant, Rafael E. Delgado
VA Pittsburgh Healthcare System, Pittsburgh, USA

Objective: There is evidence to suggest that the aging brain is subject to a variety of histopatho-
logical changes, any or all of which may affect the structural and functional integrity of the neural 
pathways specific to any/all auditory evoked potentials (AEPs). Although several studies on aging 
have examined morphological changes of both transient and steady-state potentials, work is more 
limited toward elucidating the lack of consistency of results across studies. Of particular interest are 
AEPs attributable to upper brainstem-to-cortical and late-cortical potentials. The objective of this 
study was to investigate possible changes in equivalent auditory steady-state responses (ASSRs), 
corresponding particularly to middle- and long-latency transient AEPs, as a function of stimulus rate 
and age.
Methods: Evoked potentials were obtained from 48 normal-hearing adults 20-79 years in three age 
groups. Stimuli used to record selected transient AEPs were 1000 Hz sinusoidal pulses presented at 
70 dB SPL and for ASSR testing delivered as sinusoidal pulse trains. Repetition rates were sampled 
at essentially octave intervals from 40 Hz down to 0.75 Hz. Although magnitudes of the transient 
components were descriptively analyzed, the emphasis was to look at the spectral power of the ASSR 
estimated from measureable harmonic components across the age groups for each repetition rate, as 
well as the overall tendencies revealed specifically by the grand spectra averages at 0.75 Hz.
Results: The spectral power of the responses recorded revealed that amplitude across all test 
groups was largest at 0.75 Hz and smallest at 40 Hz, as expected. Planned statistical tests did not 
demonstrate significant differences among groups and regardless of stimulus rate. Overall trends of 
the grand spectral average at 0.75 Hz revealed a difference of magnitude of spectral peaks across 
ages, wherein the decrease of magnitude appears to increase with advancing age. However these 
differences also were not found to be statistically significant. Although, preliminary retrospective 
analyses to-date have failed to uncover factors that might mask detection of age dependent 
differences, further post-hoc analyses are on-going.
Conclusion: No statistically significant age-related changes in the spectral power of the response 
were detected across repetition rates. Similar magnitudes of longer-latency equivalent ASSRs thus 
appear to be demonstrated reliably from the 2nd to perhaps 7th decade of life. This ASSR approach is 
promising for purposes of evoked response audiometric applications covering the traditional latency 
ranges of transient-evoked AEPs in adults over much of the life-span. 
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Obligatory Auditory Evoked Potential and Behavioural Measures of 
Auditory Function in Children with Unilateral Hearing Loss

Oscar Cañete 1, Suzanne C Purdy 1, Colin Brown 2, Michel Neeff 2, Peter Thorne3

1Speech Science, School of Psychology, the University of Auckland, New Zealand
2Starship Paediatric ENT - Otorhinolaryngology (ORL), Starship Children’s Health, New Zealand
3Audiology, School of Population Health, the University of Auckland, New Zealand

Introduction: Currently evidence supports the idea that a unilateral hearing loss (UHL) has major 
effects on auditory brain responses and on a range of auditory abilities such as sound localisation and 
speech recognition in noise. The impact of right versus left ear hearing loss may differ and at present 
it is not clear if children replicate adult findings.
Objectives: To investigate how cortical auditory evoked potentials (CAEPs) and auditory skills are 
affected by untreated and treated UHL in children in order to advance our knowledge of auditory 
plasticity in this population and to determine the impact of UHL on a range of auditory functions.
Methods: Five child participants with permanent UHL and matched controls aged 7 to 17 years were 
tested. CAEPs in noise (+5 dB signal to noise ratio) were recorded and auditory skills were assessed 
using tests of sound localisation, spatial speech perception in noise, and self-ratings of auditory 
abilities (Listening for inventory education, LIFE and Speech, Spatial and Qualities of Hearing 
questionnaire, SSQ). Correlations between behavioural and electrophysiological findings were 
explored. Results for children with UHL will be compared to results for adults with UHL (N=11).
Results: The pattern of CAEP responses across electrodes is altered in UHL compared to matched 
controls. CAEPs may provide a useful tool for mapping auditory changes after treatment of UHL using 
amplification devices. A UHL in the right ear is associated with more errors in sound localisation even 
when hearing instruments are used. Difficulties with spatial speech recognition are more pronounced 
when the signal is directed to the affected ear and the right ear is affected. CAEPs also suggest some 
ear differences in terms of hemisphere asymmetry. The LIFE and SSQ are useful self-report indices of 
auditory difficulties in children with UHL. 
Conclusion: UHL has significant effects on CAEPs, auditory skills and self-rated quality of hearing, 
Data collected will help to provide evidence of underlying process associated with functional deficits 
that could be used in developing guidelines for individuals with UHL.
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Use of Cortical Auditory Evoked Potentials for Assessment and Fitting of 
Hearing Aids in Infants

Robert Cowan1,2, Bram Van Dun1,3, Lyndal Carter1,3, Alison King1,3, Harvey Dillon1,3

1The HEARing Cooperative Research Centre, Melbourne/Sydney
2Dept of Audiology and Speech Pathology, University of Melbourne
3The National Acoustic Laboratories, Sydney

Introduction: Cortical auditory evoked potentials (CAEPs) have several advantages over standard 
electrophysiological tests: they are reliably present in aware young infants (unsedated), can be 
elicited by a range of phones, are more likelty to correlate well with perception, and recording 
equipment need not be so sensitive.
Objectives: The aim was to investigate the efficiency of CAEPs in evaluating hearing aid fittings in 
young infants, and to establish if they could be used for patients with cochlear implants.
Methods: The study used HEARlab®, and its Automatic Cortical Audiometer software test, a 
technology that benefits from automated stimulus/response recognition and rapid assessment times.
Results: The majority of a a group of 83 children could be assessed using CAEPs in their initial 
hearing aid fitting program. For 70% of the children, only one CAEP assessment was required. 
Second assessments were used to evaluate the effectiveness of any hearing aid adjustment. 
Investigations indicated that CAEPs could be used to accurating establish cochlear implant candidacy 
in young children less than one year of age.
Conclusion: CAEPs can now reliably be used in fitting of hearing aids in infants using an esta-
blished procedure to estimate the audiogram.

**This research is financially supported by the HEARing CRC, established and supported under the 
Australian Government’s Cooperative Research Centres Program.



:392

OP-47

Objective Test of Cochlear Dead Region: Electrophysiologic Approach 
using Acoustic Change Complex

Il-Joon Moon1, Soojin Kang1,2, Heesung Park1, Jihwan Woo2, Sung Hwa Hong1

1Department of Otorhinolaryngology-Head and Neck Surgery, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, Seoul, Korea

2Department of Biomedical Engineering, University of Ulsan, Ulsan, Korea

Objectives: Amplification does not provide any benefits for individuals with cochlear dead region 
(CDR) due to the loss of inner hair cells and/or spiral ganglion neurons. To identify the location of the 
CDR, “TEN test” has been used to evaluate whether patients’ pure tone detection is evaluated in the 
presence of threshold-equalizing noise (TEN). Such behavioral test provides excellent indication of 
the presence of the CDR, but it is not feasible for some patient groups, such as infants or toddlers. 
The goal of this study was to develop an objective and neurophysiologic method of identifying the 
presence of CDR using acoustic change complex (ACC) responses.
Methods: Ten normal-hearing and 9 hearing-impaired subjects participated in both behavioral and 
electrophysiologic TEN tests. For the behavioral TEN test, we followed the method presented in Moore. 
For the neurophysiologic TEN test, subjects were presented with stimuli with a duration of 1.5 
seconds. The first one second duration presents the TEN only, whereas the last half second presents 
pure tones at 1 or 4 kHz in the presence of TEN. Electrophysiologic testing was done at seven 
different signal-to-noise ratios (SNRs) to obtain ACC responses elicited by embedded pure tones in 
TEN. To evoke the ACC, modified TEN stimuli of SNRs from 0 dB to 24 dB (3-dB step) were 
generated and applied to the subjects. The responses were recorded from Cz.
Results: All subjects showed the presence of ACC responses at or above 3 dB SNR. As SNR 
increased, N1-P2 amplitude increased and N1 latency decreased. Grand-average waveforms 
showed that the electrophysiologic thresholds at 1- and 4-kHz were 3 and 6 dB SNR, respectively, in 
normal-hearing subjects, and 6 and 6 dB SNR, respectively, in hearing-impaired listeners without 
CDRs. Only one subject had CDR at 1 kHz by behavioral TEN test, and electrophysiologic threshold 
of this subject at 1 kHz was 12 dB SNR, which is significantly higher than those obtained from subjects 
without CDR.
Conclusion: With these preliminary results, it is feasible to detect the presence of CDR using an 
electrophysiologic approach. Further studies would be necessary to confirm this idea.
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Auditory Attention in Young Adults: a P300 Study

Megan Lower1, Pragati Rao Mandikal Vasuki1, Ronny Ibrahim1, Susan Small2, Mridula 
Sharma1

1Linguistics department, Macquarie University, Sydney Australia, Hearing CRC
2University of British Columbia

Objectives: Deficits in auditory attention switching have been identified as a potential underlying 
problem in some individuals who struggle with speech perception in the presence of noise. The purpose 
of this study was therefore to investigate the underlying markers of this skill using adult participants. It 
is hoped that by developing a greater understanding of the processes involved, we may work towards 
the long-term aim of developing a screening test that is able to identify deficits in auditory attention 
switching to add to the auditory processing disorder (APD) test battery.
Methods: Eight normal-hearing adults participated in this study. Each participant was presented 2 
blocks of stimuli trains at 10dB SNR. Each block consisted of three stimuli trains where position of /da/ 
was varied within the 2.5s train. One block referred to as discrimination paradigm had /da/ 
interspersed with /ba/ such that the presentation was /da, ba, ba/ with 60% probability of /da/ 
occurring in first position. The remaining two trains had /da/ occurring in either second or third position 
with 10% probability. The other block or control paradigm was identical to the first paradigm with only 
/da/ present. The participants were asked to press the response button whenever they heard /da/. 
CAEP data was collected from 25 electrodes. P1-N1-P2 and P300 were evaluated for /da/ when 
presented in different positions. Wavelet time-frequency analysis was performed to analyse the 
epoched frequency band power information and cluster permutation statistics was used to test the 
differences.
Results: Significantly larger N1-P2 were observed for the control block compared to discriminative 
block. P300 was elicited for both second and third positions in the discrimination paradigm. P300 was 
not significantly different at Pz between the second and third position but was found to be significantly 
larger at Fz for second position compared to the third position (p=0.041). A cluster-based permutation 
test revealed that there was a significant left fronto-central left midline  difference in the discrimination 
paradigm between the /da/ responses (frequencies : 38-42 Hz and timing 0.1 s and 0.16 s relative to 
aligned 'da' stimulus onset) (p<0.05). Hence 38-42 Hz region within gamma band power showed 
significant differences with a p-value of 0.01.
Conclusion: These results are preliminary, P300 showed some evidence of the selective attention 
mechanism in current research. In addition, time-frequency analysis also showed that there were 
differences in the gamma (38-42Hz) band power which may be associated with selective attention.
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Electrophysiological Examination of the Triplet Digit in Noise Test

Andrew Dimitrijevic, Michael Smith, Stephanie Sieswerda, David R. Moore
Communication Sciences Research Center, Cincinnati Children’s Hospital Medical Center. University of 
Cincinnati

Introduction: The awareness of the limitations provided by the pure-tone audiogram for quantifying 
hearing ability has become increasingly apparent in recent years. As a result, suprathreshold 
evaluation of hearing ability has become more common. Behavioral tests provide only a final outcome 
measure (i.e., the performance on a particular task) and although some clinical populations may 
manifest similar behavioral responses, the underlying mechanisms of similar presenting disorders 
maybe quite different. For example, people with auditory neuropathy have difficulties with speech in 
noise as do the elderly with sensorineural hearing loss. Differences between these populations can be 
differentiated on the basis of electrophysiology. Along similar lines, this study set out to characterize 
the brain’s response to a speech in noise test. The overall goal is to separate sensory and cognitive 
components which may be useful in an objective test of differentiating different types of disorders 
associated with listening difficulties, such as Auditory Processing Disorder.
Methods: Two separate experimental conditions were performed using triplet digits in noise adults. 
Three randomly chosen digits were presented in the presence of speech shaped noise. The intensity 
of the digits was allowed to vary while the noise was held at constant. In condition 1, the signal to 
noise ratio (SNR) needed to identify all three digits 50% of the time was determined in an adaptive 
task where the SNR varied. Once the SNR for 50% performance was determined, condition 2 
commenced. A 64 channel EEG recording was performed while the participant listened to triplet digits 
presented at two different SNR values: (1) at 50% performance level, (2) at +2 dB SNR (100% 
performance). Separate and randomly presented blocks of a particular SNR was presented. EEG 
activity was averaged yielding cortical potentials (N1/P2) to each digit position across the different 
SNRs. EEG oscillatory activity was also examined.
Results: Pilot data from normal hearing adults showed that N1/P2 responses could be recognized to 
each digit position. The amplitude of the N1/P2 response was larger and earlier at the highest SNR 
level. Additionally event-related alpha desynchronization observed and beamformer source analysis 
yielded activation in the auditory cortex. 
Summary: These data show evidence that electrophysiological responses can be obtained during a 
triplet digit test. The N1/P2 response may represent sensory encoding of the digits whereas the alpha 
desynchronization may represent cognitive processing related to auditory attention.
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Neural Encoding of Speech and Non-speech Sound Contrasts: 
Effects of Training and Attention
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Objectives: Perception in noise is a well-documented problem in individuals with cochlear hearing 
loss. Intact processing of complex acoustic cues (such as pitch and onset times) is important for 
successful perception in noise. A growing body of research has shown evidence of training-induced 
neurophysiological changes measured using auditory evoked potentials (AEPs) and there is 
considerable interest in the impact of musical training on auditory perception. The aim of this study 
was to investigate the effects of non-speech auditory training on suprathreshold deficits associated 
with hearing loss using behavioural and electrophysiological measures to assess changes in auditory 
discrimination.
Methods: Participants were adults with either mild or high frequency cochlear hearing loss. Training 
involved 30 minutes a day over two weeks (9 sessions). Training involved matching pitch/or spectral 
timbre to corresponding visual cues on a computer screen using the aTune training software. 
Behavioural performance before and after training was assessed using pitch discrimination tests and 
reaction times. Differential neural encoding of speech sound contrasts (in background noise) and 
complex-tone contrasts was recorded using an active oddball paradigm.
Results: The following results will be discussed: (1) Improvements in pitch discriminations and neural 
encoding of sound contrasts after training; (2) Differential effects of training on neural encoding of 
speech and non-speech sound contrasts; (3) Differential effects on training on N1, P2, and P3 
components of the AEPs; (4) Assocations between behavioural and electrophysiological measures.
Conclusion: Behavioural and electrophysiological measures can be used to show training-induced 
changes in pitch processing in adults with cochlear hearing loss.
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Musicians’ Advantage in an Online Auditory Statistical Learning Task
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Objectives: Musicians’ brains are considered as a functional model of neuroplasticity due to the 
structural and functional changes associated with long term musical training. Statistical learning is an 
implicit ability to extract distributional cues from continuous stream of stimuli. This study investigated if 
long term musical training is associated with facilitation of extraction of distributional cues in an online 
auditory statistical learning (ASL) task.
Methods: Seventeen musicians and eighteen age- and gender-matched non-musicians participated 
in the study. Musicians were defined as adults who learnt music before the age of 9 years and had at 
least 10 years of music playing/singing experience. Auditory event related potentials (ERPs) were 
recorded as participants listened to continuous pure tones which were organized into sets of triplets 
based on their distributional cues. ASL task was adapted from (Abla, Katahira, & Okanoya, 2008). 
Each participant listened to three 7 minute sessions of continuous triplet sequences. Participants also 
completed a surprise behavioral forced choice task to assess statistical learning.
Results: Musicians outperformed non-musicians on the behavioral forced choice task. Fronto- 
central electrodes were chosen for ERP analysis based on previous findings (Abla et al., 2008; Abla & 
Okanoya, 2008; François, Jaillet, Takerkart, & Schön, 2014). Irrespective of the group, based on 
behavioral results, participants who had better statistical learning had larger change in N1-P2 
amplitude between the three sessions. Further analysis of ERP responses from session 1 revealed 
symmetric performance for N1 and N400 amplitude in musicians. Non-musicians had significantly 
larger N1 and N400 responses on the left fronto-central electrodes.
Conclusion: The study provides an insight into the neural mechanisms underlying online auditory 
statistical learning tasks in age- and gender- matched musicians. Statistical segmentation of 
continuous stimuli has been previously associated with increased activation in the left fronto- central 
regions (Abla & Okanoya, 2008). Bilateral fronto-central activation in musicians could be due to the 
anatomical changes associated with the musical expertise. These findings contribute new behavioral 
and electrophysiological evidence to the positive effects of musical practice on auditory statistical 
learning task.
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Cortical Auditory Evoked Potentials in Autism Spectrum Disorder: Using 
Mismatch Negativity to Investigate Perception of Changes in Affective 
Prosody
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Objectives: Research on social communication and interaction has shown that individuals with 
Autism Spectrum Disorder (ASD) display difficulties in perceiving prosody - subtle distinctions in 
spoken language that convey emotion and intent. Different studies have reported impairments in 
detecting variations in intonation and pitch in people with ASD. Auditory processing deficits have also 
been reported on the same population. Individuals with ASD have shown disadvantages at a neural 
level in processing complex stimuli such as speech - whether it is presented in noise, as part of a 
multisensory stimulus, or with varying acoustic parameters. Taking both areas into account, it is 
hypothesised that impairments in prosody processing may stem from inherent deficits at an 
auditory-perceptual level.
Methods: This study involved five children with high-functioning ASD, and five typically developing 
children, aged 7-13 years, and five adults aged 20-40 years. The monosyllabic natural speech 
stimulus /ba/, 200 ms in length, produced with neutral, angry, happy, and sad emotions, was used to 
evoke discriminative cortical responses. The neutral stimulus was used as the standard, and the three 
other emotional stimuli were presented as deviants. Stimulus sequences were presented with a 
70:10:10:10 ratio of standard to deviant stimuli. Mismatch negativity (MMN) responses to the three 
deviant stimuli were analysed to determine differences in amplitude and latency between participant 
groups and between emotions.
Results: Children with ASD showed later and smaller fronto-parietal cortical responses to changes in 
emotion compared to typically developing children and adults. There were differences in response 
amplitude and latency between angry, happy, and sad emotions. From adult participants, angry and 
happy emotions had the tendency to evoke higher amplitude responses, compared to sad. Response 
patterns for the emotions varied across electrodes. 
Conclusion: MMN is commonly used to investigate the neural processes underlying perception of 
changes in unattended sound. Altered MMN responses to differences in speech prosody associated 
with different emotions were seen in the children with ASD. MMN may be a useful objective indicator 
of difficulties in processing affective prosody, for this clinical population as well as others.
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The Clinical Usefulness of Electrical Auditory Brainstem Response in 
Children with Cochlear Implants

Sung-Wook Jeong, Lee-Suk Kim
Department of Otolaryngology-Head and Neck Surgery, College of Medicine, Dong-A University, Busan, 
Republic of Korea

Objectives: To assess clinical usefulness of electrical auditory brainstem response (EABR) for 
cochlear implant recipients.
Methods: Ninety-two implanted children who completed cochlear implant-evoked EABR test and had 
follow ups over 3 years were included. They were divided into four groups including an ideal candidate 
group (n=31) which comprised children who received CI at age under 2 years, a cochleovestibular 
malformation group (n=44), a narrow internal auditory canal (IAC) group (n=8), and an auditory 
neuropathy spectrum disorder (ANSD) group (n=9). Cochlear implant- evoked EABRs were cate-
gorized as normal and abnormal. EABRs with wave II, III, V and case with wave III, V were defined as 
normal. EABRs with wave V only or no response were defined as abnormal. Correlations between the 
EABR results and speech perception scores of 3 years after surgery were evaluated.
Results: There was no significant difference in speech perception ability between children with 
normal EABR and those with abnormal EABR in an ideal candidate group and a cochleovestibular 
malformation group. On the other hand, children with normal EABR showed better speech perception 
abilities than those with abnormal EABR in a narrow IAC group and an ANSD group.
Conclusion: The cochlear implant-evoked EABR has prognostic value in cases with narrow IAC and 
ANSD. This reflects that the integrity of auditory brainstem is crucial to achieve speech perception 
ability after cochlear implantation in children with ANSD and narrow IAC.
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Electrical Auditory Brainstem Responses (eABR) in Late Implant Patient

Fikri Mirza Putranto1,2, Soekirman Soekin1

1Proklamasi ENT Hospital
2Faculty of Medicine and Health Science National Islamic University Syarief Hidayatullah

Objectives: Age is one of established factor that contributes in post cochlear implant performance. 
Many researchs showed, patient implanted before 2,5 - 3 years old performed better and faster 
compare to older patient. Unfortunately, in developing country like Indonesia patient usually implanted 
later because of late diagnosis and finacial problem. eABR has been showed as one of objective 
measurement that may predict post implant performance. This measurement showed the quality of pra 
brainstem auditory tract. In this study we would like to know how perifer auditory system works in late 
implant patients. 
Methods: Intracochlear eABR measurement were conducted to apex, medial and basal electrodes 
using Med-El cochlear implant on 37 ears implanted with congenital hearing loss after age of 36 
month. Responses were analyzed on wave Ve amplitudes, latencies, IIIe-Ve latencies, and eABR 
score according to Gibson studies. Cochlear nerve size measured in parasagital MRI and history of 
hearing aid habilitation were factors that we compare to eABR responses. Good hearing aid history 
and performance was defined as history of more than 8 hour/day using of hearing aid for more than 1 
year, with 40 - 60 dB aided in non speech production patient. In speech produced patient, good 
performance was defined if more than 70% of speech is understanable by non familial person. All 
eABR use 500 cu and 60 us phase duration.
Results: No correlation were found on cochlear nerve size and wave Ve latency and amplitude in all 
electrodes. Between good habilitation and poor/no habilitation group, significant different were found 
on wave Ve amplitude that reduced from apex to basal electrodes(mean different amplitude Ve apeks 
= 0.46, p= 0.02; medial = 0.39, p = 0.005; basal = 0.14, p = 0.022). Significant mean different were 
also found in total responses score (mean difference = 2.1, p = 0.022). Adult patient who switched to 
cochlear implant reported significant different in quality of hearing and daily speech understanding.
Conclusion: Cochlear nerve size may not predict the condition of auditory fiber during prolong poor 
hearing habilitation. Deterioration of auditory fiber is seen as reduced intracochlear eABR responses 
quality needs different imaging assesment to identified the quality of auditory tract before implant.
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Cross-modal and Intra-modal Characteristics of Visual Function and 
Speech Perception Performance in Cochlear Implantation of Postlingual 
Deafness

Min-Beom Kim1, Hyun-Yong Shim2, Soo Jin Kang2, Il Joon Moon2, Yang-Sun Cho2, Sung 
Hwa Hong2

1Department of Otorhinolaryngology - Head and Neck Surgery, Kangbuk Samsung Hospital, 
Sungkyunkwan University School of Medicine, Seoul, Korea

2Department of Otorhinolaryngology - Head and Neck Surgery, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, Seoul, Korea

Objectives: Visual-auditory cross-modal plasticity has been widely accepted by deaf individuals. 
Superior visual abilities of deaf individuals are reported with enhanced reactivity of visual events or 
enhanced spatial attention. However, the methods for identifying cross-modal plasticity are limited in 
enhanced visual reactivity using PET or EEG study, such as visual evoked potentials (VEP) in human. 
The goal of this study was to investigate the association between visual-auditory cross-modal plasticity 
and speech perception outcome in post-lingual deaf adult CI users by VEP response of auditory and 
visual cortex for visual reactivity and visual field (VF) test for spatial attention.
Methods: Post-lingual deaf adults with cochlear implant (N=14) and normal adult controls (N=12) were 
participated in this study. All CI users had their device implanted for more than 1 year with different 
levels of speech perception performance. The CI participants was divided into good performer group 
(good CI, N=7) and poor performer group (poor CI, N=7) by word perception score. All participants were 
analyzed with VEP response in temporal and occipital cortex. Goldmann perimetry was analyzed for 
identifying VF difference. The association of the amplitude of the P1 VEP response over the right 
temporal or occipital cortex among three groups (control, good CI, poor CI) was analyzed. In addition, 
the association between VF by different stimuli and word perception score was evaluated.
Results: Compared to other groups, P1 VEP amplitude in right temporal cortex was larger in the poor 
CI performer group, but their P1 amplitude in occipital lobe was smaller. P1 VEP amplitude in right 
temporal lobe was negatively correlated with speech perception outcome in the CI participants. 
However, P1 VEP amplitude in occipital cortex had a positive correlation with speech perception 
outcome in the CI participants. In VF analysis, CI users showed narrowed central VF (VF to low 
intensity stimuli). However, their far peripheral VF (VF to high intensity stimuli) was not different from 
the controls. In addition, their extent of central VF was positively correlated with speech perception 
outcome. Similar with univariate analysis, right temporal, occipital P1 amplitude and central VF had 
strong correlation with speech perception outcome using multivariate analysis.
Conclusion: Persistent visual activation in right temporal cortex even after CI causes negative effect 
on outcome in post-lingual deaf adults. Insufficient intra-modal (visual) compensation by occipital 
cortex also causes negative effect on outcome. Based on our results of VF test, narrowed central VF 
could be novel behavioral evidence in CI users with poor outcome.
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Exploring Single-channel Cortical Auditory Evoked Potential (CAEP) 
Recordings in a Clinical Cochlear Implant (CI) Environment
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Objectives: CAEPs are used as an objective electrophysiological measure to evaluate aiding in 
hearing-impaired individuals. However, the clinical application of CAEPs to CIs is impeded by the 
presence of an electrical artefact. The aim of this study is to evaluate whether a single- channel CAEP 
recording system can be modified sufficiently to allow clinical use. 
Methods: A hardware modification of the single-channel clinical HEARLab system reduced artefacts 
by more than 20 dB. An additional software modification to the automatic CAEP detection reduced its 
susceptibility to any remaining CI artefacts significantly without loss of CAEP detection sensitivity 
(based on a pilot study with 25 adult Cochlear users).
Data collection on 34 additional CI adults (now with 3 different CI manufacturers: 9 ABC, 12 MED-EL 
and 13 Cochlear), incorporating a specific stimulus condition which only can generate CI artefacts - 
and hence no CAEPs - has been completed. This condition removed any possible confusion between 
CAEPs and artefacts, a common problem when evaluating CAEPs in CI subjects.
Results: False-positive CAEP detections using the automatic CAEP detector are still occurring in the 
specific stimulus condition that produces CI artefacts only. In response, a CI artefact detector to warn 
the clinician has been developed. Preliminary results show that the CI artefact detector has a 
specificity and sensitivity of at least 90 and 85% respectively, with still room for improvement. Artefact 
and CAEP prevalence are manufacturer- and stimulus-dependent. It will be discussed whether 
single-channel recording of CAEPs in CI subjects is clinically viable, and what the optimal parameter 
settings then would be for both the CI artefact and CAEP detectors.
Conclusion: The current hardware of the single-channel CAEP recording system HEARLab with 
software modifications allows an improved CAEP detection sensitivity with reduced susceptibility to CI 
artefacts. However, in some cases these artefacts are still apparent and difficult to remove. If so, a 
detector could warn the clinician of their presence to avoid false interpretations.

**This research is financially supported by the HEARing CRC, established and supported under the 
Australian Government’s Cooperative Research Centres Program.
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Central Processing of Simultaneously Presented Electrical and 
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Introduction: Bimodal hearing refers to the condition in which electrical hearing via a cochlear 
implant (CI) is combined with residual hearing in the non-implanted ear. Several studies demonstrate 
improvements in speech perception in noise and sound localization. However, the mechanisms 
underlying these benefits are still unclear. The goal of this study is to gain insight into the processing 
of simultaneously presented electrical and acoustical signals using auditory brainstem responses 
(ABRs). 
Methods: Seven bimodal listeners were included. The non-implanted ear was stimulated with 500 Hz 
tone-bursts; the implanted ear with biphasic pulses. Before starting the ABR recording, the electrical 
stimulation was loudness- and pitch-balanced to 500 Hz tone-bursts presented at 45 dB SL. 
Subsequently, ABRs were recorded in response to monaural acoustical, monaural electrical and 
bimodal stimulation. The bimodal ABRs were then compared to the monaural responses. 
Results: Electrical ABRs were found in all subjects for both the monaural and bimodal condition. In 
contrast, acoustical ABRs could only be recorded in two out of seven subjects. In one of these 
subjects, acoustical ABRs were found in both the monaural and bimodal condition. In the other 
subject, the acoustical ABR was only present in the monaural condition.
Conclusion: To our knowledge, the present study is the first to use tone-bursts in a bimodal ABR 
recording paradigm. Preliminary data show that bimodal ABRs can be recorded. However, obtaining 
these responses is still challenging due to several reasons. First, inter-aural processing of bimodal 
stimuli may vary depending on the bimodal stimulus paradigm. Second, the degree and configuration 
of residual hearing seems to affect bimodal ABRs. A new protocol to obtain bimodal ABRs is 
proposed.
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Comparison of Acoustic Features and Physiological Outcomes in the 
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Objectives: It is widely acknowledged that the human auditory system is organized tonotopically and 
people generally listen to sounds as a function of frequency distribution through the auditory system. 
However, it is still unclear how acoustic features of speech sounds are indicated to the human brain in 
terms of speech perception. Thus, the purpose of this study was to investigate whether two sounds 
with similar high-frequency characteristics in the acoustic analysis show similar results at the level of 
auditory brainstem.
Methods: Thirty-three young adults with normal hearing participated in the study. They were all 
right-handed and native Korean speakers. As stimuli, two Korean monosyllables (i.e., /ja/ and /cha/) 
and four frequencies of toneburst (i.e., 500, 1000, 2000, and 4000 Hz) were used to elicit the auditory 
brainstem response (ABR). All stimuli were presented from 80 dBnHL to 20 dBnHL through the right ear 
via an inserted earphone. The stimuli rate was 21.7 ms for toneburst and 2.3 ms for monosyllable. 
Responses were recorded from the mastoid, referenced to the Fz with the forehead serving as ground. 
To increase reproducibility and reliability, the subjects were tested twice.
Results: Measures of monosyllable and toneburst were highly replicable and the wave Ⅴ of 
waveform was detectable in all subjects. The latency of wave V of both the monosyllable and 
toneburst increased as intensity decreased, whereas the amplitude of the wave V did not change 
regardless of intensity. In the results of Pearson correlation analysis, the /ja/ syllable had a high 
correlation with 4,000 Hz of toneburst which means that its acoustic characteristics (i.e., 3,671~5,384 
Hz) showed the same results in the brainstem. However, the /cha/ syllable had a high correlation with 
1,000 and 2,000 Hz of toneburst although it has acoustical distribution of 3,362~5,412 Hz.
Conclusion: We conclude that there is disagreement between acoustic features and physiology 
outcomes at the auditory brainstem level. This finding suggests that an acoustical-perceptual 
mapping study is needed to scrutinize human speech perception. It also suggests the need for further 
research into speech ABR to understand the speech perception ability of hearing- impaired listeners, 
whose results will apply in aural rehabilitation, including providing a scientific basis for hearing aid 
fitting and cochlear implant mapping.
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Atrial Natriuretic Peptide Modulates Auditory Brainstem Response of Rat

Yong Joo Yoon
Department of Oto-Rhino-Laryngology, Chonbuk National University, Chonju, Korea

Atrial natriuretic peptide (ANP) may alter electrophysiological properties of the cochlea and possibly 
have a role of auditory action. This study was undertaken to examine and clarify the role of ANP in the 
rat auditory system, using auditory brainstem response (ABR) audiometry. The mean ABR thresholds 
and the latencies for wave II at the ABR threshold altered at given frequencies throughout the study. 
Intra-arterial infusion of ANP (0.1 mg/kg, 4 mg/kg and 8 mg/kg; bolus injection) resulted in a significant 
increase in ABR thresholds. A significant shift in the ABR wave II latency was observed at lower 
frequency (1 kHz and 2 kHz). There was a little change in latency at 20 kHz. Increased amount of ANP 
significantly altered the ABR in rat. The results indicate that ANP can induce inhibitory ABR and may 
have an effect on the neuromodulation of auditory nervous system.
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Time and Spectral Bootstrap Analysis of the ABR

Steven Bell, Kimberley Novis
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Objectives: Auditory Brainstem Responses (ABRs) are commonly generated using simple, transient 
stimuli (e.g. click s or tone bursts). Recently there has been considerable interest in the use of more 
complex stimuli to elicit the ABR with considerable work focussing on the use of synthetically 
generated Consonant Vowel (CV) Stimuli. Several ABR features have been documented in response 
to CV stimuli. However an important issue is how robust such features are. The aim of the current 
work was to explore the consistency of ABR features to difference stimuli in time and spectral 
domains.
Methods: ABRs were recorded using click stimuli and the CV stimulus ‘da’. Stimuli were presented to 
16 subjects at 70 dB nHL in quiet and also in 65 db nHL noise. A no stimulus baseline condition was 
also recorded. Bootstrap analysis was applied to the data using random rotations of epochs from the 
evoked response data to create non-coherent averages. Repeating the process many times allows 
the generation of confidence intervals in both the time and spectral domain (e.g. 1% critical values).
Results: Using the bootstrap analysis method it is possible to identify time and spectral features in the 
ABR that are significantly difference from noise at a desired significance level. Comparing significant 
features across subjects can help to identify the most consistent features in responses. Across 
stimulus conditions, only click wave V showed 100% wave presence in quiet and noise. Responses to 
‘da’ showed lower wave detectability, particularly in noise. The most robust response to ‘da’ appeared 
to be an offset response.
Conclusion: The bootstrap approach is flexible and can indicate the presence of significant features in 
time and spectral views of evoked responses. This may help to inform optimal filter settings for evoked 
response recording or to inform which features in responses to complex stimuli are most reliable.
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Automatic Removal of Sonomotor Waves from Auditory Brainstem 
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Objectives: Often auditory brainstem responses (ABR) recordings, especially when using high- 
intensity stimuli, contain postauricular muscle response. It takes a form of a sonomotor wave (SMW) 
localized at latency near 12 ms. As it is a stimulus-related response, its contribution to ABR cannot be 
decreased by means of averaging of multiple recordings or artifact rejection. High amplitude of SMW 
and its localization may increase the risk of misidentifying wave V, and impact the efficiency of 
automatic response detection systems. The main aim of the study was to develop a system capable of 
automatic detection and removal of SMWs from ABRs.
Methods: Our approach was based on adaptive decomposition using a redundant set of functions. 
Two systems for two classes: Gaussian (MP-Gaussian) and 1-cycle-limited Gabor (MP- Gabor1) 
functions were tested. To evaluate system performance large numbers of computer simulated data 
with different characteristics were used. System efficiency in detection and removal of SMWs was 
tested on clinical data recorded in a group of patients with normal hearing. In total, 96 ABR waveforms 
were analyzed. Results were judged by an expert with several years of experience in ABR scoring.
Results: Obtained results showed that both tested methods, as compared to the judgments of an 
expert, were able to successfully remove SMWs without appreciably affecting the ABR response. The 
MP-Gaussian method seemed to perform better than MP-Gabor1 method as it did not generated as 
many false positives.
Conclusion: High sensitivity, specificity and predictive values obtained on simulated data, and 
confirmed by an expert judgments, suggest that these methods may be clinically useful.
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Comparison of Wave V Thresholds in Auditory Brainstem Responses 
Evoked by Click, Tone-pip and Chirp Stimuli
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Background: The method of determining hearing thresholds with the use ABRs is commonly used in 
clinical practice for many years. Most often, click and tone-pip stimuli are used in these examinations. 
In recent years, investigations are carried out on applications of chirp stimuli in applications to hearing 
screening and evaluation of hearing threshold. According to many authors, chirp stimuli yield greater 
ABR amplitude than clicks, thus may facilitate identification of wave V, especially at near-threshold 
levels.
Aims: The aim of the study was comparison of wave V thresholds in ABRs evoked by clicks, tone-pip 
and chirp stimuli in normal-hearing subjects.
Material and methods: The material consisted of 12 female, normal hearing subjects, at the age of 
23 years. The device used in ABR examinations was Eclipse EP-25 (Interacoustics a/s). The 
responses were registered using the intensity series procedure for click, tone-pip of frequency1000 
Hz, broadband CE-Chirp, and narrow-band 1 kHz NB CE-Chirp LS.
Results: Analysis of results showed that, at stimulus levels of 10 and 20 dB nHL, wave V amplitude for 
CE-Chirp was, in 40% of cases, significantly greater than the amplitude in clicked-evoked ABRs. In 
comparison with 1000 Hz tone-pip, the NB CE-Chirp stimulus gave significant increase of wave V 
amplitude in 40% of cases at 20 dB nHL stimulus level, and in 15% of cases at the level of 10 dB nHL. 
Average values of wave V threshold determined with the use of clicks and CE-Chirps did not 
significantly differ. However, it was found that NB CE-Chirp gave slightly lower threshold values than 
those obtained with 1000 Hz tone-pips. 
Conclusion: Based on the results, one can formulate the conclusion that, in some cases, greater 
amplitude of wave V obtained at low stimulus levels in ABRs evoked by narrow-band stimuli type NB 
CE-Chirp LS may facilitate determination of wave V threshold.
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Objectives: Although auditory brainstem responses (ABRs) are one of the most commonly used 
methods of objective hearing tests, the part related to visual scoring of ABRs influences the risk of 
discrepancies in obtained results. Studies in the field of automatic response recognition add to 
standardization and objectivization of ABRs. The aim of this study was to develop an automatic 
response detection system for auditory brainstem responses and to evaluate its performance for 
clinical data.
Methods: The proposed system was based on signal processing and statistical methods. It was 
capable to identify wave V latency and response threshold. Its precision was tested on a large set of 
computer simulated data, as well as on real traces recorded in a group of 21 subjects with normal 
hearing and 14 subjects with hearing deficits. Additionally, its efficiency in ABR threshold detection 
was tested on big sets of data recorded in groups of 123 subjects with normal hearing and 246 
patients with sensorineural hearing deficits of cochlear origin. Results of the system were compared 
with evaluations by experts.
Results: The system had a high consistency with experts in wave V latency and threshold detection 
for sets of ABR traces recorded in groups of subjects with normal hearing and with hearing loss. On a 
large set of clinical data, system obtained a satisfactory precision in ABR threshold detection.
Conclusion: Obtained results suggest that the proposed system could be useful as a module 
supporting ABR equipment operator during typical clinical routines.
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Correlation among Pure Tone Audiometry, Speech Reception Test and 
Auditory Brainstem Response Audiometry in Applicants for Public Health 
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Objectives: Financial supports are provided by the Korean government to improve the health and 
quality of life to people with hearing disability. The otologists often confirm the pure tone average 
(PTA) results with the results of auditory brainstem response (ABR) tests in order to issue the medical 
certificate of hearing disability. It is well known that the click ABR thresholds correlate best with 
hearing sensitivity in the 2k to 4k Hz region and the speech reception (SR) threshold correlates best 
with the pure tone threshold at speech frequencies, mainly 0.5–2 kHz. However, most of these 
correlations have been documented in non-selected populations, and not in the subjects applying for 
the financial benefits, who may be biased by the secondary gain. The aim of this study is to evaluate 
the correlation among the thresholds of PTA, SR and ABR among the subjects who performed the 
hearing evaluation for disability application and to compare the correlation with the result of the subject 
who performed evaluation for the diagnosis.
Methods: A retrospective chart review of the data from 395 patients who underwent pure-tone 
audiometry, speech audiometry and ABR for the evaluation of their hearing impairment at the Catholic 
University College of Medicine St. Paul’s hospital was analyzed. The patients were divided into two 
groups whether they applied for the issuing of hearing disability certificate. The correlation coefficients 
between the thresholds of PTA, SR and ABR were calculated in each group and compared using 
Fisher r-to-z transformation.
Results: The demographic data of both groups showed no significant difference. The thresholds in all 
frequencies of pure-tone audiometry of the patients for the disability application were significantly 
higher than those of the patients for the diagnosis. When the correlation between the threshold in 
each frequency of pure-tone audiometry and the threshold of SR was compared, the highest 
correlation was observed in 1 kHz in both groups. The correlation between the threshold in each 
frequency of pure-tone audiometry and the threshold of ABR was highest in 3 kHz in both groups. The 
correlation coefficients between the thresholds of PTA, SR and ABR were both higher in the patients 
for the diagnosis. Among the patients for the disability application, the age affected negatively on the 
correlation coefficients between the thresholds.
Conclusion: The correlation of the thresholds between PTA, SR and ABR was significantly lower in the 
patients who performed the hearing evaluation for issuing of hearing disability application, especially in 
older patients. Therefore, the result of the objective measurements should be incorporated in the 
estimation of the hearing threshold for the patients who require the hearing disability application.
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Comparison of Wave V Latencies of Auditory Brainstem Responses by 
Bone Conduction and Air Conduction in Normal Hearing Infants
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Objectives: Bone conduction(BC) auditory brain stem responses(ABR) is important to determine the 
type of hearing loss especially in infants and other difficult-to-test populations. However, multiple 
constraints including technical difficulties make BC ABR less feasible in clinic, and there is lack of 
information to guide clinicians to evaluate BC ABR. The purpose of this study is to compare the 
latency of wave V in bone conduction(BC) and air conduction(AC) ABR in normal hearing infants and 
gather normative wave V latency data of BC ABR. 
Methods: Total 210 ears with normal hearing results, which don’t belong to hearing loss risk group 
were included. All the infants underwent ABR evoked by clicks via AC (3A insert phone) and BC 
(Radioear B-71, vibrator positioned on the mastoid) under sedation. The latency of wave V at 
30dBnHL by BC and AC ABR was compared and analyzed according to age.
Results: The results revealed that in infants especially until five years old, wave V latency at 30dBnHL 
in BC ABR was shorter than that of AC ABR significantly using paired t-test. Also, the expected trend 
of decreasing latency with increasing age was observed both in AC and BC ABR.
Conclusion: The latency of BC ABR in infants was significantly shorter than that of AC ABR in paired 
t-test. Previously published report (Yang & Stuart 1990) says that during early infant period, the 
physical differences in craniums and sutures can make the transmit of bone conducted stimuli faster 
than air conducted stimuli. The result of this study support the proposition that BC ABR is a feasible 
and reliable diagnostic tool in testing infants.
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Objectives: The aim of this study is to assess the correlation between the threshold of click-evoked 
Auditory brainstem response (ABR) and the pure-tone averages in various formulas.
Methods: Data were obtained from 207 patients (326 ears) with sudden sensorineural hearing loss. 
All subjects underwent hearing threshold evaluation by means of pure tone audiogram (PTA), speech 
audiogram and click-evoked ABR. Linear regression analyses were applied to define the relation 
between threshold of click-evoked ABR and threshold of separate frequencies of the PTA and to 
analyze the correlation between threshold for click-evoked ABR and various pure-tone averages.
Results: Results revealed significant relation between the threshold of click-evoked ABR and PTA 
thresholds at 0.5 kHz, 1 kHz, 2 kHz, 3 kHz, and 4 kHz. Coefficient of regression(=1.026) was highest 
for 4 kHz and the coefficient of determination (R2=0.663) was highest for 3 kHz. The coefficient of 
regression was highest(=0.995) for the mean of PTA thresholds for 3 and 4 kHz. The coefficient of 
determination was highest for the mean of PTA thresholds of 1, 2, 3 and 4 kHz (R2=0.732). Multiple 
regression analysis showed significant relation between ABR threshold and PTA threshold for 1, 3, 
and 4 kHz (R2=0.732), with highest correlation coefficient at 3 kHz [ABR = 11.79 + (0.17 x 1 kHz) + 
(0.26 x 3 kHz) + (0.23 x 4 kHz), (P<0.05)].
Conclusion: The threshold of click-evoked ABR correlates best with the mean of PTA thresholds from 
1, 2, 3 and 4 kHz. PTA threshold for 3 kHz have a highest correlation with ABR threshold.
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Objectives: Despite widely-known studies on ABR post-average signal quality estimation, it is still 
common practice to stop an ABR recording when a fixed number of stimulus presentations have been 
made. This will result in recordings of varying quality across subjects and stimulus type, due to 
variability of encephalic and non-encephalic noise across and within measurements. This study 
assessed different stop criterions using numerical simulations to estimate error distributions of peak 
amplitude and latency of post-averaged ABRs. The study aimed to provide guidance on the best way 
to minimise uncertainty to compare amplitudes and latencies for clinical and research applications.
Methods: An ABR template (averaged across subjects) was manipulated to capture appropriate 
features of practical ABR amplitude and wave V width variation (i.e. due to subject variability and 
stimulus level/type). These templates were combined with a large database of raw EEG ‘noise’, 
recorded without a stimulus present using typical ABR electrode configurations across multiple 
subjects. By adding the template to raw EEG, the true ABR peak amplitude and latency was known a 
priori, so that error statistics could be quantified. The post-average variance ratios (estimated via the 
multiple-point F-ratio method), residual noise floor, and wave V latency and amplitude errors were 
calculated for increasing numbers of epochs of each recorded noise run combined with the different 
ABR templates. A good stopping criterion should result in latency and amplitude standard errors being 
insensitive to changes in the ABR waveform morphology (amplitude and shape). This study 
numerically investigated whether the estimated F-ratio or residual noise is best used as a stop 
criterion, and compared these results with theoretical predictions.
Results: Raw EEG was measured from 12 male and 5 female adults, forming a database of 154 runs 
each of 10,000 epochs. The amplitude standard error was shown to be independent of ABR 
amplitude (scaling) and width (sharpness of the peak) when plotted as a function of residual noise 
level, suggesting that fixed residual noise is an appropriate stopping criterion. The results for latency 
standard error were not as simple but tended to support a fixed F-ratio stopping criterion, which is 
insensitive to ABR amplitude (scaling) but is sensitive to width.
Conclusion: It is shown that the averaging stop criterion (fixed SNR vs. fixed noise floor) that leads to 
the comparable standard errors between test-subjects or stimulus conditions is different depending 
on whether ABR amplitude or latency is the outcome measure required.
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Objectives: Elderly listeners often have difficulty understanding speech in the presence of noise 
and/or reverberation. Several studies so far have mainly focused on auditory brainstem responses to 
speech (speech ABRs) under noise and correlates of elderly listeners’ intelligibility of speech under 
noise. However, effects of reverberation on speech ABRs in elderly listeners are not yet known. The 
purpose of this study was to investigate ABRs to anechoic and reverberant speech in elderly listeners. 
We hypothesized that elderly listeners with low word intelligibility of reverberant speech would show 
degraded subcortical encoding information of reverberant speech.
Methods: Participants were 28 elderly females (ages 62-73 years; mean 67.3; SD 3.8). We obtained 
their word intelligibility in anechoic and reverberant speech conditions, and divided the participants 
into two groups (top and bottom performance groups) according to their word intelligibility scores. The 
two groups did not differ statistically as for age, hearing threshold (125-8000 Hz), pure tone average, 
tympanometric scores, click-evoked ABR wave V latency, and word intelligibility score in the anechoic 
condition. The speech ABRs were obtained in response to an anechoic syllable /da/ and a reverberant 
syllable /da/. The stimuli were presented to the right ear at an intensity of 70 dB SPL. To assess how 
much the speech ABRs could represent the morphology of the stimulus waveform, Pearson’s 
correlation coefficients between responses to anechoic or reverberant /da/ and the envelope of the 
anechoic /da/ stimulus waveform were calculated for each participant. The Pearson’s correlation 
coefficients between groups were compared.
Results: No significant difference between the top and bottom performance group was found for 
anechoic response-to-stimulus correlation coefficients. However, reverberant response-to-stimulus 
correlation coefficients were significantly lower for the bottom performance group than for the top 
performance group.
Conclusion: The elderly listeners with low word intelligibility scores under reverberation showed 
degraded subcortical representation toward temporal envelope cues of reverberant speech. These 
findings help to elucidate the reasons why elderly listeners have difficulty in understanding speech 
under reverberation.
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Auditory Brainstem Response in Normal-hearing Patients with and 
without Tinnitus
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Objective: The aim of our study is to evaluate electrophysiologically the auditory nerve and auditory 
brainstem function of the normal hearing individuals with tinnitus and without tinnitus using auditory 
brainstem response (ABR).
Method: Twenty three normal hearing individuals with tinnitus (study group) and 20 without tinnitus 
(control group) were participated in this study. The control group was matched with similar sex and 
age with study group. We compare the ABR parameters (latency of waves l, lll, V; interpeak intervals 
l-lll, lll-V, l-V; the interaural latency difference of wave V; amplitude of wave V) between two groups.
Result: The tinnitus group showed the prolongation of latencies of waves l, lll, V; interpeak interval of 
l-lll, l-V, amplitude of wave V compared with the control group, although parameters in study group 
and control group were in normal limit. The prolongation of latency of wave lll and amplitude of wave V 
were statistically significant.
Conclusion: In our study, the ABR results from the patients with and without tinnitus and normal 
hearing were within normal limits, but the tinnitus group showed the prolongation on large number of 
parameters of ABR. In this study, we think ABR is useful test for workup of tinnitus with normal 
hearing. However, the effect of problems for more peripheral and central pathways in tinnitus should 
be further studied to identify the pathophysiology of the tinnitus.
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Objectives: To analyze the audiologic tests results of referred patients from newborn hearing 
screening program.
Methods: Neonates were screened by automated auditory brainstem response (AABR) or automated 
evoked otoacoustic emissions (AOAE). Subjects whose result of AABR of AOAE was “refer” were 
tested auditory brainstem response (ABR), auditory steady-state response (ASSR) and distortion 
product otoacoustic emissions (DPOAE). Final results from audiologic tests and correlation between 
these tests were analyzed.
Results: Of 237 babies who were “referred”, 116 patients had normal hearing, 121 showed ABR 
threshold over 30 dB nHL in at least one ear. One hundred fifty-six ears underwent ASSR tests and 
mean ASSR threshold had a strong correlation with ABR threshold (r=0.905, p<0.001). Sensitivity and 
specificity of ASSR to ABR were 89.6% and 93.3%. DPOAE tests were performed to 180 ears, with 
sensitivity of 85.9% and specificity of 82.8%.
Conclusion: ASSR and DPOAE had relatively high sensitivity and specificity. In addition, ASSR can 
be considered as substitute of ABR.
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Detecting Hidden Hearing Loss using the Auditory Steady State 
Response
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Objectives: In recent animal physiology work, it was found that noise exposure leading to threshold 
shifts that eventually return to normal can also incur more permanent damage. This damage was 
reflected by a reduction in ABR wave I amplitude in response to tone pips at moderate sound 
intensities. This is called hidden hearing loss because it cannot be detected with classical audiometry 
but is thought to adversely effect supra-threshold tasks such as speech understanding in noise. Our 
objective was to develop an objective measure of hidden hearing loss in humans based on the 
auditory steady state response (ASSR).
Methods: Thirteen young listeners with normal audiograms were tested. Noise exposure during their 
daily lives was estimated using a custom questionnaire and their speech reception threshold in noise 
was measured. 
To find the stimulus and recording electrode positions to most reliably measure wave I at moderate 
stimulus intensities (60dBnHL), we assessed clicks, broadband CE chirps, 1-octave- wide CE chirps 
around 4kHz and 4kHz tone pips, with electrode positions at the mastoids and in the ear canal.
Then, hypothesising that ASSRs elicited by high modulation frequencies (>100Hz) would reflect the 
same neural generator as the wave I amplitude (i.e., the cochlear nerve), we used a sweeping 
modulation frequency technique to determine a modulation frequency that elicited clear responses in 
all subjects. 
Finally, we calculated correlations between the various measures obtained: noise exposure, speech 
recognition threshold, wave I amplitude and high-frequency ASSR amplitude. 
Results: Wave I could be most reliably identified using an ear-canal electrode and CE chirp stimulus. 
There was no significant difference in amplitude between the band-limited CE chirp and the tone pip. 
High-modulation frequency ASSRs could be most reliably measured in the range of 150-250Hz, but 
there was no single modulation frequency that yielded maximal responses in all subjects. We 
therefore used an average or maximum amplitude across modulation frequencies in subsequent 
analyses. We found that the difference between wave V and I amplitude significantly increased with 
increasing noise exposure as reported in the questionnaire. We found no significant correlations 
between questionnaire results, speech recognition thresholds, and ASSR amplitudes, nor between 
wave I amplitude and ASSR amplitude. 
Conclusions: Wave V-I amplitude might be a neural correlate of hidden hearing loss. The proposed 
high-modulation-frequency ASSR did not turn out to reflect noise exposure as measured by our 
questionnaire.
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Usefulness of Objective Hearing Tests for Screening Patients with Partial 
Deafness

Min Ji Yu, Hyung-Ah Mun, Jong Joo Lee, Young Sook Kang, Oak-sung Choo, Hun Yi 
Park, Yun-Hoon Choung
Department of Otolaryngology, Ajou University School of Medicine, Suwon, Republic of Korea

Objectives: ‘Partial deafness’ that is characterized by normal or slightly impaired hearing in the low 
frequency band with nearly total deafness in the high frequency range, are difficult to assess with 
conventional behavioral tests in infants and young children. Therefore, this study aimed to assess the 
usefulness of objective hearing tests, such as auditory brainstem response(ABR) and auditory 
steady-state response(ASSR) in evaluating patients with partial deafness. 
Methods: One hundred thirty three patients who underwent ASSR in Ajou University Hospital from 
January 2008 to January 2013, were enrolled to this study. Correlations between ASSR, ABR and 
PTA thresholds were analyzed. 
Results: ASSR thresholds of 133 patients were highly correlated with both ABR and PTA thresholds in 
majority of the tested frequencies. Partial deafness were detected in 9 out of 133 patients based on 
the results of PTA and ASSR. ASSR thresholds of patients with partial deafness were significantly 
correlated with PTA thresholds in all frequencies, especially were highly correlated at 1 and 4 kHz. But 
there was no significant correlation between ASSR and ABR thresholds. ABR thresholds of partial 
deafness patients were measured 65 dB in one patient, 70-90 dB in 3 patients, and no response at 
90dB in 5 patients, respectively. In 8(6%) out of 124 patients, ABR thresholds were measurable with 
profound hearing loss and residual hearing was observed at low frequencies. 
Conclusion: ASSR is useful for predicting residual hearing at low frequencies of infants and young 
children which are difficult to evaluate with conventional behavioral tests.
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Objectives: Early identification of permanent hearing loss in infants requires fitting of hearing aids in 
some of the identified infants. For good practice and to reassure parents, there is a need for an 
accurate and objective method to verify the hearing aid fitting. Over the years a number of different 
electrophysiological methods have been suggested, and in this study, a free-field, auditory steady 
state response (ASSR)-based approach is explored. The objective of the study is to test whether the 
ASSR becomes degraded 1) due to room acoustics, i.e. changes from ear canal (insert earphones) to 
free-field (speaker) stimulus condition and 2) due to the hearing aid itself.
Methods: ASSR was recorded in normal-hearing listeners. A multi-band stimulus was used consisting 
of four narrow-band (NB) CE-Chirp trains, with each band presented at an individual rate (close to 90 
stim/s) and with octave-bands at the center frequencies 500, 1000, 2000 and 4000 Hz. The 
multi-band stimulus was further modified such that it is treated as a speech-like stimulus by the 
hearing aid. The stimulus was presented in the following conditions: 1) using normal insert earphones, 
2) using free-field (unaided), and 3) using free-field (aided, i.e. with the hearing aid fitted to a flat 40 dB 
HL hearing loss). In the aided condition, the stimulus level in the free-field was lowered such that the 
ear canal SPL was the same as in the other two conditions.
Results: The ASSR amplitude, residual noise, signal-to-noise ratio and test statistics (Fmp) were 
analyzed. Comparison between unaided, aided and insert earphone was made across all test 
conditions. Insert earphone and unaided ASSR gave similar results, suggesting that the room 
acoustics do not degrade the ASSR. Also, it was found that unaided ASSR was comparable to aided 
ASSR which could indicate that the hearing aid does not change the temporal properties of the NB 
CE-Chirps.
Conclusions: In normal-hearing listeners, it has been demonstrated that multi-band ASSR can 
successfully be obtained in the free-field condition and with hearing aid compensation. Therefore, the 
ASSR might be considered a viable tool for the verification of hearing aid fittings in infants.
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Comparison of Threshold Estimation in Infants with Hearing Loss or Normal 
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CE-chirp and ABR Evoked by Tone Pips: Results for 2000 Hz

Franck Michel
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Tone pip ABR (tpABR) is currently the method of choice for estimating thresholds in infants until those 
are capable of providing behavioural responses. Auditory Steady-State Response (ASSR) is a newer 
technology and is implemented differently from one manufacturer to the other, which makes it more 
difficult to grow a large database of clinical results. In order to validate its usability more clinical data is 
needed, especially measured on children with hearing loss. The aim of this study was to compare 
thresholds measured with ASSR and tpABR, and provide correction values to estimate behavioural 
thresholds measured with the employed ASSR system.
The patient group consisted of 33 infants (mean age: 5.2 months). Measurements were done as part 
of the scheduled clinical assessment of their hearing status. 52 ears were tested, 31 of them with 
hearing loss. tpABR and ASSR were recorded in the same session in order to have identical 
conditions for both methods. Measurements were performed with Interacoustics Eclipse. tpABR was 
evoked by a 5-cycle Blackman gated tone pip at 2000 Hz at a 49.1 Hz rate. Narrow band CE-chirps 
were used for ASSR and up to four frequencies were measured simultaneously at around 90 Hz rate. 
Data for 2000 Hz was used for the current analysis.
Auditory thresholds obtained by means of electrophysiological measures are determined by the 
criteria for when a response is deemed to be positive (above threshold) or negative (below threshold). 
tpABR is assessed through subjective, visual judgement about ABR being present or not, which there 
is a good agreement on in the literature. No such agreement exists for ASSR and especially the 
definition for when a response is negative is crucial when assessing ASSR thresholds. The rationale 
used for determining ASSR thresholds during our measurements will be described. Preliminary data 
analysis shows a strong correlation between tpABR and ASSR at 2000 Hz. A statistical analysis of the 
data will be presented, together with suggested correction values for converting data from dB nHL to 
dB eHL (estimated Hearing Level).
The initial analysis suggests that ASSR can reliably be used for estimating hearing at 2000 Hz in 
infants. The suggested ASSR correction values should only be used when the criteria for positive and 
negative response presented in this study are respected. More data is currently being collected for 
500, 1000 and 4000 Hz.

**Financial support: The Oticon Research Foundation, Denmark



233122

PP-18

The Effect of Attention on Auditory Steady State Responses at Cortical 
Rates

Michael Hofmann, Jan Wouters
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Objectives: Auditory steady state responses (ASSRs) can be recorded from different generators 
along the auditory pathway. Clinically used ASSRs for modulation frequencies around 90 Hz and 40 
Hz originate from brainstem and subcortical sources, respectively. In the last years, ASSRs for 
modulation rates below 40 Hz have been used to investigate cortical processing. As these responses 
are very often recorded while the subject is watching a subtitled movie, they might be influenced by 
differences in attention. The purpose of these studies was to examine how ASSRs for cortical 
frequencies are affected by selective attention to an auditory stimulus or diversion of attention towards 
a spatial-visual stimulus.
Methods: In the first study, 17 subjects were asked to selectively attend to a stimulus in one ear while 
ignoring the stimulus in the other ear. Stimuli were AM sine tones with carrier frequencies of 1000 and 
2500 Hz and modulation frequencies of 4±1, 20±2, and 40±3 Hz for the two ears. In the second study, 
21 subjects were tested in three conditions. They had to attend to a monaural stimulus, or divert their 
attention to a game of Tetris at two different levels of difficulty. The stimulus was an AM 
speech-shaped noise with modulation frequencies of 4, 10, 20 and 40 Hz.
Results: In the first study, attended response amplitudes and SNRs were enhanced at 5 Hz and 
attenuated at 22Hz. In the second study, response amplitudes were lower for nearly all frequencies 
when diverting the attention towards the game of Tetris, with more attenuation at higher difficulty. At 
10 Hz, noise levels were increased when attending to the auditory stimulus.
Conclusion: For cortical frequencies, the effect of selective attention to a stimulus seems to depend 
on the specific modulation frequencies, with frequencies belonging to the same frequency range not 
necessarily showing similar effects. When diverting attention towards a spatial-visual stimulus, the 
effect was very similar across all modulation frequencies, with cortical responses not more affected 
than subcortical ones. As the difficulty of the attended task seems to be important, it might be 
hypothesized that response amplitudes could also be affected by watching a movie depending on the 
amount of engagement with the presented story line.



234123

PP-19
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Objective: We hypothesized that if endolymphatic hydrops is a cause of Meniere’s disease, ECoG 
results obtained in normal subjects would differ from those obtained during the early symptomatic 
period of Meniere’s disease. We aimed to investigate the usefulness of ECoG in the diagnosis of 
Meniere’s disease during the early symptomatic period.
Methods: Extratympanic ECoG was used to evaluate 60 patients in a Meniere’s group (17 men, 43 
women; mean age 43.6 years, range 19-62 years) and 30 controls (11 men, 19 women; mean age 
43.5 years, range 21-63 years). The summating potential/action potential (SP/AP) amplitude ratio and 
SP/AP area ratio were compared between the groups.
Results: Statistically significant differences were not demonstrated in the SP/AP amplitude ratio 
between the definite Meniere’s,probable Meniere’s, overall Meniere’s, or control groups (0.35 ± 0.02, 
0.30 ± 0.03, 0.33 ± 0.02, and 0.30 ± 0.01, respectively). Additionally, statistically significant 
differences were not indicated in the mean SP/AP area ratio between the definite Meniere’s, probable 
Meniere’s, overall Meniere’s, or control groups (5.18 ± 0.98, 4.78 ± 0.21, 4.01 ± 0.78, and 3.72 ± 0.66, 
respectively).
Conclusion: Our results indicate that electrocochleography (ECoG) has limited value in diagnosing 
Meniere’s disease during the early symptomatic period.
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Objectives: To evaluate the electrocochleographic findings of patients with superior canal dehiscence 
(SCD) syndrome and determined their diagnostic values and relationships with audiometric 
parameters.
Methods: Thirteen symptomatic SCD patients (1 bilateral) confirmed by temporal bone computed 
tomography (TBCT) and cervical vestibular evoked myogenic potentials (cVEMP) were recruited. SCD 
sizes were measured on reformatted images in the plane of the superior canal (SC). Results of 
audiologic tests (audiometry, cVEMP, electrocochleography (ECoG)) for 14 affected and 12 
contralateral unaffected ears were evaluated. Relationships between summating potential (SP) to 
action potential (AP) ratios, as measured by ECoG, and other audiometric parameters were 
evaluated. Sensitivity analysis of SP/AP ratios was performed by plotting receiver operating 
characteristic (ROC) curves for SCD syndrome patients and 19 age-matched healthy controls.
Results: Mean SP/AP ratio of SCD ears was significantly higher than that of unaffected ears (0.52 
versus 0.25, p<0.001) and SPs were significantly elevated in affected ears (p=0.011), whereas APs 
were similar for affected and unaffected ears. SP/AP ratio showed a sensitivity of 92.3% and a 
specificity of 94.0% for distinguishing SCD syndrome patients given the inclusion criteria applied 
(symptoms, TBCT, cVEMP threshold) at a cutoff value of 0.34 (p<0.001). SP/AP ratio was not 
correlated with SCD size or cVEMP threshold in affected ears. Negative absolute values of bone 
conduction at low frequency tended to increase with SP/AP ratio. Five out of 13 patients underwent 
surgical repair experienced symptomatic improvement with normalization of SP/AP ratios.
Conclusion: ECoG appears to be a valuable diagnostic adjunct for functional demonstration of the 
third window in the otic capsule with high sensitivity and specificity, and thus, can support a clinical 
diagnosis of SCD when used in conjunction with clinical and radiological findings.
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Background: Hearing-impaired patients with residual hearing in the low-frequency range can be 
provided with a cochlear implant (CI). Using hearing preservation electrode designs and surgical 
techniques, ipsilateral electric and acoustic stimulation (EAS) is achieved. Still, hearing preservation 
is usually partial and long-term degradation was observed in EAS users, thus surgical monitoring and 
clinical evaluation of low-frequency residual hearing are needed. Electrocochleography (ECochG) 
comprises neural and receptor potentials suitable for this purpose.
Objectives: To develop a recording method to measure ECochG potentials evoked by acoustic 
stimulation using the CI telemetry system.
Methods: The MED-EL (Innsbruck, Austria) CI telemetry system incorporated in recent implant 
hardware (Pulsar, Sonata, Concerto, Synchrony) is capable of measuring electrically evoked compound 
action potentials (ECAP) and features a recording window length of 1.7 ms. However, low-frequency 
acoustically evoked ECochG requires longer measurement windows, for example to obtain cochlear 
microphonic responses. To expand the recording window, an algorithm was developed using direct 
control of the CI by means of a custom-built interface (RIB2, University of Innsbruck). The algorithm 
uses repeated measurements and variable concatenation of implant buffer recordings. This was 
integrated into a system featuring synchronized recording of auditory potentials evoked by a triggered 
acoustic stimulus. The recording system characteristics and boundary conditions were determined by 
in-vitro measurements using a MED-EL Pulsar implant.
Results: We will demonstrate in-vitro recordings up to a total window length of about 12 ms with 
variable recording offset. The total buffer length can be theoretically expanded using appropriate data 
processing, but is inversely proportional to recording time. The recording system was tested with 
sinusoidal waveforms in the frequency range 100 Hz to 2 kHz, and using a cardiac signal simulation. 
Noise characteristics and recording times were determined for different parameters, including 
recording electrode configuration, stimulus frequency, level, duration, and signal-to-noise ratio.
Conclusion: Recording of low-frequency auditory evoked potentials using the MED-EL CI telemetry 
system is feasible. Our recording method allows intracochlear measurements of ECochG signals.
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Role of Cochlear Microphonics in New Born Hearing Screening
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Background and Objectives: Cochlear microphonic (CM) is an electrical potential generated by outer 
hair cells in response to acoustic stimulation. The aim of this study is to evaluate the significance of 
CM in neonatal hearing loss in neonatal intensive care unit (NICU).
Materials and Methods: From April 2013 to April 2014, sixty four neonates hospitalized in NICU were 
enrolled. Subjects underwent transient evoked otoacoustic emission (TEOAE), auditory brain stem 
response (ABR) and CM. We analyzed the results of hearing tests and the correlation between CM 
and the other test modalities.
Results: Ninety two ears showed the normal ABR wave whereas the other 36 ears had abnormal ABR. 
There were two ears who were suspicious for auditory neuropathy showing presence of TEOAE and 
CM. Among 14 ears who showed abnormal OAE results, 12 ears (86%) were identified the presence 
of CM. Amplitudes of CMs were correlated with reproducibility of TEOAE (p<.005). Between ears with 
positive TEOAE and ears with negative TEOAE, the amplitudes of CMs were significantly different 
(p<.005).
Conclusion: Although amplitudes of CMs were correlated with reproducibility of TEOAE, many ears 
resulted the identification of CM without TEOAE response. This might be caused by the vulnerability 
of OAE from testing environment and middle ear status. We suppose that CM might provide further 
information of outer hair cell function in OAE negative ears. A further study for long term outcomes in 
large groups is warranted to confirm the role of CM as a supportive diagnostic tool of the neonate 
hearing test. 
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The Suppression Effect on Distortion Product Otoacoustic Emission 
(DPOAE) by Contralateral Acoustic Stimulus (CAS)

Jin Bae Shin, In Ki Jin, Jin Sook Kim
Department of Speech Pathology and Audiology, Hallym University, Chuncheon, Korea

The purpose of this study is to identify the optimal Contralateral Acoustic Stimulus (CAS) level for 
measuring the DPOAE contralateral suppression. In order to do that, the effect of gender, direction of 
ear, and the CAS level on the DPOAE suppression of normal hearing adults were tested. 

Data were collected from thirty five ears of eighteen participants with normal hearing in both ears. 
There were 9 male and 9 female participants with a mean age of 23.72 years (age ranging from 21 to 
26 years).

The DPOAE was tested by ILO292 Otodynamics analyzer in the DP-gram function. The BBN was 
used for the CAS of DPOAE. The CAS was generated by an audiometer and delivered through a TDH 
39 headphone placed on the participant’s contralateral ear. The CAS was randomly presented at the 
level of 50, 60, 65, 70, and 80 dB SPL. 

The results showed that, first, there was no significant effect of the direction of ear for DPOAE 
suppression (p>.05). The means of the DPOAE suppression by the direction of right and left ears 
were 1.30(±1.09) and 1.07(±1.09), respectively. This result is inconsistent with other studies reporting 
that DPOAE suppression was larger on a right ear than left ear. Second, the DPOAE suppression was 
not significantly different between male and female participants. (p> .05). Averaged DPOAE 
suppression values from male and female participants were 0.98(±1.09) and 1.39(±1.09), 
respectively. Lastly, statistical analysis showed that the majority of the DPOAE suppression also 
increased as the CAS levels increased (p<.05). The means of the DPOAE suppression for the 5 
different CAS levels, 50, 60, 65, 70, and 80 dB SPL, were 0.66(±1.20), 1.02(±1.23), 1.47(±1.73), 
1.58(±1.70), and 1.21(±1.46), respectively.

Taken together, the results of the current study showed that CAS at different levels induced mainly 
DPOAE amplitude suppression. The amount of suppression increased as the CAS level was 
increased with the rolling phenomenon at 80 dB SPL than 70 dB SPL in CAS level. Consequently, the 
70 dB SPL or higher levels seems to generate the acoustic reflex in normal ears, and the 70 dB SPL 
or lower CAS levels seems to be efficient for observing decent DPOAE suppression.



239128

PP-24

Binaural Medial Olivocochlear Functioning in Children with Suspected 
Auditory Processing Disorder

Sriram Boothalingam, Chris Allan, Prudence Allen and David Purcell*
National Centre for Audiology, Western University, London, Ontario, Canada

Objective: Difficulty understanding speech-in-noise is one of the main complaints in children with 
auditory processing disorder (APD). The anatomical underpinnings of this difficulty remain unclear. A 
weak medial olivocochlear system (MOC) has been hypothesized to be one of the contributing factors 
to speech-in-noise difficulty in APD, but currently there is no clear consensus. Also, investigations of 
MOC inhibition in children with APD so far have only used contralateral stimulation while it is the 
binaural MOC that would be functionally active in day-to-day situations.
Method: The current study used forward masking techniques to study the effect of ipsilateral, 
contralateral and binaural MOC activation on click evoked otoacoustic emissions (CEOAE) ampli-
tude in 26 children suspected with APD (sAPD) and compared them with 21 typically developing (TD) 
children. A binaural interaction component (mBIC) from the obtained MOC measures was also 
calculated to quantify binaural interactions at the level of the MOC. In addition, a behavioral measure 
of binaural interaction using the binaural resynthesis test was also obtained. Clicks were presented at 
55 dB peSPL and the MOC activating stimuli were presented at 60 dB SPL. 
Results: Both groups showed significant reduction in CEOAE amplitude upon MOC activation through 
ipsilateral, contralateral and binaural stimulation. However, there were no significant group 
differences in MOC inhibition of CEOAEs in any laterality. The mBIC too did not show any group 
differences. There was also no significant difference between the two groups in the behavioral 
binaural interaction measure. As measured using the methods described in the current study, it does 
not appear that children suspected with APD have a weaker MOC than TD children.
Conclusion: Differences in findings between studies that report weaker MOC in children with sAPD 
and studies that do not report such differences between sAPD and TD (including the current study) 
could potentially arise from methodological differences. Further studies are required, using a variety 
of OAE methods and further sub-separation of APD children based on their auditory profile, to arrive 
at a coherent exposition of MOC functioning in children with APD.
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Morphology of Cochlear Efferent Terminals Correlates with Medial 
Olivocochlear Reflex Activity in CBA Mice

So Young Park, Sang A Back, Jung Mee Park, Sang Won Yeo, Shi Nae Park
Department of Otorhinolaryngology-Head and Neck Surgery, College of Medicine, The Catholic University 
of Korea, Seoul, Republic of Korea

Objectives: The cochlear efferent system has been postulated to play a role in signal detection in 
noise and protection from noise-induced cochlear damage. Contralateral suppression (CS) of 
distortion product otoacoustic emission (DPOAE) can reflect medial olivocochlear reflex (MOCR) 
strength. In the present study, the authors investigated the relationship between the size of MOC 
efferent terminals (ETs) and the MOC efferent activity measured by CS of DPOAE.
Methods: Sixteen ears from 8 normal CBA mice aged 1 month were used. Auditory brainstem 
response thresholds to click and tone bursts (8, 16, and 32 kHz) were assessed. DPOAEs were 
recorded with or without contralateral acoustic stimulation (CAS) using 55 dB broadband noise. Signal 
to noise amplitude was considered as the actual DPOAE value. Suppression amplitude (SA) 
represented the DPOAE change after CAS. To reduce the blunting of mean SA caused by simply 
averaging the 16 ‘peaks or dips’ at a fixed frequency, a maximum SA was selected from the apical, 
middle, and basal frequency ranges, respectively in each ear. In whole-mount cochleae, the ETs at 
the outer hair cell base were visualized with immunofluorescent labeling with anti-α-synuclein, an 
efferent synaptic vesicular protein. The ETs were examined using confocal laser-scanning 
microscopy and the captured images were imported into NIH ImageJ software for quantitative 
analysis. The diameters of all ETs shown were measured and averaged from each turn in a cochlea. 
The mean ET diameters/maximum SAs were statistically compared across the apex, middle and base 
at a significance level of 0.05.
Results: MOC efferent terminals were the largest in the middle, and the smallest in the base: 1.70, 
1.84, and 1.53 μm in the apex, middle, and base, respectively (p < 0.001). In CS of DPOAE test, the 
SA was found to be the largest in the middle frequency range: 3.44, 5.63, and 2.25 dB SPL in the 
apex, middle, and base, respectively (p = 0.016).
Conclusion: Our results demonstrate that the size of the MOC ETs can be correlated with MOCR 
strength. Small ETs and weak MOCR of the cochlear base may partly explain the vulnerability of this 
region to noise trauma.
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Objective Measurement of Subjective Tinnitus using the Acoustic Change 
Complex in Normal Hearing Subjects

Hyo-Jeong Lee1,2, Joong Yeon Won1, Yeonsook Ji1, Sung Kwang Hong1, Ja Hee Kim1,2, and 
Hyung-Jong Kim1

1Department of Otolaryngology-Head and Neck Surgery and 2Inter-disciplinary Program-Molecular 
Medicine, Hallym University College of Medicine, Republic of Korea

Objectives: There is currently no objective method for proving subjective sensorineural tinnitus. 
Recently, the acoustic change complex (ACC) has been used to evaluate the detection of auditory 
changes. The hypothesis of this study was that the ACC evoked by a change in auditory stimulus to a 
frequency matching the tinnitus sound would be decreased in tinnitus patients because the tinnitus 
would interfere with the perception of auditory changes.
Methods: In total, 96 ears (males:females = 34:62) of normal-hearing tinnitus patients and controls 
were tested. Of these, 33 ears with a tinnitus pitch of 8 kHz comprised the tinnitus group. The 
remaining 63 ears with no experience of tinnitus were allocated to the control group. The auditory 
stimulus was a 500-ms pure-tone pip of 1 kHz with the addition of a second frequency (either 8 kHz 
[the tinnitus pitch] or 4 kHz) during the latter 250 ms. The normalized amplitude of the ACC (naACC) 
was calculated by dividing the amplitude of the N1’-P2’ complex evoked by the second stimulus by the 
amplitude of the N1-P2 complex elicited by the initial 1-kHz (background) stimulus.
Results: The naACC caused by the 8-kHz stimulus was significantly smaller in the tinnitus group than 
in the control group (t-test, p<0.001). In the tinnitus group, the naACC was significantly smaller when 
elicited by the 8-kHz stimulus than by the 4-kHz stimulus (paired t-test, p = 0.006). 
Conclusion: In sensorineural tinnitus patients whose tinnitus pitch matched a pure tone of 8 kHz, the 
ACC decreased significantly when evoked by a change in stimulus equal to the tinnitus frequency (8 
kHz pure tone) but not by a change in stimulus to a different frequency (4 kHz pure tone). This tinnitus 
pitch-specific decrease in the ACC is a possible objective indicator of subjective tinnitus.
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The Effects of Reverberation on Auditory Evoked Potentials

Brett A. Martin
Graduate Center of the City University of New York, New York, NY, USA

Objectives: The goal was to examine the effects of reverberation similar to that found in typical 
classrooms on auditory evoked potentials elicited by speech.
Method: The ACC was recorded from 64 electrodes in 10 adults with normal hearing. Stimuli were /ui/ 
and /ʃs/ and they were presented via insert earphones. There were four reverberation conditions 
(anechoic and reverberation times of 400 ms, 800 ms, and 1200 ms). Stimuli were created in two 
ways. In the first, both the smearing effects and the amplitude alterations from reverberation were 
present. In the second, amplitudes were normalized (75 dB SPL), leaving the smearing effects of 
reverberation.
Results: Preliminary results from a subset of participants suggest that reverberation results in a 
reduction in response amplitudes and a prolongation of response latencies. These reverberation- 
related changes were complex, and were more pronounced for the acoustic change complex 
compared to the onset response.
Conclusions: Reverberation affects the encoding of sound onset and the encoding of acoustic 
changes within sound stimuli. The effects of reverberation were greater for longer reverberation times 
and were more pronounced for acoustic changes occurring within the stimuli. These results have 
implications for the processing of speech in classroom listening situations. 
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Pilot Study: The Effect of Age Related Hearing Loss on Auditory Neural 
Coding and Neuronal Correlates of Speech-in-Noise Perception

So Eun Park, Cynthia Fowler
UW-Madison, WI. USA

Purpose: This study is designed to achieve three specific aims: (1) To determine the effects of 
age-related hearing loss (ARHL) on auditory neural coding; (2) To investigate if there would exist 
correlation between neural substrates of the AMLR (Pa) and CAEPs (N1, P2, N2); and (3) To examine 
the neural correlates of speech-in-noise (SIN) perception. Therefore, three questions are discussed 
here: (1) how does ARHL affect morphology of the AEPs depending on acoustic features (nonspeech 
vs. speech sounds) and types of interfering noises; (2) if there is any possible functional coupling 
between AEPs generated in the earlier and occurring later stage of auditory processing; and (3) if 
there is any correlation between SIN perception and AEPs (Pa, N1, P2, N2).
Methods: five young adults with normal hearing (YNH, 20-35 years), six older adults with normal 
hearing (ONH, 60-68 years) and six older adults with hearing loss (OHL, 62-73 years) participated in 
the study. AMLR Pa and ALLR (P1, N1, P2, N2) were ipsilaterally recorded at the rate of 11/s and 
.71/s, respectively. Stimuli (tone bursts of 500 Hz & 2000 Hz, synthesized /ba/) were monaurally 
presented in three conditions (quiet, speech shaped noise, 12 talker babble) at the levels of 80 to 100 
dB SPL, accompanied by the noise at the level of 65 dB SPL. Electrodes were placed at Cz and Fz, 
with both ears linked to eliminate ear effects for 2 channel recordings, with ground on the nasion. 
Amplitudes were measured from peak to peak and baseline to peak. SIN perception ability was tested 
with Revised Speech Perception in Noise (SPIN-R) test and only low-predictability items were scored.
Results: /ba/ evoked significantly larger amplitudes of Pa and N1 compared to tonal sounds but there 
was not much difference in amplitudes of P2 and N2 between /ba/ and tonal sounds in all conditions. 
Aging effects (YNH vs. ONH) were only observed in the amplitudes of Pa and N1 while the effects of 
hearing loss (ONH vs. OHL) appeared across all components except amplitude of N2. OHL group 
showed the most delayed latencies across all components except Pa, with similar latency in N2 
component for both ONH and OHL groups. However, the robust effects of aging were shown in the 
latency of N2. These results were more clearly obtained with baseline-to-peak measures. Babble 
noise caused the most reduced amplitudes across all components for all groups. Stimuli effects were 
observed in noise conditions, producing larger amplitudes when evoked with /ba/ in the speech noise. 
There was more positive correlation between amplitudes of Pa and N1, showing little correlation 
between Pa and N2. The LP-SPIN scores had higher negative correlation with amplitude evoked by 
/ba/ in the babble across all components (Pa, N1, P2, N2) for both ONH and OHL groups. Also, 
negative correlation was obtained between LP-SPIN scores and N2 latency for /ba/ in the babble.
Discussion and Conclusions: Enhanced amplitudes across all components in OHL group compared 
to ONH group may indicate that hearing loss may exacerbate the effect of aging, supporting the 
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finding which damaged peripheral auditory system may deteriorate age-related decline in inhibitory 
control (Caspary et al., 1997, 2005, 2008). The results suggest that N2 may reflect the different level 
of processing compared to other earlier components. P2 may be the locus for crossing over to higher 
level of processing.
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Electrophysiological Masking Level Differences to Speech Tokens and 
500 Hz Tones

Cynthia Fowler1,2, Elizabeth Leigh2,3

1Department of Communication Sciences and Disorders, University of Wisconsin-Madison, USA
2Audiology Section, Veterans Affairs Hospital, Madison, WI, USA
3Department of Medicine, University of Wisconsin-Madison, USA

Objectives: Speech is characterized by dynamic changes in intensity, frequency, and time that the 
auditory system must resolve for accurate perception to occur. The coding of temporal changes is 
critical to speech understanding, particularly in noise. Masking level differences are one measure of 
binaural temporal coding that can be measured using tonal and speech stimuli. The purpose of the 
present study was to investigate the relationship between behavioral and electrophysiological 
masking level differences (MLDs) obtained by tonal and speech stimuli.
Methods: Subjects were young adults with normal hearing. Hearing ability was confirmed with pure 
tone thresholds and tympanometry confirmed to absence of conductive pathology. SoNo and SπNo 
thresholds were obtained behaviorally and electrophysiologically using the same stimuli. Auditory late 
latency responses (P2) were recorded (Intelligent Hearing System’s SmartEP System, Advanced 
Research Module). Physiological filters were 1-30 Hz and 75 sweeps were included in each average. 
The 500 Hz stimuli were 40 ms tone bursts with 10 ms rise-fall times. The speech tokens were /wa/ 
and /ba/. Presentation of the first signal was alternated among subjects. 
Results: All stimuli produced an MLD. SoNo and SpiNo thresholds were significantly different (p< 
0.05). for each stimulus. The MLD for the speech tokens were slightly smaller than the MLD for the 
500 Hz tones. Behavioral and electrophysiological thresholds and MLDs were comparable.
Conclusions: Speech tokens produce electrophysiological SoNo and SpiNo thresholds as well as 
MLDs that are similar to the analogous behavioral measures.
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Mismatch Responses in Children with Cochlear Implants and Hearing 
Aids - from Minimal Sound Contrasts using a Multi-feature Paradigm

Inger Uhléna*, Petter Kallioinenb, Elisabet Engströma, Cecilia Nakeva von Mentzerc, Björn 
Lyxellc, Birgitta Sahlénd,f, Magnus Lindgrend,e. Marianne Orsd,g

aDepartment of Hearing and Balance, Karolinska University Hospital and Karolinska Institutet (CLINTEC) 
Stockholm

bDepartment of Linguistics, Stockholm University, 106 91 Stockholm
cDepartment of Behavioral Sciences and Learning, Swedish Institute for Disability Research, Linkoping 
University, Linkoping

dLinneaus Centre; Cognition, Communication & Learning, Lund University
eDepartment of Psychology, Lund University
fDepartment of Logopedics, Phoniatrics and Audiology, Lund University
gDepartment of Clinical Neurophysiology, Lund University, Skane University Hospital Lund, Sweden

Objective: The aim of this study was to explore whether a fast multi-feature paradigm for eliciting the 
mismatch negativity would work in young children with severe hearing impairment (HI) using hearing 
aids (HA) or cochlear implants (CI). Of specific interest was to analyse whether the paradigm would 
capture relevant variation in the central auditory processing that could be used for future intervention 
studies in this group of children.
Methods: Children, 5, 6 and 7 years, with HA, CI, or a combination of both and children with normal 
hearing (NH) were tested in a free field setting using a multi-feature paradigm, with changes in pitch, 
intensity, gap, duration and location.
Results: A mismatch negativity (MMN) was seen to duration over all participants; NH and children with 
CI, and to intensity in the HA group. However, a majority of the mismatch responses were positive 
(pMMR). This mismatch positivity correlated negatively with age, with the strongest correlation for the 
NH subjects. Group interactions were seen for the intensity and location deviants. A late 
discriminative negativity (LDN) was seen in the NH and HA group, but not in the CI group.
Conclusions: Children with severe HI can be assessed through their hearing device with a fast 
multi-feature paradigm. The results from this study may be used to evaluate the effect of intervention 
on auditory event-related responses in children with HI.
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Discrimination of English /r/ and /l/ by American, Korean, and Japanese 
Listeners using the Mismatch Negativity (MMN)

Lee Jung An, Brett A. Martin
Program in Speech-Language-Hearing Sciences, The Graduate Center, City University of New York, New 
York, U.S.A.

Objectives: The discrimination of English intervocalic /r/ and /l/ was investigated using the mismatch 
negativity (MMN) and behavioral measures. The discrimination of English /r/ and /l/ is difficult for 
Japanese and Korean listeners because these sounds are not phonemic in these languages. The 
Korean language, however, has a partial phonetic model available (intervocalic [ɾ]-[ll]) that could 
potentially facilitate the processing of English /r/ and /l/ of these sounds. The purpose of this study 
was to compare the discrimination of English intervocalic /r/ and /l/ by native Korean, Japanese and 
American English listeners using the MMN combined with behavioral identification and discrimination 
performance.
Methods: Nine participants from each language group participated. Stimuli were a synthetic 
vowel-consonant-vowel (VCV) continuum that generated percepts in American English listeners 
ranging from /iri/ to /ili/. Stimuli falling within- and across-phonetic category were presented using an 
oddball paradigm. The probability of occurrence of the deviant was 20%. Stimuli were presented via 
insert earphones at 70 dB SPL using an 1100 ms interstimulus interval. The MMN was recorded from 
64-channels using a Neuroscan system. Behavioral testing included a 2-alternative forced choice 
identification task and a 3-alternative forced choice oddity discrimination task.
Results: Behavioral discrimination across phonetic categories was significantly better for the 
Americans and Koreans compared to the Japanese. Preliminary analysis of the MMN data indicated 
that when stimuli crossed the phonetic boundary, an early MMN (400ms-650ms) was present only for 
Americans and Koreans; however, a late MMN (655-905ms) was present for all three language 
groups. There was no significant difference in early MMN latency or amplitude for Americans and 
Koreans. For late MMN responses, Americans showed significantly larger amplitudes compared to 
Japanese or Koreans.
Conclusion: The partial phonetic model available to Koreans appears to facilitate active behavioral 
discrimination as well as automatic, pre-attentive discrimination (MMN) of English /r/ and /l/. The early 
MMN may reflect the discrimination of the first transition in the stimuli from vowel (/i/) to liquid (/r/ or /l/) 
and the late MMN may reflect the discrimination of the second transition in the stimuli from liquid to 
vowel. The significant effects of native language that were obtained for MMN and behavioral results 
suggest that native language can facilitate or interfere with the selection of acoustic information 
important for phonetic processing.
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Inharmonicity Detection in P300 and Behavioral Performance and 
Speech-in-noise Perception of Musicians

Soon-Bu Park, Jae Hee, Lee, Junghwa Bahng
Department of Audiology, Hallym University of Graduate Studies, Seoul, Korea

Objectives: The present study aimed to compare behavioral performances and event-related 
potential (ERP) responses between musicians (N=15) and non-musicians (N=15) when detecting 
inharmonic relations. The abilities of spectral resolution and speech-in-noise recognition were also 
compared between two groups.
Methods: To examine listeners’ ability to detect inharmonicity, the 3rd harmonic component in a 
complex periodic tone was tuned (0%) or mistuned by 1%, 2%, 4%, 8% and 16% of its original value. 
Here we conducted three types of measurements as follows. First, the detection accuracy (%) with 
either tuned or mistuning conditions (from 1% to 16% mistuning) was examined in a random order. 
Second, amplitude of P300 component was also identified in an oddball paradigm (harmonics 
mistuned by 2%, 4%, and 8% as odds). Third, the speech-in-noise recognition was measured using 
Hearing In Noise in Korean version (K-HINT).
Results: Results showed that musicians showed enhanced ability to detect inharmonic relations 
compared to non-musicians behaviorally as well as P300 responses. Importantly, speech-in- noise 
recognition abilities appear to be related to behavioral detection of inharmonicity as well as ERP 
responses with harmonic mistuning.
Conclusion: This supports advantages of musical experience to inharmonicity detection which may 
facilitate reorganization of concurrently sound sources and lead to better speech-in-noise recognition.
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The P300 to Filtered Words

Ahmad Aidil Arafat Dzulkarnain1,2, Wendy Arnott1, Dakota Bysouth-Young1, 
Emma Dowling1, Claire Illman1, Alexandra Kirkwood1, Wayne Wilson1

1Department of Audiology and Speech, Language Pathology, Kulliyyah of Allied Health Sciences, 
International Islamic University Malaysia

2School of Health and Rehabilitation Sciences, The University of Queensland

Objective: Electrophysiologic measures are receiving interest for the objective analysis and diagnosis 
of (central) auditory processing disorder (C)APD. This study investigates the P300 waveform in 
response to low-pass filtered words (LPFW), similar to those used in the behavioural (C)APD 
diagnostic test - the LPFW test.
Methods: P300 waveforms were elicited during an auditory oddball paradigm using a single group, 
repeated measures design. Subjects were required to attend to a ‘rare’ stimulus (either a 1, 2, 3 or 4 
kHz low-pass filtered version of the consonant-vowel-consonant word ‘bed’) among a string of 
‘standard’ stimuli (unfiltered version of the word ‘bed’). Continuous electroencephalographic activity 
was recorded from 128 electrodes with statistical analysis focusing on the central, temporal left, 
temporal right and parietal electrode regions. Peak amplitude and latency values were recorded from 
the largest vertex positive peak in a window 250 to 600 ms post ‘rare’ stimulus onset and this was 
defined as the P300 waveform.
Study sample: Eleven healthy adults with normal hearing aged between 20 and 34 years.
Results: P300 waveforms were reliably recorded in response to all low-pass filtered versions of the 
word ‘bed’. In all but one experimental block (4 kHz low-pass filter) P300 amplitudes were significantly 
larger (p<0.05) over the parietal electrode region. No consistent differences in P300 amplitude or 
latency were observed between the varying filter levels. 
Conclusions: The P300 can be recorded in response to LPFWs however is not sensitive to changes 
in filter level across the cut-off frequency range of 1- 4 kHz in healthy adult subjects. These results can 
be used for future comparisons with the clinical (C)APD population.
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Clinical Applicability of Compact Peripheral Nerve Stimulator to Electrical 
Auditory Stimulation: A Comparison with Conventional Promontory 
Stimulator

Yusuke Matsuda, Michiko Kurasawa, Takahiro Nakashima, Takeshi Nakamura, Tetsuya 
Tono
Department of Otolaryngology Head and Neck Surgery, Faculty of Medicine, University of Miyazaki, 
Miyazaki, Japan

Objectives: The electrical stimulation test (EST) plays a role in estimating functional integrity of the 
spiral ganglion cells and the central auditory tracts. The promontory stimulator (Cochlear, Australia) 
has been widely used for EST with either a transtympanic or an extratympanic electrode to assess 
cochlear implant (CI) candidacy since the Nucleus CI was introduced in 1980s. However, this tool is 
no more in the marketplace and the company has already terminated its maintenance. Thus, some CI 
centers would not continue to perform preoperative EST due to a lack of an appropriate electrical 
stimulator. Recently a compact peripheral nerve stimulator (PNS-7000, Nihon Kohden Corp., Tokyo, 
Japan) has become clinically available for determination of subjective pinprick sensation thresholds. 
We therefore investigate the feasibility of the PNS-7000 in preoperative EST for CI candidates and to 
compare the results obtained with the conventional promontory stimulator.
Methods: Nine ears of 7 adult CI patients age between 50 and 70 with postlingual hearing loss and 
with no useful residual hearing were evaluated. All of the patients provided written informed consent in 
accordance with the guidelines approved by the Ethical Committee of University of Miyazaki. We 
measured the threshold levels (T-level) and the maximum acceptable level (M-level) for auditory 
perception at stimulation frequencies of 50Hz and 100Hz using the PNS-7000 connected to a 
tympanic electrode placed on the umbo area after iontophoresis with a Xylocaine solution. Then the 
same measurements were done using the promontory stimulator (Cochlear, Australia) connected to 
the same electrode.
Results: Both the PNS-7000 and the promontory stimulator produced auditory and/or vibratory 
sensations in response to electrical stimulation at the tympanic membrane. No painful sensations 
were induced. The T-levels, the M-levels and the dynamic ranges measured by two different 
stimulators showed a positive correlation.
Conclusion: PNS-7000 can be a potential tool to substitute for the conventional promontory 
stimulator. Some modification of the electrical signal patterns would be necessary for the investigation 
of other parameters such as gap detection levels.
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Approximation of Spread of Excitation Profiles in Cochlear Implants using 
Exponential Fitting

Tobias Rader, Theresa Schöler, Youssef Adel, Uwe Baumann
Audiological Acoustics, ENT Department, University Hospital Frankfurt, Germany

Objectives: Spread of excitation (SoE) measurements serve as a tool to estimate intracochlear 
electric field distributions. Clinically, SoE is mainly applied to identify bent over electrode arrays 
(tip-foldover) after insertion. In this study, fit functions for electrical field distributions and associated 
activation of auditory nerve fibers were estimated.
Methods: SoE functions were measured in 18 experienced cochlear implant (CI) users (14 bilateral 
and 4 unilateral) aided with MED-EL CONCERTO, SONATA and PULSAR implants. For each subject, 
measurements were conducted using three recording electrodes; E4 (apical), E7 (medial), and E10 
(basal). The probe electrode was one electrode position apical to the recording. All measurements 
were recorded in awake subjects at individually determined most comfortable stimulation level. The 
width of each SoE function was calculated for each side, insofar applicable, and at total for 25%, 50%, 
and 75% of the peak amplitude. Furthermore, exponential fit functions were calculated for SoE 
profiles with more than three data points for each side.
Results: A total of n = 90 SoE profile functions were recorded, in which 57 (63%) showed clearly 
evaluable ECAP responses. The total SoE width at 25% of the peak amplitude was narrower for the 
basal probe electrode (1.15 electrodes) than for the medial electrode (2.49 electrodes). The same 
effect was observed at 50% of the peak amplitude (4.38 vs. 2.89 electrodes). Exponential fitting using 
the function ecap(dist) = c - a * e(-dist/u) was in good agreement with the majority of responses; where 
dist is the distance between masker and probe in "number of electrode contacts"; c, a, and u are fitting 
parameters. In contrast, linear fitting of the profile functions was inadequate. SoE functions showed 
asymmetric profiles with larger amplitudes towards the basal end of the cochlea.
Conclusion: The proposed exponential fitting is a good approximation of asymmetric SoE profile 
functions obtained with MED-EL implants.
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Cochlear Implant Performance of Patients with the Absence of 
Intraoperative Electrically Evoked Compound Action Potential

Sang-Heun Lee1,2, Da Jung Jung2, Jeong Hun Jang2, Heang Im Joeng2, Kyu-Yup Lee2
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2Department of Otorhinolaryngology-Head and Neck Surgery, Kyungpook National University Hospital, 
Daegu, Republic of Korea

Intraoperatively, electrically evoked compound action potential is used to evaluate the auditory 
response of a patient to electrical stimulation immediately after insertion of the cochlear implant 
electrode to the cochlea and integrity of cochlear implant. Most of commercially available cochlear 
implants include similar electrically evoked compound action potential measurement, such as neural 
response telemetry introduced for Nucleus system, neural response imaging for Advanced Bionics 
systems, and auditory nerve response telemetry for MED-EL systems. The correlation between 
intraoperative electrically evoked compound action potential values and postoperative auditory 
performance has been examined in several studies. However, few studies have addressed the 
correlation of intraoperatively absent electrically evoked compound action potential values to 
postoperative auditory performance. This study will be discussed about some issues as follows: 1) 
evaluation of the incidence of absent evoked compound action potential at the intraoperative period, 
2) assessment on whether absent evoked compound action potential will spontaneously resolve at 
post-operative period, 3) determine whether auditory performance can be improved after cochlear 
implantation when evoked compound action potential is absent intraoperatively. The clinical records 
of the patients with cochlear implantation between 2000 and 2014 were reviewed and analyzed.
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Auditory Evoked Responses to Electro-Acoustic Pitch Matching in 
Unilateral Cochlear Implant Users with Contralateral Residual Hearing
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Objective: Some unilateral cochlear implant (CI) patients who have residual hearing in their 
unimplanted ears are able to compare the pitch percepts elicited by electrical stimulation with those 
elicited by acoustic hearing. The goal of this study is to use the changes in the pitch percepts elicited 
by a given electrode over time as a metric to examine the perceptual process in adapting to their 
devices, after implantation.
Methods: Pitch percepts were evaluated psychoacoustically and physiologically in 10 CI users and 10 
normal hearing (NH) listeners. CI users were asked to adjust the frequency of an acoustic tone 
presented to the non-implanted ear to match the pitch percept elicited by electrical stimulation 
delivered by a single intracochlear electrode to the implanted ear; six repetitions for several 
electrodes in the implanted array. Auditory Evoked Potentials (AEP) was recorded in CI users in 
response to interleaved presentations of electrical stimulation of a single intracochlear channel and 
acoustic tones delivered contralaterally. One of these tones was pitch-matched to the electrode and 
the other tones were not. For normal hearing listeners, a 500 Hz acoustic tone replaced electrical 
stimulation.
Results: In the case of CI patients, N1 latency was minimized when the acoustic and the electrical 
stimulus were pitch-matched. In the case of NH listeners, N1 latency was minimized when both ears 
were stimulated with the same frequency. 
Conclusions: The results suggest that N1 latency could potentially be used as an objective measure 
of acoustic-electrical pitch matching across two ears for the CI patients and help in interpreting their 
behavioral results. We have begun using this measure as a metric in our longitudinal study to examine 
the perceptual process of unilateral CI patients in adapting to their devices over time, after 
implantation.

**Supported by grants K25-DC010834; PI: Tan, PSC-CUNY Program in Speech-Language- Hearing 
Sciences, Graduate Center of CUNY; PI:Martin and R01-DC03937; PI: Svirsky.
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Different Clinical Setups to Obtain Electrically-evoked Auditory Cortical 
Responses: a Clinical Guideline

Andy J Beynon1,2
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Background: Auditory evoked cortical responses (ACR) reflect, in contrast to more peripheral 
brainstem responses, auditory processing that covers our complete auditory neural pathway. Besides 
determining auditory thresholds, cortical potentials are also very useful to gain insight in neural 
plasticity and top-down processing. Compared to peripheral evoked potentials at cochlear or at 
brainstem level, these later potentials reflect auditory cortical discrimination (e.g. cognitive P300, 
Mismatch Negativity) or detectability of changes in tonal and speech stimuli (e.g. Acoustic Change 
Complex, ACC). However, similar experiments can be done electrically in CI recipients using 
conventional or customized CI interfaces to present the electrical stimuli.
Methods: The present study describes several practical research setups, focused on electro-
physiological measurements of auditory detection and discrimination at the cortical level, such as 
acoustical and electrical changes within and between stimuli ((E)ACC recordings), discrimination and 
cognitive processes (P300, MMN), indirectly (sound field) or directly (intracochlear stimulation of 
specific electrodes).
Straight-forward hardware setups are described for (E)ACC, P300 and MMN recordings. Data was 
obtained in normal hearing subjects and CI recipients. Electrically evoked ACC (EACC) were 
compared to acoustic data and to the recordings obtained by direct intracochlear stimulation via the 
CI. Several parameters were analyzed in relation to the response morphology such as the effect of 
stimulus duration, frequency/electrode site, stimulation rate, spectral changes and loudness changes 
and compared to acoustic data. Cognitive P300 potential was electrically-evoked by direct 
intracochlear stimulation of different pairs of electrodes and correlated with subjective behavioural 
responses.
Results & Conclusions: With straight-forward clinical EEG hardware, it is relatively easy to perform 
electrophysiological cortical research in normal hearing and CI recipients. On de basis of different 
EPs, such as (E)ACC’s (either free field or via direct intracochlear stimulation), (e)P300 and/or MMNs, 
influence of stimulation and recording parameters will be addressed with respect to measurement 
conditions and clinical interpretation; (E)ACC and P3 can be elicited by indirect and direct stimulation 
of various electrodes of the implant and show correlations with parameter changes. These potentials 
form a useful tool to assess perception of several parameter changes in sounds: e.g. experimental 
data obtained show that not only spectral changes, but also changes in stimulation level and 
stimulation rate can be assessed with cortical potential recordings and that level of auditory 
discrimination is directly related to P300 responses.
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Horizontal Semicircular Canal-related Vestibular Neurons Responding to 
Rotational and Galvanic Stimulations in Vestibular Nucleus

Gyutae Kim1, EunHae Jeon3, Hyeon-min Shim1, Kyu-Sung Kim1,3 and Sangmin Lee1,2

1Institute for Information and Electronics Research, Inha University, Incheon, Korea
2Department of Electronic Engineering, Inha University, Incheon, Korea
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Objectives: Galvanic vestibular stimulation (GVS) is widely used as a diagnostic tool, but its 
stimulated target is different from those of other vestibular stimulations, such as rotation and caloric 
stimulation. GVS stimulates vestibular neurons directly while others induce the endolymph movement 
in the semicircular canals (SSCs) to increase neuronal activities. Here, we investigate the neuronal 
responses to both rotation and GVS in the vestibular nucleus, comparing their responding activities 
transmitted through different pathways.
Methods: Five healthy guinea pigs (400-550 g, males) were used for vestibular neuronal recording in 
the vestibular nucleus. Animals underwent a surgical operation for an electrode hole (2 mm diameter), 
which aimed to lateral vestibular nucleus. Under anesthesia, animals’ heads were fixed in a 
stereotaxic apparatus, and it was placed on the top of a horizontally rotatory table. The manually 
operated table rotated about the earth vertical axis during stimulation. For GVS, we attached stimulus 
electrodes on the temporal bone and around its muscle, and used a 100 μA cathode direct current 
(DC) to stimulate vestibular neurons. A tungsten electrode (A-M systems, 5-12 MΩ) for recording 
neuronal responses was advanced by a motorized StereoDrive (NEUROSTAR, Germany). The 
filtered data (bandpass 0.3-5 kHz) were recorded at a sampling rate of 40 kHz in Plexon system 
(Plexon, US). Once a vestibular neuron was identified by rotation, GVS was applied to see neuronal 
responses to the electrical stimulation.
Results: We recorded the neuronal responses to both rotation and GVS in vestibular nucleus. Once 
confirmed a vestibular neuron, we applied GVS on the temporal bone area. Regardless of stimulation 
types, irregular vestibular neurons showed higher response gain to the applied stimulations than 
regular neurons, which agreed to previous experimental studies. During rotation, the neuronal firing 
rates changed, depending on a given rotational frequency. However, each neuron showed a different 
amplitude in firing rates, and it was not correlated with the size of rotational angle.
Conclusion: Both rotation and GVS affect the neuronal activities in the vestibular nucleus. Based on 
our data, a stimulation generates different response gains of firing rates in different neurons, and it 
implies that one neuron receives a mixed information related with yaw, roll and pitch stimulations from 
the vestibular apparatus.

**This research was supported by Basic Science Research Program through the National Research 
Foundation of Korea (NRF) funded by the Ministry of Education (2010-0020163) and the Ministry of 
Science, ICT & Future Planning (NRF-2013R1A2A2A04014796).
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Gazes and Nystagmus to bilateral Galvanic Vestibular Stimulation in the 
Darkness
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Objectives: Galvanic vestibular stimulation (GVS) and vestibulo-ocular reflex (VOR) test are 
frequently used to diagnose the vestibular functions in the clinical field. Generally, VOR test is carried 
out in darkness condition in order to avoid the visual suppression characteristics, but in case that gaze 
control is needed, it is difficult to control gaze directions in the dark. In this study, control of gaze 
direction and nystagmus changes with bilateral GVS (bGVS) in the dark were analyzed to try gaze 
controls by proprioceptive sensation without visual targeting.
Methods: Three healthy male volunteers participated in this study. Bilateral GVS (3 and 5 mA, direct 
current) was applied for the right-directional spontaneous nystagmus. The gaze positions were 
measured and the magnitudes of nystagmus were calculated during an examiner’s direction for the 
gaze movements. All participants received the gaze directions following their arm locations as the 
examiner guided sequentially; primary position (center, C1), 25° right gaze (R25), center (C2), 25° left 
gaze (L25), and primary position (C3).
Results: Firstly, indicated gaze directions and appeared gaze directions were compared. With 3mA 
bGVS, averaged gaze differences to C1 showed 1.9° to the right and 6.6° to the right at C2 and C3, 
respectively. And averaged gaze with indicating R25 showed 23.4° to the right (93.4% of the 25°) and 
that with indicating L25 showed 12.8° to the left (51.1%). With 5mA bGVS, averaged gaze differences 
to C1 showed 0.2° to the left at both of C2 and C3. And averaged gaze with indicating R25 showed 
14.9° to the right (59.8%) and that with indicating L25 showed 17.7° to the left (70.9%).
Secondly, nystagmus magnitudes at each gaze directions were analyzed with normalized by 
subtracting nystagmus magnitudes at C1 gaze (2.14°/s at C1 with 3mA bGVS, 2.42°/s at C1 with 5mA 
bGVS). At gazes of R25, C2, L25 and C3, the differences of nystagmus at 3mA bGVS were -0.01°/s, 
0.06°/s, -0.14°/s and 0.14°/s from the C1 gaze, respectively. With 3mA bGVS the differences of 
nystagmus magnitudes showed almost same magnitudes. And at 5mA bGVS, the differences were 
-0.04°/s, -0.13°/s, -1.16˚/s and 0.08°/s, respectively. These results with 5mA bGVS showed almost 
same magnitudes except at gaze of L25. At L25, the gaze magnitude decreased to almost half of the 
nystagmus at C1.
Conclusion: In this study, indicated gaze direction and appeared gaze direction were compared, and 
nystagmus magnitudes at each gaze direction were analyzed. In the darkness, the gaze controls, 
especially at the eccentric gaze directions showed inaccurate results. As a result, it is difficult to show 
correct controls of eye gazes by only proprioceptive sensation without visual targeting.
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The Efficacy of Cochlear Implantation and Intraoperative Measurement of 
NRT and EABR in Deaf-Blind Subjects

Chieko Enomoto1, Shujiro Minami1, Mitsuru Kitamura1, Kimitaka Kaga2

1Department of Otolaryngology, National Tokyo Medical Center, Tokyo, Japan
2National Institute of Sensory Organs, National Tokyo Medical Center, Tokyo, Japan

Objectives: From the standpoint of hearing, the efficacy of cochlear implants (CIs) for deaf-blind 
patients is the same as those for patients with acquired hearing loss. However, in the rehabilitation of 
deaf-blind patients, the absence of visual information necessitates workarounds using tactile 
information. It is not unusual for deaf-blind patients to have had hearing loss for ten years or more, 
and many of them do not use hearing aids.
We report the results of intraoperative measurement of Neural Response Telemetry (NRT) and 
Electrical Auditory Brainstem Response (EABR) for five deaf-blind patients ranging in age from their 
40s to 70s who underwent cochlear implantation during 2012 through 2014, and discuss the efficacy 
of cochlear implantation including its effect on speech perception.
Methods: Of the five completely deaf-blind subjects, one used a hearing aid on the non-implanted ear 
and the rest used no hearing aids. The hearing loss periods for the implanted ears ranged from about 
10 to 30 years. For electrodes, the MEDEL Pulsar Flex28 and the MEDEL SONATA Standard were 
each used for one subject, and Cochlear CI422 was used for the other three subjects. The processor 
used was OPUS for two subjects and Nucleus6 for three subjects. NRT measurements were taken 
from all electrodes for the three Cochlear subjects and EABR measurements were taken on the 
odd-numbered electrodes for the two MEDEL subjects.
Results: For NRT, one subject showed reaction on only 9 electrodes, but the two other subjects 
showed reaction on all 22 electrodes. For EABR, reactions were observed on all of the odd- 
numbered electrodes. During mapping, all subjects showed reaction, including the electrodes for 
which NRT response was unmeasurable. Sentence-level speech perception six months after 
activation ranged from 70% to 95%. Implantation enabled communication with non-interpreters, 
including family members.
Conclusion: In a study of deaf-blind subjects, EABR reaction was observed for all subjects, and NRT 
reaction was observed for all but one subject. Nevertheless, all subjects exhibited reaction on all 
electrodes in mapping, and treatment was effective to a certain extent for speech perception as well. 
Accordingly, we infer that EABR is more effective than NRT for mapping in deaf- blind subjects.
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Background: Besides using conventional stimuli (clicks, tone bursts) to evoke auditory brainstem 
responses, broad band (BB), narrow band (NB), level-specific broadband (LS-BB) and level-specific 
narrow band (LS-NB) chirps have gained more interest the last decade. Chirp stimuli are designed to 
compensate for the cochlear travelling wave delay by aligning the arrival time of each frequency 
component to evoke better neural synchrony. Although these stimuli seem to evoke better auditory 
brainstem response morphologies than their conventional equivalents, its clinical application still lags 
behind in many audiological clinics. This might be due to a couple of reasons: 1) not every EP system 
is equipped with chirps 2) normative values are not always available or transparent, thus restraining 
clinicians from applying these stimuli in their daily practice (at least, in the Netherlands).
Objectives: 1) to investigate surplus value of chirps above conventional stimuli (clicks, tone bursts). 2) to 
investigate offset chirp-evoked ABR versus behavioral hearing thresholds (normative data). 3) to 
compare CE-chirp and ‘level-specific’ (LS-)chirp responses for better threshold predictions.
Methods: ABRs are obtained using click, BB-, LS-BB chirp, NB- (0.5, 1, 2 and 4kHz) and LS-NB- 
chirps (0.5, 1, 2 and 4kHz) were performed within normal-hearing adult men and women (n = 50).
Results: Data show that chirp-evoked responses reveal higher EP amplitudes, and therefore easier 
interpretation of auditory thresholds. The chirp stimulus is not suitable for otoneurological ABR 
diagnosis. Responses to BB-chirps reveal the same or even higher JV ABR amplitudes compared to 
conventional clicks/tone bursts. Low frequency NB chirps were more difficult to interpret than high 
frequency NB-chirps. Correlations between subjective and objective threshold for 2kHz and 4kHz 
were statistically significant for both genders. When comparing CE with LS chirps, LS chirp latencies 
were prolonged in approximately 50% of the observations.
Conclusion: In contrast to 0.5 and 1kHz chirp stimuli, 2 and 4kHz chirps reveal a correlation between 
subjective and objective thresholds. However, no clear advantage of LS chirps compared to CE chirps 
were found at lower intensity levels, i.e. 25dB up to 60dB, i.e. the levels that are important for 
determining auditory thresholds. Peak latencies of LS chirps are, at higher intensity levels, prolonged 
in most cases, but this difference doesn’t seem to reveal better detectability. Overall, chirp stimuli are 
a welcome addition in the range of auditory stimuli and should be exploited more for clinical 
applications.
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Objectives: For the modality to enhance the synchrony and compensate the traveling wave delay, the 
various Chirps have been designed. The level-specific Chirp (LS-Chirp) has been recently introduced 
and studied in normal hearing subjects (Kristensen and Elbering, 2012). However, it is not yet widely 
evaluated in pathologic conditions. The objective of this study was to make comparisons to LS-Chirp 
and Click evoked ABRs in view of wave characteristics and threshold determination in patients with 
sensorineural hearing losses.
Methods: Forty-four adult patients with sensorineural hearing losses have been enrolled. ABRs were 
recorded in response to Click and LS-Chirp stimuli with same intensity levels. The recorded ABRs 
were evaluated by the peak amplitudes and onset/peak latencies of wave V. ABR thresholds were 
compared to pure tone thresholds in patients with various configurations of hearing losses.
Results: The amplitudes of ABRs from LS-Chirp were statistically higher than those from Click. In the 
group analysis, amplitudes of ABRs from LS-Chirp were larger in flat-type and invert notch-type. 
However, in sloping type audiogram, there was no difference of amplitudes between LS-Chirp and 
Click. There was no correlation difference between Click and LS-Chirp thresholds to averaged pure 
tone thresholds in all groups. However, ABR thresholds by Click stimulus were statistically higher than 
averaged pure tone thresholds while ABR thresholds by LS-Chirp revealed no statistical difference from 
averaged pure tone thresholds. On the contrary, thresholds comparison results were various in the 
different audiogram configuration. In flat type audiogram Click thresholds were statistically higher than 
pure tone thresholds but LS-Chirp thresholds were similar to pure tone thresholds. In slope and 
notched type audiograms, comparison of Click and LS-Chirp ABR threshold to pure tone thresholds 
revealed same statistical outcome.
Conclusion: In ABR wave analysis among sensorineural hearing loss subjects, amplitudes are larger 
with LS-Chirp than those with Click. However various results are observed in different types of 
audiogram. Further study with sufficient number of observations will be needed.
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Comparisons of Frequency Specific Chirp and Tone Pip Stimuli to 
Estimate nHL to eHL Corrections Values for Bone Conduction at 4 kHz 
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Objectives: In newborns, auditory brainstem responses (ABR) to 4 kHz or 1 kHz narrowband 
CE-Chirp (NB CE-Chirp) stimuli are larger than from tone pips (Ferm et al, 2013) for air conduction 
(AC). The ABR AC Chirp threshold was 10 dB lower than the AC tone pip threshold in 52% of the ears 
at 4 kHz and in 62% at 1 kHz. The likely primary underlying mechanism is that chirp stimuli maximise 
neural synchrony by anticipating cochlear travelling wave delay. We proposed chirp nHL to eHL 
corrections that are 5 dB lower than those used for tone pips at these frequencies.
Objectives: (a) To evaluate, in newborns, the bone conduction (BC) ABR amplitudes evoked by tone 
pip and NB CE-Chirp stimuli. (b) To determine the corresponding differences in estimated hearing 
level correction values.
Method: A group of 19 babies (21 ears), whose ABR hearing threshold for 4 kHz AC stimuli was at 
least 20 dBeHL, had a BC assessment at 4 kHz using 2:1:2 tone pips and NB CE-Chirps stimuli. A 
different group of 20 babies (21 ears), whose ABR hearing threshold was at least 20 dBeHL at both 4 
kHz and 1 kHz, had BC testing using 2:1:2 tone pips and NB CE-Chirps at 1 kHz. TDH39 earphones 
were used for AC assessments and a Radioear 71 was used for BC assessments. Response 
amplitudes and quality (Fmp) were compared. Any threshold difference was determined.
Results: ABR amplitudes for NB CE-Chirps were larger by an average of 56% larger at 4 kHz and of 
30% larger at 1 kHz. The Fmp was significantly higher for NB CE-Chirps. The NB CE-Chirp threshold 
was 10 dB lower in 43% of cases for 4 kHz and in 24% for 1 kHz stimulation. 
Conclusion: The advantages seen when using NB CE-Chirps over tone pips at 4 and 1 kHz for AC 
ABR assessments, extends to BC ABR assessments. These findings would support the use of NB 
CE-Chirps for BC testing, aiding differential diagnosis of hearing losses in newborns. We propose that 
ABR nHL threshold to eHL corrections for NB CE-Chirps should be approximately 5 dB less than the 
corrections for tone pips at 4 kHz for BC testing, mirroring our previous recommendations for air 
conduction. When 1 kHz NB CE-Chirps are used for BC testing, we propose that a cautious approach 
is adopted and that the correction should also be 5 dB less.
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Objective: To compare the auditory brainstem response (ABR) amplitudes evoked by 0.5 kHz and 2 
kHz tone pip and narrowband chirp (NB CE-Chirp) stimuli when testing post-screening newborns and 
to determine the difference in “estimated hearing level” correction values.
Design: Tests were performed with tone pips and NB CE-Chirps at 0.5 kHz or 2 kHz and the ABR 
threshold for each stimulus defined. The response amplitude, response quality (Fmp) and residual 
noise were compared for both stimuli.
Study Sample: 39 babies (42 ears) who passed our ABR discharge criterion at 4 kHz following 
referral from their newborn hearing screen.
Results: NB CE-Chirp responses were on average 31% larger than the tone pip responses at 0.5 kHz 
and 52% larger at 2 kHz. Fmp was significantly higher for NB CE-Chirps.
Conclusion: The advantages of NB CE-Chirps over tone pips we previously identified at 4 and 1 kHz 
does extend to these other frequencies. This result supports the use of NB CE-Chirps when testing 
newborns. We propose that the ABR nHL threshold to eHL correction for NB CE-Chirps should be 
approximately 5 dB less than the corrections for tone pips at 0.5 and 2 kHz, mirroring our 
recommendation at 4 and 1 kHz.
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Otoacoustic Emission (OAE), Auditory Brainstem Response (ABR) and 
Auditory Mismatch Negativity in a Middle Aged Patient with 
Pelizaeus-Merzbacher Disease
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Objectives: Pelizaeus-Merzbacher disease (PMD) is a genetic disorder of myelination in the central 
nervous system. Proteolipid protein 1 (PLP1 gene) is confirmed to be the responsible gene. 
Hypotonia, nystagmus and psychomotor retardation are the main clinical features and spastic palsy, 
ataxia and involuntary movements follow later. Most patients expire before 30 years of age. Wave I 
(rarely with wave II) only pattern of ABR is often one of the clinical diagnostic hallmarks of the disease. 
We present a patient with PMD whose ABR showed prominent wave I and later components despite 
of low amplitude.
Case presentation: The patient was 49 years old male. He was diagnosed as cerebral palsy at 1 year 
old. He could rollover, sit with support and carry himself on his knees by 4-5 years of age. At that time 
he could attain one word then two words sentences. His motor function declined after he was 15 years 
old and he was bedridden by the age of 39 years. He understands simple conversation and whispers 
one or two word sentences very slowly. Horizontal nystagmus, general hypotonia and spasticity are 
present. Duplication of PLP1 was confirmed. Magnetic Resonance Imaging disclosed cortical atrophy, 
ventricular enlargement and high signal intensity in the diffuse subcortical white matter including U 
fibers and cerebellum by T2 intensified and flair image.
Methods: OAE and ABR were performed. Auditory mismatch negativity (MMN) was also recorded 
using a pair of tone bursts (2 KHz for the rare and 1 KHz for the frequent stimuli) as a stimuli.
Results: OAE and MMN were normal. ABR showed prominent wave I and low amplitude wave II and 
later components.
Discussion: ABR of PMD is known as wave I only pattern. Our patient can hear and can speak though 
very vaguely. Patchy demyelination of brainstem other than cerebrum or developmental change may 
be the cause of this phenomenon though not confirmed at this point.
Conclusion: OAE, ABR and auditory MMN of a patient with PMD aged 49years old was reported. He 
can hear and enjoy limited conversation. OAE and MMN were normal. ABR disclosed prominent wave 
I and low amplitude later components.
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Marked Hearing Improvement after Surgical Removal of Vestibular 
Schwannoma with Profound Hearing Loss

Se-Joon Oh, Soo-Keun Kong, Eui-Kyung Goh
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Medicine and Medical Research Institute, Busan, Korea

The preoperative hearing status is one of the important factors to determine the method of surgical 
approach to the vestibular schwannoma. It has been widely recognized that the hearing preservation 
surgery is not valuable if the patient has no serviceable hearing. The worldwide reported cases of 
hearing improvement after surgical removal of vestibular schwannoma with profound hearing 
disturbance are extremely rare, and so far, there have been no domestic cases reported. The authors 
have experienced a case of significant hearing improvement after surgical removal of vestibular 
schwannoma with preoperative unilateral total deafness but with normal otoacoustic emission 
response. We report this case with literature review.
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Different Periods
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Objective: To evaluate the differences between the results of newborn hearing screening protocol in 2 
periods (from 2004 to 2009, and 2010 to 2014) using automated auditory brainstem response (AABR) 
with a confirmation method using click auditory brainstem response (ABR).
Material and methods: Neonates in the well-baby nursery were screened by staged AABR from 
January 2010 to November 2014. Subjects whose final AABR result was “refer” were tested by 
diagnostic click ABR within 3 months of age. The results of recent period were compared with 
previously reported data of our institution from 2004 to 2009, which used the same screening protocol.
Results: Of the 11,383 healthy babies born during the recent period, 10,529 (92.50%) were screened 
by AABR. Of 10,529 neonates screened by AABR, 75 (0.71%) were “referred”; of these, 66 subjects 
received diagnostic ABR. Among them, 32 subjects showed ABR thresholds over 30 dB nHL in at 
least one ear. Twenty-five subjects underwent serial follow-up ABR or ASSR tests, with 7 (28%) found 
to have normal hearing. When compared with the former period results of 12,193 babies, screening 
percentage among the newborns has been increased from 89.22% to 92.50% and referral rate has 
been decreased from 1.36% to 0.71%. Positive predictive value of AABR screening has been 
increased to 48.48% (32 among 66) from 38.46% (45 among 117) of previous report.
Conclusions: As newborn hearing screening protocol has been ongoing, more babies were screened, 
when compared with the former period results. Moreover, the refer rate has been decreased, and the 
positive predictive value of our protocol has been increased than previous report. Proceeding the 
newborn hearing screening protocol for a certain period continuously showed advanced screening 
effectiveness.
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Mesenchymal Stem Cell Transplantation

Jamil Nasser saad alswiahb, Kyoung Ho Park, Sang Won Yeo
Department of Otolaryngology-Head and Neck Surgery, College of Medicine, 
The Catholic University of Korea, Seoul, Republic of Korea

Objectives: This study was performed to confirm the changes in auditory brainstem response in deaf 
animal model with intravenous transplantation of human umbilical cord blood derived mesenchymal 
stem cells (UCB-MSC).
Methods: UCB was collected after obtaining consent, and mesenchymal stem cells (MSCs) were 
isolated. We established a deaf animal model and transplanted UCB-MSCs through the brachial vein 
of the guinea pigs. The animals were divided into 4 groups: animals with normal hearing, animals with 
SNHL, animals with SNHL and injected with saline, and animals with SNHL and transplanted with 
UCB-MSCs. Auditory brainstem response (ABR) was done & cochlear pathological features were 
examined.
Results: In SNHL group, increased ABR threshold were noted. Furthermore, in the SNHL group, ABR 
hearing thresholds were unconverted and were similar to those observed in deafness. The 
transplanted UCB-MSC group showed a significant improvement in hearing threshold (40 dB) 
compared to that in all the SNHL group (80–90 dB). Examination of the SNHL animals’ cochlear 
morphological features demonstrated a noticeable lack of spiral ganglion cells. However, the 
transplanted UCB-MSCs showed an increase in spiral ganglion neuronal cells.
Conclusion: Intravenous transplantation of UCB-MSCs can enhance hearing thresholds of ABR & 
increase the number of spiral ganglion neurons (SGNs).
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Study on Acoustic Characteristics and Estimated Hearing Level of Tone 
Pip Auditory Brainstem Response

Fei JI M.D.
Department of Otolaryngology, Head and Neck Surgery of Chinese PLA General Hospital and Chinese 
PLA Institute of Otolaryngology, Medical School of Chinese PLA, Beijing, China

Auditory brainstem response (ABR) is more widely used in clinical diagnosis and audiological 
rehabilitation assessment. With the progressive development of audiology, biomedical engineering 
and neurophysiology in recent years, ABR test is becoming more attractive and the relevant exami-
nation methods. Tone Pip ABR provides more diagnostic and assessing approaches for clinical and 
rehabilitation practice.

Meanwhile, new challenges are to be faced with in optimizing test parameters, and proposing normal 
reference values for these new methods to make them more feasible and reliable in clinical practice. 
High Stimulus Rate ABR demonstrates promising prospects in diagnosis of vertigo, tinnitus, hearing 
loss, etc. caused by posterior circulation ischemia. Tone pip ABR shows both good temporal trans-
ience and frequency specificity in assessing hearing loss objectively, which is the preferred objective 
test when the patients are not able to cooperate with behavioral audiometry.

However, in China, there are not published suggesting parameters for Tone Pip ABR test. To obtain 
optimized waveforms Meanwhile, to predict the pure tone threshold from Tone Pip ABR threshold, a 
correction is recommended to add to Tone Pip ABR threshold, resulting in a threshold in dB eHL 
(Estimated Hearing Level). There is no domestic report in dB eHL of Tone Pip ABR so far.

To solve above mentioned problems, the following work were completed in this study. 
1. Twenty normal-hearing young adults (10 males and 10 females, 40 ears) participated in the study. 

ABRs were recorded by stimulus rate of 11.1/s and 51.1/s respectively, and the peak latency (PL) 
of I, III, and V; inter-peak latency (IPL) of I-III, III-V, and I-V; and inter-peak latency difference (△IPL) 
were compared between low and high stimulus rate.. The normal reference values of △IPL was 
obtained, which could be used as an objective reference for the early diagnosis of various 
neuro-otology diseases caused by posterior circulation ischemia.

2. Acoustic signals of Tone Pip of 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz with different window 
functions (i.e. Blackman, Gaussian, Hanning, and Linear window) were recorded and spectrum 
analysis was conducted. Window function with best frequency specificity (Blackman window) was 
selected for next experiments. ABR induced by Blackman gated Tone Pips of different duration 
(500 Hz with 4 ms, 6 ms, and 8 ms; 1000 Hz, 2000 Hz, and 4000 Hz with 2 ms, 3 ms, and 4 ms) 
were tested in 10 normal hearing young people (5 males and 5 females, 20 ears). Transient 
characteristics and frequency specificity were analyzed by thresholds and waveform differentia-
tion. A set of optimal test parameters were screened out and suggested as recommended 
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parameters in Tone Pip ABR test.
3. Tone pip ABR were tested using optimized parameters in normal hearing young subjects, and the 

Tone Pip ABR thresholds and pure tone audiometry thresholds were compared in 4 frequencies, 
and corrections in different frequencies were obtained which could be used to predict hearing 
thresholds in dB eHL.

Main innovations of this paper are as follows:
1. The normal reference values of △IPL was first proposed in Chinain this paper, which could be used 

as an objective reference for the early diagnosis of various neuro-otology diseases caused by 
posterior circulation ischemia.

2. KEMAR artificial head were innovatively used in recording and analyzing the signals with short 
duration. The signals recorded are acoustic waveforms instead of electrical signals, which made it 
more accurate to simulate the proximate real sound that arrives at tympanic membrane.

3. A set of optimal Blackman gated Tone Pip ABR test parameters were screened out at different 
frequencies. Transient characteristics and frequency specificity were compromised by thresholds 
and waveform differentiation, which has not been reported in existing Chinese literatures.

4. Corrections between Tone Pip ABR thresholds and pure tone audiometry thresholds in different 
frequencies were obtained which could be used to predict hearing thresholds in dB eHL.
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The Application of Auditory Brainstem Response with Different Stimulus 
Mode in Diagnosis and Assessment of Vertigo Diseases

Yuhe Liu, Siqi Chen, Yanmei Zhang, Li Chen, Zhen Zhong
Department of Otolaryngology Head and Neck Surgery, Peking University First Hospital 
Beijing China

Objective: To find the characteristics of auditory brainstem response (ABR) with forward-masking in 
the patients with vertigo, and to study the correlation and differences between ABR with 
forward-masking (fmABR) and ABR with high frequency stimulation (hfABR) in the normal group and 
a group of patients with vertigo, and to analyze the sensitivity and specificity of fmABR and hfABR in 
the etiological diagnosis of vertigo, and to provide important reference for clinical diagnosis of different 
vertigo disease.
Methods: Both fmABR of different intervals and hfABR were performed to 60 cases (120 ears) with 
vertigo from the outpatient department and 25 normal controls (50 ears). The latencies of wave I, III 
and V of click ABR were recorded with 11.1 /s and 55.1/s stimulating rate, and with forward-masking 
intervals of 4 ms, 8 ms, 16 ms and 32 ms. The I-III, III-V and I-V interpeak intervals were calculated 
respectively. Statistical analysis was done with SPSS 13.0 software package.
Results: 1, In the normal control group, the latencies and interpeak intervals of fmABR were 
prolonged with the forward masking stimuli of 8 and 16 ms, except for III-V interpeak interval. The 
latency of wave V and wave I-III interpeak interval were prolonged with the forward-masking stimuli of 
32 ms. 2, In the normal control group, only the latency of wave V and I-V interpeak interval were 
significantly different under 16 ms forward masking stimulus, compared with no forward masking 
stimulus (P<0.05). The latency of wave V and I-V interpeak interval were not significantly different 
under 8 ms and 32 ms forward-masking stimulus, compared with no masking ABR (P>0.05). 3, in the 
patients with vertigo with more than 0.28ms interpeak interval of I-V wave under hfABR, the latencies 
and the interpeak interval of waves were prolonged, except for the latency of wave I under 32 ms 
fmABR. The latencies of wave V under 8 ms and 16 ms fmABR were significantly different, compared 
with no forward-masking ABR, and the wave I-V interpeak interval under 8 ms, 16 ms, and 32 ms 
fmABR were significantly different, compared with no forward-masking ABR (P<0.01).
Conclusion: The disorder of neural pathways in patients with vertigo can be found with fmABR. It is 
considered the disorder was associated with Posterior Circulation Ischemia. So the fmABR can be 
used to assess the ischemia of neural pathways in patients with vertigo. The latencies of wave V and 
the wave I-V interpeak interval under the stimuli with forward-masking intervals of 16 ms were more 
sensitive and statistically significant than with forward-masking intervals of 8 ms and 32 ms. Further, 
the relevance and difference of fmABR and hfABR were explored in the diagnosis of Posterior 
Circulation Ischemia, and the advantages and disadvantages of hfABR were found in the diagnosis of 
Posterior Circulation Ischemia.
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Comparison of Air- and Bone-conduction Auditory Brainstem and Multiple 
80-Hz Auditory Steady-state Responses in Infants with Normal Hearing 
and Conductive Hearing Loss

Hope Valeriote, Susan Small
School of Audiology & Speech Sciences, University of British Columbia, Vancouver, Canada

Objectives: The purpose of this study was to investigate how well air- (AC) and bone- (BC) conduction 
multiple ASSRs detect the presence of a conductive loss compared to AC and BC auditory brainstem 
responses (ABRs), the standard clinical method. Previous studies have suggested that multiple 
ASSRs can be used to estimate hearing thresholds in infants with sensorineural loss but based this 
opinion primarily on AC data. This study compares AC and BC ASSR and ABR thresholds in infants 
with normal hearing and conductive loss.
Methods: Twenty-three normal-hearing infants and 16 infants with conductive loss (0-6 months) were 
assessed using the ABR and 80-Hz ASSR elicited to AC and BC stimuli (AM2). Normal- hearing 
infants were assessed at 500 & 2000 Hz; infants with hearing loss were tested at 500 Hz only. Mean 
thresholds, air-bone gaps, and normal levels were compared between groups and methods.
Results: Mean (1SD) thresholds at 500 and 2000 Hz, respectively, for normal-hearing infants were: (i) 
ABR AC: 25(7) and 18(9) dB nHL, and (ii) ABR BC: 10(8) and 15(10) dB nHL, (iii) ASSR AC: 30(9) and 
20(12) dB HL, and (iv) ASSR BC: 17(10) and 26(14) dB HL. For infants with confirmed conductive 
hearing loss at 500 Hz, AC thresholds increased to 48(5) dB nHL, while BC ABR thresholds were 
similar at 13(8) dB nHL. Similarly, AC ASSR thresholds increased to 36(11) dB HL, while BC 
thresholds were 16(13) dB HL. Overall, BC thresholds were not significantly different between infant 
groups while AC thresholds were higher for infants with conductive loss. For 500 Hz, normal-hearing 
infants had mean air-bone gaps of 15(9) for the ABR and 12(11) for ASSRs; air-bone gaps increased 
to 35(8) and 20(13) for the ABR and ASSR, respectively, for infants with conductive loss. Normal 
maximum ASSR levels for 500 and 2000 Hz, respectively, were estimated to be: (i) AC: 40 and 40 dB 
HL, and (ii) BC: 30 and 40 dB HL.
Conclusion: Previously published ASSR “normal levels” appear to be too high to accurately detect 
mild conductive hearing loss at 500 Hz, therefore, we recommend normal levels of 40 and 30 dB HL 
for AC and BC ASSRs, respectively. However, even with a more conservative “normal level”, it 
appears to be difficult to use the 80-Hz ASSR to differentiate between normal hearing and mild 
conductive hearing loss. More research is needed for infants with greater degrees of hearing loss and 
more frequencies.
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The Analysis of Objective Hearing Threshold Detection with Chirp 
Stimulus Evoked Auditory Steady State Response (ASSR) and Auditory 
Brainstem Response (ABR) in Infants Below 6 Months

Zhang Shuai, Lu Zhao-qun, Zhang Guan-ping, Wei Fan-qin, Yuan Fo-liang, 
Liu Tian-run
Department of Otorhinolaryngology, the 6th hospital affiliated to Sun Yat-sen University, GuangZhou, China

Background: The newborn hearing screening programs have developed widely in China. In the 
infants below 6 months age, electrophysiologic techniques play a critical role in the follow-up 
evaluation , some of them are used frequently in clinic: the click-evoked auditory brainstem 
response(cABR), however, can’t provide information in a frequent specific manner; the amplitude- 
modulated tone evoked Auditory steady state response(ASSR), toneburst evoked ABR (tbABR), and 
notched noise masking toneburst evoked ABR, etc, they demonstrate frequency specificity, and 
generate hearing thresholds, but it’s difficulty to develop in basic hospitals because of the long time 
performing process, or lack of proficient technicians to analyze the waves.
Chirp stimulus have been introduced in the ASSR recently. Hearing threshold can be obtained 
according to the evoked response in 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz. To explore the feasibility 
and reliability of chirp-ASSR in general clinics, we compare the narrow band CE-Chirp evoked ASSR 
(chirp-ASSR) with tbABR in infants below 6 months.
Objective: To explore the feasibility and advantage in hearing threshold evaluation of chirp stimulus 
evoked Auditory Steady State Response (chirp-ASSR) in infants below 6 months.
Methods: Comparing the results of chirp-ASSR te Response (chirp-ASSR) in infants below 6 months.
Comparing the results of chirp-ASSR with tone burst evoked frequency specific Auditory Brainstem 
Response (tbABR) in 68 normal infants below 6 months (136 ears).
Results: (1) 68 infants (13 6ears) passed the AABR and test in our research. The comparison of 
results of chirp-ASSR and tbABR show in Table 1. The correlation coefficients of elicited response 
threshold between chirp-ASSR and tbABR are well;

Table 1 Pearson correlation analysis of chirp-ASSR and tbABR (γ : correlation coefficient)

500 Hz 1000 Hz 2000 Hz 4000 Hz

P < 0.01 < 0.01 < 0.01 < 0.01

γ 0.652 0.646 0.781 0.810

(2) The average time cost of chirp-ASSR and tbABR is 7 mins 4 sec and 21 mins 6sec separatively in 
every infant. Masking is not necessary in our testing. In general, the time cost of chirp- ASSR reduce 
about 14 mins 2 sec compare to tbABR (66.51%). Therefore, chirp-ASSR could provide shorter 
detection time than tbABR.
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Conclusion: As an objective hearing threshold detection tool, The results of chirp-ASSR are reliable 
and acceptable, chirp-ASSR facilitates valid estimates of normal newborn hearing thresholds in less 
time.
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Usefulness of Simultaneous Bilateral c-VEMP Testing

Takeshi Masuda, Chiharu Kamei, Makoto Tanaka, Yusuke Kimura, Yasuyuki Nomura, 
Shuntarou Shigihara, Takeshi Oshima
Department of Otolaryngology, Head and Neck Surgery, Nihon University school of medcine Tokyo, JAPAN

Objectives: Patients with a chief complaint of vertigo such as dizziness and lightheadedness not 
infrequently pose a great diagnostic challenge if they lack objective findings like nystagmus or hearing 
loss. Even if such equilibrium function tests as ENG are ready to use at the initial examination, we often 
do not get any findings because patients have no longer vertigo at the time of examination. We report 
herein our trial of c-VEMP, which examines function of the inferior vestibular nerve, in screening of 
acute-onset nystagmus-free patients with vertigo at the initial examination.
Methods: Body position: Supine position with the head elevated. The active electrode was placed on 
the sternocleidomastoid muscle bilaterally while the reference electrode was placed on the rostral 
lateral sternum. Stimulating sounds: Click, 95 dBnHL with the use of insert earphones. Stimulation 
frequency: 5Hz, the mean addition times: 100. Band pass filter: 20-2000 Hz. Recording: Bilateral 
simultaneous stimulation and recording. Measurement was repeated twice. Evaluation method: the 
presence or absence of a reduction of the amplitude as well as prolongation of the latency time at p13 
and n23. Study subjects were patients who visited us with chief complaints of dizziness and light 
headedness and were free of conductive hearing loss without obvious spontaneous nystagmus. A 
total of 36 patients their ages ranged from 24 to 86 years old, with an average age of 59.7 years old 
and a S.D. is 15.9 years old.
Results: 8 patients were examined with c-VEMP immediately at their first visit to the outpatient clinic 
and were found to have abnormalities. It would partially help clarify the pathogenesis of their 
disorders, causes of which had not been identified by previous testing.
Conclusion: c-VEMP responses are suppressive ones with ipsilateral predominance and the neck 
muscle tension is indispensable for implementation of the examination. However, the muscle tension 
decreases with aging as evidenced by an age-associated decrease of amplitudes as well as 
prolongation of latency times. Meanwhile, VEMP amplitudes are more increased in recording by neck 
rotation than by neck elevation. An advantageous procedure of head elevation to get better 
responses burdens patients with continued muscle tension of the neck. Light insert earphones were 
therefore used to alleviate patients’ load. The number of additions were limited to 100 because 
repetitive stimuli fatigued the muscles, leading to poor responses. Stimulation was given and 
recording was made bilaterally at the same time. Bilateral c-VEMP is useful of primary testing for the 
dizziness patients without nystagmus.
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Test-retest Reliability of Binaural Simultaneous Cervical Vestibular 
Evoked Myogenic Potential Recording

Mina Park, MD, Min Young Lee, MD, Yeo-Jin Lee, MD, Young Ho Kim, MD, Hanaro Park, 
MD, Jun Ho Lee, MD PhD, Seung-Ha Oh, MD PhD, Sun O Chang, MD PhD, 
Myung-Whan Suh, MD PhD
Department of Otorhinolaryngology-Head & Neck Surgery, Seoul National University Hospital, Seoul, 
Korea

Objectives: The purpose of this study is to compare the test-retest reliability of cervical vestibular 
evoked myogenic potential (cVEMP) parameters between monaural sequential (mSEQ) cVEMP and 
binaural simultaneous (bSIM) cVEMP recordings.
Methods: Twenty two volunteers aged 22 from 38 years were enrolled. Two different methods of 
cVEMP measurement were performed in the subjects. The two methods were (1) monaural 
sequential (mSEQ) measurement and (2) binaural simultaneous (bSIM) measurement. After a mean 
test-retest interval of 7.1±2.8 days, the second run of the cVEMP measurement was performed in a 
random order. To compare the test-retest reliability of mSEQ and bSIM cVEMP responses, Intraclass 
correlation coefficient (ICC) and Spearman correlation were applied.
Results: Both P13 and N23 latencies did not show a statistically significant difference between the two 
cVEMP recording methods. Also, there were no significant differences in the inter-peak amplitude 
(IPA) and interaural amplitude difference (IAD) ratio between the two methods. The test-retest 
reliability of inter-peak amplitude (IPA) demonstrated a positive correlation for both mSEQ and bSIM 
cVEMP methods. The IAD ratio of bSIM cVEMP response demonstrated a statistically significant 
test-retest reliability (ICC=0.691, p=0.015). However, the IAD ratio of mSEQ cVEMP response did not 
demonstrate a statistically significant test-retest correlation.
Conclusion: Results implicate that bSIM cVEMP not only saves time, but it also has an advantage of 
a more reliable test-retest outcome. It seems that supine mSEQ cVEMP testing without muscle effort 
feedback is clearly inferior to bSIM cVEMP testing.
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Furosemide Loading Vestibular Evoked Myogenic Potentials can Detect 
Having Endolymphatic Hydrops

Toru Seo, Ko Shiraishi, Takaaki Kobayashi, Mutsukazu Kitano, Katsumi Doi
Department of Otolaryngology, Kinki Unversity Faculty of Medicine, Osakasayama, Japan

Objectives: We previously reported that the p13-n23 peak-to-peak amplitude in vestibular evoked 
myogenic potential (VEMP) increased after furosemide administration in the patients with Meniere’s 
disease. The positive ratio is 40% therefore clinical usage is difficult to detect the endolymphatic 
hydrops. We adjust the examination to apply clinical setting.
Methods: The subjects were 10 patients with Meniere’s disease and 2 patients with endolymphatic 
hydrops (the endolymphatic hydrops group). They consisted of 4 males and 8 females and their ages 
ranged from 24 to 59 years. For the control group, 10 ears of 6 normal healthy volunteers were used. 
They consisted of 3 males and 3 females and their ages ranged from 28 to 42 years. The 
peak-to-peak amplitudes of VEMP were recorded before (AB) and after (AA) 20mg of furosemide 
administration. Improved ratio is calculated by the following formula: IR = 100 x (AA-AB)/AB. In this 
study, the amplitude was normalized as the raw amplitudes divided by the integral EMG value during 
20msec before sound stimuli. Tone burst sound stimuli of 105 dBSPL and 500Hz were delivered from 
ipsilateral headphone.
Results: The mean amplitude before and after administration were 0.091 ± 0.032 and 0.070 ± 0.021 
respectively in the control group. There was not significant difference (p>0.05: Wilcoxon sinned-ranks 
test). The mean improved ratio was -15.3 ± 25.6 % in the control group. In the endolymphatic hydrops 
group, the mean amplitude before and after administration were 0.079 ± 0.047 and 0.096 ± 0.052 
respectively. The amplitude was significantly improved after furosemide administration (p=0.034: 
Wilcoxon sinned-ranks test). The mean improved ratio was 23.2 ± 50.6% in the endolymphatic hydrops 
group.
Conclusion: When cutoff value was defined normal upper limit (35.9%), sensitivity was 41.7% and 
specificity was 100%. When the value was defined 22.0%, sensitivity was 63.6% and specificity was 
90%, thus it was thought that the furosemide loading VEMP is useful in the clinical diagnosis of 
endolymphatic hydrops.
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The Application of Cervical Vestibular Evoked Myogenic Potential in the 
Diagnosis of Patients with Semicircular Canal Dehiscence

Xinxing Fu, Bo Liu
Beijing Institute of Otolaryngology, Beijing Tongren Hospital, Capital Medical Univ. Beijing, China

Objectives: To study the characteristic of cervical vestibular evoked myogenic potentials in the 
patients with semicircular canal dehiscence, and explore the clinical application of cVEMPs in the 
diagnosis of SCD.
Methods: 8 cases of SCD were diagnosed by imaging examination, and cVEMPs were done 
respectively before and after operation. Patients were in the sitting position and respectively rotated to 
the left and right sides of neck, with both sides of sternocleidomastoid muscle tension, acoustic 
stimulation of 500Hz tone burst were used, electrode montage for VEMP involves placement on the 
sternum (non-inverting), and each sternocleidomastoid muscle with ground on the forehead. The 
amplitude and threshold of cVEMPs were recorded, and the bilateral asymmetry degree and 
amplitude ratio were analyzed.
Results: the amplitude of cVEMPs in 6 patients was significantly higher than the healthy side, and 
threshold decreased in different degree, 2 patients no cVEMPs recorded due to conductive hearing 
loss. The amplitude of cVEMPs in 4 patients decreased after the operation, and the threshold higher 
than the preoperative. 1 patient had no obvious change, 1 patient was lost to follow-up.
Conclusion: the cVEMPs had high sensitivity and stability in the diagnosis of semicircular canal 
dehiscence, and it can be used as a conventional diagnostic index in the preoperative and post-
operative evaluation.
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Correlation Analysis of Otosclerotic Pathogenesis with Vestibular-evoked 
Myogenic Potentials 

Lan Lan1, Chao Zhang1, Ji Fei1, Wei Shi1, Wang-Da Yong1, Hui Wang1, Hai-Na Ding1, 
Wu-Zi Ming1, Kianoush Sheykholeslami2, Qiu-Ju Wang1*

1Audiological Medicine, Chinese PLA Institute of Otolaryngology, Chinese PLA General Hospital, Beijing 
100853, China

2Department of Neurobiology and Pharmacology, Northeastern Ohio Universities, College of Medicine, 
4209 State Route 44, Rootstown, OH 44272, USA

Objective: To analyze vestibular-evoked myogenic potentials(VEMP) and pathogenesis of 
otosclerosis patients and reaearch the correlation between them.
Methods: Patients were 16 patients (30 ears) with documented otosclrosis (7 men and 9women, 
ranging in age from 15 to 69 years, average age of 40.25) (14 ears) non-operation and (16 ears) 
Post-operative. Each patient underwent local checkup of ear, nose, and throat fields, and a battery of 
tests including radiological examination of the skull, audiometry, stapedial reflex, and VEMP tests. For 
comparison, another 23 healthy subjects (10 men and 13women; aged 18-33 years; mean, 24 years) 
were also recruited in this study. Each subject underwent VEMP test using AC tone-burst stimulation.
The data was compared to our normative values recorded and averaged from subjects age 18 to 33 
with average of 24 years old. The air-bone gap was measured (Grason-Stadler Instruments-61, U.S.A.) 
according to the differences between AC and BC hearing thresholds at the frequency of 250, 500, 
1,000, 2,000, and 4,000 Hz by an audiometer. An electroacoustic bridge (Grason- Stadler Instruments 
Tympstar II, U.S.A.) was used to detect the stapedial reflex response. The response was measured 
bilaterally when the stimulation was delivered to the probe ear. The test was then repeated on the 
contralateral side. Absent stapedial reflex is defined as the absence of compliance change in the 
maximum of sound stimulation (105 dB HL in 500 and 1,000 Hz, 105 dB HL in 2,000 Hz, and 100 dB HL 
in 4,000 Hz) in both tests with ipsilateral and contralateral stimuli.
Results: The response rates of present VEMPs were 100% (0.25kHz ~ 2kHz ) and 75% (4kHz) in 16 
otosclerotic ears in operated ear; and 100% in 14 opposite unaffected ears (14 non-operated ears or 
normal subjects 46 ears ) in all of the tested frequencies, respectively. There is no statistics difference 
between them. At amplitude of VEMP in 500Hz, conductive hearing loss more than 30dB or less 30dB 
analyzed significant statistics differences. F=7.160, P＜0.05. Patients’ conductive hearing loss had 
inverse correlation with VEMP in same frequency.
Conclusion: There is correlation between the response rates of air conductive VEMP and 
pathogenesis of otosclerosis, and it could be a cue of prophase otosclerosis.

**This work was supported by the grants of the National Key Basic Research Program of China, 
No.2014CB943001, the National Natural Science Foundation of China, Major Project, No. 81120108009.
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Evaluation of Acoustic Immitance Measurement with Wide-band 
Tympanometry Method

Śliwa L.1,2, Mazurkiewicz K.3, Piłka A.1,2, Kochanek K.1,2,3, Skarżyński H.1,2

1Institute of Physiology and Pathology of Hearing, Warsaw, Poland
2World Hearing Center, Kajetany, Poland
3Department of Logopedics and Applied Linguistics, Marie-Curie University in Lublin, Poland

Objectives: The aim of the study was to examine usefulness of wide-band tympanometry (WBT) in 
assessment of the middle ear. In particular, one aimed at examining repeatability and variability of 
tympanometric characteristics measured with WBT method, comparing them with those measured 
with standard, low-frequency tympanometry, and examining wide-band absorbance in normal-hearing 
and pathologic ears.
Methods: The material consisted of a group of normal-hearing subjects and a group of patients with 
confirmed middle-ear dysfunctions (mainly otosclerosis) qualified to middle ear surgery. All subjects 
underwent comprehensive audiologic and otologic examinations. The Titan (Interacoustics a/s) 
immitance measuring system was used for wide-band tympanometry, conventional tympanometry 
was performed with the Middle Ear Analyzer Clarinet (Iventis SRL). Tympanometric low-frequency 
parameters (static compliance, C, volume, V) were determined at 226 Hz, wide-band absorbance was 
measured in frequency range 226 Hz – 8 kHz. Measurements were repeated several times in each 
ear.
Results: The results have shown good correlation between low-frequency tympanometric para-
meters measured in a conventional way and derived based on wide-band reflectance measurement. 
However, variability of results was greater in the case wide-band tympanometry, and the results were 
sensitive to of probe position. There is also significant variability in resonant frequencies in normal 
ears, although characteristics of absorbance generally lie within the field of norm.
Conclusion: Wide-band absorbance measurement could be a useful means for assessing middle ear 
pathologies, and can be applied in diagnosis of i.e. candidates for reconstructive surgery. 
Low-frequency tympanometric parameters (C, V) measured through WBT exhibit greater variability 
than in conventional tympanomerty. The measured resonant frequency, due to its variability, is a less 
reliable as a measure of middle ear pathologies.
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A Web-based Visual Programming Interface for Audiometric Test 
Equipment

Thomas Rosner1, Hans Oswald2

1Institute for Realtime-Computersystems, Technische Untiversität München, Germany
2PATH medical GmbH, Germering, Germany

New and improved methods for objective audiological diagnostics often find dissemination into clinical 
practice a very slow process. Most commercially available devices do not offer the freedom to 
efficiently manipulate stimuli and test sequences along with the simplification of programming 
process.

In this work, a graphical programming research interface for controlling a CE-certified medical 
handheld device is presented which is based on the web-based visual programming editor, Google 
Blockly. Custom stimuli and recording algorithms for eliciting auditory evoked potentials (ABR, ASSR) 
and otoacoustic emissions (TEOAE, DPOAE) are built by dragging and dropping function blocks onto 
a design surface. The audiometric block library allows the user to setup the measurement and build 
new measurement protocols with ease, and very little initial user training. In addition to the (remote 
controlled) audiometric test execution, the research interface also provides a simulation environment 
for testing custom algorithms in various patient models. This ensures patient safety using the 
medically approved hardware and avoids unintentional misuse. By exporting test data in XML format, 
the user can quickly plot and further process data in other spreadsheet software programs for 
statistical analysis, or software for numerical computation (e.g. Matlab).

Application examples for recording DPOAE and ASSR show that faster implementation and validation 
can be expected leading to more efficient dissemination of new measurement protocols into clinical 
practice.
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Behavioural and Electrophysiological Evidence of Enhanced Auditory 
Processing Skills in Professional Musicians

Kiriana Meha-Bettison, Pragati Rao, Mridula Sharma
Department of Linguistics, Macquarie University, Sydney, Australia

Objectives: Previous research has clearly shown that musicians enjoy an advantage in auditory 
processing. The current research investigated the effects of musical experience on speech perception 
in noise and aimed to investigate evidence of differences in speech perception using behavioural 
methods and cortical auditory evoked potentials (CAEPs). It was hypothesized that musicians would 
elicit a more robust N1-P2 response to speech presented at the low SNR (0dB) condition than 
non-musicians and would outperform non-musicians in behavioural tasks. 
Methods: Ten musicians and ten non-musicians between the ages of 20 and 60 participated in this 
study. Speech-in-noise perception was objectively assessed with CAEPs recorded to the speech 
syllable “da” presented in babble noise, at signal-to-noise ratios (SNRs) of +10, +5 and 0dB. P1, N1 
and P2 amplitudes and latencies were then compared between musician and non-musician groups. 
Speech-in-noise perception was also assessed behaviourally with the Listening in Spatialized 
Noise-Sentences Test (LiSN-S) and a psychoacoustic test battery including pitch discrimination, 
temporal modulation transfer function and gap detection tasks were also completed to assess 
spectro-temporal auditory processing.
Results: Results showed significant differences between the musician and non-musician groups on 
most tasks. CAEPs revealed significantly less degradation to the P1 latency (p=0.040) component at 
SNR0 for musicians compared to non-musicians. There were no differences between groups in quiet 
and at 10dB and 5dB SNR. Musicians also significantly outperformed non- musicians in the low-cue 
SRT condition of the LiSN-S (p=0.018), indicating enhanced speech perception in adverse listening 
conditions and demonstrated significantly lower pitch discrimination thresholds and superior 
performance on the temporal modulation transfer function.
Conclusion: These findings illustrate that at least a cohort of musicians have enhanced auditory 
processing skills in the most adverse listening conditions. This data presents evidence of musicians’ 
enhanced speech-in-noise encoding at cortical level.
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Facial Nerve Stimulation in Cochlear Implant Patients

Susan Abdi
TUMS, Tehran, Iran

Objective: Facial nerve stimulation is a known complication of cochlear implantation in the treatment 
of different types of hearing loss. Other investigators have mentioned different factors as possible 
etiologies for this complication.
Methods: This is a cohort study on all the cochlear implant patients in our center.
Results: By this time, we have only two cases with this complication among our 193 implant cases 
and more than 2200 person months of follow-up, both of them have been received multichannel 
Clarion devices. No single finding or composition of findings can detect the risk of this complication 
pre-operatively. In both patients the first signs of facial nerve stimulation have appeared during the 
operation time.
Conclusion: The incidence of this complication is rare in our cohort of implanted patients and there is 
no pathognomonic finding that suggests higher risk for this complication pre-operatively. In the end, 
we think that, because of relatively rareness of this complication, without a co-operative multi-center 
study it is very far from reality to have a better description of probable causes of this complication.
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Facial Nerve Stimulation in Narrow Bony Cochlear Nerve Canal after 
Cochlear Implantation

Yoon Chan Rah1,2, Young-sun Yoon1, Myung-Whan Suh1, Young Ho Kim1, Jun Ho Lee1, 
Seung-ha Oh1, Sun O Chang1, Chong Sun Kim1, Moo Kyun Park1

1Department of Otorhinolaryngology, Seoul National University College of Medicine, Seoul National 
University Hospital

2Department of Otorhinolaryngology, Korea University Ansan Hospital, Ansan, Republic of Korea

Objective: Facial nerve stimulation (FNS) is a well-known complication of cochlear implant (CI) 
restricting optimal use of the device. Recently spotlighted narrow bony cochlear nerve canal (BCNC) 
could be a possible cause of FNS by elevating the stimulating current level. The aim of this study was 
to evaluate the correlation between narrow BCNC and FNS after CI and their underlying mechanisms 
and finally to predict the risk of FNS in patients with BCNC prior to CI.
Methods: A total of 70 cases who underwent CI in Seoul National University from 1998 to 2013 were 
included for this study. Only pediatric patients were included and all cases of inner ear anomaly or 
otosclerosis were excluded. Among them, 35 cases experienced facial nerve stimulation after CI and 
another 35 cases were selected from our cohort of 817 pediatric implantees by stratified random 
sampling for age and gender. The width of BCNC, the relative size of cochlear nerve (CN) comparing 
to facial nerve (FN) (CN/FN ratio), the diameter of internal auditory canal (IAC), T-level, C-level were 
compared between groups. Strategies for eliminating the FNS and their results were also analyzed.
Results: The both group showed similar distribution of age and gender. The FNS group showed 
significantly narrower BCNC (1.06 mm) over control group (2.00 mm, p<0.01) and significantly lower 
CN/FN ratio (0.28) over control group (1.33, p=0.023), significantly narrower IAC diameter (4.00 mm) 
over control group (5.64 mm, p<0.01). The FNS group also showed significantly higher T-level (168.5 
μA) and C-level (201.0 μA) over control group (T-level: 141.7 μA, p<0.01, C-level: 188.9 μA, p=0.043). 
The width of BCNC showed significantly negative correlation with T-level (R=-0.372, p=0.001). The 
CN/FN ratio showed significantly negative correlation with T-level (R=-0.448, p<0.01) and C-level 
(R=-0.299, p=0.024). Adjustment of C-levels and/or pulse width, switching off offending electrodes 
was tried for eliminating FNS. Successful elimination was achieved in 71.4% of cases. FNS group 
showed significantly low CAP scores (2.80) over control group (5.97, p=0.019) after adjustment.
Conclusion: Narrow BCNC could be a cause of FNS after CI. Therefore, careful selection of the side 
for CI and programing strategies is required for reducing FNS.
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Auditory Neuropathy Characteristics of Infant with Profound Hearing Loss 
Associated with Cochlear Nerve Aplasia/Hypoplasia

Shin Hye Kim1, Hyun Seok Choi1, Jae Jin Song1, Ja-Won Koo1, Byung Yoon Choi1,2

1Department of Otorhinolaryngology-Head and Neck Surgery, Seoul National University Bundang Hospital, 
College of Medicine, Seoul National University, Seongnam, Republic of Korea

2Sensory Organ Research Institute, Seoul National University Medical Research Center, Seoul, Republic 
of Korea

Objectives: Auditory neuropathy (AN) is characterized by absent auditory brainstem responses, 
impaired word discrimination out of proportion to pure tone loss, and normal outer hair cell function as 
measured by otoacoustic emissions and cochlear microphonics. However, it is easy to miss these 
patients during the newborn hearing screening and misdiagnose them as sensorineural hearing loss 
or sudden hearing loss. The aim of this investigation is to describe a group of infants who exhibited 
electrophysiologic responses characteristic of AN, but later were subsequently identified as having an 
anatomical etiology. 
Methods: We retrospectively reviewed the imaging and functional tests on infants under 24 months of 
age between May, 2005 and Dec, 2014 and recruited only subjects with mainly unilateral profound 
hearing loss, available imaging studies and otoacoustic emission results (or cochlear microphonics 
data). Imaging studies were reviewed for the recruited patients to identify the anatomical abnormality. 
In total 27 subjects have been recruited. Unilateral profound hearing loss was found in 18 patients; of 
these, 56% occurred on the left side. Nine had a bilaterally profound hearing loss: three with cochlear 
hypoplasia. Syndromic patients were excluded. 
Results: Of the 36 ears with profound hearing loss, twenty three were boys and thirteen were girls. 
Average age at time of the final diagnosis of the imaging and functional test was 0.8 years. In total, 
twenty cases (55.6%) had narrow bony cochlear nerve canal (nBCNC) as documented by TBCT or 
cochlear nerve hypoplasia as documented by MRI; of these, seven cases (35.0%) was diagnosed as 
having ‘auditory neuropathy’ characteristics. Interestingly, nBCNC or cochlear nerve hypoplasia was 
detected in all subjects with this characteristic. In contrast, none of the subjects without anatomical 
abnormality in imaging studies showed the AN characteristics. This association was statistically 
significant (p=0.011).
Conclusion: This study demonstrates that most infants with AN characteristics and profound hearing 
loss unilaterally or bilaterally need to be evaluated with radiologic test to reach the final diagnosis.



284173

PP-65

Synaptic Calcium Regulation in Hair Cells of the Chicken Basilar Papilla

Gi Jung Im1,2, Howard S.Moskowitz1, Mohammed Lehar1, Hakim Hiel1, and Paul Albert 
Fuchs1

1The Center for Hearing and Balance, Department of Otolaryngology-Head and Neck Surgery, and the 
Center for Sensory Biology, the Institute for Basic Biomedical Sciences, Johns Hopkins University School 
of Medicine, Baltimore, Maryland 21205

2Department of Otolaryngology-Head and Neck Surgery, College of Medicine, Korea University, Seoul, 
Republic of Korea (present position)

Objectives: Acetylcholine (ACh) inhibits sensory hair cells of the inner ear. Calcium entry through the 
ACh receptor (AChR) triggers SK channel to hyperpolarize hair cells. A near-membrane postsynaptic 
cistern has been proposed to serve as a store from which calcium is released to supplement influx 
through the ionotropic ACh receptor. However, the time and voltage dependence of ACh-evoked 
potassium currents reveal a more complex relationship between calcium entry and release from 
stores. The purpose of this study was to examine the relative contribution of synaptic cistern to the 
activation of efferent inhibition.
Methods: The present work uses voltage steps to regulate calcium influx during the application of 
ACh to hair cells in the chicken basilar papilla. Whole-cell intracellular recordings were made on 
chicken short hair cell, decay & half-amplitude duration of SK tail-current at +40 mV can reflect the 
function of synaptic cistern. When calcium influx was terminated at positive membrane potential, the 
ACh-evoked potassium current decayed exponentially over~100ms. However, at negative membrane 
potentials, this current exhibited a secondary rise in amplitude that could be eliminated by dihydro-
pyridine block of the voltage-gated calcium channels of the hair cell.
Result: Calcium entering through voltage-gated channels may transit through the postsynaptic 
cistern, since ryanodine and sarcoendoplasmic reticulum calcium-ATPase blockers altered the time 
course and magnitude of this secondary, voltage-dependent contribution to ACh-evoked potassium 
current. Serial section electron microscopy showed that efferent and afferent synaptic structures are 
juxtaposed, supporting the possibility that voltage-gated influx at afferent ribbon synapses influences 
calcium homeostasis during long-lasting cholinergic inhibition. In contrast, spontaneous postsynaptic 
currents (“minis”) resulting from stochastic efferent release of ACh were made briefer by ryanodine. 
Conclusion: The synaptic cistern serves primarily as a calcium barrier and sink during low-level 
synaptic activity. Hypolemmal cisterns such as that at the efferent synapse of the hair cell can play a 
dynamic role in segregating near-membrane calcium for short-term and long-term signaling.
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Preliminary Study on Validity of Sichuanhua Dialect Speech Audiometry 
Materials

KANG Houyong M.D.
Department of Otolaryngology, Head and Neck Surgery of the First Affiliated Hospital of Chongqing 
Medical University

Objective: Sichuanhua dialect originates but different from Chinese Mandarin. It is daily spoken by 
approximately 250 million people living in Southwest China. Of this population, about 5 million people 
experience hearing problems. However, there are not any Sichuanhua dialect speech audiometry 
materials (SSAMs) available for these population with hearing problems. This study aimed at 
developing such a set of speech audiometry materials to meet this desire. To evaluate this SSAMs, 
we run a preliminary study on its reliability and validity.
Methods: Fristly, we developed one set of SSAMs. It parallels the structure of the Mandarin speech 
audiometry materials (MSAMs), which introduced by Professor Qian-Jie Fu’s research team, and 
verified phonetically and tonally balanced within and across test lists. The SSAMs was stored into 
compact disc digitly. Secondly, 18 Sichuanhua dialect subjects (Sichuanhua group) and 18 Mandarin 
subjects (Mandarin group) with normal hearing were recruited into this preliminary study. Two group 
subjects were tested under noise environment using SSAMs and MSAMs test materials. Their speech 
recognition thresholds (SRT) were analyzed by two-way analysis of variance (ANOVA) analyses. 
Then, we run the simulation test across all subjects using four-channel acoustic cochlear implant (CI) 
simulations. Their speech discrimination scores (SDS) were also analyzed by two-way ANOVA 
design. Thirdly, we furtherly analyzed the SDS of Sichuanhua group in the simulation test across 
monosyllables, dissyllables and sentences lists by linear regression analyses. Two-sided P value of 
0.05 was considered significant. 
Results: We firstly developed a set of the SSAMs, including monosyllables, dissyllables and 
sentences lists. The SSAMs were verified phonetically and tonally balanced within and across all test 
lists. Secondly, the study revealed no significant difference of their SPTs across the mandarin group 
tested by MSAMs, the Sichuan group by MSAMs, the Sichuan by SSAMs. Concerning the SDS, only 
in the dissyllables lists test using the same MSAMs, the Mandarin group showed a significant lower 
than Sichuanhua group. Other lists tests showed no significant differences. Thirdly, the linear 
regression analyses revealed that the SDS was highly correlated between sentences and disyllables 
(r2 = 0.538, P＜0.05), but weak correlations between disyllables and monosyllables in the SSAMs (r2 
= 0.037, P＜0.05).
Conclusion: This study have developed a set of standardized SSAMs, and demonstrated its validity 
on the test of Sichuanhua dialect speakers with normal hearing. It might be used to evaluate the 
speech perception of Sichuanhua speakers with hearing loss, such as postlingual deaf children, 
undereducated adults and seniors who were candidates for CI treatment.
**This study was partially supported by China’s NSFC Grant No. 81170926, NIH Grant No. DC004993, 
and National clinical key specialty construction project fund, China (2012-649).
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