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MINUTES OF THE BUSINESS MEETING - SATURDAY, MAY 1, 2004

I.   CALL TO ORDER:  The President, Dr. Jeffrey P. Harris, called the Business Meeting to order at 12:30 p.m.

II. APPROVAL OF MINUTES:  The minutes of the May 3-4, 2003, Annual Meeting of the American

Otological Society, Inc., held at Gaylord Opryland Resort & Convention Center, Nashville, TN, were approved.

III. INTRODUCTION OF NEW MEMBERS:  The following new members were introduced to the Society by their respective proposers:

SEVEN ACTIVE MEMBERS 

Sujana S. Chandrasekhar, MD - Proposed by: John W. House, MD; Seconded by: Derald E. Brackmann, MD 

John L. Dornhoffer, MD - Proposed by: John J. Shea, Jr., MD; Seconded by: John W. House, MD 

Dennis G. Pappas, Jr., MD - Proposed by: Noel L. Cohen, MD; Seconded by: Michael E. Glasscock, III, MD 

Steven D. Rauch, MD - Proposed by: Joseph B. Nadol, Jr., MD; Seconded by: Saumil N. Merchant, MD 

Richard M. Rosenfeld, MD - Proposed by: Robert J. Ruben, MD; Seconded by: Margaretha L. Casselbrant, MD, PhD

Eric E. Smouha, MD - Proposed by: Herbert Silverstein, MD; Seconded by: Samuel H. Selesnick, MD 

Jeffrey T. Vrabec, MD - Proposed by: Newton J. Coker, MD; Seconded by: Paul R. Lambert, MD
FOUR ASSOCIATE MEMBERS

Ricardo F. Bento, MD, PhD - Proposed by: Michael M. Paparella, MD; Seconded by: Barry P. Kimkberley, MD, PhD 

Alfio Ferlito, MD - Proposed by: Michael M. Paparella, MD; Seconded by: Jack L. Pulec, MD
Carlos A. Oliveira, MD, PhD - Proposed by: Michael M. Paparella, MD; Seconded by: Barry P. Kimkberley, MD, PhD 

Neil T. Shepard, PhD - Proposed by: Michael D. Seidman, MD; Seconded by: A. Julianna Gulya, MD
IV. NOMINEES FOR NOMINATING COMMITTEE:  A Nominating Committee composed of Dr. Joseph C. Farmer, Chairman, Drs. Derald E. Brackmann, Gregory J. Matz, Herman A. Jenkins, and Samuel H. Selesnick was elected to prepare the slate of nominees for AOS officers for 2004 - 2005.  

V.   REPORT OF THE SECRETARY-TREASURER:  Dr. Clough Shelton presented the following items of information:

A. The present membership totals 307 and includes the induction of new members on May 1, 2004, as follows: 


149 Active, 73 Senior, 47 Associate, 8 Emeritus, 19 Corresponding, and 11 Honorary.

Membership applications are available on the AOS website at www.americanotologicalsociety.org or through the AOS Administrative Office.

B.
Members deceased since the 2003 Annual Meeting: 




Howard P. House, MD (Senior)  




William W. Montgomery, MD (Senior)




Ralph F. Naunton, MD (Senior)





Jack L. Pulec, MD (Active)




William H. Wilson, MD (Senior)

C.
Members transferred to senior status:



P. W. Alberti, MD



Jack D. Clemis, MD



L. Gale Gardner, MD



Donald B. Kamerer, MD



Athanasios Katsarkas, MD

D. Members transferred to emeritus status:



Sean R. Althaus, MD



Ralph A. Nelson, MD

.

EDITOR LIBRARIAN REPORT:  

Dr. Sam E. Kinney reported the Trans actions for the 2003 meeting are now on the AOS website and available for download.  The plan is to have the Transactions of the 2004 meeting on the website by September prior to the Academy meeting.  The website is becoming very important as a communications instrument for the society.  The AOS now has a professional Webmaster helping with the website and the intention is to have a member login system as there will be materials that will not be available to the general public.  The website will continue to grow and members will be encouraged to access the website and enjoy it.
VII. PROGRAM ADVISORY COMMITTEE - Dr. Harris thanked the following individuals for serving on the 2004 Program Advisory Committee:  Drs. H. Alexander Arts, Karen Jo Doyle, Barry E. Hirsch, John W. House, Gordon B. Hughes, Anil K. Lalwani, Lloyd B. Minor, Michael J. McKenna, John J. Rosowski, P. Ashley Wackym, D. Bradley Welling.  
VIII. PRESIDENT’S REMARKS, INTRODUCTION OF GUEST OF HONOR, PRESIDENTIAL CITATION, SPECIAL PRESIDENTIAL AWARDS, May 1, 2004:  The Business Meeting was adjourned and the first Scientific Session started at 1:00 p.m. with brief remarks from the President, Dr. Jeffrey P. Harris.   The President introduced the Guest of Honor, Ugo Fisch, MD.  The Presidential Citation was presented to Elizabeth M. Keithley, PhD and Allen F. Ryan, PhD.

 MINUTES OF BUSINESS MEETING - SUNDAY, MAY 2, 2004

The President, Dr. Jeffrey P. Harris, called the Business meeting to order at 7:00 a.m.

IX. REPORTS OF COMMITTEES:

AOS Research Advisory Board Report:  Dr. Lloyd B. Minor presented the AOS Research Advisory Board Report. 

The Research Advisory Board of the Research Fund met in New York on March 27, 2004, to review ten research grants, one research fellowship, and two clinician-scientist awards.  The total costs of the requests amounted to $712,482.  Five research grants were funded for 2004-2005 in the amount of $199,794.  The total expenses for the Research Advisory Board meeting amounted to $26,157.  Dr. Hilary A. Brodie was appointed to serve on the Research Advisory Board replacing Dr. Douglas E. Mattox.  The Research Advisory Board recommended changes in grant mechanisms as follows:

Research funding announcement for clinical trial:  $66,000 (total costs, 10% caps on indirect costs); Increase size of research grants to $55,000 (total costs, 10% caps on indirect costs); Clinical trial and research grants must have direct relationship to otosclerosis or Meniere’s disease.  Scope of AOS Clinician-Scientist Award and AOS Medical Student Fellowship will be broadened to include research in any topic related to otology.  Applications will be evaluated based upon scientific merit and quality of the training experience. Budget for Clinician Scientist Award will remain $80,000/yr (2 years of anticipated funding). Budget for Medical Student Fellowship will remain 40,000/yr (1 year of funding).  The recommendations were accepted by the membership.

Award of Merit:  Dr. Richard A. Chole, Chairman, reported he had conferred with his committee members:  Drs. Jeffrey P. Harris, Horst R. Konrad, Hilary A. Brodie and Joseph B. Nadol, Jr. for the selection of the 2004 recipient of the Award of Merit and an honoree had been selected.  Dr. Robert J. Ruben was the recipient of the Award of Merit at the banquet held on Sunday evening, May 2, 2004.

American College of Surgeons: Dr. Richard Wiet presented the American College of Surgeons report.  The total membership of the College has increased by 3%.  At the Board of Governor’s Meeting, the following issues were reported by electronic survey and 93% of all respondents ranked their major concerns to the Board of Regents as follows:  1) Professional liability and malpractice, 2) TORT reform, 3) Physician reimbursement, 4) Medical education.  The College is doing everything it can to weigh in on these issues.  

The College is working on Medi-PAC system to make certain the ICD-10 code does not replace the current coding system.  

Dr. Edward Laws, Chairman of the Board of Regents, has helped promote a Division of Research and Optimal? Patient Care of the College devoted to evidence-based surgery and research and this data is now available on a website hosted by the American College of Surgeons.  

The College provides $1,500,000 for scholarships and expects to double that amount over the next ten years.  The College operates on the interest from a $203,000,000 endowment in which 70% is in grants and 30% in fixed income.

Dr. Richard Sabo serves as President of the College and Dr. John Cameron serves as Treasurer.

American Academy of Otolaryngology:  Dr. David R. Nielsen, Executive Vice-President of AAO-HNSF presented the AAO-HNSF report summarizing the state of the Academy/Foundation and its initiatives.

General Advances (Academy-wide)

In the fall of 2002, the staff of the Academy was asked to consider ways in which staff structure and function could be optimized. BOD approval for a new Association Management Software System (AMS) was given, the iMIS system and vendor (ASI) were chosen, and implementation was initiated. Phase I has been completed. General staff training in organizational behavior, effective team-building, conflict resolution, personal service, and change management has been instituted. In preparation for the 2003 annual BOD strategic planning, staff leadership held several internal strategic planning sessions. At the strategic planning retreat of the BOD in June of 2003, staff were included and participated in a peer-to-peer setting with Board members. A commitment was made to be a strategically focused organization. In response to the Strategic Plan requirements, staff function and organization were evaluated and revamped to create greater focus, improve functionality and efficiency, and reduce duplicated and wasted effort. A vertical structure of 18 departments was replaced with 6 Business Units and 6 Cross-functional Teams. A Board review of Committees was completed and a process for regular review implemented. The following improvements have been seen in a general fashion:

Improved fiscal responsibility

The combined budget has been streamlined and a new budgeting process developed that is relevant and tailored to the strategic plan. A $1 million turnaround was achieved in the first budget cycle. The 2003-2004 fiscal year is projected to contribute more than $900,000 to reserves from operations alone. This is almost 50% more than budgeted. The 2004-2005 budget has been tentatively approved by the BOD and will be presented at the June BOD meeting for final ratification. This is a positive budget with approximately $120,000 budgeted contribution to reserves.

The Boards formalized a reserve policy and strategy for implementation. Our budget is designed to have our reserves within target by the end of the 2006 cycle.

A new FMS (Financial Management Software system) has been successfully implemented which will aid in more timely and useful financial reporting.

Strategic planning process in place

BOD has committed to continue that process and set priorities accordingly.

All activities are to align to the strategic plan.

The Boards are committed to eliminate programs/projects/committees that no longer contribute to the core/high-priority needs of the members

Internal restructuring and organization into business units and cross-functional teams with a realigning of projects with the appropriate staff/department.

AAO-HNS is realizing significant efficiencies in improved customer services.

Communication is improving between members and staff

The Academy is doing a better job of informing members about its programs

and products and how new and/or improving services/products make life

better/easier for them.

Members are better informed about how its advocacy efforts put money in

their pockets.

Future Challenges:

The most important challenges include the need for better definition of staff and Board accountability (defining duties, training, setting productivity standards and metrics for monitoring performance); increasing Academy activity among membership; and strengthening relationships and working collaboratively with subspecialty otolaryngology societies.

In summary, the Academy/Foundation has gone through great disruptive change in instituting strategic focus and becoming a greater organization. It will require a continuous injection of energy and political will from elected and staff leadership to ensure that this process is successful.

Audit Committee:  Dr. Samuel H. Selesnick, Chairman, reported he and his committee members, Drs. Stephen P. Cass and Karen Jo Doyle reviewed the records of the Society and found no errors, deletions, or other abnormalities in the records. The deposits and withdrawals correctly balanced.  There have been stable administrative expenses.  The committee recommended that the membership accept this report as an indication that the financial status of the American Otological Society, Inc. is excellent and being maintained appropriately.  The members accepted the audit as presented.

Membership Development:  Dr. Samuel H. Selesnick presented the membership development report.  Seven otologists recently inducted into the Triological Society were inducted at the AOS Annual Business Meeting, May 1, 2004.  The number of members in the AOS is relatively stable with 307 members and the average age is 58.  A mentor system was re-instituted in May 29, 2003, with the intent of improving the ability of the Society to regionally identify potential candidates for membership. 

Report of the Nominating Committee:  Dr. Joseph Farmer  presented the following nominations for the slate of officers of the AOS for the 2004-2005 year:  Drs. Sam E. Kinney, President; John K. Niparko, President-Elect; C. Phillip Daspit, Editor-Librarian; Clough Shelton, Secretary-Treasurer; Council Members:  Drs. Horst R. Konrad, Jeffrey P. Harris, and Joseph B. Nadol, Jr.  There were no nominations from the floor.  The nominated slate was elected by the membership.

Drs. Herman A. Jenkins and Douglas E. Mattox were elected to serve on the 2005 Award of Merit Committee. 

X.  NEW BUSINESS

Dr. Jeffrey Harris reported at the joint meeting of the AOS and ANS Councils on Friday, 4/30/04, several issues were discussed.  One of which was the possibility that the two societies in the future explore the option of having a joint meeting and this might be separate from the venue of the COSM meeting.  This is a response to what was going on last year with the uncertainty as to where the Triological Society was going to be in COSM.  This discussion generated a lot of positive feedback and the two societies have decided to organize a small committee to look at the potential of having a joint meeting separate from COSM.  If this were to occur it would be something of the order of 2008.  

The other issue was the otology/neurotology fellowships and the length of those fellowships.  The discussion centered on the two-year fellowship versus one-year fellowship.  It was the consensus that there may be very good people who are tracking towards academic practices having done two years of research  training  and then the prospect of having another two years of otology/neurotology fellowship was very daunting. There is concern that we are losing some of these potential candidates.  There has been discussion at the Board level of reducing some of the overall time for training.  Because of this the Councils felt they should re-explore the one-year fellowship.  

Dr. Bruce Gantz stated the American Board of Otolaryngology is now supporting the five years of otolaryngology training.  The plan in a year or so is to reopen the exploration as to whether the Board can reduce otolaryngology training since the first year of training has to have at least 9 months of training in general surgery and other surgical specialties which includes 3 months of otolaryngology.  The Board is open to continuing the exploration of this.  There has been talk that the Board may look at shortening the residency and allow people to track early but this is still under discussion and will probably take a few years for that to happen.

Adjournment:  The Business Meeting was adjourned at 7:35 a.m. and the Scientific Program continued until 12:10 p.m.

Respectfully submitted,

Clough Shelton, MD
Secretary-Treasurer

SCIENTIFIC PROGRAM

Introduction of the Guest of Honor, Professor Ugo Fisch, M.D.

Presented by Jeffrey P. Harris, M.D., Ph.D.

Prof Ugo Fisch served as the Head of the Otolaryngology Department of the University Hospital in Zurich from 1970 to 1999. During this period hundreds or perhaps even thousands of aspiring and experienced surgeons traveled to Zurich to witness the genius of his surgery. He has published more than 300 articles concerning Microsurgery of the Middle Ear and the Skull Base. He is also author of many books. Two of the most notable are, "Tympanoplasty, Mastoidectomy and Stapes Surgery" and his magnum opus "Microsurgery of the Skull Base." Both of these are classics in the fields of Otology and Neurotology.

Prof. Fisch is an Honorary Member of many prestigious Societies in the world and has numerous awards. For example, he has been named an Honorary Doctor of the

University of Liege (Belgium) and an Honorary Fellow of the American College of Surgeons, the Royal College of Surgeons of England and the Royal Society of Medicine

in London. Since stepping down as the Head of the Department at the University of Zurich, Professor Fisch continues to practice Otology and Skull Base Surgery at the ORL-Center of the Klinik Hirslanden, Zurich.

In order to promote the collaborative development and teaching of microsurgical techniques worldwide, Professor Fisch has established the Fisch International Microsurgery Foundation (FMIF).

He is a luminary in Skull Base Surgery and personally developed the most advanced and safest techniques for the lateral approaches to the petrous apex, infratemporal fossa, parasellar and cavernous sinus and nasopharynx. He has transformed glomus jugulare surgery, which was once a harrowing and extremely risky procedure into one that can be approached in a systematic and safe manner. You will see from this next slide that he has had a profound impact on American Otology and on many of the members of this society including me. It is because of his unselfish willingness to teach and to advance our specialty that we honor this extraordinary surgeon as our Guest of Honor. I know of no one more deserving of this honor. Ladies and gentleman please join me in welcoming

and honoring Professor Ugo Fisch.

Presentation of Presidential Citations

Jeffrey P. Harris, M.D., Ph.D.

It is a great personal pleasure that I present two very deserving individuals the AOS Presidential Citation: Drs. Elizabeth Keithley and Allen Ryan. I have been extremely fortunate to have been associated with both of these talented researchers for the past 19 and 25 years respectively.

Dr. Elizabeth Keithley or Betsy as she is known to her mends and colleagues, has been

an invaluable colleague and distinguished research partner of mine. She has had a career- long interest in inflammatory mechanisms in the inner ear, aging and viral labyrinthitis. With her background in cochlear anatomy obtained at the Eaton Peabody Laboratory at the Mass Eye and Ear Infirmary, she has been instrumental in my own research on immunology of the inner ear as well directing an impressive research agenda of her own. We have written over 35 papers together and have shared over 30 foreign research fellows. Betsy is a tireless worker for deserving causes including the DRF on whose council and scientific advisory board she serves and the ARO where she has served on

the council and is the current Secretary- Treasurer. She has been an active research

advisor to numerous residents and students--many of whom are now in academic

practices and departments across the country. Betsy is a friend and wonderful colleague

to many of you and we are lucky to have her involved in otologic research. She is most deserving of this AOS Presidential Citation.

Dr. Ryan has become one of the founders of modern molecular otology. He has made innumerable contributions to our understanding of the basic science of the inner ear through the powerful techniques of molecular biology, immunology and molecular genetics. He has been recognized as a leader in hearing science by election as the

President of the ARO and selection as a member of the Collegium ORLAS for which he now serves as the Chairman of its International Jury (a distinct honor for an American). In addition, he has been awarded the Shambaugh Prize in Otology by the Collegium. He has served twice on the AOS Research Advisory Board and regularly mentors young students, post-docs and visiting scientists in our department. Those of you who know him understand why it is an honor for me to make this AOS Presidential Citation to a dear friend, colleague and family man.

Award of Merit Presentation

Presented by Richard A. Chole, MD, PhD

Award given to: Robert Ruben, MD

Scientific Program May 1, 2004
Session: Skull Base Surgery

A Meta-analysis of Cerebrospinal Fluid Leakage after Vestibular Schwannoma Surgery

Jeffrey C. Liu, MD, Samuel H. Selesnick, MD 

Albert Jen, MD, Jason Newman, MD

Objective:  To review the incidence of cerebrospinal fluid (CSF) leak after vestibular schwannoma removal reported in the literature. 

Data Sources: MEDLINE and PUBMED literature search using the terms Acoustic Neuroma or Vestibular Schwannoma, and cerebrospinal fluid leak or cerebrospinal fluid fistula covering the period from 1985 to present in English.  A review of bibliographies of these studies was also performed.

Study Selection: Criteria for inclusion in this meta-analysis consisted of the availability of extractable data from studies presenting a defined group of patients who had undergone primary vestibular schwannoma removal and for whom the presence and absence of CSF leakage was reported.  Studies reporting combined approaches were excluded.  No duplications of patient populations were included. Twenty-five studies met the inclusion criteria. 

Data Extraction: Quality of the studies was determined by the design of each study and the ability to combine the data with the results of other studies.  All of the studies were biased by their retrospective, non-randomized nature.
Data Synthesis:  Significance (p<0.05) was determined using the chi-squared test.

Conclusions: CSF leak occurred in 10.6% of 2273 retrosigmoid surgeries, 9.5% of 3118 translabyrinthine surgeries, and 10.6% of 573 middle fossa surgeries.  The type of CSF leak was not associated with surgical approach. Meningitis was significantly associated with CSF leak (p<0.05).  Age and tumor size were not associated with CSF leak.

Samuel H. Selesnick MD
Weill College of Medicine of Cornell University

   Starr Building, Suite 541
520 E. 70th St
New York, NY  10021
Four Channel Electromyography of the Facial Nerve in Vestibular 

Schwannoma Surgery: Sensitivity and Prognostic Value

Olivier Sterkers, MD, PhD, Alexis Bozorg Grayeli, MD, PhD

Michel Kalamarides, MD, Rey A, MD

Objective: To evaluate the facial prognostic value of a four channel facial electromyographic (EMG) device in vestibular schwannoma (VS) surgery.

Study Design: Among 95 VS operated on and intraoperatively monitored by a four channel facial EMG (NIM response, Xomed Medtronics, France) between October 2002 and September 2003, 84 patients were included in this prospective study. Detection was performed in frontal, orbicularis oculi, orbicularis oris and plathysma muscles.

Main Outcome Measure: facial function (House and Brackmann classification)

Setting: Tertiary referral centre
Results: The postoperative facial function at days 8 and 60 was related to the intraoperative stimuli thresholds (ST, range: 0.01 to 3 mA for a response > 100 µV) at the proximal region of the nerve after the tumor removal. At day 8, facial function grades 1 and 2 were  obtained in 83% for ST at 0.01-0.04 mA, in 67% for ST at 0.05 mA, in 69% for ST from 0.1 to 0.25 mA, and in 7% for ST > 0.3 mA. At day 60 (n=77), 58% grade 1, 20% grade 2, 5% grade 3, 9% grade 4, and 8% grade 5 were achieved with a mean ST at 0.05 ± 0.007, 0.069 ± 0.016, 0.28 ± 0.136, 1.01 ± 0.374, and 1 ± 0.416 respectively. The maximal EMG response was detected in the frontal muscle or the plathysma in 29 % of cases, and in orbicular muscles in 71%. 

Conclusion: A four channel device may enhance the EMG sensitivity. Determination of ST below 0.05 mA yields facial prognostic information

.

	Olivier Sterkers, MD, PhD
Otolaryngology Department,

Hospital Beaujon

100 Boulevard du General Leclerc
F-92118 Clichy Cedex

FRANCE




Session: Temporal Bone Pathology and Meniere’s Disease


Audiometric Long-term Follow-up in Enlarged 

Vestibular Aqueduct Syndrome

Salvatore Iurato, MD, Giuseppe Bux, M.Au
Salvatore Mevoli, M.Au


Objective:  To study the audiometric long-term follow-up of patients with enlarged vestibular aqueducts (EVA).

Design:  Retrospective review.

Setting:  A tertiary referral center.

Patients:  Subjects were included for study with a CT scan or MRI diagnosis of EVA in at least one ear.

Main Outcome Measures:  Longitudinal audiometric analysis of the hearing threshold data over the years. Progression was called significant if it could be linked to correlation coefficients. Tympanometry and caloric tests were performed at various ages. 

Results:  Twelve patients with an EVA (6 males and 6 females; age range at detection = 3-36 years; mean age 20 years) were followed for a mean of 12.5 years (range 2-31 years). Hearing loss was bilateral in all patients. The mean PTA was 42.8 dB (SD 18.2 dB) for the better ear and 77.0 dB (SD 26 dB) for the worse ear. Two patients out of 12 showed a mixed type of hearing loss in one ear despite a normal middle ear. Hearing aids were used in the rehabilitation of the patients.  Audiometric thresholds remained stable over time in 11 patients. In one patient followed over 31 years (8 audiograms; age range, 3-34 years) there were two slight drops in hearing both after mild head trauma. Head trauma was present in the far history of two other patients.

Conclusions: Hearing threshold remained stable over time in most patients. Mild head trauma may cause deterioration of hearing in EVA patients.

Salvatore Iurato, MD

Dept of Ophthalmology & Otolaryngology
University of Bari
Via Ricchioni, 10/N
I-70124 Bari 

  Italy
Pathophysiology of Meniere's Syndrome:  Are Symptoms

Caused by Endolymphatic Hydrops?


Saumil N. Merchant, MD, Joe C. Adams, PhD
Joseph B. Nadol Jr., MD


Background:  The association of Meniere's syndrome with endolymphatic hydrops has led to the formation of a central dogma:  many possible etiologic factors lead to hydrops, and hydrops in turn, generates the symptoms.  However, this central dogma of hydrops as being the final common pathway has not been proven conclusively.  
Specific aims:  To examine human and animal data with respect to the role of hydrops in causing symptoms in Meniere's syndrome.  If the central dogma were true, then every case of Meniere's syndrome should have hydrops and every case of hydrops should show the typical symptoms. 
Methods:  1) Review of 79 archival temporal bone cases with a clinical diagnosis of Meniere's syndrome or an otopathological diagnosis of hydrops.  2)  Review of experimental blockage of the endolymphatic duct in 14 guinea pigs followed by examination of the inner ear by immunostaining in the early post-surgical time period.  3) Review of literature.
Results:  1) Human data:  Seven cases showed idiopathic hydrops with intact sensory and neural structures but the patients did not have symptoms of Meniere's syndrome during life.  Conversely, 1 patient with fluctuating, low frequency, sensorineural hearing loss (SNHL) and 1 patient with episodic vertigo did not show any hydrops in either ear on histology.  Review of literature revealed cases with asymptomatic hydrops as well as cases where symptoms of Meniere's existed during life but no hydrops was observed on histology.  2) Experimental data:  obstruction of endolymphatic duct in guinea pigs resulted in change in immunostaining for taurine, NaK2Cl cotransporter and C-Jun-N-terminal kinase within type I fibrocytes of spiral ligament before development of hydrops.  This result is consistent with the hypothesis that hydrops resulted from disordered fluid regulation due to disruption of regulatory elements within the spiral ligament.
Conclusion:  Endolymphatic hydrops is an epiphenomenon of Meniere's syndrome rather than being directly responsible for its symptoms.
Saumil N. Merchant, MD
Department of Otolaryngology
Massachusetts Eye and Ear Infirmary
243 Charles Street
Boston, MA  02114
ABRs to Clicks and High-Pass Noise Masking Clearly Distinguish

Patients Diagnosed with Meniere’s Disease

Manuel Don PhD, Betty Kwong, Chiemi Tanaka, Michael Waring

Meniere’s disease is defined as the idiopathic syndrome of endolymphatic hydrops.  The syndrome is characterized by episodic vertigo, tinnitus, fluctuating hearing loss, and the sensation of fullness or pressure.  However, these symptoms are not always evident, especially at the onset of the disease.  Histopathological studies (e.g. Schuknecht; 1968,1974) indicate that in Meniere's patients, hair cells usually appear normal.  Therapeutic approaches (both surgical and pharmaceutical) assume involvement of cochlear hydrops.  A vast amount of literature documents attempts to diagnose Meniere’s disease and cochlear hydrops with various measures of evoked electrical activity, particularly electrocochleography (ECochG).
In cochlear hydrops, a reasonable assumption is that the increase in endolymphatic pressure could increase the stiffness of the basilar membrane (Tonndorf, 1957; Tonndorf, 1983; Flottorp, 1980).  The possible changes in the physical properties of the basilar membrane due to hydrops appear to alter the effect of high-pass masking noise on the ABRs.  In a study of 20 patients diagnosed with Meniere’s disease and still symptomatic at the time of testing, and 40 non-Meniere’s ears, ABRs to clicks presented with high-pass masking noise were recorded.  All of the Meniere’s ears showed a clear undermasking of wave V.  Measurements of the undermasked Wave V in Meniere’s ears were completely separate from the non-Meniere’s ears yielding 100% sensitivity and 100% specificity for these two populations.  There is strong evidence that these measures can be used to identify the presence of hydrops that accompanies Meniere’s disease.

Manuel Don, PhD
Electrophysiology Department
House Ear Institute
2100 West Third St.
Los Angeles, CA  90057
Evaluation of Pupillometry in Distinguishing

Meniere’s Disease from Vestibular Migraine


Rebecca L Duke, MD, Robert J Toohill, MD
Phillip A Wackym, MD, David R Friedland, MD, PhD

Objective:  To determine whether measures of pupillary function can distinguish patients with Meniere’s disease from vestibular migraine.   
Design:  Prospective, controlled, cross-sectional study with correlation of objective and subjective measures.
Setting:  Multi-subspecialty otolaryngology practice in a tertiary referral center.
Patients:  Adults suffering from Meniere’s disease (n=16) and vestibular migraine (n=20) in acute and interval states with recruitment of control population (n=30).
Intervention:  Use of a portable pupillometer to measure sympathetic and parasympathetic control of the ocular light response.  Correlation of these results with diagnosis, Dizziness Handicap Inventory and objective measures of disease severity.  
Main Outcome Measure:  Maximum and minimum pupil aperture, constriction and dilation rates and latency of light response in subject and controls as stratified by side, diagnosis and disease severity.
Results:  Patients with vestibular migraine demonstrated abnormalities in both minimum and maximum apertures following an initial stimulation of the contralateral eye (p < .0015, Bonferroni/Dunn post-hoc ANOVA) when compared to controls.  Patients with Meniere’s disease had a significant difference between their eyes with regards to latency measures when stratified by affected ear (p < 0.05, Student’s t-test).  Trends toward significant differences were seen between Meniere’s and vestibular migraine patients in latency of response, minimum aperture and aperture ratios (p < 0.10, ANOVA).
Conclusions:  Pupil responses to light are under sympathetic and parasympathetic control.  The finding of abnormalities in patients with Meniere’s disease and vestibular migraine suggest a systemic autonomic imbalance that may advise additional therapeutic interventions and provide a means to better distinguish between Meniere’s disease and migraine variants.

IRB Number:  FMLH 03-115; HRRC 244-03
Rebecca L. Duke, MD
9200 W Wisconsin Ave
Department of Otolaryngology
Milwaukee, WI  53226
DISCUSSION OF PAPERS:

Dr. Claus Jahnke, Germany:

I would like to give a comment to the very interesting paper of Dr. Jen.  He sited two papers from 1994 in which cements were used for closing the defect of the removal of acoustic neuroma.  The same year, ‘94, two papers had been published in Lancet showing that cement had cured four patients.  These papers came from Benjamin from France. The reason why these materials were not tested for this indication is because we know six cases of patients who died due to the use of cement in this indication. This is the reason cement disappeared from the market.

Dr. Jen or Dr. Slesnick would you care to respond to that comment:

Dr. Sam Slesnick, New York:

One of the slides was regarding specific hydroxy appetite cement and that is safe. On one of the other slides that we went through rather quickly, there was mention of the isomeric bone cement, the one that caused the problems with the deaths in Europe.

Dr. Paul Boyev, Tampa, Florida:

A question for Dr. Duke on the pupilometry study.  There are a lot of patients in both the Meniere’s groups and migraine groups that might be on medications that affect the autonomic nervous system. I suspect that in your control group there may have been a lot of subjects that weren’t on many medications at all. Is there any comment you could make on these factors?

Dr. Rebecca Duke, Milwaukee, Wisconsin:

Yes it is very true that a lot of different medications, bladder agents, blood pressure medications, and a lot of those medications can influence the autonomic nervous system.  As part of our study we did document what medications patients were on and as you mentioned our controlled patients did tend to be healthy patients who weren’t on any of those medications.  Though we have documentation of which medications people were on, we did not eliminate for who was on which medications.  

Dr. Bruce Gantz, Iowa City, Iowa:

Dr. Iurato, I enjoyed your paper and I have a question. It seems that these patients did not have much deterioration of their hearing and I’m wondering if these were children or adults.  Secondly did you tell these patients not to engage in any activities such as sports? That’s a real issue in the United States. When we see these patients and we identify them with enlarged vestibular aqueduct syndromes, many physicians will tell the parents not to let their children engage in sports because of the trauma.  Did you do anything special like that for your patient population?

Dr. Salvatore Iurato, Bari, Italy:

Most of the patients were children when first identified but we had two cases of patients identified when adults.  The second point was the suggestion for the patient that every patient, after having been identified, receives a protocol to avoid contact sports etc.  Yes this is done routinely.

Dr. Lawrence Lustig, Baltimore, Maryland:

Saumil, I’d like to thank you for another thought-provoking and insightful presentation.  We and others have noticed that Meniere’s patients who are implanted, when they have symptoms tend to have alterations in their perception of hearing. That could only be explained by either physical motion of the implant relative to the spiral ganglion which is quite unlikely given the fibrosis that develops or alterations in the response properties of the spiral ganglion neurons themselves.  You had mentioned that perhaps that there’s some direct metabolic affects from the spiral ganglion neurons and I was hoping that you could comment a little bit further on that.

Dr.Saumil Merchant, Boston, MA:

Larry thank you for that comment and question.  We have also observed in our population of implant patients similar phenomena that they get Meniere-type attacks including vertigo as well as fluctuations in the hearing.  I have to be honest I don’t have a good way of thinking about what might be responsible to explain that.

Dr, Lawrence Lustig, Baltimore, Maryland:

I wanted to ask you another question.  Since your experimental model involves drilling in that region of the duct to block it, do you have any information as to whether obstruction of the venous outflow of the inner ear could be responsible for some of the changes in spiral ligament?


Saumil Merchant, Boston, MA:

I think Bob Cemora if he’s here might be able to answer that because he’s the one who did these experiments. I think he has tried it both ways, blocking the endolymphatic duct without blocking the vein and with blocking the vein.  I think you get the hydrops no matter what.  If it’s venous infarction as he has showed us, others have showed you get a lot of other changes in the ear. I don’t think a vascular infarction alone can explain these changes.  It’s got to be through some other mechanism perhaps metabolic as we have proposed.

Dr.Hussan El-Kashlan, Ann Arbor, Michigan:

 Dr. Duke I really enjoyed your presentation.  I wonder if I missed how did you define Meniere’s, I’m assuming you used the Academy criteria for defining patients with Meniere’s disease but how did you define the people with vestibular migraine?  What kind of criteria did you use to include those in the study?

Dr. Rebecca Duke, Milwaukee, Wisconsin:

Yes you’re correct.  For the Meniere’s patients we did use the guidelines by the Academy.  For the vestibular migraine patients we just used the classic symptoms of vestibular migraine so for patients who presented with episodic vertigo, patients with tinnitus.  

Dr. David Friedland, Milwaukee, Wisconsin:

I can add a little bit more to that.  For vestibular migraine patients, I mean one we want to rule out Meniere’s disease and we try to make that distinction as clear as possible that our migraine patients were not episodic vertigo patients that had any component or possibility of Meniere’s.  Some of the strong

symptoms of vestibular migraine that we consider would be more of a chronic sensation of dizziness, history of classic migraines, history of motion sensitivity  and the absence of any aural pressure or signs that would be referable to a single ear consistent with Meniere’s disease.

Dr. Jeffery Harris, San Diego, CA:

Can I ask you a question?  Have you considered the possibility of some kind of adaptation that occurs in patients with Meniere’s disease, similar to a skater who skates around in circles after many years of training they don’t have that kind of symptom?  Is it possible that after many attacks of vertigo that there’s an autonomic adaptation perhaps?

Dr.Rebecca Duke, Milwaukee, Wisconsin

I’m not exactly sure how to quite answer that.  You know were not exactly sure what the association is and there’s also the chicken and the egg affect.  Is it autonomic dysfunction causing Meniere’s or Meniere’s causing this imbalance.  But one thing I think you brought up that I would like to mention in some of the previous people are studies that were done by, I may have pronounced the name wrong but Urmera from the 1980’s.  Their pupillary testing was done in Meniere’s patients during their attack or at the time around their attack and their pupillary measurements was slightly different than the ones that we got.  In fact they had larger pupils rather than smaller pupils and so we didn’t know if that means that there is some sort of an autonomic stimulation caused by the excitement going through these attacks and maybe were seeing patients outside of that or maybe its been causing a suppression of their system afterwards.  So I think it is still a big mystery about what exactly is going on between the two diseases.

Dr. Ryan Westford, Vancouver, British Columbia:

Question for Doctor Don.  Do you know that your findings are related to Meniere’s disease and not simply due to the hearing loss since your controls had normal hearing?  

Dr. Manuel Don, Los Angeles, CA:

Yes that’s what we are looking at now.  We do have a number of cases in which they were not diagnosed with Meniere’s or cochlear hydrops that is part of our tumor study and they showed the normal pattern of results.  That’s why I was trying to say that the configuration doesn’t tell us anything.  Obviously hearing loss is part of the Meniere’s syndrome and so it’s hard to dissociate completely but we do find a number of subjects that we are looking at that aren’t diagnosed with Meniere’s, they showed the normal masking pattern.

Narrator:  Last two questions.

Dr. Jeff Varbec, Houston, Texas:

Question for Dr. Merchant.  Given that the animal group may have a rather nonspecific response to the surgery that causes the hydrops, it raises the question of what you would see in your human temporal bones as a nonspecific response to surgery involving the inner ear whether it be endolymphatic sac surgery or other cochlear sacculotomy’s or things that might have been done on the Meniere’s patients.  If you do not see a surgically induced response in the human temporal bones, does this mean that there’s probably a different inflammatory signal and pathway in the animal model that may not apply to the human group?

Dr.Saumil Merchant, Boston MA:

I’m not sure I got your whole question, the animal part I got but in humans do you mean….is the question that….

Dr. Jeff Vrabec, Houston, Texas:

Basically were trying to contrast what you would see in the animal model where manipulation produces hydrops versus in human temporal bones where you probably, I would guess not see this in individuals who have had sac surgery.

Dr. Saumil Merchant, Boston, MA:

These patients, these humans did not have any surgery like sac surgery.  These were unoperated patients of Meniere’s so it is possible, your question is very valid and I think the core of your question is the guinea pig model a good model of human Meniere’s and we don’t know that.  The guinea pig model is a model of hydrops, it’s a model of sensorineural hearing loss associated with hydrops but as you know these guinea pigs do not get episodic vertigo so it is an open question.  Nevertheless it’s useful because it gives us insight into pathways in the inner ear which are associated with hydrops.  And the other thing is you can see hydrops in a varied number of different conditions, not just Meniere’s.  Any kind of trauma to the inner ear invariably results in hydrops both in animals as well as in patients, temporal bone fractures, serous labyrinthitis, all kinds of tumors, inflammations, syphilis, so the point is that hydrops may just be a pathology that you get when you have disorders, dysfunction of the spiral ligament perhaps.

Dr.Neil Shepard, Philadelphia, PA:

Two quick questions for Dr. Duke.  Since the incidence of migraine is about twice that in the general population for patients who have Meniere’s disease, did you control for migraine in your well formed Meniere’s group? There’s a migraine variant that involves ptosis and pupilar restriction associated with the migraine events and over time that becomes more permanent.  In your migraine group, did you control for that migraine variant?

Dr.Rebecca Duke, Milwaukee, Wisconsin:

Okay, I think I have all the questions.  For the first one, yes we did control for Meniere’s patients to ensure that they did not have migraine.  Do you mind repeating what your second question was, I didn’t quite catch that?

Dr.Neil Shepard, Philadelphia, PA:

There’s a migraine variant that involves ptosis and pupilar restriction that over time with multiple episodes becomes permanent.  Did you in anyway control in your migraine patients to make sure that they were not included in your group because it would bias the results?

Dr. Rebecca Duke, Milwaukee, Wisconsin:

To my knowledge, Dr. Friedland I might need your help with this question.  To my knowledge none of our vestibular migraines had a history of the symptoms as well but maybe you might be able to answer this better.

Dr. David Friedland, Milwaukee, Wisconsin

 For our vestibular migraine group, I mean for all of our groups we made sure no one had any history of other autonomic involvement or other autonomic dysfunctions so ptosis being one of the manifestations of that.  So none of the vestibular migraine patients had that.

Session: Meniere’s Disease (continued)

  Meniett Device for the Treatment of Meniere’s Disease.

Dr. Jeffery Harris, San Diego, CA:

 We are going to begin the next session and this session has been entitled Meniett Device for the Treatment of Meniere’s Disease.  I’m pleased that we received an unrestricted educational grant from Medtronics Company to help support some of the travel of our foreign speakers. I’d like to introduce our speakers.  We have gathered a very distinguished group to talk about this pathophysiology as well as the effects of overt pressure and treatment and some of the clinical trials that are going on around the world.  Our panel consists of Dr. Jens Thomsen, Dr. Alex Salt, Dr. Olivier Sterkers and Dr. George Gates.  Barbara Densert who was on our panel called us and told us she could not make it for family reasons. Dr. Jens Thomsen will be giving her paper in her place.  So I’m going to begin by asking Jens Thomsen to come up.  I’d like to ask each speaker before they present their work to disclose whether they have any financial relationship with the company and whether or not there has been any support of their research by the company.  Thank you.

Panel Discussion:

Dr. Robert Dobie, Sacramento, CA:

I have a question for both Dr. Gates and Dr. Thomsen.  Did either of you ask your subjects at the end of the trial whether they thought they knew whether they’d had the active or placebo device and if so what did you find out?

Dr. Jens Thomsen, Copenhagen, Denmark:

What we did was at the end of the trial, the patients were offered continuous use of the device and it is so that at that time it was revealed to them what they had had.  Those who had had the placebo were then offered the real machine and most of them are still using it.

Dr. George Gates, Seattle, Washington:

Unfortunately we didn’t do a formal study of asking people what their perceptions were.  My twenty-one subjects in Seattle I asked every one of them and their guess was in relationship to their symptom control.  If they had good response they thought they had an active device and if they had a lousy response they thought they had a placebo.   So in both groups the amount of guessing wrong was about the same and it related to their device, I mean sorry to their symptom control.  

Dr.Steven Rauch, Boston, MA:

I think we have a great opportunity today to try to separate studying something about the physiology management of Meniere’s and marketing a product.  A lot of the assertions that got mentioned today are things that were put forward by the company that’s marketing the product.  For instance, the secret proprietary pressure protocol of what pumping we do and the fact that it ought to be placed at a certain point in the treatment algorithm, that is, the patients who failed conventional medical management and right before we go to surgery because then maybe we would be willing or our patients would be willing to cough up $3800 bucks which is the price you pay for surgery which is covered by insurance but it’s a lot of money.  I’m wondering why I couldn’t take my thumb and do this for five minutes three times a day and get just as good a result.  For $3800 bucks my patients could use my thumb.

Dr. George Gates, Seattle, Washington:

 How much do you charge for your thumb?

Dr. Steven Rauch, Boston, MA:

Maybe I should be recommending the treatment to my patients at the very first symptom, not when they have failed medical management. If Alex is right about the valvular aspect of fluid movement through the inner ear maybe doing this before the ear is grossly hydropic would be a more effective time.  So I would like to hear from the panel about either ways we ought to be using this clinically or ways we ought to be studying it scientifically that really attend more to the phenomenon we are studying than the box marketed by Xomed.  

Speaker: Any of the panelists like to answer that?

Dr. George Gates, Seattle, WA:

Well let me start.  These are certainly evocative questions that bear a lot of scrutiny and discussion and I thank you for leading this off.  First of all the pressure algorithm is not secret, it’s published.  And yes if you wanted to teach your patients how to do a 12 centimeter water pulse six times a second along this protocol, that would probably work.  Certainly I’m sure other people will come up with alternative protocols.  But in terms of the recommendations coming from these studies these originated from the original Otchrist study of the later of thing and that did not come from the company but that came from Lars Otchrist and his group. I should point out with that study, our study and Jen’s, we now have three randomized clinical trials done according to current methods that all show that the device works.  How it works we are depending on Alec Salt for interpretation.  

Dr. Alec Salt, St. Louis, MO:

I would just like to say that the relationship between the DC and the AC components, I’m not even sure how those would derive originally by the Densert’s.  I think that was a rather empiric observation but I would like to see more studies done so separating those two components and actually studying them and trying to do it in a rational way.

Dr.Joel Goebel, St Louis, MO:

George I liked the study.  I have a question on one of the slides.  I think it was the severity slide shown at four months that the placebo group and the controlled group came very close together and that you used cumulative days of vertigo difference so if you took it at one month, two months and four months the cumulative days would be quite a bit different. If you looked at the slide they both came at four months very close in scores.  My question really goes towards the tube because the question might be might the Meniett Device and the positive pressure pulses have hastened the process along at one month and two months but at four months it looked like the placebo group that had the tube and the controlled group ended up at about the same spot.

Dr. George Gates, Seattle, WA:

Thank you Joel.   The two slides are different.  One is severity of vertigo and the other is frequency of vertigo.  The key point that you point out is that both groups got better and every study of Meniere’s disease is going to have a regression to the mean because when you enroll people they have to have symptoms and if you do nothing, a lot of them are going to get better as you well know.  So I think all of these studies have accounted for the regression to the mean by having a careful control group and comparison.  That’s just the way it is in studying Meniere’s disease.

Dr. Jeffery Harris, San Diego, CA:

I’ll ask a question and that is does prior surgery negate the positive affect?  I know that’s not what you studied but you must have experience with people who have failed sac surgery which is perhaps more common in our country.  Would the prior sac surgery in your mind cause this device not to work as a consequence of a greater volume, reservoir or whatever theory you might have? 

Dr. Jens Thomsen, Copenhagen, Denmark:

Well we are not doing that many sacs in Denmark but in this situation they were excluded from the trial and if we should believe what Alec is saying then it would probably hinder the affect of the Meniett. The affect would be hampered if you had destroyed the sac before you started , but I don’t know what to say because I haven’t the experience.

Dr. George Gates, Seattle, WA:

I have two patients not in the study that I treated who had had previous sac surgeries and these were endolymphatic mastoid shunts and both of these people seemed to respond to the Meniett but none of them achieved remission.  Technically it shouldn’t work if their scaring in the system but they did appear to benefit but again that’s an uncontrolled observation.

Dr. Jeffrey Harris, San Diego, CA:

Alec or Olivier do you care to comment on that?

Dr. Olivier Sterkers, Paris, France:

Well it depends on what are you doing on the sac.  Are you sure that you are doing a distinction of the cycle any single of cycle or are you only modifying as a vascularization of the sac so it depends on what you have done.

Dr. Alec Salt, St. Louis, MO:

Yes I was just going to say that it’s difficult to compare the animal and the human in this case because the animal model where you totally oblate the sac and duct, if you don’t take out the duct as well then you don’t see hydrops so if you partially ablate the sac which is what I think the surgeries on the sac are doing.  In the guinea pig you don’t see hydrops without partial oblation so the human with a partially ablated sac I’m not sure how much is effective.

Dr. Kevin McKenon, Sacramento, CA:

I have two questions for Dr. Gates.  First George in the design of your study to be included as a Meniere’s patient, the patient had to satisfy the AAO criteria but also had to have abnormal electrocochleography and I think its certainly been my experience and I think most people’s experience that you can have a patient that has classic Meniere’s and they do not have abnormal cochleography. The first question is why did you find electrocochleography to be such an essential part of your inclusion data?  My second question is regarding your results on the vertigo in reference to the patients ENG study that you said that patients who had normal or mild loss of vestibular function on caloric would tend to have more vertigo. That is somewhat contrary to many people’s experience in certain published information that patients who have longstanding severe Meniere’s will often have a significant loss of vestibular function where their caloric response is 40, 50, 60% reduced. I don’t understand why the lesser the vestibular response on the ENG resulted in far greater vestibular symptoms.  It’s contrary to my thinking about longstanding Meniere’s disease and I’d be interested in other’s thoughts on that.

Dr. George Gates, Seattle, WA:

Let me take the ENG first because I think this is an important question.  What we saw was that people with greater canal weakness had less vertigo over the four month period.  This to me reflects the natural history of Meniere’s as you burn out you have fewer vertigo spells, you have more dizziness and off balance true but we weren’t measuring that.  So I think that’s the natural history of the disease.  In terms of the ECOG as the requirement we wanted to be compatible with the Scandinavian studies where ECOG was used and we wanted to take the cases that were classic in this regard.  I’m disappointed that changing the ECOG did not parallel symptom control and so we were trying to be purist about this and I’m certain that people with normal ECOG’s would probably respond to the device as well as with those with abnormal.  

Dr. David Lim, Los Angeles, CA:

I don’t have a question but I just have a comment.  Today we heard about Manny Don’s technique to basically measure the ABR. Perhaps a better interface with your study is to monitor the ABR response which maybe the direct response to the status of hydrops.  If that is the case and if a Meniett does work, then we might have a test that can quantify what treatment and non-treatment actually may have an impact on.  In fact we are talking with the Medronics they are interested in this particular technique and hopefully then maybe it can be interfaced and then we may have some tool that we can measure the effect of that treatment.

Speaker unidentified:

Were going to have to end the session.  I appreciate the speakers coming all this way to educate us, and thank you for your attention. We do still have papers to present so the session is not over.   In fact let’s begin our last session on Cochlear Implantation.   

Session: Cochlear Implantation

Minimally-Invasive, Image-Guided Facial Recess Approach to the Middle Ear

Robert F. Labadie, MD, PhD, David S. Haynes, MD, Rohan J. Shah 

Steven S. Harris, Robert L. Galloway, PhD, J. Michael Fitzpatrick, PhD


Hypothesis:  Image-guided surgery (IGS) will permit accurate access to the middle ear via the facial recess using a single drill hole from the lateral aspect of the mastoid cortex.
Background:  The widespread use of IGS in otologic surgery has been limited by the need for a system which achieves the necessary level of accuracy with an easy-to-use, non-invasive fiducial marker system.  We have developed and recently reported such a system with accuracy within the temporal bone of 0.76±0.23 mm (n=234 measurements).  With this system, accurate image-guided otologic surgery is feasible.
Methods:  A human skull fit with our fiducial marker system was CT scanned using standard temporal bone algorithms.  Using an infrared tracking system to track an otologic drill, an image-guided facial recess approach was performed using a single pass of the drill.  To confirm the path of the drill, a traditional mastoidectomy was then performed.
Results:  A split-screen video of the image-guided facial recess surgery and the concurrent computer tracking of the drill will be shown.  Following this, a video of the traditional mastoidectomy showing the path of the image-guided drilling will be shown.  An accurate path through the facial recess into the middle ear without injury to the facial nerve, horizontal semicircular canal, or posterior external auditory canal wall is demonstrated.
Conclusions:  Image-guided otologic surgery provides accurate access to the middle ear via the facial recess in a minimally invasive fashion.  This system also has use in retrofacial dissection, approaches to the petrous apex, and robot-assisted mastoidectomy.
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More Challenging Speech Perception Tasks Demonstrate

Binaural Benefit in Bilateral Cochlear Implant Users

Phillip A. Wackym, MD, Jill B. Firszt, PhD, Christina L. Runge-Samuelson, PhD

Wolfgang Gaggl, MSE, Farah Mohd Alkaf, MA, Linda Burg, AuD


Objective:  Preliminary studies show that bilateral cochlear implantation improves speech recognition ability in most subjects; however, the magnitude of this improvement has been variable.  The objective of our research was to explore means to better differentiate the binaural benefit that all patients who receive bilateral cochlear implants (CIs) describe. 
Study Design/Patients:  Prospective clinical study.  Subjects were adult cochlear implant recipients.  Three device manufacturers were represented (Advanced Bionics Corporation, Cochlear Corporation, and the Med-El Corporation) and three patients received simultaneous implantation, while the other three received sequential CIs.
Setting:  Comprehensive Cochlear Implant Program / Tertiary Referral Center.
Main Outcome Measures:  All subjects completed the Ontario Health Utility Index (revised for CI users) and the Abbreviated Profile of Hearing Aid Benefit (APHAB).  Word and sentence recognition tests were administered in the unilateral and bilateral conditions, with and without noise and at three presentation levels. 
Results:  All subjects preferred the binaural listening condition.  Measured improvement in the quality of life was seen.  Speech perception testing at lower presentation levels and more challenging listening environments demonstrated the strongest binaural benefit for each subject.  
Conclusions:  Preliminary study findings suggest that the outcomes of subjects with bilateral CIs increases the quality of life and the speech recognition ability, when compared to the unilateral hearing condition.  Based on the outcome of our studies, there should be a structured hierarchical approach in testing the binaural benefit of CIs that takes into account the varied performance of CI recipients that has been demonstrated in unilateral subjects.  
P. Ashley Wackym, MD
Dept of Otolaryngology and Communication Sciences
Medical College of Wisconsin
 9200 W. Wisconsin Ave
   Milwaukee, WI  53226

Cochlear Implant Failures


Amy Anne Donatelli, MD, Teresa A. Zwolan, PhD
Steven A. Telian, MD


Objective:  To review our experience with cochlear implant failures and reimplantation, with attention to cause of failure of primary implant.
Study Design:  Retrospective case review
Setting:  Cochlear implant program in a tertiary referral center with 1000 total implant recipients
Patients:  All adults and children who underwent explantation of a cochlear implant, for a total of 59 patients.
Intervention:  Explantation of failed cochlear implants and reimplantation when indicated.  Assessment of implant function and speech perception results pre / post-operatively.  
Main Outcome Measures:  Device type, time from implantation to explantation, cause of failure, performance with initial cochlear implant versus reimplant, surgical techniques / operative challenges related to reimplantation.  
Results:  47 recipients from this program were reimplanted, for failure rate of 4.7%.  12 additional patients implanted elsewhere were treated for device related problems.  Average time from implantation to explantation / reimplantation was 57 months.  Performance remained comparable or improved in the majority of patients.  Reasons for explantation / reimplantation were:  complete device failure - 25 patients, partial device failure - 5 patients, scalp flap complications including infection - 5 patients and exposure - 8 patients, decreased performance cause unknown - 7 patients, technology upgrade - 5 patients, electrode extrusion - 2 patients, cholesteatoma - 2 patients.  
Conclusions:  Clinical experience suggests that device failures and revision surgery are becoming increasingly important issues in cochlear implant programs.  Failures are not limited to device malfunction, and may be influenced by multiple factors including ossification, cochlear malformation, infection, and design characteristics of the implant.  

Amy Anne Donatelli, MD
Department of Otolaryngology
Taubman Center
1500 East Medical Center Drive
  Ann Arbor, MI  48109

                     Bacterial Biofilms May Contribute to Cochlear Implant Infection


                              Patrick J. Antonelli, MD, James C. Lee, BS

Objectives:  To determine if bacterial biofilms are present on the surface
of extruding or persistently infected cochlear implants.  
Study design: Prospective, case-controlled, and non-randomized.
Setting: Academic, tertiary referral center
Patients: Cochlear implant recipients undergoing explantation for persistent infection or device failure.
Intervention(s): Cochlear implant removal
Main outcome measures: Scanning electron microscopy of removed cochlear stimulator-receivers examined for the presence of bacterial biofilms. 
Results:  The presence of microorganisms and amorphous extracellular debris
was detected on the surface of both infected cochlear implants.  Small foci
of amorphous material and microbes were also found on the two implants removed
due to device failure.  Two never-implanted controls demonstrated microbial
contamination without exopolymeric material.
Conclusion:  Bacterial biofilm formation may play a role in recalcitrant
cochlear implant infections. This may have profound implications for the
treatment of cochlear implant infections. 
Patrick J. Antonelli, MD
Department of Otolaryngology
University of Florida
1600 SW Archer Road, Box 100264
  Gainesville, FL  32610-0264
Multielectrode Cochlear Implantation in the Scala Vestibuli


Karen Lin, MD, Michelle S. Marrinan, MD
Susan B. Waltzman, PhD, J. Thomas Roland, Jr., MD

Objective:  Sensorineural hearing loss resulting from otosclerosis, meningitis, chronic otitis media, autoimmune ear disease, and trauma can be associated with partial or total obstruction of the cochlear scalae.  Multichannel cochlear implantation may be difficult or impossible in a cochlea with an obstructed scala tympani.  The purpose of this study is to determine the safety and efficacy of scala vestibuli electrode insertion.
Study Design: Retrospective chart review.
Setting: Academic medical center.
Patients:  Eight children and adults with profound sensorineural hearing loss who underwent cochlear implantation with known scala vestibuli electrode array insertion were subjects for this study.  
Interventions:  Eight study subjects were implanted, five with the Nucleus 24RCS (Contour) device and three with the Nucleus 24M device.
Outcome Measures:  Imaging findings, operative findings, and age appropriate speech perception testing.
Results:  All patients had full electrode insertion.  Various obstructive patterns on CT and MRI imaging were found, and there was a range of speech perception results. All patients improved based on age appropriate monosyllabic word and sentence tests.
Conclusion:  Scala vestibuli multielectrode insertion is a viable alternative when scala tympani insertion is not possible due to abnormal anatomy or anatomical changes secondary to disease or prior implantation.  We will also present an algorithm of options for decision making for implantation when encountering cochlear obstruction and difficult electrode insertion.

Karen Lin, MD
115 East 34th Street, Apt 16G
  New York, NY  10016

   Discussion:

Dr. Antonio DeLaCruz, Los Angeles, CA:

I have two questions for Dr. Antonelli.  The first is when I look at this effect with biofilms; it appears that it’s only the internal cochlear electrodes involved with infections.  So we left the electrodes in the cochlea to try to maintain the cochlear lumen for possible revision surgery.  Secondly one of the members of the society suggested last year when I presented my case, high doses of steroids and I was wondering if there’s any effect of high dose of steroids of the (matrix) formation either to prevent it or to reverse it?  Thank you.

Dr. Patrick Antonelli, Gainesville, FL:

Thank you Dr. DeLaCruz.  I can certainly see the value of leaving the electrode array within the cochleostomy in preparation for replacement.  Certainly our findings did not show any evidence that the biofilm formation down within the electrode array itself so I can certainly agree that they may be of advantage.  There is always that possibility that you might leave a nidus for persistent infection in some of these, particularly these children where you have to do this under general anesthesia.  We felt that it was more important to get the electrode array, all the foreign material out but I do see the value.  As far as the benefit of the steroids, certainly there is the damage that is due to the host response the collateral damage with the inflammatory response and there’s really no information from the literature in my reading of it that would indicate the use of steroids that would help with the biofilm. I am familiar with the hypothesis that there is potentially an allergic reaction or some sort of hypersensitivity rash which could potentially lead to persistent inflammation.  In the second case that we showed persistent infection if you will, that is a possibility but when you see the staph it would certainly speak more to a direct separate complication.

Dr. Bruce Gantz, Iowa City, Iowa:

For Dr. Wackym. I don’t know why dropping the presentation level is really going to show a binaural enhancement.  Probably one of the more difficult tasks that we ask the patient to do is monosyllabic words.  In our patient population now of about 28, we have about 35% binaural enhancement on that more difficult task.  So I don’t understand why dropping the presentation level on the hint sentences and the signaled noise would differentiate it because that’s not as difficult a task as the monosyllabic words.

Dr. P. Ashley Wackym, Milwaukee, Wisconsin:

Thanks Bruce. There are plenty of examples of quite difficult tasks that can be provided to these kinds of patients.  The point that I perhaps didn’t articulate as well as I should have about the 60 dB versus the 70 dB is that it’s a more real life listening situation. In the usual metrics that we measure cochlear implant performance with, there really isn’t a significant difference between 60 and 70 dB presentation levels. As you make those tasks more difficult our hypothesis says that you should be able to tease out more enhanced performance with bilateral subjects.  Of course our core is much smaller than yours and so it would be interesting to see it in a larger number of subjects, but those are good points.  Thank you.

Dr.John Niparko, Baltimore, MD:

For Dr. Wackym.  You alluded near the end of your talk to the concept of changing criteria and CMS right now is not accepting 30-50% hint sentence scores as candidacy for a cochlear implant.  Do you know what percentage of those patients in the 30-50 range, which will in fact convert to less than 30 by changing the presentation level from 70 to 60?

Dr. P. Ashley Wackym, Milwaukee, Wisconsin:

No John, I have no idea about that.

Dr. John Niparko, Baltimore, MD:

Is it a significant percentage of those patients?  Is there one way that we can show “candidacy”?

Dr. P. Ashley Wackym, Milwaukee, Wisconsin:

I can forward a copy of that ear and hearing paper that’s in press to see if that would be helpful but just off the top of my head I can’t answer the question.

Dr. John Niparko, Baltimore, MD:

For Dr. Antonelli.  Patrick thank you for that very informative talk.  I’m wondering from your reading of the literature, is there something that should be done to the surface of a cochlear implant to reduce the risk of biofilm formation?

Dr. Patrick Antonelli, Gainesville, FL:

Well John the biomedical engineers have come up with a lot of different strategies which have been tested in other areas, prosthetic joints, breasts and so forth and I didn’t get an overwhelming or I should say real strong feeling that we should go one way or another.  There’s certainly a lot of compelling information out there that would make us look at different surface preparations to minimize the risk.  

Scientific Program, May 2, 2004

Ossicular Reconstruction

    Retrograde Mastoidectomy with Canal Wall Reconstruction: A Follow-up Report

                                          John L. Dornhoffer, MD


Objective:  To evaluate long-term results of retrograde mastoidectomy with canal wall reconstruction as a single-stage technique for cholesteatoma removal.
Study Design:  Retrospective case review.
Setting:  Tertiary referral center.
Patients:  Forty-six patients, representing 50 ears (20 pediatric, 30 adult), who had undergone surgery for cholesteatoma removal with said technique and had an average follow-up of 7.8 years.  
Interventions:  Temporary removal of the upper canal wall, in association with a retrograde-type mastoidectomy, for full exposure and extirpation of the disease, followed by reconstruction of the canal defect using Cymba cartilage.
Main Outcome Measures:  Pre-operative and short- and long-term postoperative audiogram, obtained as four-frequency pure tone average air-bone gap (PTA-ABG).  Complications, including presence of recurrent or residual cholesteatoma, need for tube insertion, perforation, and poor hearing requiring revision surgery were also reported and correlated with patient’s tobacco use.
Results:  The average pre-, short-term post-, and long-term post-operative PTA-ABG was 25.6 ± 11.2 dB; 11.0 ± 5.7 dB; and 12.4 ± 6.4 dB, respectively.  There were significant differences between the pre- and postoperative values (p<0.5), but there was no significant difference between short- and long-term hearing results.  Recurrent cholesteatomas were seen in 8 ears (16%); pressure equalizing tube insertion was performed post-surgery in 9 ears (18%); a perforation was seen in 1 ear (2%); and 2 ears (4%) had a poor hearing results requiring second-look surgery.  The long-term complication rate of smokers was 79% (15/19), compared to 13% (4/31) for non-smokers.
Conclusions:  This single-stage technique for cholesteatoma removal and canal wall reconstruction showed acceptable long-term results, but tobacco use was associated with a higher long-term complication rate.
John L Dornhoffer, MD
University of Arkansas for Medical Sciences
4301 West Markham, Slot 543, Little Rock, AR 72205
                Window Shade Tympanoplasty for Anterior Marginal Perforations


                            Scott A. Schraff, MD, Barry Strasnick, MD


Objective: Retrospective analysis of the success of "window shade" tympanoplasty
Study Design: Retrospective case review from July 1, 1994 to July 1, 2003
Setting: Tertiary referral center
Patients: Patients with anterior marginal perforation undergoing tympanoplasty repair
Intervention: Therapeutic
Main Outcome Measured: Anterior marginal perforations of the tympanic membrane often present a reconstructive challenge to the otolaryngologist.  Poor surgical outcomes are often due to inadequate exposure, a lack of residual tympanic membrane, impaired vascularity and delayed healing.  In this study, we report on the success of the “window shade” technique, combining aspects of both the traditional undersurface and overlay tympanoplasty techniques, for the management of anterior marginal tympanic membrane perforations.
Results:  We identified 164 patients who underwent "window shade" tympanoplasty during the study period.  The overall success rate for tympanic membrane repair was 94%. There were no cases of tympanic membrane lateralization or significant blunting. The average healing time was four weeks. The surgical technique will be described in detail.
Conclusions:  The "window shade" tympanoplasty is an excellent surgical option for repair of anterior marginal perforations of the tympanic membrane.  

Scott A. Schraff, MD
Dept. of Otolaryngology - Head and Neck Surgery
825 Fairfax Ave.
Hofhiemer Hall, 5th Floor
  Norfolk, VA  23507
Self-Adjusting Ossicular Replacement Prostheses- 

Studies in a Temporal Bone Model

                                                  Richard L. Goode, MD, Nobumitsu Honda, MD
                                                                     Toshiki Maetani, MD


Hypothesis:  Middle ear ossicular replacement prostheses whose length can adjust to changes in middle ear dimensions following insertion may have acoustic advantages over conventional prostheses.
Background:  Optimal tension appears to be an important factor in the acoustic performance of incus and incus-stapes replacement prostheses.  Length is the primary determinant of post-insertion tension with conventional, rigid prostheses.  Post-operative changes in prosthesis tension may occur over time due to retraction of the tympanic membrane (TM) leading to a worsening of post-operative hearing thresholds.
Methods:  Testing of four experimental self-adjusting prostheses containing an internal spring was performed in eight fresh human temporal bones using a previously described method.  Sound input into the ear canal of the temporal bone model was from 0.1 to 10 kHz at 80 dB SPL.  Stapes footplate displacement was measured in response to this input using a laser Doppler vibrometer before and after incus removal and prosthesis insertion.  Measurement of stapes displacement was performed at 0, -50 and –100 daPa middle ear pressure before and after inactivation of the internal spring. Malleus neck to stapes head, malleus neck to footplate, TM to stapes head and TM to footplate prostheses were evaluated.
Results:  The self-adjusting prostheses performed significantly better below 2.0 kHz at all pressures, compared to the same prosthesis with spring inactivated.  Prostheses that contacted the malleus performed slightly better than those that contacted the TM.
Conclusions:  Self-adjusting middle ear prostheses appear to have acoustic advantages in a temporal bone model.  Clinical correlation is needed.

Richard L. Goode, MD
300 Pasteur Drive R135
  Stanford, CA  94305

Session: Etiology and Interventions in Sensorineural Hearing Loss

Improved Diagnostic Effectiveness with a Sequential Diagnostic 

Paradigm in Idiopathic Pediatric Sensorineural Hearing Loss

Diego A. Preciado, MD, Colm Madden, MD 

David Myer, BS, Chris Ngo, BS, John K. Bradshaw, MD 

Daniel I. Choo, MD, John H. Greinwald Jr, MD
Objectives: To determine if a stepwise diagnostic paradigm is more diagnostically efficient and cost-effective than the more commonly used simultaneous testing approach in idiopathic pediatric SNHL.
Design: Prospective longitudinal case series.

Setting: Tertiary referral children’s hospital.

Patients: Children (n=85) presenting with idiopathic SNHL in the last 2 years. 

Interventions: All children were evaluated with full diagnostic evaluations including GJB2 screens, temporal bone CT scans, and laboratory investigations.

Main Outcome Measures:  1) Diagnostic yields of GJB2 screens, imaging, and laboratory results per SNHL category, 2) Cost analysis comparing a sequential vs. a simultaneous testing approach.  

Results: Patients had either unilateral or bilateral SNHL, with the latter classified as either mild to moderate, moderately severe, or severe to profound.  Laboratory testing did not reveal the SNHL etiology in any patient.  Patients with unilateral SNHL had a significantly higher imaging yield than those with bilateral SNHL.  The diagnostic yield of GJB2 screening was significantly higher in patients with severe to profound SNHL than in all other groups.  Only 1 patient with a positive GJB2 screen also had a positive imaging study. While maintaining diagnostic accuracy, significant cost savings were inferred by utilizing a sequential diagnostic algorithm. 

Conclusions: A stepwise diagnostic paradigm in which children with bilateral SNHL first undergo GJB2 screening, followed by imaging only if the GJB2 screen is negative, and in which children with unilateral SNHL are only investigated with imaging, is more diagnostically efficient and cost effective than the more commonly used full, simultaneous testing approach. Laboratory investigation should not be routine, but based on clinical history. 

Diego A. Preciado, MD
Dept. of Otolaryngology 

Cincinnati Children’s Hospital Medical Center
  3333 Burnet Ave

  Cincinnati, OH 45206
Serial Audiometry in a Multicenter Clinical Trial of AIED Treatment

John K. Niparko MD, Gregory B. Russell PhD, Mark A. Espeland PhD

June J. Pierce PhD, Nae-Yuh Wang PhD, Stephen Bowditch MS

A. Julianna Gulya PhD, Bruce J. Gantz MD

The AIED Study Group, Jeffrey P. Harris PhD


Objective:  Despite their perceived clinical utility, puretone and speech audiometry have received little study of their value in predicting response to medical therapy.  We analyzed audiometric results in a study of treatment results in subjects with autoimmune inner ear disease (AIED).  We sought to identify audiometric predictors of steroid response.  
Study Design & Setting:  Initial phase of a prospective, double-blind, randomized trial conducted in 10 tertiary care centers in the United States.
Patients:  Adult participants demonstrated established criteria for AIED and no contraindications to steroid treatment.  Eligible participants had active AIED as defined by air conduction thresholds beyond 30 dB at one of more frequencies-AU, and progression of the hearing loss within 3 months with threshold shifts of >15dB @ 1 frequency, or >10dB @ 2 consecutive frequencies.  
Interventions:  We evaluated patients audiometrically at baseline and at closeout, after 4 weeks of oral treatment with pharmacologic doses of prednisone.  
Main Outcome Measures:  We determined six-frequency (.25, .5, 1, 2, 4, & 8 KHz) puretone thresholds to air-conducted pulses using established bracketing and masking procedures.  Word identification scoring (WIS) testing used NU-6 50-word lists under headphones.  We examined WIS scores at closeout with regressions on baseline puretone frequency thresholds.
Results:  Overall (n=116) mean pure tone averages improved from baseline to closeout of prednisone treatment: 47.3 to 43.7 dB [p=0.0001].  Mean WIS improved: 71.4 to 78.1% [p=0.0001].  Of all pure tone measures, only the baseline 4- & 6-frequency averages (in the better hearing ear) correlated significantly with changes in WIS, with higher thresholds associated with greater responsiveness.  Individual frequencies at baseline showed no significant relationship with change in WIS.  Of individual frequencies, 1 KHz thresholds showed the greatest variance.  WIS improved in 69 (59%) of 116 subjects (range: 2% to 80%).  In this group, baseline 4- and 6-frequency averages correlated significantly and positively with improvement in WIS, as did puretone thresholds at 2 K Hz and below. 
Conclusions:  Four- and 6-frequency averages prior to treatment best predict outcome with respect to improvement in WIS in AIED suspects treated with steroids.  Explicit criteria for subject enrollment and defining “clinically significant” change in the audiogram in future protocols can be guided by these observations.  

This study was supported by grant 5 U01 DC03209 from the NIH/NIDCD and the AAO-HNS Foundation Inc.

 John K. Niparko, MD
601 N. Caroline St., JHOC 6223

Dept. of Otolaryngology, Head & Neck Surgery
The Johns Hopkins Hospital
   Baltimore, MD  21287-0910

Topical Application of Mitomycin-C to the Middle Ear is Ototoxic in the Gerbil

Marcus W. Moody, MD, Hainan Lang, MD,PhD
Adam C. Spiess, MD, Richard A. Schmiedt, PhD

Hypothesis:  Mitomycin-C is ototoxic when applied topically to the structures of the middle ear.  Background:  Mitomycin-C is a topically applied medication widely used in a variety of surgical procedures to prevent excessive scar tissue formation.  Its safety for use during otologic procedures has not been evaluated. 

Methods:  A laboratory study was undertaken using the Mongolian gerbil as an animal model.  Both acute and chronic effects on cochlear function of mitomycin-C were assessed with measurements of compound action potential (CAP) thresholds of the auditory nerve, CAP input-output (I/O) functions, distortion product otoacoustic emissions (DPOAEs) and endocochlear potentials (EP).  Morphologic changes were assessed with light microscopy using H&E staining.  

Results:  Five-minute applications of mitomycin-C to the entire surface of the middle ear adversely affected CAP thresholds, I/O functions, DPOAEs and the endocochlear potential.  Ninety-minute exposures of mitomycin-C solely to the round window produced similar changes. Histologic evaluation of animals one week after treatment showed damage to cochlear hair cells, the stria vascularis and spiral ganglion neurons when compared to controls.  

Conclusions:  Mitomycin-C can produce substantial sensorineural hearing loss when applied topically to the gerbil middle ear for even brief periods of time.  Consequently, its safety for topical use in the human middle ear is highly questionable.
Marcus W. Moody, MD
Department of Otolaryngology- Head and Neck Surgery
Medical University of South Carolina
135 Rutledge Avenue, Suite 1130, P.O. Box 250550, Charleston, SC 29425
                      Role of Tumor Necrosis Factor Alpha in Sensorineural

                                 Hearing Loss Following Bacterial Meningitis
                           Shervin Aminpour, BS, Steven P. Tinling, MA

                                            Hilary A. Brodie, MD, PhD

Hypothesis: To identify the effects of cytokine blockade on intracochlear fibrosis, ossification, and hearing loss associated with meningogenic labyrinthitis. 
Background: Inflammatory mediators play a significant role in the morbidity associated with bacterial meningitis including hearing loss. Previous studies have shown the attenuation of hearing loss by the non-specific blockade of such pathways. 
Methods: Thirty-five Mongolian gerbils were divided into 3 groups. Auditory brainstem response testing (ABR) was conducted to measure hearing thresholds. Streptococcus pneumoniae meningitis was induced in groups 1 and 2. Group 2 was then given daily intraperitoneal injections of tumor necrosis factor alpha (TNF-alpha) antibody while group 1 received normal saline. Uninfected animals in group 3 were implanted with osmotic pumps that delivered a continuous 7 day intrathecal flow of TNF-alpha. After 6 weeks, ABR testing was repeated. The cochleas were harvested and analyzed histomorphometrically.
Results: Group 2 animals receiving cytokine blockade developed significantly less hearing loss than group 1 controls. The difference in hearing loss at 4, 8, 16, and 32 kHz was 26.5%, 20.9%, 27.8%, and 39.7% respectively (p<.0001). Furthermore, histomorphometric analysis showed significantly less damage to the organ of corti, spiral ganglion, spiral ligament, and stria vascularis in group 2. Conversely, cytokine induced meningitis animals showed increased hearing loss from their pre-treatment control thresholds (p<.0001). 
Conclusions: TNF-alpha plays an important role in cochlear injury following bacterial meningitis.  Blockade of TNF-alpha reduces post-meningitic hearing loss and cochlear injury. Induction of meningitis with intrathecal TNF-alpha also resulted in hearing loss and cochlear injury similar to bacterial meningitis. 

Funded by a grant from the National Organization for Hearing Research Foundation
Shervin Aminpour, BS
4439 V Street #1
  Sacramento, CA  95817

                             Antioxidant Prevention of Cisplatin Ototoxicity


Kay W Chang, MD, Won-Taek Choe, MD
Nina Chinosornvatana, BS
Hypothesis:  Simultaneous transtympanic delivery of the antioxidant N-acetylcysteine (N-Ac) will mitigate the cochleotoxic effects of systemically administered cisplatin in the guinea pig model.
Background:  Cochlear ototoxicity is a well known side effect of cisplatin administration, with the mechanism of damage thought to rest in oxidative damage to the Organ of Corti.  Accordingly, various preventive strategies have been devised for the delivery of antioxidants into the inner ear.  We have found that the simple transtympanic delivery of dilute N-Ac effectively counteracts cisplatin cochleotoxicity in the guinea pig model. 
Methods:  Hartley guinea pigs were housed and fed under standard conditions, and anesthesia obtained with ketamine and xylazine.  Baseline DPOAE measurements were performed.  On days 1, 2 and 3, animals were hydrated with 12cc normal saline subcutaneously and their middle ear cavities were filled with either 10% Floxin solution (control) or 2% N-Ac / 10% Floxin solution (treatment group) via anterosuperior quadrant myringotomies.  The animals received 4 mg/kg of cisplatin intraperitoneally on these days for a cumulative dose of 12 mg/kg.  Post-treatment DPOAEs were obtained on day 5.
Results:  Animals receiving the control 10% Floxin solution demonstrated consistent obliteration of DPOAEs, while those receiving the treatment 2% N-Ac / 10% Floxin solution demonstrated consistent preservation at near pre-treatment levels with minimal mucosal toxicity.
Conclusions:  We have demonstrated the efficacy and safety of transtympanic N-Ac in the prevention of cisplatin ototoxicity using a guinea pig model.  Our model also allows other candidate antioxidants to be tested readily.
Kay W. Chang, MD
Stanford University Medical Center
Lucile Packard Children's Hospital
725 Welch Road  MC 5654
  Stanford, CA  94304-5654

Cochlear Microperfusion: Experimental Evaluation of a Potential

New Therapy for Profound Hearing Loss Due to Inflammation

                       Gregory C. Barkdull, Cong Vu, Elizabeth M. Keithley, PhD

                                              Jeffrey P. Harris, MD, PhD


This investigation was undertaken to develop and evaluate a potential new treatment for profound sensorineural hearing loss due to inner ear inflammation.

Inflammation is triggered by viruses, bacteria, or autoimmune processes.  Hearing loss during the acute phase is associated with elevations in cytokines, nitrous oxide, cellular infiltrates and the breakdown of the blood-labyrinthine barrier.  The chronic phase leads to irreversible ossification of the labyrinth.

We developed cochlear microperfusion to facilitate removal of inflammatory cells and their mediators during the acute phase of inflammation.  Using a ventral approach to the guinea pig cochlea, we displaced resident perilymph by delivering perfusate into the scala vestibuli and collecting the efflux from the scala tympani.  The safety of this procedure was assessed in healthy controls and then tested in animals with profound hearing loss due to experimentally generated sterile labyrinthitis.

Healthy controls undergoing cochlear microperfusion with phosphate buffered saline incurred a mean hearing loss of 15 dB (n=4).  This hearing loss was associated with the creation of cochleostomy holes and not the perfusion itself.  Sterile labyrinthitis generated by perfusion of the cochlea with antigen consistently produced hearing loss of 65 dB (n=6).  Cochlear microperfusion, performed in animals with profound deafness secondary to acute inflammation, restored 30 dB of hearing (n=3).

We conclude that cochlear microperfusion is a promising new technique for treating profound deafness due to inflammatory processes.  It will be interesting to see if combining this treatment modality with drug delivery enhances the benefit.

Support: NIDCD RO1-04268 and the Medical Research Service of the Dept of Veterans Affairs
Gregory C. Barkdull, BS
3081 Mercer Ln
   San Diego, CA  92122

Discussion:

Dr, Saumill Merchant, Boston, MA:

This is for Dr. Goode.  I enjoyed your paper.  I have two questions.  The first is in your prosthesis when it was placed at zero atmospheric pressure, most of your data showed that the prosthesis performed about 20 dB’s worse than the normal ear.  So I wondered why that was the case?  When you do an incus replacement in a temporal bone model, you should be within 5 dB, at the most 10 dB of baseline.  The second question; I’m a little bit unclear as to how this self-adjusting prosthesis might prevent the conductive hearing loss from negative or positive pressure in the ear.  So if my thinking is right when you have negative pressure in the middle ear, the negative pressure would stiffen up the drum as well as the annular ligament and impede some transmission, even if the prosthesis is self-adjusting. How would that prosthesis correct for the stiffened drum or stiffened anural ligament?

Dr. Richard Goode, Stanford, CA:

Thank you.  In answer to the first part, this prosthesis was designed to go to the drum. The size is available and I thought I explained that it was too long for the place we used it.  We actually drilled it down to make it fit but it was designed for the drum only so we modified it because theoretically it should go to the malleus, in my opinion.  It was too long and therefore what I asked to do was not to look at that number which is low.  If you look at the highs, the highs are quite good because the prosthesis is too long so it’s too much tension on that one.  What we wanted to look at was the difference in pressure changes of what happened, that’s what we want to look at and that did occur and it gave us about 8 dB’s.  So you’re absolutely right, we need a shorter prosthesis.  We don’t have it.  The 3.5 is too long and if you notice going to the ear drum, the prosthesis as designed was about 5 dB below and didn’t do anything.  So it looked better as a prosthesis but it had no spring affect that I could see at minus three hundred so the reasons for that I think are the drum is too loose.  I think the drum has a spring in it and if that spring laid constant it’s less than the one in the spring loaded device.  Again I’m not sure if it means anything.  So that’s the first question.  The second was an acute model was to decrease that distance which probably early on occurs with negative pressure and then after awhile since the drum pulls in the negative pressure may go to zero again but the damage is already done.  In our acute model we had to have some way to look at that about narrowing it and as you could see the effects are not all taken care of by the spring.  The annular ligament is stretched, the drum is stiffened and the prosthesis shortens. You’d still want to put in a shorter prosthesis.  If you do a two- stage operation and you put your prosthesis in the second, you’re probably going to put in a shorter prosthesis than you do the first operation if the drum has come in.  I think that’s just what we would do.  You would want to put the optimum size prosthesis.  Is that enough?

Dr. Richard Chole, St.Louis, MO:

My question is for Dick Goode as well.  The first question.  Have any complications been reported with this prosthesis?  The reason I ask that is that we did a number of studies looking at pressure induced bone resorption within the middle ear and in our animal studies pressures as low as two millimeters of mercury led to some resorption.  I would be concerned with a constant pressure like this that you might get some stapes head resorption.  Any data on that?

Dr. Richard Goode, Stanford, CA:

No, the original Dr. Berigian, who was really the developer of this, has done many. I contacted him recently about  his data.  He says he has not reported it and it works fine.  So again I don’t know the answer.  You’re absolutely right.  I was worried about it going through the eardrum that’s why we went to the malleus and the stapes head is of concern and that’s why the spring constant is critical. That’s a separate discussion obviously of how stiff to make the spring.

Dr. Richard Chole, St. Louis, MO:

The other question I had was for Dr. Niparko.  Just for clarification, am I right in assuming from your study that this study did not demonstrate efficacy of steroids for autoimmune inner ear disease but rather that these patients were those who were steroid responsive so that we could not conclude from this study that steroids are effective treatment for autoimmune inner ear disease?

Dr. John Niparko, Baltimore, MD:

Thank you for the question.  It does require clarification.  The only thing we can conclude from the data that I presented today was that patients were significantly better one month after the Prednisone was started. Through the Prednisone challenge in fact they showed significant treatment affects.  That cohort actually marched off in four different directions after that one month trial.  We can’t make any long-term conclusions.  

Dr. Jay Farrior, Tampa, FL:

Questions for Dr. Goode and Dr.Dornhoffer.  What’s the elastic coefficient of cartilage since a lot of us use cartilage to cover up prosthesis and how does that compare to the spring?  Then for Dr. Dornhoffer, I enjoyed your presentation.  It’s been my observation in anterior atticotomy and in fact Schuknecht pointed out in about 1977 that it’s important to use muscle tissue or cartilage or bone to obliterate the additus in anterior atticotomy and usually about anywhere around five years out you start getting a significant number of secondary retraction pocket develop.

Dr. Richard Goode, Stanford, CA:

It’s less than bone and I think it is a useful acoustic impedance in between your  titanium head and the eardrum.  I think that’s a separate issue.  And yeah I think it does help and I don’t know the answer.  I’ll find out.

Dr. John Dornhoffer, Little Rock, AK:

I guess your question related to what to expect about cartilage in the epitympanic area?  I have not had much problem but there’s a little bit of resorption.  When I’ve looked at cartilage histologically you loose a lacuna in the cartilage but the matrix stays pretty tight.  I’ve not had a real significant problem with resorption of that cartilage and most all these cases have at least seven-eight years of follow up.

Dr. Jay Farrior, Tampa, FL:

Yes, it’s not the resorption of cartilage; it’s the poor eustachian tube function in the secondary retraction pocket.  You mentioned that you tried to obliterate the aditus a little bit with some cartilage.

Dr. John Dornhoffer, Little Rock, AK:

I don’t try to obliterate the additus.  I try to create a functional mastoid by actually reconstructing the scutum.  I’m not really trying to block it.

Dr. Jay Farrior, Tampa, FL:

No, I understand that but in reconstruction of the posterior canal wall in patients with poor eustachian tube function, in your series where you are averaging around seven year follow up, I think at this point is when you start getting the secondary retraction pockets back into the mastoid.  I think you’ve got a 15% incidence of that which is about what I’m seeing.

Dr. John Dornhoffer, Little Rock, AK:

Yes, I think these were true recurrences.  Whether or not the recurrences came because of absorption of cartilage or whether or not it actually occurred between the cartilage is kind of difficult for me to ascertain.  I do think it’s important though that these patients are followed up. I think a large percentage of those if you see early retractions you can intubate those ears. That’s why I like to leave that anterior portion of the eardrum open so they can be intubated, and you can avert the problem.  Certainly long-term follow up will be necessary.  The average here was about seven years.  The longest I had was about ten so we’ll have to follow them further.

Dr. Joseph Nadol, Boston, MA:

A question for Dr. Dornhoffer as well.  In your comments you seemed to limit the subject material to chronic active otitis media with cholesteatoma.  In my experience, chronic otitis media without cholesteatoma, that is with granulation mucosal disease is a more difficult entity to deal with long-term and I wonder if you have any comments concerning your technique in this other form of chronic ear disease?

Dr. John Dornhoffer, Little Rock, AK:

I usually use the canal wall reconstruction with cholesteatoma.  Now as far as dealing with other types of diseases one of my residents is looking at how we deal with the chronic draining ear, an ear that has perforation with Bellucci type III at the time of surgery. That is one of our indications for cartilage technique.  We found that if we can close those ears and increase the survivability of the graph by using cartilage that the long-term results of those ears without mastoidectomy actually do pretty well.  So we compared a group with mastoidectomy and without, I used cartilage in those situations and it has provided a more robust graft in the infected environment.

Dr. Salvatore Irrurato, Bari, Italy:

Dr. Dornhoffer, I enjoyed your presentation. I would like to ask you why in a few cases I think 7% you did a second look, which clinical reason forced you to do that?

Dr. John Dornhoffer, Little Rock, AK:

The second look surgery was performed when the cholesteatoma was violated in the sinus tympani area.  This technique offers excellent exposure to the upper sinus tympani area above the ponticulum and the epitympanic space but it does not give good exposure to sinus tympani disease especially with mesotympanic type cholesteatomas. I try to elevate the cholesteatoma and have violation of the sac and I’m not able to do an on-bloc type resection and I’m unsure, that’s my indication for second look.  So it was usually in the mesotympanic disease with sinus tympani disease.

Dr. Steven Rauch, Boston, MA:

My question is for Dr. Barkdull.  I’m very impressed with the experiment that you did.  It’s elegant and technically extremely challenging and I think you’re exactly right. If we’re going to intervene in inflammatory disease it has to be very early in the process and finding that impatience is non-trivial.  What I’m really interested in is the stuff you flushed out of the cochlea and I wonder if you’ve studied it at all or have plans to?

Dr. Gregory Barkdull, San Diego, CA:

You pointed out a really interesting avenue.  I’m curious as well to see which cytokines are expressed and perhaps which markers and particularly which inflammatory cells are being washed out.  So using this experimental technique we hope to be able to answer some of these questions.

Frontiers in Hair Cell and Neural Regeneration

Dr. Jeffrey Harris, San Diego, CA:

I’m sorry we have to cut this discussion off because we now have to go onto our session on the inner ear.  It’s a real privilege to have the next speakers come
to present to our membership the most exciting area that may be in Otology today and that is the question of can we replace hair cells that have been damaged and reinnervate the cochlea after some of the disorders that we have just been hearing about.  We are very fortunate to have three of the international leaders in this field agree to come and speak to this audience and they consist of Dr. Alan F. Ryan, as you know Alan works at UCSD and previously was awarded the presidential citation yesterday, Stefan Heller who is from Harvard University and has dressed appropriately for the occasion and Yehoash Raphael from Kresgee Ear Institute and University of Michigan.  So I will turn this over to Dr. Ryan who has agreed to moderate this panel.

Dr Ryan:

Good morning.  The title of this session is Frontiers of Hair Cell and Neural Regeneration.  For the past twenty years or so we’ve known that the regeneration of … this is going to be a talk later on so you don’t need to bring that up yet.  I’ll be the last one as sort of an order of excitement and importance I’m going to take the end, reverse order.  For the last twenty years or so we’ve know that regeneration of hair cells occurs in birds and fish but the transfer of this phenomenon into the mammalian cochlea in inner ear was not accomplished.  However within that time period there were significant advances in molecular biology and in cell biology that have changed the landscape in more recent years and increases in our understanding of how hair cells form during development, the genes that are involved in that formation and the processes that occur.  In addition to the explosion of research in stem cells in all fields and now including the inner ear, have provided new directions and led to some what I think are spectacular advances in the laboratory in the area of hair cell regeneration and neuro-regeneration in the inner ear.  So in this session what we would like to do is to review some of this recent basic science progress and then to throw it open for discussion of potential applications to patients which of course is your interest in this research.  Now we are really fortunate to have two individuals who have made fantastic contributions recently, Stefan Heller as you heard in the introduction from Mass Eye and Ear in Harvard and Yehoash Raphael from the Kresgee Hearing Research Institute in The University of Michigan.  Stefan will be talking about his results using stem cells in the inner and Yehoash will present some data on hair cell regeneration in mammals.   Then I will present my own more modest work on the attempts to grow neurons back into the inner ear and to perhaps grow them towards a cochlear implant which may be a way of improving performance.  We will then have questions from the audience to all of the speakers about the potential applications of these two patients.  So Stefan if you’ll start off.

Stefan Heller, Boston, MA:

Thanks Alan, thank you Dr. Harris for the nice introduction and for inviting me.  I’m going to talk to you today about the results of our research of the last two years.  I try to keep it very basic.  I have some overviews.  I don’t want to show too many research slides and at the end I would like maybe to leave you with where this research is heading in the future.  It has been known for awhile that there is actually a potential for regeneration in the mammalian inner ear and particularly in the utricle and one of the results that you see here is from Dr. Korvan’s laboratory where they put a rat utricle in culture and looked at just at cell proliferation and you can see there is basic cell proliferation in culture of early postnatal utricle sensori-epithelium so we thought about this research and also with older research suggesting regeneration of the utricle whether they are stem cells in the utricle so we address this question by preparing mouse utricle sensori-epithelium and we chose adult mice for this.  We didn’t use early postnatal mice, we chose adult mice to see whether there’s any potential in four month old animals.

 We dissected the utricle, we cleaned them up by anosmatic treatment so we get just the sensori-epithelium without the underlying stroma.   With dissociated cells one utricle gives us about two thousand cells.  These are survivors, so we start off with many more cells putting them in culture under very low density.  So these are little blobs that illustrate individual cells that don’t touch each other and we let them sit for about a week in serum free medium in very low density.

 I mentioned that if you imagine a culture dish of ten centimeters in diameter, we put in a thousand cells, it’s very little and very rarely one or two of these cells develops into so called spheres and these spheres are a landmark of adult stem cells.  They have been used in the neuro- stem cell world where they are called neuro-spheres and we didn’t call them oto-spheres some have mentioned named before.  We just call them spheres.

 We also figured out that when we take a single sphere and we dissociate it again, we can regrow spheres. We can do this over and over again and this is called long-term cell friend rule and this is a defining feature of a stem cell.  So we were sure at this point that we had isolated stem cells from the adult utricle.

 So what happens when we try to do some research with these stem cells, with these spheres?  First thing we can do is we can let them attach to a culture sub-stain. What happens then in some instances we see cells that look like this.  They look very curious and if you do some immuno -staining you can actually see that these cells express hair cell markers.  Green is myosin seven A, it’s a well known hair cell marker and red is (fil-o-men-zac-tin) which stains hair bundles. If you compare this with regular hair cells they look sort of like that. 

 When you do some fancy confocal microscopy and this should start in a second, oh it didn’t start so let’s look at these cells, it’s the same, you can actually see that there are some three dimensional organization in these cells.  In the nucleus we have a labeling for a transcription factor that you will hear much more about in the next talk, which is math one which is essential for hair cell development.  These cells express the transcription factor in their nucleus.  They have a structure that protrudes from the cell body that can be labeled with espen, which is a hair bundle marker and this structure is also nicely labeled for (fil-o-man-zac-tin) with a substance called (ful-oi-ted).  

So we have generated in vitro in the culture there’s something that looks like a hair cell.  The question is now whether it is possible to use these cells to generate hair cells in vivo.  For that we used the chicken embryo as an experimental model mainly because of cost and technical easiness of the approach.  The way we did this is we injected spheres into the otic vessel at an early embryonic stage and hoped that the cells are able to integrate into the developing epithelium and to form hair cells The answer is yes they can do that.  So after several days of embryonic development, we find mouse cells and the mouse cells can be stained with an antibody because they are genetically labeled and we find them in layers where hair cells are localized and we can stain all hair cells with myosin seven antibody in this case.  So these cells that are outside of the patch, this is the mouse cell patch seen here, the cells that are outside here are chicken hair cells and the yellow cells are mouse hair cells in the chicken sensori-epithelium.  

I don’t know whether this is cochlea or a vestibular epithelium, I think it’s cochlear.  We have seen it in cochlear and vestibular epithelium.  Cells that are actually localized outside of this apical epithelium very often did not express hair cell markers. The stem cell derived cells are able to read the local cues and follow them and then can become a hair cell when they are at the right place and also the timing appears to be the same as the endogenous hair cells.  

This is just summarizing what I just presented and I want to take another minute to talk about a second project which actually got us started.  This was the project we initially started.  We tried to generate hair cells, not from adult inner ear stem cells.  We didn’t think that there are any inner ear adult stem cells so we thought why use the easy stem cell that everybody works with which is the embryonic stem cell and this is just an image of a mouse embryonic stem cell, the growing clusters.  

We used genetically labeled embryonic stem cells for this as well.  They express this nice fluorescent protein and what you can do with these cells is you can coax them and if someone in interested in knowing how we do that we have it published and I can provide you with the protocol.  We can coax them to differentiate what we call is inner ear (pro-gen-i-tus.)  The express marker genes that are very similar to the early inner ear and we can graft and transplant these cells in vivo.  

I will show this on the next slide or we can let the cells sit in vitro and let them differentiate and again we find that they form hair cell like cells and interestingly they also form neurons and the current question is whether these neurons are any similar to spiral ganglion neurons for example which would have an enormous impact maybe more than generating of hair cells.  

That’s what I just mentioned, we can transplant these cells as well in the developing chicken and they integrate and this is a cochlear early chicken cochlea and as some of you or maybe most of you know the chicken ear looks very different from the mammalian ear but it has cochlea hair cells and the mouse hair cells do fine in this environment at least in the early embryonic development.  We don’t know what happens at later stages and we are currently investigating that, whether they survive and whether they function.  

I mentioned shortly this neuron that we see and indeed when we culture neurons generated from stem cells, side by side with a mouse organ-of-corti, we can see neurons that actually make approaches to hair cells.  

I think this looks very promising and it also tells us that there’s more in the stem cell story than just generating hair cells.  There may be many more cell types with neurons spiral ligament, there are also cell types in there and these cell types are really important particularly in aging or when damage occurs so there may be an approach to either using stem cells to address this question or using stem cells in different ways.  

The different ways are to use them in basic research labs and the main goals of the main directions I think the future will go is first of all we can generate many inner ear cell types in the culture dish and if we have the right markers we can approach them, maybe with biochemistry which was never really possible before.  It also allows us to study development in the culture dish.  It appears that the cells that are generated from stem cells follow similar if not the identical developmental programs as the cells that develop in the embryo and we can use that also to generate reporter essays.  

We can search for genes and signaling pathways, maybe in (hyath Rupert) essays using fluorescent reporters in 96 (svel) or 380 well formed.  This can also be used for (hyath Rupert) drug screening.  Identifying new genes and signaling part ways generates direct targets and then these direct targets can be investigated. I think the most future application if there’s any application is to use stem cell based therapy to replace hair cell neurons or other cell types We are currently moving our mouse-chicken experiments into mouse-mouse and we are addressing this with using mouse embryos so we are trying to graft cells into mouse embryos that have for example a genetic defect that doesn’t allow them to form hair cells for example.  This will conclude it.  Thank you.

Dr. Harris:  We are going to hold questions till the end so we will now go directly to Dr.Raphael’s presentation:

Dr. Yehoash Raphael, Ann Arbor, MI:

Good morning everybody, thank you for the invitation to present the data to you.  This is the normal organ of Corti.  It looks beautiful, it works well and if hair cells are lost, there’s more hearing and unlike the utricle that has some hair cell regeneration, in the cochlea there never is any.  So hair cells that are lost, once lost, will never come back.  So for years people have been trying to find ways to reverse that problem and you’ve already heard Stefan present about cell transplantation as one option.  I will continue and show the other possibility, which we have been pursing over some years now.  To use endogenous cells that remain in the cochlea after the hair cells are lost and try to convince them somehow to trans-differentiate to become new hair cells.  

Two main issues need to be resolved.  First to identify which cells you might want to concentrate on and second, once you have your target cells, how this might be accomplished.  Studies were done on non-mammalian vertebrae’s including chickens for several years in many groups including ours and it has been shown that if you stimulate the chicken inner ear with intense noise or eliminate hair cells with ototoxic drugs, you wait a week or two and they recover completely.  

They look just like new and they also regain their function.  The main take home message that we took from these studies came from the following finding in 1991 over ten years ago. Supporting cells within this tissue can divide and they give rise to the new hair cells.  So it told us that the supporting cells that replaced the hair cells can be a good candidate for possibly interfering with their fate and changing them into new hair cells.  

So how do you go about changing gene expression in cells in general and in supporting cells in the cochlea in particular?  We have followed a gene delivery method that uses adeno viral vectors, viruses or experts going into cells usually you don’t want them to do that but in the case of gene therapy the adeno viruses are recombinant viruses  and many of their problems are resolved.  They are non-replicating. 

 Here you see a slide showing the outcome of inoculation into the scalamedia so the adeno-virus is injected into the scalamedia of the living guinea pig and if you look four days later you can see gene expression in the cells that are in the organ of Corti, in this case supporting cells.  Having accomplished this possibility to express trans-genes in the organ of Corti, the next issue to resolve was to decide which of the genes to get into those cells and try to get them to trans-differentiate.  

The number around there is more or less changing up and down sometimes two every day, big haystack but luckily the middle was big too and what we chose to do was to use the one which has shown to be important in hair cell development.  It is a transcription factor initially identified in the fly, the tunnel gene and then the math is the mouse tunnel gene.  

Several groups have shown that it is necessary for hair cell development.  Without these, expression hair cells will not develop.  So the main hypothesis of the study I will show you today with (break in the tape)for replication of the virus so it’s non-replicating and instead a cassette with a math one gene was inserted driven by the human CMV promoter.  That experiment was done initially on normal hearing guinea pigs when they were inoculated, so they have all their hair cells initially.  They were inoculated into scalamedia and the three groups were the adenovirus with math one and adenovirus with no gene insert empty or null and then just the precursor which is artificial (thar-a-lin).  Four days after such inoculation, if you look at a whole mount of the organ of Corti this is where inner hair cells would be, this is the outer hair cell area.  

These are the pillars and stain green just to show you where cells are and with the math one specific antibody we can see math one gene expression in many cells in the area.  Note that there is also some hair cell loss.  This is due to the mechanical injury involved with this inoculation.  We cannot inoculate into the scalamedia without killing hair cells mechanically but this may not be a great concern for future clinical applications because the patient’s will not have hair cells to start with.  

And then four weeks later, sorry, this is two months later we saw new hair cells.  At earlier time points, there were not many, very early time points, there were none.  The post doc who did the work after he did this analysis, two months later and we decided if this doesn’t work we are dropping this line of experiments and he was very sad.  He looked down and said “I didn’t see anything except for some new hair cells in funny places”.  

I wasn’t sad at all.  I went with him under the microscope.  These were atopic hair cells for those of you familiar with the organ of Corti it was in the intra-dental cell kind of far away but still very nice hair cells.  This was one hair cell you’ve seen.  There were also immature hair cells in the organ of Corti but we could not distinguish them as new because we have not eliminated the original population of hair cells.  

Looking at several ears and staining this time for myosin seven A in the red and filaments that stained neurons, we have noted that some of the ectopic hair cells attract neurons in their direction and we have seen that many times since that time.  So the main question was, this is much more recent and yet unpublished work, will the deaf ear also be able to generate hair cells and will they grow in the organ of Corti? 

 So for that purpose a similar experiment was done except guinea pigs were first deafened and we used a very severe dose of ethocrynic acid combined with Kanamycin that eliminates all the hair cells and it does so systemically so we can always compare the treated ear, we always treat the left with the right ear.  If we find any hair cells in the right ear, we exclude those animals, deafening was incomplete otherwise it is very symmetrical.  Math one was one group and adenovirus was the other.  

This is just to show you the outcome.  Several days after this ototoxic regimen there are no inner hair cells and there are no outer hair cells, they are all gone, there is not a single survivor.  If you do EM you see a similar result.  It’s hard to recognize but I can tell you that the inner’s were here, these are the pillars, this is where outer’s used to be.  Math one is expressed in all the supporting cells around, maybe not all but very high efficiency and when you move up and down in the focal point of the microscope you can see that most of those cells express math one.  So will they become hair cells?  Yes they will.  

This is an organ of Corti of the left ear two months after the inoculation.  This is a previously deafened ear.  I’m showing here the best ear we had.  They are not all that good but I don’t mind showing this best one.  There are inner hair cells and there are outers.  There are also some ectopic hair cells.  Not all of them look very nice.  Some look still immature but there are many, many hair cells.  This is the right ear of the very same animal.  There is not a single hair cell.  The deafening was complete.  This was hard for me to believe too.  

We’ve done it many more times and used other methods to confirm it.  This is an empty ear.  So it’s a left ear that received an empty adenovirus vector and again there, there is not a single hair cell.  Just a close up a few of those hair cells, these are hair cells in the upper base.  This one looks almost completely normal.  This has a little bit of a problem with serous, some that are too tall but it’s a very good start.  You can see incomplete areas and so on.  

We have done careful counts of the number of hair cells that we see an average over ears and in some cases the number is close to normal although on the whole they are not quite normal.  This is a code for the numbers per linear, a hundred microns.  It looks like there are more outer’s because there are three rows of them.  This is not normalized for that but in fact their generation of inners is a little better.  

Sectioning the tissue was very important, very illuminating because we needed to understand what’s happening on the surface versus what is actually inside the organ of Corti and this is what we typically find.  This is not the normal hair cell.  This is a mixed phenotype cell.  It’s a supporting cell that has part that looks like the original supporting cell and part that looks like a hair cell.  It spans the entire area to the base of membrane which normal hair cells will not do.  

This is probably what we usually get so in the schematic form. This is the normal organ of Corti, we kill hair cells and supporting  cells expand and fills the space where they previously were. Once we treat them with math one and regenerate hair cells, these are the two types of cells we think we get.  One is a supporting cell that is split in two and the other is a supporting cell that is actually one large cell like the one I’ve shown you but has two different areas in the apical surface.  Further evidence for that came from looking and scanning.  Sometimes it cracks and that’s usually a sad event.  It’s not a perfect preparation, however, in this case it gives me a window to look from the side.  It’s a sneak view.  You see some supporting cells that split and contribute to this cell and probably to this cell.  We never see such big cells in any normal preparation.  In this case it is the third order cells that also split and provide two cells.  The problem is that once you take the supporting cells and turn them into hair cells, your lacking supporting cells and they somehow want to contribute to replacing the supporting cells too.  We are pretty impressed by what they are doing.  

So of course everybody wants to know, can they hear?  Not very well.  There are no emissions and we did some ABR’s to actually test the function of the inner hair cells so we established baseline ABR thresholds deafened and then treated with math one, waited two months later.  This is the best animal we had.  In this case I’m showing you threshold shift versus baseline.  The right ears are deafened and not treated with math one and they are all at no response at the end of our recruitment capability.  The left ears have recovered and we have the fine points in between gradually recovered up to two months in 30 and 40 db in some cases.  That’s the best ear.  

When you look at an average of large groups, the numbers are here on the right you see that this is normal hearing there on the left.  The three next bars are different controls and the math one treated animals in the green in four different frequencies have recovered on the average 10-20 dB which is not phenomenal but we hope is a good start.  It also helps us be sure that we’ve don’t see a mistake on the left ear.  Because even that ear that had many hair cells, it’s hearing was rather poor at this stage so it really told me that there’s no mistake.  It is really that we are able to regenerate new hair cells.  

In summary scalamedia inoculation facilitates math one gene-transfer into non-sensory cells and those non-sensory cells that express to math one can differentiate and exhibit features of hair cells.  Hearing thresholds recover at least in part.  I think a lot about the future applications and we are going to hopefully be able to discuss some of them but other than optimizing the method and get better regeneration of structure and function, we hope to also expand the chronology through the vestibular system which we are starting to do now and to combine it also with cochlear inoculation based on nice data from other groups showing that in the presence of a few hair cells, the cochlear implant may function even better.  I’d like to thank our support from the NIDCD and the people who have helped me do the work.  Thank you for your attention.

Dr. Allen F. Ryan, San Diego, CA:

Well I’m going to leave the area of hair cell regeneration and talk about the repair of cochlear neurons.  Obviously if you are going to replace hair cells, you need to connect those hair cells to the nervous system in order for them to be functional.  

It’s conceivable for example that some of Yehoash’s results in which he did not get recovery, could have been related to the fact that the innervation of a hybrid cell is different than the innervation of a normal hair cell.  Now the regulation of the growth of spiral ganglion neurons in surviving neurons may thus be an important component of any hair cell replacement strategy.  But it’s also possible that the growth of neurons to where the cochlear implant might be helpful in improving the performance of these devices.  

The normal spiral ganglion has thousands of independent channels because each of the inner hair cells is separately innervated.  The cochlear implant as it currently functions is limited to probably less than ten.  This is presumably due to the distance between the electrodes and the neurons. The electrodes and the surviving dendrites are not particularly close.  

The acoustic modeling of channel distribution such as Bob Shannon has done at the House Institute suggests that implant performance could increase with increased numbers of channels up to a thousand or a hundred and perhaps even more so there would be an advantage to increasing the number of channels.  

An ideal spiral ganglion for an implant might look something like this in which you would have sets of electrodes.  You have ganglion neurons here in which the neurons grow very close.  The dendrites grow very close, close enough to an electrode here that you could stimulate them uniquely and the next electrode pair would stimulate another population and then the number of channels simply depends upon how many neurons you can persuade to grow into the appropriate region.  

So how might you do this?  You would have to stimulate spiral ganglion neurons to grow.  You would have to provide a sub-straight that they could grow on through the fluids of the cochlea towards the cochlear implant.  You’d have to control the direction of growth very precisely.  You’d have to make the neuron stop in exactly the right place and then you’d have to make them stay there indefinitely.  

So that’s sort of a tall order.  What we have done is to study spiral ganglion neuron extension and guidance in vitro and using a preparation of neonatal spiral ganglion explants in which the neurons have been removed as a model of spiral ganglion neuron loss.  This is an example of an explant showing a bundle of neurons here with neurons extending onto the culture surface.  This is another example grown on a titanium surface where you can use a scanning 

EM to see the neurons.  Actually it turns out the titanium is a very strong stimulant of neuron growth from the spiral ganglion.  We and others have found that growth factors can be powerful stimulants of spiral ganglion and neuron growth and spiral ganglion and neuron survival.  

If you look for example at the neurotrophin three growth factor, control explant shows a radical increase in the number of neurons and also increases in average neuron length with treatment.  If you look at brain derived neurotrophic factor, you again find a very large increase.  In this case a much stronger increase in the number of surviving neurons that generate neurons. The average length of the neurons doesn’t change so this is mostly a survival affect.  

We also have looked at the affects of extracellular matrix molecules like (lam-i-nen) and (fiber-nectin) and found that they also stimulate the growth of neurons in terms of the length of neurons not the number.  If you look at this graph here you can see that increasing concentrations of (laminen) will cause the neurons to increase growth even in a couple of days up to over a millimeter in length.  In order to get neurons from the modialis to the implant, you would have to have a sub-straight for them to grow on because they don’t grow in fluid.  They will simply stay at the nearest solid surface.  

We evaluated extension of spiral ganglion neurons in matrix gels in three dimensions to see if they were able to penetrate gels and move in other dimensions than on a flat culture surface.  Here you can see an experiment that was done by a medical student in my lab growing neuron clusters in gel.  We found that the neurons enjoy growing in gels as you can see from the number of neurons that we have here and they will also grow in three dimensions.  

With two different focal planes you can see that they are not only growing in the dimension this way but they are growing up and down within the gel as well.  Directional signaling can also occur by growth factors if there are strong gradients of the factor.  We used a micro-channel device that was developed by a graduate student in my lab using a photolithographic technique.  What he did was he constructed within a clear medium a series of source wells, micro-channels and a presentation culture well where he could deliver substances from different directions that would then come into this Y region and into a presentation area that neurons could grow. 

This is just a controlled experiment showing that fluorescent dye comes down into this, stays separate through the presentation region until it reaches the implant.  When we looked a neurotrophin three we found that this implant here for example showed an absolute preference for a neurotrophin and would make directional response and avoid the control channel.  

We also determined that repulsive signaling can be used to control the direction of neuron growth by exclusion and in this case spiral ganglion neurons were cultured near a stripe of the receptor FA-4,   which occurs naturally in the cochlea You can see here that this stripe of FA-4 here which is labeled in red completely repulsed the growth of spiral ganglion neurons.  The neurons turn around, the growth cone collapses.  They simply can’t advance onto this area.  

Now termination is an important issue and we have found that F-T-F one induces branching and termination of neurons whereas point sources of M-T-3 are beading  up.  Here you can see an example of F-T-F coded beads in a culture well.  Here’s a neuron that did not happen to encounter beads, it simply grows on in a linear direction.  Here are a couple of neurons that hit a cluster of beads and they have branched and begun to have terminated and stopped in this region with close interaction with the F-T-F beads.  

Now another issue that we talked about was the maintenance of neuron contact.  If they are going to grow to an implant they have to stay there indefinitely.  One possibility is to provide the natural sub-straight, which would be hair cells in the region and we did that experiment using our brain 3.1 GFP transgenic mouse.  

We took hair cells and co-cultured them with neurons and we found that the neurons didn’t always get attracted to the hair cells.  When they did go into the region they formed interactions with them and terminated on them.  We were able to mimic this response with cells that had been transfected to produce FTF one.  

You can see here with controlled fiberglass, neurons grow simply across them.  They like to grow on other cells.  But with FTF one secreting cells they would form buttons and terminations.  

Could any of this information be used to develop a biological interface for the cochlear implant?  Well, cells could be engineered to produce appropriate tropic and trophic factors.  They could be grafted to the cochlear implant surface perhaps in a gel.  Micro-channels could deliver tropic factors and provide avenues for directive extension.  Matrix molecules and repulsive molecules could direct growth by positive and negative repulsive signaling.  So in terms of future directions our studies to date have used in vitro methods and we’ve used developing neurons because they grow more easily in culture. 

We’ve now developed methods for culture of adult spiral ganglion neurons in implants and we need to characterize their responses which appear to be somewhat different and then we need to evaluate the responses of these guidance signals in vivo.  And of course I’d like to acknowledge the support for this work.  Thank you very much.  I would now like to throw open the floor to discussion and questions from the audience.

Dr. Phillip Daspit, Phoenix, AZ:

This is for Dr. Ryan.  I think the federal government has put a halt on using fetal tissue for research.  How does that affect what all three of you guys have been telling us this morning?

Dr. Allen Ryan, San Diego, CA:

Well I think that the fetal tissue is an outstanding resource for understanding how things work in the system.  I think that the fetal tissue use in a patient itself of course would have to be done through a cloning procedure in order to avoid rejection responses.  That would be the most efficient.  It’s not the only way to do it.  Obviously using animal cells, using these other things would not be appropriate but I think these are an outstanding jumping off point for the use of other stem cell populations that can be harvested easily, neuro stem cells from a nasal epithelium, bone marrow stem cells, which have also been shown to have considerable potential to move in other directions.  So that would be my answer.  Does anyone else have a comment on that?

Dr. Vicente Honrubia, Los Angeles, CA:

That was a most exciting presentation and it certainly showed that there is the possibility and what we had to find out was the right way.  It really offers a greater hope that some of the more casually made statements about that there is no future of mammalian hair cell regeneration will like you to believe.  

I have been extremely impressed by the work of Stefan Heller and I have two questions for him.  The first one is can you identify among the hair cells their stem cells in the adult.  Can you verify that?  I have a second part question.  The second question is given that hair cell regeneration depends on destroying the organ first, what will be in your experience the optimum method to treat the adult sensory organs, the vestibule and the cochlea to preserve the potential stem cells in the adult organ?  And again it was very refreshing and most enjoyable.

Dr. Stefan Heller, Boston, MA:

Thank you: The first question is we cannot.  We have tried but we cannot.  There’s no marker.  We tried to find out whether it’s possible to label the stem cell by feeding a mouse with a (BRU) which gets incorporated into the nucleus when cells divide to see whether there’s a cell population death, divides on a very slow rate which is what people have done for other stem cell populations.  

We have done it over a course of four months and we could not find any cell in the utricle that has divided.  The other question in the cochlea, we were not able yet to isolate any sphere forming cell, any stem cell from the adult organ of Corti.  I think they are having some reports that sphere forming cells are in other tissues in the inner ear in the cochlea in this trio or for example in the spiral ganglion and they are there.  How to preserve them if we cannot identify them we haven’t characterized them too much so I don’t know to be honest.  

Dr. Vicente Honrubia, Los Angeles, CA:

Well good luck.  

Dr. Michael Seidman, Detroit, MI:

Outstanding talks.  They probably should have been prefaced with do not try this at home.  But it does make you want to run out and write an IRB and try some of these things.  I guess my questions are directed towards Yehoash. I want to know number one do you know what the transfection rate is when you do the adeno-math one?  Do you know what it has to be to get a result and I guess if you could speculate why you only get a 10-20 dB improvement especially with the beautiful results that you have of regeneration? Can tell us what are the other needles in the haystack that you are looking at?

Dr.Yehoash Raphael, Ann Arbor, MI:

The rate of efficiency of the viral gene expression is hard to determine because we don’t know how many cells are in the cochlea and especially after you loose the hair cells. There’s really no other way to do it other than to count the number of nuclei that express math one.  So the only way to go around it is to try and use as conservative as possible vector and get as efficient as possible during transfer.  We are not sure what needs to be done to get function three cover better but you’ve seen those hair cells.  They are certainly not normal.  There is no structure as like in the normal organ of Corti. There is no hair cell sitting on the supporting cell and the inner hair cell may or may not be innervated in the complete and normal way.  So the invasion or rather re-innovation should be an important goal of the next research.  All we have done is generate new hair cell looking cells.  Maybe we need to do more to get them to reinnervate.  Could you remind of your third question?

Dr. Michael Seidman: Detroit, MI:

What other needles in the haystack are you looking at?

Dr. Yehoash Raphael, Ann Arbor, MI:

Thank you.  We are not looking at any now but we are trying to follow work of others and also contribute ourselves to identifying upstream and downstream targets of the math one gene.  We don’t want to do the whole haystack.  Neither funding agencies nor we would like that.  It’s a fishing expedition in a big ocean.  But the advantage of hopefully finding an upstream signal is that if we can find a cell surface receptor that will respond, then we may not have to get the gene into the cell and that for me will take it one big step forward towards contemplating clinical application.

Dr. Debara Tucci , Durham, NC:

Yehoash, stay there.  That was a beautiful presentation.  I know that most of this question that I had was already asked and you answered about the hearing loss but can you tell if there’s continual improvement over the first two months that you’ve looked at?  Is there any indication that the hearing levels have peaked or do you thing there might be further improvement without more intervention?

Dr. Yehoash Raphael, Ann Arbor, MI:

We do not know.  It improves nicely from immediately after deafening to two months and we have not allowed any animals to survive any further. 

Dr.David Lim, Los Angeles, CA:

I’d like to congratulate all three speakers.  It’s a very inspiring presentation and I have a comment and a question.  I think as to the stem cell marker, House Ear Institute has been working on transcending animal that express at the mass one green.  So were able to isolate pure stem cell so that will allow us to find a marker.  And two we are looking at non-mass one positive cell and to see how many of them can be directed to mass one expressing cell.  So that would lead us to a picture of what the next haystack will be.  That leads to the question.

 I think what is very important in here that we have to understand is that we came a long way and it looks like we found the first key which turn on there is a math one.  It seems to be we all agree.  Then we need to have a sequential key to open next door next door and those are the haystack questions we have to find.  So I guess my question to you is where the next step is going to be?

Dr. Yehoash Raphael, Ann Arbor, MI:

I would like to see better improvement in the vectors and that will allow us the following things.  First of all, hopefully the future of vectors will be non-viral so there will be no toxicity.  Second regardless of what type of vectors they are we would like to be able to put more genes into them and then to put each of those genes into a different promoter and then be able to turn each gene on and off as needed.  So maybe math one is needed first and then those cells may need to secrete more attractions for the neurons so once you have a new hair cell you then secrete N-T-3 or B-D-N-F.  It’s not ideal but it works. Imagine if we could have more than one gene and each one regulated differently.  That plus a non-toxic vector will take us a long way I hope.

Dr. Bruce Gantz, Iowa City, Iowa:

I also want to congratulate all three of you and also Jeff for bringing this to our attention.  I have a question as you know that the hair cells do more than just transduce neuro-activity and my question relates to whether or not you’ve looked at these cells to see if they do generate neurotrophic factors to regulate apoptosis in down stream signaling.  Do these cells even though they may not hear, are they producing neurotrophic factors?

DR. Yehoash Raphael, Ann Arbor, MI:

These are among the things we plan to do.  This is a lengthy experiment so we can only generate the very limited numbers of animals so we don’t have answers yet.  However, specifically for your second question the fact that we saw neurons growing towards the hair cells, even when the hair cells were in ectopic and very remote locations, tells us very strongly that the hair cells must have produced something to attract those neurons and the neurons responded to it and reactid.  

Dr.Yael Raz,  Pittsburgh, PA:

There’s been some concern in the literature recently about the possibility that trans-differentiated cells actually represent fusion between stem cells and native tissue so I wanted to ask Dr. Heller whether you saw any evidence of fusion between your mouse cells and the native chick cells?

Dr. Stefan Heller, Boston, MA:

Yes, thank you for the question.  We have been asked this question actually by reviewers, though we haven’t put it in the paper.  Yes we see fusion and the fusion is below 1%.  In the highest incidence it’s 3%.  There’s definitely fusion.  If you have a fused cell, it may still work.  It may not survive for long so it may not be a big problem with cell fusion but its definitely occurring.  

Dr. Anil Lalwani, New York, NY:

For Yehoash. I’m trying to figure out the hair cell regeneration of the past where erosions from supporting cells and your hair cell regeneration with math one stimulus supporting cells as well.  Were the previous hair cells in the literature also abnormal without the supporting cells underneath it or were they similar to yours or can you shed some light about that and maybe what your thoughts are in terms of different signals that may be involved in trying to figure how it goes?

Dr.Yehoash Raphael, Ann Arbor, MI:

To my knowledge what we have seen today is the very first example of regeneration in the cochlea.  In the vestibular system there is still a debate on to whether supporting cells divide or not before some of them generate new hair cells.  It’s a limited number.  Once generated the hair cells look normal.  The only other examples of regeneration previously described are in the chick and in other non-mammalian vertebraes where it happens spontaneously and normally completely they look nice and the function recovers completely so they don’t look anything like mice cells.  However during development hair cells early on look like that.  The embryonic epithelium has one type of cells and some cells start to become hair cells.  There is a time when they will express both hair cells and supporting cell features and later on gradually the supporting cell features will be down regulated and the hair cells come up.  

Dr Jeffery Harris, San Diego, CA:

Well I think it goes without saying what incredibly exciting work this is and what an honor it is to have these three distinguished researchers come and speak to us and I hope this begins a tradition at the AOS that we will continue to interact with our basic science colleagues and hear what the cutting edge is in this field.

Session: Middle Ear Implants, Ossicular Reconstruction and Otosclerosis

Ferro-Magnetic Properties of Middle Ear Implants and Stapes

Prostheses in a 3 Tesla Magnetic Resonance Field 


Michael H. Fritsch, MD, Jason J. Gutt, MD

Magnetic Resonance Imaging (MRI) technology continues to increase its magnet strength to improve visualization.  Previous studies have delineated the safety and compatibility of middle ear implants and stapes prostheses for 1.5 Tesla (T) magnetic resonance (MR) fields.  Our study explored the in-vitro effects on prostheses by a more powerful 3 Tesla MR field.  We hypothesized that the 3 Tesla MR field may cause displacement or motion of middle ear implants or prostheses different from studies using 1.5 T magnets.  Eighteen different middle ear implants and stapes prostheses from multiple manufacturers were studied within an enclosed Petri dish.  The implants were placed on a .25mm grid surface and exposed to the 3 T magnetic field in each of 2 positions for 15 seconds.  Any translational and/or rotational movement was recorded.  The same study was repeated in a 1.5 T field for comparison with earlier studies.  Dramatic prosthesis motion was observed in three different implants in the 3 T field.  No movement was seen in any prostheses in the 1.5 T field.  The forces and movement generated by 3 T magnets in-vitro were great enough to cause concern about in-vivo displacement or injury.  Concerns are raised about MR safety data for 1.5 T fields being applied to 3 T scanners.  Our data and discussion provide valuable information to the otologic surgeon for selecting an appropriate middle ear implant or stapes prosthesis, and to manufacturers for selecting materials and shapes for prostheses.  

Michael H. Fritsch, MD
Indiana University Medical Center
702 Barnhill Drive
Suite 0860
   Indianapolis, IN  46202

The SOUNDTEC  Semi-implantable Hearing Aid

Herbert Silverstein, MD, James Atkins, MD
Nancy Gilman, MS, Neil E. Brown, MD


Objective: To assess the efficacy, morbidity, and patient satisfaction of the SOUNDTEC semi-implantable hearing Aid.
Study design:  Retrospective case review. 
Setting:  Tertiary Referral Center
Patients:  Eighty-five patients with bilateral moderately severe sensorineural hearing loss: Seventy-eight of the patients had worn conventional hearing aids were dissatisfied and wanted better hearing. Nine patients had not previously worn hearing aids.
Intervention(s): After separating the incudo-stapedial joint, a magnet encased in a titanium canister with a ring was introduced onto the stapes neck. Gel foam and adipose tissue were used to stabilize the magnet. After three months the external electromagnetic driver was placed in the external auditory canal and adjusted for the patient’s hearing loss.
Main Outcome Measure(s): At one month audiometric testing in quiet and in noise was performed. At three months a questionnaire was sent to the patients. 
Results: The results of the questionnaire indicated that patients below the age of seventy had perceived better results than those older than seventy.  Twenty-four patients complained of sound produced by the implant during head motion, which was eliminated in 70% when the external processor was worn. Audiometric data will be presented. Sixty percent were pleased with their hearing, and noted the lack of occlusion effect and feedback.
Conclusions:  The SOUNDTEC Direct device is well tolerated in the majority of patients with a significant increase in functional gain, especially for the high frequencies.  Magnet instability was the most frequent complaint, which is being corrected.  This electromagnetic semi-implantable hearing aid represents a significant advance over conventional hearing aids.

Herbert Silverstein, MD
Silverstein Institute
1901 Floyd St.
  Sarasota, FL  34237
 A Novel Genetic Locus for Otosclerosis

 X. Cindy Li, MD, PhD, Austin Chen
Derald E. Brackmann, MD, Rick A. Friedman, MD, PhD



Objective: To describe the clinical and genetic mapping data a multi-generational family segregating a novel gene for otosclerosis.
Study Design: Human genetics: Ascertainment and genetic mapping.
Setting: Tertiary referral center and research institute.
Patients: Patients derived from a multi-generational family segregating a gene for otosclerosis.
Intervention:  Blood draw and buccal swabs for DNA, audiometrical evaluations and whole genome scan for genetic mapping.
Main Outcome Measures: Genetic map location including calculation of statistical significance (LOD).
Results:  We have identified a novel gene locus for otosclerosis on human chromosome 16p.13.
Conclusions: A novel locus for otosclerosis has been identified.  We are currently analyzing candidate genes in this interval.  Genetic studies of otosclerosis will ultimately identify the mechanisms underlying this common form of hearing loss.


X. Cindy Li, MD, PhD
House Ear Institute
2100 W Third St.
   Los Angeles, CA  90057
                       The Effects and Diagnosis of Malleus Fixation


                       Hideko H. Nakajima, MD, PhD, Michael E. Ravicz, MS
                       John J. Rosowski, PhD, William T. Peake, ScD
                       Saumil N. Merchant, MD



Background:  Preoperative clinical diagnosis of malleus fixation can be difficult.  "Fixation" of the malleus may result from a variety of pathologies: fibrous tissue, bony spurs and neo-osteogenesis around the malleus head or stiffening of the anterior malleal ligament (AML).  The conductive hearing loss produced by these pathologies has not been well characterized.
Goals:  1) Determine effects of various types of malleus fixation using a cadaveric temporal bone preparation.  2) Investigate clinical utility of umbo velocity measurements in the preoperative diagnosis of malleus fixation and its differentiation from stapes fixation.
Methods:  Umbo and stapes velocity were measured in 10 fresh human temporal bones with laser vibrometry, before and after controlled application of glues and cements to the malleus and stapes.  Experimental results were compared to clinical measurements of umbo velocity in surgically confirmed cases of malleus (n=4) or stapes fixation (n=27). 
Results and Conclusions:  1) Experimental. Each simulated pathology produced a specific degree of loss in stapes velocity: stiffening of AML, 0-5 dB; fibrous tissue around malleus head, 5-10 dB; bony spur to malleus head, 10-20 dB; extensive neo-osteogenesis around malleus head, > 30 dB.  Thus, stiffening of the AML produced insignificant reductions in stapes velocity, while the other pathologies produced more substantial reductions.  Furthermore, the simulated malleus fixations produced similar reductions in both umbo and stapes velocity.  Stapes fixation reduced stapes velocity with little change in umbo velocity. Thus, measurements of umbo velocity can differentiate malleus fixation from stapes fixation.  2) Clinical. Umbo velocity was significantly lower than normal in all 4 cases of fixed malleus, and within the normal range in all 27 cases of stapes fixation.  The clinical and experimental data match well; thus, preoperative diagnosis of malleus fixation is possible by measurements of umbo velocity.

Supported by NIDCD. IRB approval #00-09-041.  

Hideko H. Nakajima, MD, PhD
Massachusetts Eye and Ear Infirmary
243 Charles Street
Boston, MA  02114
Discussion:

Dr. Mark Sims, Phoenix, AZ

This is concerning Dr. Fritsch’s first paper.  I’ve done some work in this area and there are a couple comments about the methodology and then about the conclusions.  In terms of the methodology when you take a prosthesis into the magnet it’s actually important that you tap on the petri dish because you have to eliminate the friction of the prosthesis itself on the petri dish to see if it will actually move.  We know that a lot of these will move in 1.5 tesla fields so their definitely going to move in 3.0 tesla fields.  The other thing is with the temporal bone. When you put the prosthesis in the temporal bone,  by in large people are using prosthesis that are too long, so they are way down in the footplate.  They’ll never avulse out in high magnetic fields. It’s really hard if you put it through a facial recess approach to know that you’ve got an appropriately measured stapes prosthesis.  That all being said, I’d be very careful about the conclusions that we should be explanting people and people are going to latch onto these types of concepts medical legally.  First off I did a survey, it’s not published yet, of all the members of the ANS and there have been very few problems of people being imaged in 1.5 tesla scanners.  There are three events that happened.  Two of them were the implanting surgeon was not the observing surgeon of the complications so I’m doubtful and the third was there was a series of Magee prosthesis manufactured previously with known ferromagnetic material and the prosthesis displaced.  Lastly I put some prostheses in some guinea pigs and put them in 4.7 tesla magnetic field and there was no histopathological evidence that they were stainless steel that was ferromagnetic.  They didn’t avulse, they didn’t move so I’m very confident that patients can get a 1.5 tesla scan without any difficulty so that’s what I would say would be the take home message.

Dr. Michael Fritsch, Indianapolis, IN:

Thank you for those comments.  I would respond by saying that there are going to be different readings and different experimental results for each one of us depending on our 1.5 or 3 tesla exposures that has to do with the lot number, the composition of the metal that’s used, the alloy, the amount of nickel and chromium used in that recipe.  So to just blanket coverage say that one particular prosthesis with stainless steel is safe and another isn’t, would be incorrect because from lot to lot the recipe will change. You will have magnetism which forms or doesn’t form and additionally if there’s any type of cold working you’ll see different types of results.  With regard to the length of the stapes prosthesis, I used what would be a standard prosthesis length for given individuals.  For example you might have a four millimeter which by in large is what you’d use for a Robinson prosthesis in the overwhelming majority of patients.  That’s the type of methodology we had.  I couldn’t get into every last detail in the eight minutes.  Thank you for your comments.

Dr. Mark Sims, Phoenix, AZ:

Just a follow up.  I actually used purely thorough magnetic stainless steel prosthesis so the worse case scenario would be putting a piece of ferromagnetic stainless steal in the animal and then put it in a 4.7 tesla magnet.  So as long as the manufacturers are using non-ferromagnetic stainless steel, I think their going to be safe.  The other answer is plastics.  Just don’t use metal and it will be safe.

Dr. Michael Fritsch, Indianapolis, IN:

Well or use titanium or platinum.  You can manufacturer these same prosthesis that shapes or time proven since the 60’s of being efficacious in their design.  All you have to do is take a different metal and pour it into the mold.  That’s very easy for a company to do.

Dr. Ugo Fisch, Zurich, Switzerland:

A comment for Dr.Nakajima.

I have appreciated very much the study because we have been the first to indicate the clinical importance of the anterior malleolar fixation.  However we have done these studies already working with Alex Huber.  We have done the same study that you have presented fixing the anterior malleolar ligament.  We have done this study also in vivo using the interferometer to see whether you can use a metal to detect partial malleolar fixation before and in fact there is an area of error too.  We cannot rely only on the interferometer and we still think that the best is to see the ligament in order to make an accurate judgment.  What we have also found is that the frequencies involved by a fixation of the anterior ligament are different than those involved in otosclerosis.  In the anterior malleolar ligament you have a reduction particularly above thousand Hertz.  In otosclerotic fixation you have the lower and medial frequencies so the two have the potential addition and are clinically of importance.  But I was a little bit astonished at the paper that we have published has not been mentioned.

Dr. Hideko Nakajima, Boston, MA:

I apologize for not mentioning in the talk but we did mention it on the paper and were quite familiar with the work and we wanted to reproduce it however we did get very different results of less effects due to stiffening the anterior malleolar ligament by approximately 60 dB and we don’t know what is causing that difference.  The only thing I can say is that we were extremely careful in keeping the bone moist and we were reversing our types of fixations to get back at the previous results and we were also very careful in making sure that for example in a bony bar replacement, that we were at the exact location of the anterior malleolar ligament. We did not allow glues or any fixation materials to go beyond  the axis of rotation otherwise you would get a much larger lever ratio.  And as far as the frequency dependence on the effects, we actually saw a slight increase in anterior malleolar ligament fixation at about a kilohertz because the resonance was changing at that location so things are stiffer.  You get a wider range of stiffness dominance in your resonance would then increase.  Thank you.

Last question:


Dr. Edward Applebaum, Chicago, IL:

I’d like to address my comments to Dr. Fritsch and to Dr. Sims also.  I think the study was done very beautifully, the one that Dr. Fritsch described but I think I agree with Dr. Sims in that the conclusions really aren’t warranted.  One thing that both commentators overlooked was just the simple cross-ability of the manufacturers testing their implants before they package them to see if their ferromagnetic or not.  I don’t think we need to recommend that they change the materials.  There’s been thousands of patients who have had MRI’s with stapedectomy prosthesis with no ill effects what-so-ever.  Dr. Valvasori and I published the original study on the effect of MRI fields on stapes implants over twelve years ago and I’ve received numerous phone calls from around the country asking whether patients can have an MRI and I’ve stipulated please call me back if there’s any complication what-so-ever.  I’ve not yet received one phone call.  I know of one case in California where a patient had the Magee which we found twelve years ago. A certain lot to the Magee prosthesis were magnetic and had a disaster just walking into an MRI suite.  I would like to ask a question of Dr. Silverstein and apropos this discussion, how do you handle the question of MRI with the implant or do you have to explant it before a patient has an MRI and if you do have to explant, does this not pose a risk?

Dr. Herbert Silverstein, Sarasota, FL:

The patients are informed that they cannot have an MRI and what we tell them is that we look at them as if they had a pacemaker placed.  You know all the patients that have pacemakers can have a CT scan with contrast so we told them that’s what they are going to have.  You can explant the magnet, it is a little difficult to do that but that is one of the limitations.  It’s just similar to a cardiac pacemaker.

Dr. R. Kent Dyer, Oklahoma City, OK:

If I might comment on that briefly, we have just completed a patient study looking at MRI compatibility with the sound tech device and we’ve now scanned over fifteen patients in a .3 tesla open MRI and have found no ill effect what-so-ever.  So it is compatible with a .3 tesla open MRI as long as a modified protocol is followed.  It brings the implant into parallel alignment with the external field.  

Last comment Dr. Fritsch:

Dr. Michael Fritsch, Indianapolis, IN:

Yes I’d like to respond to Dr. Applebaum’s comment that its probably not warranted for a company to change their metal usage and I would point out that we will have in future years increasingly strong magnets used during magnetic resonance imaging and that at one point there will be a water shed gradient where these magnets will probably cause displacement, gross displacement of the prosthesis so to avert that type of risk it’s relatively straight forward and simple to substitute an alloy or a different metal.  Thank you.

Final Session:

A panel on Contemporary Topics of Stapedectomy

Dr. DeLaCruz

Dr. Jeffery Harris, San Diego, CA:

It is my duty as the outgoing President to make sure that we introduce the incoming President and it is Sam Kinney.  So, Sam I want to congratulate you on taking on this responsibility.

Dr. Sam Kinney, Cleveland, OH:

I wanted to make a quick comment.  I’ve been coming to The American Otological Society meetings for a long time and clearly this is the finest program that I’ve ever seen put on.  Jeff this is a great credit to you and to all of your speakers.  I also want to encourage all the people in the audience to go home and think about what they heard today, get their thinking caps going and start thinking about things that you can submit for the meeting in Boca Raton.  Thank you very much.  

American Otological Society
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